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u. s. COAST A.ND GEODETIC SURVEY REPORT FOR 1892.-PART Il. 

PREFATORY NOTE. 

The text of this Report for the fiscal year 1892 has been arranged for publication 
in two parts, like that for the .ft.sea.I year preceding. 

Part I., in quarto form, contains the historical portion, presenting reports of prog
ress in the field and office operation& of the Survey; eetim.atee for :future progress, 
and statem.ents of expenditures during the fiscal year. Maps of genera.I progress,. a.nd 
sketches showing localities of field work, exhibit graphically the advance of the 
Sarvey to June 30, 1892. 

Part II, it will be observed,. is in octavo, a:nd includes the professional papers 
relating to the methods, discussions, and results of the Survey which have been 
approved for publication during the year. Such illustrations as a.r-e needed acoo:m
pany them. 

The octavo form is Jnore convenient and auitable for the scientific and professional 
papers, while the quarto form appears to be demanded f'or the statistical matter and 
"the progress sketches. Since the la"t"ter are of less general interest than the form.er,· 
:in the :future distribution of the Report, Part II only -will be sent,. as ict i& believed 
1;hat this will include all "that is generally desired, and in a; much more compact and 
convenient form 1'ha.n that of the old quarto. 

In special cases, where both parts a.re desirable,. they will be eent. 

T. C. .MENDENHALL, 

~U.tie.t. 
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APPENDIX NO. 1-1892 .. 

ON THE VARIATION OF LATITlTIH:! AT ROCKVILLE, MD., AS DETERMINED 
FROM OBSERV ATION8 MADE I~ 18!H AND 1892 IN COOJ:>ERATION WITH 
THE U{TERKATION"AL GEODETIC ASSOCIATION. 

Suumit.tetl for pnl>lication October 14, 1892. 

PREFATORY NOTE. 

The Coast and Geodetie Survey having undertaken to cooperate 
with the International Geodetic A.~sociatiou in the observations for 
variation of latitude at \Vaikiki, near Honolulu, it seemed important 
to have deterrqinations of latitude at points intermediate between that 
point and Berlin. 

"\VaHhington, hei11 g nearly six 110ur~ WP~t of Berlin in lougitudt>.. and 
in latitude nearly mid\vay between Berlin and Waikiki, was geographic
ally well placed for observatious which would check those regularly 
made at these two stations. Still further light would he thrown upon 
the su;;i.pected prog-rel'Aive change in the position of the axis of rotation 
of the earth by a Reries of olJservations at Sau Ji"'raudseo, nearly mid
way between \Vashiugton and 'Va.ikiki. 'rhe veritica.tiou of the move
me11t by these observation~ would remove all doubt as to its realit~v, 
and it was accordingly deterinined to do the best that could be doue 
nuder the circum~tances in the way of maki11g olmervations for latitude 
as frequently as 1')ossible throughout a year at both of these points. 

Other denun1ds of the service torbade the detailing of one or 1nore 
assistants to this duty alone. It wa.R ueceHsary to do it, if it was to he 
done at all, in atldition to other regular work, and it t11erefore became, 
in a large degree, a voluntary serviee. Assistant George Davidsou, 
i11 charge of the Sub-office at San Francisco, in carryb1g on th.e work 
there was 1nuch interrupted by necessary attention to office and field 
duties. In Washington the task was voluntarily assumed by Assista11t 
E(lwin Smith in addition to his regular duties as chief of the Instru
nient Division. The latter required his presence in the ofl:lce duriug 
the day and necessitatied a. journey of 16 miles in the morning autl 
again in th.e evening, to his home in Pw0ckv·ille, where the temporary 
observatory was located. 

In consi<l~wiug the results herewith submitted, the above facts must 
not be lost i;;ight of, and it must be remembered that the work at the 

S. Ex. 37-1 1 



 

2 U. S. COAST _AND GEODETIC SURVEY. 

stations in the United States was undertaken primariJy as a check upon 
the more careful and systematic investigation in progress at Berlin, and 
by Assit:>tant Preston and Dr. l\Iarcuse at Waikiki. 

This paper contains the obseiTations made at Rockville, and the 
re<lnction and computation of the results. An abstract of it was pub
lished in Noyembcr, 1892, as Bulletin No. 25. 

The instrumental 1nethods and scheme of observing have been 
described by Mr. Smith, aud the description of the 1nethod of recluctiou 
and the discussion of the results was prepared by l\ir. Charles A. 

Schott, Assistant in charge of the Computing Division of the office, 
under whose direction the computations were made. 

l\Ir. Preston's report of his observations and results at Waikiki is 
published as Appendix No. 2, 1892. 

T. C. MENDENHAJ_,L, 

Superintendent. 

1.-DESCRIPTION OF THE STATION, INSTRUMENTS AND METHODS 
OF OBSERVING BY EDWIN SMITH, ASSISTANT U. S. COAST 
AND GEODETIC SURVEY, AND OBSERVER AT ROCKVILLE. 

In conformity with the instruetions of the S1iperintendent, dated 
1\Iareh 25, 18H1, the scheme adopted for the Rockville station was as 
follows: Eighty-eight pairs of stars were selected from the Coast aud 
Geodetic Survey Catalogue of Stars for Observations of Latitude, 
Ap11emlix No. 7, H..eport for 1876, extending over the twenty-four hours 
of right ascension and arranged in fifteen groups, which were observed 
as follows: 

Group. 1 Nos. of pairs. 

----i, 

I I to 16 

2 5 to 19 

3 9 to 24 
4 14 to 28 
5 20 to 35 

6 26 to 40 

7 34 to 48 

8 41 to 55 

9 47 to 61 
10 .54 to 65 

II .59 to 70 
12 66 to 77 
13 71 to 82 
14 17 to 88 and 1 

15 83 to 88 and 1 to 8 

Dates of ohser'"ations. 

June 13, 15, 1891, and June 2, 6, I 1, 12, 13, 15, 16, 17, 
20,23.25,26,29,1892. 

June 23, 24, 25, 27, Ju1y 5, 6, 1891, and June 1 l, 12, 20, 
23, 29. July 7, 8, 9, 1892. 

July 9, IO, 12, 21, 22, 27, 29, 1891. 
July 31, August 7, 9, 10, 11, 14, 15, 22, 1891. 
August 15, 17, September 1, 3, 7, 9, 10, 12, 13, 14, 15, 

17, 1891. 

September IO, 12, 14, 17, 18, 19, 21, 2.1, 24, 25, 26, 28, 
30, October 3, 5, 9, 14, I 5, 16, 17, 1891. 

October 22, 23, 24, 28, 29, 30, November 1, 2, 6, 7, 9, 
1891. 

November L7, 18, 20, 23, 24, 29, 30, December 1,4. 5, 
1891. 

December 8, 9, 10, 13, 18, 28, 31, 1891. 
January 7, 8, 16, 20, 21, 24, 25, 28, 189.z.. 

January 31, February 10, 13, 15, 17, 1892. 
:March 10,12,14, 16,19,20,21,23,24, 1892. 
~1arch 28, 29, April 4, 9, I I, 12, 13, 1892. 
April 16, 19, 23, 26. 27, 29, JO, May 1, 3, 4, 5, 7, 81 9, 

1892. 
May 16, 17, 19, 23. 24, 25, 28,30, June.1,-t892. 



 

REPORT FOR 1892-PART ll. 

On the variation of latitude at Rockt'ille, Md. 

The large number of groups is considered the we~1kest point in this 
f.ieries of observations. The conditions under which the work was 
done will readily explain why it would have been impossible to have 
limited the number of groups. It is to be regretted that the hours of 
observation were so limitecl, but to lrnve exteuded them to two or three 
o'doek in the moruing would have been fatal to the performance of the 
observer's duties at the oftice. The groups could have been limited to 
a small number only by so extending the lwur::-> of observation. 

The observer has had littll~ assistance in thix work. "\Vith the aid 
of J\Ir. Prank ~.\.. Cook, the clerk of the Instru1neut Divisiou, tlie stars 
were seleete<l and the grou1ls arranged only a few days before the 
observations were actually begun. l\'Ir. Cook kindly volunteered to 
assist even after oftiee hours, and with his help an effort was made to 
keP.p np the computations as the oh:-;ervatious progressed; but tltis 
was soon f<.nu1d impracticable and the effort was abandoned. This 
part of the work wa,s then refert·ed hy the Snperintendent to the Com.
pnting; Division of the Coast aud Geodetic Survey Office, where the 
computations have been personally uutde hy the C'hief of that Division~ 
as~ist.ed by J\:lessrs. Alexa.nder Bounot and Legh W. Heid, who were 
specially employed for the purpose. 

DESCRIPTION OF STATION. 

The town of Rockville is located on the 1\fet.ropolitan Branch of the 
Baltimore & Ohio Railroad, about 16~ miles fr01u Washington, D. C., 
in .l\loutgomery County, ~Iaryland. _ 

The latitude station is located in the- garden of the observer's resi
dence on Forest avenue about 1 mile by the direct road from the rail
road depot, but 8omewhat less than balf a milt• from tlie nearest point 
of the railroad. The f:.tation is about 500 feet above tide water, on one 
of the highest points within a ra.dins of about ~ miles. The immetliate 
vicinity is free fro1n trees and other disturbing atmo:-;pheric influences, 
and altogether can be considered a very favorable locat,ion for such 

·observations. The sketch shows the locatiou of tlie observatory in 
the garden. 

'I'he pier Ul">On which the zenith telescope is n10uuted is built of rough 
sandstone and cement, and its foundation is solid quartz rock. A 
ledge of this rock runs through the garden in a direction SW. to NE., 
and co1nes above the surface of the ground at several places. At the 
poit1t where the pier is built the rock is about 2 feet below the surface. 
The pier has proved a very steady one. Throughout the thirteen 
lllonths of observation the instrument required no adjustment in 
azimuth except when inteµtionally disturbed. The changes of level 
were slight and due 1nore t.o tmnperature than to any .other cause. The 
pier is 0·61. uietre square, and tbe t-0p 0·99 metre abov~ the ground. At 
a distance <>f 1•98 metres n<>rth Qf tbi:i pie1' is another !lier of the same 
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material, only one-half of which rests upon the solid rock. Upon this · 
pier is mounted the transit instru1neut. As might be expected this 
pier is not as stable as the other, but serves its purpose very well. 

Over the piers is built a wooden observatory 3·66 metres by 4·26 
metres, divided into two rooms 4·26 metres by 2·44 metres and 4·26 
metres by 1 ·22 metres, respectively, the smalJer room being used as a 
recording and waiting room and the larger the observing room. By a 
system of ventilation under the eaves and at the peaks of the gables of 
the roof, an excessiYe rise of temperature is avoided. TlH~ width of the 
slit in the roof is ~~8 centimetres. The exterior of the buildiHg is paiutcd 
a very light color, almost white. The zenith telescope pier is covered 

N ; 

\ ! di 
f©~x L ___ _ 

' ' , _____ ._,..,,._ __ _ 

, .......... ___ _ -.=;!.~1 ===-====-=-~'\. 
. '·-----------...---.;:, 
s 

S'k.2U'h or Garden-, showbig locatio~ oF' Observ<UOry. 

by a wooden case resting upon the fioor of the observatory free from 
any contact with the pier. 

In the spring of 1892 this station wa.s connected with the inain 
triangulation of the Coast and Geodetic Survey, as shown in illustration 
No. 1 and the geodetic position of the zenith telescope pier was found 
to be a.s follows: 

Latitude =39° 05' 11"·21 
Longitude =770 09' 36"·65 

INSTRUMENTS. 

Zenith telescope No. 4; tranRitNo. 6; sidereal break circuit chronom
eters Negus No. 1589, Hutton No. 220, and Hutton No. 202; cylinder 
chronograph; electric lamps, batteries, etc.; Centigrade thermometers 
Nos. 6287, 6288, and 6289; mercurial barometer No. 1735. 

Zenith telescope No. 4 (see il1ustratio11s Nos. 2 and 3) was originally 
nnule hy Trongltton & Sinuns of l.1ondo11 iu 1849. 'rhe Coa.st aud Geo
detic Survey possesses four of these inst_ruments, known as Nos. 1,,2, 3, 
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On the 1·wriation f~( latitwfr at BocJ.:rille. Jlr1. 

and 4, all made at about tlte same time. In their original form they had 
many defects and gave uusatisfaetory results, a11d for some years past 
had been unused. When it wa~ proposed that the Coast and Geodetic 
SnrYey should take part in these researd1es 011 the variations of lati· 
tude, in cooperation with the International < ~eodetic ~.\.ssoeiation, 110 

other instru1nents were available. and it was decided to ltaye two or 
these remodeled at the SnrYey Offke. OIH~ f(w the party going to tlw 
Hawaiian Islands aud the otht>r for the party to lw located near vVa.sh
ington, D. 0. No.:! was selected for the former and No. 4 for the latter. 

The remodeliug of theHe instruments was done in the shop~ of the 
lustrnrnent Divhdou of the ( 'oast and Geodetic Survey Office, a11d every 
Jffeeautjou wa.s taken to make tlwm a,s perfect n.s pos~ihle under the 
cil'cun1stances. The new featurt.'s are as followH for each instru1ne11t: 

New baRe and leveling· Sl'l'ewt-:.: ne'Y ,·ertical axi.s; 11e:' wyes for 
horizontal axis of tele.scopP, with adjustment flH' leYcl; new and larger 
11orizoutal axis for telescope; uew nticro1neter .sen·w and reconstruc
tion of rnicrmneter hox and slide; ucw and improved clamp to h•Je
~copt~; two new fine ]evels attaelw(l to telescope~ 11ew .stride level for 
telescope axis; the whole int-:.trnrnent rt~polished, bronzed, etc.; electric 
lamps, batteries, etc., for illumination of telescope field, the reading· of 
lt•yels~ etc. 

Owing to want of time, Xo. ~ did not have th<.> 11ew base and vertical 
axis. This is very mn(·h to be regretted, a~ tlw old for1n is too weak. 
In every other re~pect the instrunie11ts are equal. Though the:-;e in
struments are by 110 means sncb as would haYe l>een selected had therP 
lwen time to purchase or •·tmstruct new ones, it was believed tlH:'Y 
would answer the purpose. 

The optical partH are those originally furnished with the instrument. 
The objective has a clear aperture of 7·0 ce11timetrf•s and a focal leng·th 
of 11U·6 centimetres. Tl1e glass has a slig;ht green color, but the 
irnageH of the stars observed wert~ bright and welJ defined. Tht> diag-
011a.l eye-piece gives a power of 100. It give:-; good definition only very 
ll('ar the n1iddle of the fielcl, aud haviug lJO 

para11actic motion in right as(·eusion, only 
three goo•l pointings cou1d he made on a 
~outhern star while crosRiug the field. The 
micron1eter is of the nsual form. The dia
g'ram shows the fie1d ·wl1cn t11e screw and 
t•yf~-piece are set eentral1y~ Tlte three ver
tieal liues are fixed spide1· webs about eig·ht 
~md a half equa.torial :-;eeon<ls apart. The 
three horizontal lines are ispidt>r webs fixed 
to the slide moved by the 1nieron1eter serew 
at distances often revolutions of the screws. 
'l'he micromewr is so arranged that if taken 

• 

zo·-
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apnrt tlH' 1wa•1 a111l 1·a(·k ean be repl:u·ed ;;.:o a~ to haYl· tl11• :-<a.me re1ntion 
to each other. l1H·1·t~asi11g reading."- of the Hcrew indi(·.ah• increasing 
zenith dist<.tnces. 

The two le,·el~ attac11f'<l to the t1>leseope \Yere selet·te-1 from a lot pur
clrn8cd from the Kt-ntfrl & l<J;-;:-;er Company or ::S-(•\\. Y1H·k i11 lXKH. They 
were made h:v Adolph Pp:o;sler. 11w«11:111ici;111~ of F1·ei1mrg. i11 Sa:x011y. 
These lcveh 11:-n-e proved very sati;-.;f;11·tory. awl jt i-; donbtfnl if su
perior lwrl'ls can be ohtaineu. ':rI1e g-1ass tnlH•:-; are J ;)(I mill i rneti·cs 
long ~1nd 18 1nillinwtn·:s in (1iarnetel'. They have a eharnbe1· at 01w t•1al, 
oy Wliieb the }1·11µ;tl! Of tlu..~ bnhbJe ('<IH lHJ ('1>llt!'1.Jh•il. rr11P 1rn1gth Of a 
di,·it-;io11 is :2 111iifimetres. As ,·i1•wed up•m tilt• i11sn·11ntt•ut, the gn1dn
atio11s are fron1 lert to right, the nppe1· lt>\'<'l s•~al(~ hein.u: numbered 
from 0 to 50 and thP lower (.'1Hl from liO to 110. 

Eaeli glass tnhe js mountecl i11 a bt·<i.ss tnbe. in which it rf'sts upon 
two points near each end, and is held in place by a. li~·ht :-;priug ;1uove 
tl1ese points at eaeh end. Eaeh l>rass tn he is eon•red hy a. glas8 tube. 
'l'he two levels thus rno1n1te1l are attal'liP<l to a ln«1s:-; ann by ball au<l 
socket joints at one end and opposiu;.r scr(H\"S at the other end, by 
which the two levels may be made pn ra1lel to each other. rrhe Jevel:-; 
are n101.111ted upon the ]eft .. ltarnl shle of the teicsc:op<~. ancl when poiut
i 11µ; north the S<'ales read from north to south. 

''.l1he illuminatiou of the iielcl is by a small mirror, mounted centrally 
in the horizontal axi~, wlileh retlecto:. light n•.(·eived from a small elec
tric lamp through oue end of the axis. 

Tra.rrnit No. 5 is a]so an irn:;trumcnt made by Tronghton & Simms in 
1S4t,, and remodeled at the Coast and Geo•ktie 8nn·cy Oftiee in 1890. 
The dirnensiorn~ and })O\V(ll' of the te1e:-:.cnpn au~ about the same a:.:; tho.;;e 
of zenith telescope No. 4. Thf' pivot:-; ar•~ so 11e:1r1y equal that tl1t•re 
is no a.pprecial>le correction. The va lne of one di d~io11 of the stride 
level is O·H6 second. .A. similar in~trnnwnt is illu:-.trated in the Ooai:-\t 
and Geodetic Survey l-teport for 1880, Appendix 14. Thi:; i11strument 
was used for the dPterminatiou of the eorn~ctiiou:-; to the chronometers 
and al~o as a collimator for the adjn~t:meut~ of zenith telesco1)e 
No. 4. 

CON:::;TA~TS CH' ZENITH 'l'EI,ESCOl'E NO. 4. 

Lerels.-The arc valnes aud errors of Hie h•vcl i-;cales were determined 
:nul investigated at the Coat'"\t a11d (~ern1etie SurYey Office by l\1r. E. G-. 
Vi:-"eher, the chief infl.trumeut maker of t11t> Coast and Geodetic Snnrey 
inl'ltrnment shop, in May, 18Hl, and again in .Jannary, 1sn2, at hig-h and 
low temptwatures. The dcta.ilf-:. will appear witl1 the report of the chief 
of the Compnting Divi:'lion on tl1e eomputatio118 and result::<:. There \Yas 
f~nu1d to be no appreciahle difference. of val ne for change of tempera.
ture, and the errors of different pa.rt:'I of the scales are so small that 
1nean values are used. Thet>e are aB follows: 

Upper level, 1 div. = 1·600 Sf~<>on<ls. 
Lower level, 1 <liv. =1·3U4 seeun<ls# 
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On the 'Dariation of 7at itudc at Roekrillc, ]fd. 

Mim·ometer.-The true dista.nee~ between the tl1re<vl:-; of the 1nicromc
tPr were 1letermined by pointin_g-:-; rn;ule with the th re<· tl11·t~ad:-; npoa a 
sma11 speck 011 the g-la~s diaphragm of the tra11:-;it. The lli.stanees were 
ftHlllU to l>e a.8 follow .s: 

Previous to J unc 1:J, 18H2, 
1 to 2 = !)·!)418 revolntions; 
1 to 3 = 1H·H7fi;1 i·e \·ol tt ho us; 
:3 to 3 = JO·o:H:.J revolutions; 

.After .Tune 13, lSH:!, 

1 to 2 = 9·8~)()0 revolutions. 

The arc valne of the serew was dete1·mined an'1 its errors investi
gated by obsnrving- tran~it:-; of a Ur;:;~-e :\linoris aucl ,\ Urs:e :.\finoris at 
1'a:-;tern and western elongations. only tlrn.t part of the screw between 
:211 and 40 revolutions being- n~•·d. Tlic- head of t11P screw was set ~nc
«l'~:-:iv(~ly at o. 25, 50, and 75 tli\·i:-;inus in ead1 of the 20 revolutions. 
Tl1(· ol>servationf-\ were r<>corde(l on the <·lto110grapll, three breaks being 
11iatle at eac·h tra.n~it~ the Inean of which was taken. Thirteen such sets 
nf tran;-;its were ohse1·yed a:::. tbllows: 

.J nuc 8, 9, awl 10, 1:-\~ll, 011 :\. F i·sm J\:linoriR at ea8tern elo1q.~ation. 

:-:.t·ptombcr 1H, J!)~ :.n, 23~ and 24, 18Bl, on ll:' Ursa.>: ).finoris a.t eastern 
(·l011g-ation. .January :27, Feb1·uary :!~and 23, a.nu l\[arch 3 aud 9, 18U2, 
011 a l."'.r8<e l\linoris at western elo1lgation. 

TheRe obserYations show no appn'<·iable periodic errors in a reYo1u
tion, hnt then., is a11 appl'eeiable difference in wbole revolution:-:; and 
also au appreeiahle <'orreetiou foi· tt•mperatnre. The detailed results 
"ill appear in the report of the elii~f of the Computing Di vi~ion on the 
(·omputation:-;; m1d re:-;n It:-:.. The 1nean arc Ya l ue of one revolntiou is 
.11' 1 ·t>UtH) - 0·001150 t, t being degn•<•:-::. Ct~utigrade. 

The eqnatoria l intt•rvall" between the vertic;1l threa<lR were determi necl 
.:\ ngust t;, by observations of tra.nsits of w Draconis, <p Draconis, 
1/''.l Dracouis, arnl y Draeonis at upper culmination to he 

I to II =8·5G seconds; 
II to Ill = 8·84 seconds. 

ME'l'HOD OF OBSERVA.TlOl(. 

'T'he collimation of the zenith telescope was frequently examined by 
pointings on the middle threa1l of the tra.usit, the zeuith telescope befog 
1't:>verse<l in its wyes. No re-adjustment of the collimatiCJH was re(1uired 
11p to No'tember 18, 1891. On this date the micrometer box hatl to be 
!'('moved and was replaced the same day, and no r0-adju8tllleut lias 
l •een req nired since. 

'l'he azimuth of the zenith telei;;co1>e when poiuti11g uorth w:-is fre .. 
que11tly exa.tnined by pointing«"' upon the-- micrometer thread of tbe 
tn1usit set in the meriuiau. au<l. when pointing wuth by tra..11:sit:s of 
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starnlanl stars, the corI'ection to the clu·onomPter heing accurately 
k11nw11. Tlw :'tops rel111ired 110 n_•.n,djnstment throughout the whole 
serie8 exc<>pr wlwn intentinnall,v rPmovt."l for ob:·wrviHg fo1· value of 
inicrometer. The error of collimation a11d the (1eviation of the line of 
collimation from the rnr•ridian ha \'e" 1wt e::x<·ee,Jctl 011e sPco1Hl of tin1e 
tliroughout t11e 8et'ies. 

It W<IS inten<led to lHH' ouly that part of the mierometer i-l.Crew- between 
20 aud 40 nwolntim1s, ;;o revolntio11s being· tlw middle or tlte field. All 
pointiHgs betwP~·11 20 and ciO l'<'\·olntio11s wc1·•·· to ln~ 111;ult· \Yitb thread 
:!, all lJelo"-' ~O revolntions with th re;ul 1 .. aad all above :l-0 rc->volntious 
with thread 3 the extreme lil11it:-< lH~i11g 10 to 50 revoh1tions, so the 
screw wouhl Lave hPt•11 ino\·ed only over tl10.:-;e revolutio11s between 20 
and 40. This seheme wa:-; cmTiml out till Xovemue1· 18, when thread 3 
"\vas funud to be. slack. Jt ·wa::". 011 this date that tho 11licrometer lJox: 
·was removed with the inteution of putting in a 11tc\W thre.a(l. On exmn· 
ination a,t the otliee a. ue\v thre~ul wa~ thongl1t umieeessa.ry, and the 
u1icro1neter box waH i·eplael•d a.:-; it was. Observatious the smne night 
proved thread :3 to be useleRs and it wa.,..., ahan(loued, thread ~ heiug 
used in it8 pla<'e. 

In the beginning, the method of ol18ervation and record usually 
adopted in the Survey wa8 followed-that is, a 8i ngle pointing was 
made on the star when on tbe meridian, and a sing·Ie reading of the 
levels was nrnde afte1· pointing on the star. BPgiuuing on July 27, 
18~1, the niethod used at .Berliu 188B-'HO waK fo!lowed as nearly as 
practicable-that is, the Jevel.:-; were read, three poi11tings were made 
on the star near the three vertical thrett<lN, arn1 the levels were again 
read. 

Bpecimen of record. 

[Rockville, Md., June •3, 189r. Observer, Edwin Smith.) 

[ Micro1neter. Le~·el. ! Time N . N 1· Star No. 
• of. u .s.c_ 

0 s n:i- i--··~~-- ---~ 
. , and t; .. j S 

'i\licr1nn.i of <'llim. bv 
thread_ I chro. Hut· 

ton 202-

Rewa.rks. 

pair. Catalogue_ -·-· Revs. Divs. 

I 
l 1148 I s. 40 49·0 

1188 I N. 19 36·6 

! N. 2 1198 26 61·8 
1206 I s. 33 87·0 

I 

3 1215 s. 12 s·rs 
1220 N. 48 I 1·7 

• Upper level. 

i Nurth. South. 

l 
) *39"3 11·7 
j I J·6 40·3 
t98·2 70·0 

7 I· I 99·3 
Ir· I 40·0 
39·8 10·7 
70·9 99·1 

I 98·9 70·2 

40·8 11·6 
12·2 41·5 
99·8 7 I' I 
72·1 100·8 

3 
I 

2 

2 

I 

3 

! 

.. 

----~-- ---------
h. m. s. 
J 4 05 55 . Thermometers : 

10 00 ' 6287 out.side 20°·oC> 
6288 north 21 ° 8. 
6289 soulh 22°·0. 

15 48 ' 
28 II 

36 05 
39 49 

t Lower level. 
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On Ute rariatfon r!l latitude at Rol'l.·'l·illc, Aid. 

(Rockville, :'lld .. July 27, 1891. Obsern.:r, E,Jwin Smith.) 

r~---:--1-S-ta_r_N_o __ ...,.,-N-~-;;~~;01;~~te-;.-1-- Le~el. -- [ ___ T_i_m_e ----cc-----------, 
~uf ! U.S. C: 0 ; ~-_I __ ---·---- .\licrom. ot culm. by Remarks • 

. I andG. S. S ----i-- I ' , thread. I chru Hut-
~,1~ (atalogue. _·_\ kevs_ l Divs. I Left. ' Kight. f ton 220. 

j _____ ,____ r·----, 

9 1336 

. 1354 

I 
1 
! 

I 
1 
I 
I 

10 ! 
I 
I 

i 
l 

1360 I 
I 

! 
1367 1 

i 

! 

I 

I 
' ! 

I I 1 
! 

l 
1382 

1386 

N. 
I 

34 

S. 

N. 32 

s. 27 

N 31 

s. 28 

I l \ i 1:. 111. s. 

l ~~:~ I~. I] ·6 42·6 

I 
I 
I 
l 

I 
I 

8:: :: ::.~ : :::: II 2 

I.O it 10·1 41·6 2 
o·o 1 

28·5 
27·5 
2 9·5 

54·0 
54·8 
54· I 

62·5 
61 ·o 
61·0 

s·o 
5·8 
6·2 

1*71·5 101·8 
t71·5 101·8 

*70"0 . 100·7 

t7o·o '100·7 
I 

l I 12·5 I 44·0 
--I 

42·6 I l ·I 

I I ·2 42·8 
I 

7""'"' 10]"4 i - I 
' 

__ 1 

I 
7 I ·o 101 ·8 
7 I· I 101·9 

10·2 41·9 

I 10·2 41·9 

I 
/ 
' : 

9·3 
i 

40·9 
9·2 ! 40.9 

! 
I 
I 

I 

70·2 I 101· 1 
70·2 1101.2 I 
6cy I 1100·0 
69· I I 100.0 

2 

2 

2 

15 59 54 

l 16 17 II 

33 44 

36 33 

Thermometers: 
6287 outside 16°.6 C. 
6288 north 19°.1. 
6289 south 19°.5. 

Barometers: 
29·645 in. At. Th. 

66° .F. 

*Ref ore bisecting star. i After bisecting- star. 

Thermometer No. 6288 was l1nllg- i11 the north end and No. 628!) in 
f\,p Routh end of the observatory, and No. 6:!87 jn the open air on the 
t'a8t side of the obgervatory. The barometer was hn11g in the observ~ 
at11ry near the transit. The temperature and pressure of atmospl1ere, 
a~ indicated by these instruments, were noted at the beginning, the 
llli<ldle, and the end of ea.ch night'~ work. 
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Record of tcnqHTa.ture and 7Yrr'ssnrc ,~f" <amoHphrre at Ilockl'ille, ltf d., 
during obscrVttfions for latit1ule. 

Thennc•n1etcrs. 
Brrrom. 

Date. Time. l 
-·---~-----~-----· reduced to 

o" C. 
Outside. I Inside ~. 

! 
1nside s. 

i ; 

1891. 
I 

h. m. c. c. i c. Vtlll. 
' 

June I.., 14 00 +20'2 +21.8 +22·0 
.) 

I ' I,.., 32 18·0 18·8 19·0 .. ) J 

:5 : 14 00 25·5 zs-o 2fr5 
15 I 17 32 23· 1 24·1 24·0 
2.., 

.~ 14 58 21·0 22·5 23·5 
23 18 20 19·5 21·5 21·5 
24 14 58 ic;r7 2"''0 22~6 

,) 

24 lS 00 19·6 20·5 21·0 

25 15 56 20·5 23·5 23·2 

25 18 00 19·0 21·5 :2 I~ 3 

27 14 58 I 7·8 I 19·2 19·5 
27 18 20 15·5 16·4 16-5 

July 5 14 58 16·8 iq·o 19·0 

5 18 20 I 3·7 1(,.0 16-0 
6 14 58 19·5 2 .,. I 

,) 23"0 
6 18 15 I/" 5 1 9·5 19·5 

9 15 55 16-7 18·4 18·5 
10 15 55 17·5 20·0 20·0 
IO 18 25 16·4 17·5 17·6 
Io 19 56 15·6 17·0 17·0 
12 15 55 19·6 22·3 22·3 
12 19 56 16·8 18·6 18·6 
21 15 55 21·3 23·8 24.0 
21 19 55 19·5 21·0 21"0 

22 15 55 21·5 22·8 23·0 
22 19 20 20·~ 21·0 21·3 :l 

27 15 55 16·(, 

! 
H)"I 19·5 750.0 

27 18 00 16-6 17·7 18·0 750·5 
27 

j 

19 55 16· 5 17·5 17·5 750·6 

29 15 55 
! 

21·0 I 23·3 23·4 746·2 

29 18 00 19·5 21·0 21·2 746·4 
2<) l 19 55 

I 
18·5 19·8 20·0 746·3 

Aug. 7 17 00 23 0 24·8 24·8 750·8 

7 20 35 20·0 21·6 21 ·8 751·2 

9 17 40 25·5 26·6 2(r6 749·2 

9 20 49 22·5 24·5 24·5 749·0 
10 17 00 26·2 27·8 27-6 750·0 
IO 20 49 24·5 25·5 25"5 750·2 
II 17 00 24·5 26·5 26·5 748-6 

14 17 28 21·2 22·3 22·5 749·5 
15 17 28 20·0 22·5 22·5 749·5 
15 21 05 16·1 18·5 18·5 750·7 
15 22 33 15·5 r7·6 18·0 750·9 
17 18 37 zo·o 21·0 21·0 750·3 
22 18 00 23·0 2 4·5 24·7 745·7 
22 20 12 22.4 23·1 23·2 745·7 

Sept. r 18 37 18·3 19·6 20·0 752.3 
I 21 05 17·5 18·5 19·0 752·5 

I 22 33 16·0 17·5 •rs 752·8 

3 18 37 20·1 21·3 21·5 750·8 

3 21 05 18·4 I 19·4 19·6 750·8 
3 22 33 17·8 18·5 19·0 750·9 
7 19 00 16·6 l8·o 18·0 749·5 
7 21 

;~I 
14·5 16·6 17·0 749·9 

9 18 13·5 15·5 15·9 757·3 
9 20 35 11·5 13·1 1 3'5 757·9 
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Record of ternpcraturc and prc8 ... nrt• t~f ah>1<l.'-:)>h<~re nt Rockrille, JJid., 
during obserco tion.1; for lat it udc. 

Time. Date. 
I 
I 

I 
,~h~ 

9 I 22 
JO I 19 
10 20 

18q1. 
Sept~ 

IO ·' 12 18 
12 20 
12 21 

.) 

13 18 
14 18 
14 20 

14 '> ~ 
~.:. 

15 IS 
15 21 

15 22 

I7 18 

17 20 

17 23 
IS 20 

18 22 
18 .., ' -,:, 

19 20 

19 22 

19 23 
21 20 
21 22 
21 23 
23 20 
2'' _, 22 

23 23 
24 20 

24 22 

24 ?'> 
-.) 

25 20 

25 22 
25 

I 
23 

26 20 

26 22 
26 

I 
33 

28 20 
28 

\ 
22 

28 2" i .) 

30 i 20 
I 

30 

I 
22 

30 23 
Oct. 3 20 

I 3 22 

3 23 

5 20 
5 22 

5 23 
9 20 

9 22 

9 23 
14 20 

14 22 
14 23 

1n. 
HJ 
00 

35 
I 9 
37 
~' _)_, 
19 
37 
37 
4S 
27 
1.., 
.>I 
05 

33 '., -'I 
48 
36 
35 
00 

36 
12 

00 

20 

12 
00 
20 
12 

00 
20 

35 
00 

20 

12 
19 
20 
12 
20 

20 
12 
20 
20 

13 
20 
20 
I .... ,) 

02 
20 
13 
20 
20 
13 
IO 
20 
13 
20 
20 

I 
'rherm,1n•~·ters_--- ----

------------·--- -- - --------;----"-~--

! Outside. l nside N. l n,.,iclc S. 
. 

Barorn. 
reduced to 

o 0 c. 
i ___ ·--- ---· _____________ i __ _ 

I 

c. 
+q·5 

] 5·2 
] .>" 7 
I 1 ·0 -
I S·(i 

] 6-4 
14·4 
19·5 
I 5· I 
12·:-> 

10'4 
19·0 
i8·o 
I 7·2 
22·5 
20·2 
19·0 

20·5 
20·0 

19·0 
Iq-5 
18·5 
17·0 
20·1 

I 9. I 
17·8 
22·4 
2 I ·o 
19·8 
19·1 
19·0 
18·0 
20·6 

19"5 
18·6 
22·0 
20·6 
20·0 

19·6 
19·3 

194 
I 1·9 
I I· 3 
10·7 
20·5 
I 8· I 
16-5 
13·8 
13·5 
11·9 
9·5 
8·4 
8·4 

I I" I 

9·6 
9·6 

~ 

I 
I 

I 
i 
I 

I 

c. 
+12·S 

] 6- 5 
is· 2 

r 4 ·o 
19·9 
18·0 

16·0 
21·0 

17·0 

15·2 
] 3'0 
2C>"b 

I 9·-+ 
18·4 

24·0 

21 ·5 
zo·o 
23"5 
22·5 

21 ·4 
21·6 
20·4 

19·5 
22·0 
20·6 

20·0 

23·8 
2 10 0 ·' 21 ·6 
21·0 
20·0 

19·0 
21 ·{) 

20·5 
20·0 

2J"5 
22·0 

21·4 
20·5 
20·1 
20·0 

14·1 
I 2·5 
12'0 

22·5 
20·5 
1 9"5 
I 5·3 
14·6 

I ""2 ,) 

10·6 

9·5 
9·0 

I.,. ..... - .... 
I 1·0 

10·5 

j 

! 
I 

I 
I 

I 

I 

l 
! 

I 
l 

I 

c. ! 
+12·6 

17·0 

I 5·5 
I 4 ·o 
20·2 

IS· 1 

16-3 
21·4 

I 7·0 
I 5·5 
I]"O 
20·9 
F,l' 5 
1S·5 
24.0 
21·6 

20·1 
23'5 
22·5 
21·5 
21 ·8 
20·5 

I 9·5 
22·1 

20·6 
20·0 

24·0 
2 •·o 

.) 

21·7 

21·3 
20·1 

19·5 
22·0 

20·6 

20·3 

23"7 
22·2 
21 ·r; 
20·8 

20·3 
20·0 
14·5 
13·0 
12·3 
22·6 
20·6 

19·5 
15'5 
14·7 
13"5 
11 ·o 
9·S 
9·2 

12·5 
I 1·0 

10·7 

nun. 
758·0 
75S·4 
758·6 
758·4 
752·1 
752·0 

75 I ·5 
749·0 
750·1 

750·5 
751· I 
749·6 
750·7 
750·8 
756·4 
756·6 
756·7 
752·3 
752·0 
752·1 
752·2 

752·7 
753·1 
751·8 
751·9 
751·8 
751·3 
751 ·5 
751·8 
754·7 
755·1 
755·1 
752·8 
753·0 
753·0 
752·6 
753·0 
753·1 
753·9 
753'8 
753·2 

757·6 
758·1 
757·9 
749·8 
749·6 
749·0 
748·3 
749·3 
749·7 
751·4 
751·4 
751·4 

757·5 
747·8 
747·7 
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Ilccorcl of temperature a/n<l JffC158Urc of atmosphere at Rockville, .1lld., 
llnring obseri,ations for latitude. 

I 
I Thermon1etcrs. I 

I Barom. 
Date. Time. 

I 
I reduced to 

Outsiue. Inside 1'.T. Inside S. I o 0 c. 
I I ,_ 

I i89i. h. tn. c. c. c. mm. 
Oct. 14 00 05 +10·6 +10·5 +10·5 747·7 

15 20 13 9·0 I 1·0 11·0 749·2 
15 l 22 10 S·o 9·5 9·5 750·0 
15 23 20 6-6 8·5 8·6 750·8 
I(, I 20 13 8· 1 9·4 9·6 755·6 
16 

I 
22 20 6·5 7·6 8·o 756-8 

16 23 20 fr I 7·1 7·5 756-9 
17 20 1~ 7·5 9·0 9·5 756-4 j 

17 22 IO 6·' 7·8 8·o 756-5 j 

17 23 20 5·5 7·0 7·0 756-6 
22 22 02 -~ 4·6 + 5·4 + 5·5 747"0 
22 23 20 5·0 5·2 5·4 747"0 
23 22 02 5·1 7·0 7·0 748·3 
2~ 

l 
2~ 50 6·o 6·6 6·8 748·4 ..) ..) 

23 I ~o s·o 5·7 5·8 748·4 
! .) 

24 I 22 02 7·2 9·0 i 9·0 746-9 
24 I 23 50 6-5 8·4 8·6 747·7 
24 I 40 7·2 8·9 9·0 747·8 
28 22 02 4·0 4·5 5·1 757·7 
28 23 50 l"I 2·5 3"0 758·4 
28 I 30 - l'I 1·1 1·0 758·9 
29 I 22 02 + 8·o 8·5 8·3 759·7 
29 I 23 50 6-6 7·4 7·3 759·7 
29 I I 30 6·o 6·5 6-5 759·6 
30 I 22 02 I I 1·6 12·7 12·5 756·4 
30 23 50 I 1·2 12·0 11·9 756-r 
30 I 40 10·1 10·8 10·7 755·6 
31 22 02 15.7 16-5 16-2 747·6 

Nov. I 22 02 7· I 7·9 8·o 753·2 
l 23 50 5·1 6·1 6·3 754·6 
I I 40 3·3 4·7 5·0 755·3 
2 22 02 2·5 3·5 4·0 757·6 
2 23 50 - o·6 1·6 1·6 758·3 
2 I 40 0·5 l'l 1·2 758·8 
6 22 02 + J·O 2·6 2·7 752·5 
6 23 50 - 0·2 1·6 1·8 752·4 
6 I 40 + 0·3 1·2 1 ·5 752·1 
7 22 02 4·5 6·1 6-4 750·2 
7 23 50 3· 1 5·7 5·6 750·1 
7 I 40 I ·7 4·1 4·3 

I 
749·9 

9 22 02 9·4 IO· I 10·3 752·6 
9 23 50 7·5 8·3 8·5 753·1 
9 I 30 .S-9 fr9 7·0 752·8 

17 23 ... 6 ·- 2·2 - 1·5 - 1·5 752·5 ·' 17 I JO 3·1 2·5 2·4 754·3 
18 2" 36 5·1 4·1 3·9 766·1 

.) 

18 I 30 fr5 5·3 5·0 766-6 
J8 I 3 20 8· 1 6-4 6-2 766-9 
20 23 36 + 3·2 + 4·2 + 4·5 773·5 
20 I 30 3·0 3·9 4·0 768·5 
20 3 20 1·9 2·8 3·0 767·3 
23 23 36 6-3 7·2 7·2 735·1 
23 I 30 s·o 6-o 6-o 736-5 
23 3 20 3·6 5·0 s·o 737"2 
24 23 36 3·9 4·9 s·o 746-0 
24 I 30 2·4 3·6 3·5 747·0 



 

REPORT FOR 1892-PART II. 13 

'Record of tempera.fure anil prc8wnre of atniospltere at Rockville, Md., 
during obscrl,ations for latitude. 

Date. Time. I 
1891. h. Vt. 

Nov. 24 3 20 

29 23 36 
29 l 40 

29 3 20 

30 23 36 
Dec. I 23 36 

I I 40 
I 3 20 
4 23 ~6 

,} 

4 I 30 

s 23 36 
s I 30 
5 3 20 
8 I 21 
8 3 25 
8 4 40 
9 I 21 
9 3 25 
9 4 40 

JO I 21 
IO 3 25 
JO 4 40 
13 I 21 
13 3 25 
IJ 4 40 
18 I 21 
18 3 25 
18 4 40 
28 I 21 
28 3 25 
28 4 40 
30 I 21 

30 3 25 
30 4 40 

1892. 
Jan. 7 2 58 

7 4 40 
i 5 45 
8 2 58 
8 4 40 

16 2 58 
16 4 40 
16 5 45 
20 3 05 
20 4 38 
20 5 45 
21 3 05 
21 4 38 
21 5 45 
24 3 05 
24 4 38 
24 

I 
5 45 

25 3 05 

I 25 4 38 
25 

1 
5 45 

I 
28 3 05 

Thennorneters. 

Outside. l Inside N. ! ln">ide S. 

------i 

c. c. I c. 
I +1·9 +3·0 +3"4 

- 6.5 - 6·2 - 5·9 
TS 7·1 6-7 
S·o 7·5 7"4 
4·1 J"O 2·6 

+ 0·5 + 1 ·2 + 1·1 

- 1"4 - 0·4 - 0·4 
I ·5 0·9 o-6 

+ 6-4 + 6·9 + 6-7 
6·3 6- 5 6·6 
S·o 8·5 8·2 
6-5 7"3 7· 1 
6·o 6·8 6·5 

- 0·1 0·5 0·4 
0·7 0·1 o·o 
1·0 - o·r - 0·2 

+ 4·6 + 6-o + 6-o 
3·0 5· 1 5·0 
1·8 3"9 4·0 
3"5 6.5 6-5 
3·2 6·5 6-5 
2·4 4·8 5·1 
4·9 6-5 6-2 
2·2 5·0 5·0 
2·5 4·3 4·5 

- 6-9 - 5·5 - 5·3 
5·9 5·5 l 4·9 
S·o 6-4 6-o 
0·5 + 0-2 + 0·1 
1"5 -- o·S - o·6 
0·9 0·5 

I 
0·5 

+ 1·1 + 3·0 j + 27 
0·4 17 1·8 

- 0·2 1·1 1"4 

7·2 - 6-2 - 6·o 
9·2 rs 7"4 

u·s 9·0 8·9 
3'-"' 2·5 ' 2·7 
4·5 3· 1 i 3·0 
8·8 7'4 j 7'4 

10·5 8·7 8·5 
9·0 8·5 f 8·3 

10·9 10·2 I 9·9 
11 ·7 I 1·0 10·7 
13·4 12·2 I 12·0 
2·0 1·0 f l'O 

4·5 2·6 \ 2·5 I 
4·9 3·4 3·4 

+ 0-5 + 1·8 + 2·0 

- 0·4 I"O o·8 
1·0 o·o o·o 

+ 5·6 7·5 rs 

r~I 
6-o 6·5 
5.4 5·5 

1·0 3·5 3·5 

Rarom. 
reduced to 

OQ C. 

nun. 
747"8 
756·8 
757'1 
75TO 
758·5 
757·7 
757'6 
75T2 
746·1 
747·8 
752·0 
751·8 
751·8 
758·9 
j58·7 
758·4 
756-5 
756-4 
756·4 
755· 2 

755' 1 

755·1 
755·3 
755·1 
754·6 
762·8 
762·2 
759·5 
756-2 
755·9 
755·8 
757'8 
758·8 
759·2 

747·8 
748·3 
748·6 
750·7 
751·1 
762·7 
763·0 
762·9 
756·5 
756-3 
j56·5 
756·8 
757·1 
757"6 
743·9 
743·4 
743"3 
736-6 
736-8 
737·0 
747"3 



 

14 U. S. COAST AND GEODETIC SURYE.Y. 

Reeorrl of tenipendure a.nd pressure '~( dtrnoNpherc nt llocliTillc., 1lld. 
during observations for la.titudt:. 

I Therm orncters. I 
I 

' Haro in. 
Date. Time. 

~ 
i re,luced to 

Outside. Inside N. ln<;ide ;;:;. I o° C. 

l I 
I I 

I ~ ---- . 

I 
I 

1892. l h. 111. c. c. c. I NUJl. 

Jan. 28 l 4 00 + 4·7 + 4·8 I + 4·5 I 747"3 
31 I 4 I7 - 1·8 - 0·5 - 0·5 i 752·9 
31 6 07 1·7 o·8 0·5 I 753·2 
...,I I 8 20 2·0 ·1·0 1·0 j 753· I ,"l 

Feb. IO 4 17 o·6 o·o o·o I 743"5 
I I 

IO 5 17 0·5 o·o o·o I 742·7 
I~ 4 17 J"b 2·7 2"$ 746-6 

L") I 

13 6 05 1·6 0·4 0·2 758·0 
13 8 17 3"9 1·8 1 ·6 758·4 
17 4 17 5·8 3·8 3·5 7<)3"4 
17 7 05 6-7 5·8 5·7 762·7 
17 

! 
8 17 7·2 5·7 5·7 762·1 

Mar. IO 7 cs yo 2·5 2·0 742·6 
10 

! 
8 I2 3"3 ..... 0 3·3 742·2 ,) 

12 7 05 + 8·3 ..J... 9·0 + 9·5 745"4 I 

12 8 35 ("O 8·o 8·3 7464 
14 7 05 - 3' 5 - 3·0 I - 2·8 755·6 
14 8 45 4·5 4·0 3·7 756·5 
14 IO 28 6·o 5·0 4·9 756-8 
16 7 05 7·5 3·8 3'6 756·0 
16 8 46 7·8 5·2 5·9 756·2 
16 9 25 7·4 5·5 5·4 757.6 
19 7 05 0·5 + 1·0 + 1·0 745·7 
19 8 40 1·3 o·o 0·2 74fr8 
19 Io 25 2·6 - o·S I - o·S 746-9 
20 7 05 1·4 0·4 0·3 755·4 
20 8 40 3·5 2·0 2·0 756·4 
20 IQ 30 3'3 2·5 2·2 756-9 
21 

I 7 05 4·8 1 ·7 1·5 760·7 
21 8 53 5·1 3·6 3·5 761·1 
21 I IO 30 6-o 4·5 4·5 760·9 
23 I 7 05 + 9·0 ! 

+10·0 
I 

+10·5 747·9 
23 8 25 7·2 8·o 8·6 746-9 
24 7 05 4·0 5·6 6·o 752·1 
24 8 40 3·1 4·5 4·8 752·3 
24 9 30 ]"O 4·0 4·0 752·1 

28 8 25 3"7 4·7 5·0 751·8 
28 Io 20 3·1 4-0 4·0 752·6 
28 12 00 2·0 3·1 3·5 753·3 
29 8 25 6·7 7·2 r6 755·1 
29 Io 12 5·7 6-1 6·6 755·3 

Apr. 4 8 25 20·7 21·6 21·5 748·1 
4 Io 20 19·0 19·6 19·6 748·1 
4 12 12 I TO 18·0 rrs 747"8 
9 8 25 o·o o·6 o·6 745·2 
9 10 20 - 0·9 - 0·3 - 0·2 746-3 

II 8 25 + 3·0 + 4·3 I + 4·5 752·3 
11 JO 20 I ·5 2·5 2·6 752·7 

I 
I 

It 12 00 o·o 1·1 I 1·5 753·0 
12 8 25 5·0 6·o 6·1 753·5 
12 IO 20 2·5 4·0 4·0 754·5 
12 12 00 1·6 3·0 3·0 . 754·6 
13 8 25 8·8 I I ·o I I ·o 752·8 
13 JO 20 7·8 9·9 10·2 752·4 
13 10 47 7·5 9·0 i 9·0 I 752·3 
16 IO 17 5. I 6·5 I 

l>"9 748·8 ! ; 
I j I I l 



 

REPt lHT FOH. 11-'f/:2-PAHT fl. 15 

H('Cflrd of temperaturr and prcssurr: 1~( atmo.o;'l)hrrc at Rockrillc, Jlrl., 
durinf/ obsf,:rcat.ious for latitudr. 

--~------"- -- ----- -

I i 

I Thcrlll 01nctcrs. ' 
\ i Jfar0m. 

Date. I Time. 
\ 

----~-·-~--~~--- ----·--- 1cd1u f~d to I . 
! Oubide. lu!iide N. I nsid~, S. 

o'~ ( ·_ ~ 

--·----· ··--------1 -----~---1~~---~~-----·· ------- --·------------ ---~---

I t i 
1892. 11. c. i c. I C. I }//. 1 1/l Ill. 

April 16 12 22 + 4·4 .L 5· I --t- c;·6 i-t-.S· s 

I 
I 

19 JO 17 i 6·5 ; 8·3 i S·s 757·3 
I 

I~) I I 00 7"'2 ~-I 
i 

f; 3 757·7 
2' 

I 
IO 17 ~ 1o·t> I 2·0 I I· 7 74r1·9 ~) ' 23 12 22 .S·o Io· 2 10·.1 750·7 

I 
2~ I 1+ 00 

' 
7·4 S·(, S·6 7 5 I~ 3 ,) I 

26 I ' IO 17 ll) 0 l I· ' I t ·4 75.-.;·7 
i 

. ) 
26 12 17 7· I 9·0 o·s 759·2 
26 i 14 00 I 5"4 7 .. s ~-I 759·4 
27 I IO 17 

\ 
10·6 u-8 12·0 7 57·5 

27 ! 12 22 
Ii 

10·5 10·9 11·0 757·0 
29 

I 
IO I 7 9·5 10·9 1 r·o 752·3 

30 IO 17 IJ'9 
' 

I 5 ·I 15·0 756-9 
30 12 22 10·7 r I 1 ·8 12·0 757·3 
30 q. 00 Io· I 10·9 10·6 7 57·1 

May I i IO 17 20·5 21 ·o 21·0 i 748·6 

3 12 22 21·6 22·5 22·4 I 747·5 
I 

3 13 53 21 ·o 21 ·8 21·6 ! 747·0 
4 10 40 ZJ'2 25·4 25"2 7 5 I '2 
4 12 22 21·0 2~·1 

.) 2J'O 752· 1 
4 13 40 21· r 22·5 22·4 752·2 
5 IO 17 r7·7 17·8 18·0 751·3 
5 12 22 15· 1 I 5·6 15·9 

I 
750·9 

5 14 12 13·8 14-·3 14·4 750·1 
7 IO 17 13·5 q.·5 14·6 

j 
748·3 

7 12 22 I I ·o I 1 ·9 12·0 749·8 
7 14 12 9·1 10·0 10·3 I 7504 
8 IO 17 l 2' I 13·9 13·6 l 754·6 
8 14 00 9·9 10·, 10·7 755·9 ·' 9 Io 17 f 5·5 1.S·si 18·5 

I 
7 53"5 l 

9 12 22 14·.S 16·4 

I 
16-5 753·9 

l 9 14 12 I 2·5 i I 1·0 14·0 i 753·8 
16 12 IO I 7·5 I?\· 5 Hro 752·4 

j 
16 14 00 16·4 I 7·2 I 1 7'S ' 753·3 

l 16 I 
15 50 I 3-6 I 5. J I 1s·s 753·9 

I I l 17 12 IO T 7. J i J .S·o I I 8· J ; 752·5 
17 I~ 55 15·0 ! 15"9 I 16·0 i 752·3 

.) ~ 
17 Ir; 25 14· I 15·0 15-0 ' 752·0 ; 

19 IZ IO 13·1 14·6 14·8 

I 
740·2 

23 12 IO 8· I 10·0 10·0 742·5 
23 13 55 6·6 8·5 8·7 7-i.3" 5 
23 15 48 5·8 7·2 7·4 744·2 
24 12 IO 13·6 15·9 16-0 748·3 

58 
i i 748·6 24 15 i I 2· 1 IJ"O IJ"O 

25 12 IO 

I 
20·0 I 20·9 20·9 

I 
744·8 

25 15 58 I...,~.,. I 18·0 18·0 744·8 
I - l 28 12 IO I q.·4 15·6 16·0 I 748·5 

28 14 30 12·8 13·5 I 3·5 
1 

749·0 
28 15 58 I I '9 I 12·5 12·5 749·1 
30 J2 IO 21 ·6 23~2 23~0 I 750·8 

30 14 00 20·0 

l 
21·0 2 I •J I 751·4 

i 
30 15 48 18·6 19·5 19·7 ! 751 ·3 

June I 12 10 24·0 24·8 24·7 I 752·5 
I 14 00 .:;;i2·0 I 22·6 22·7 752·9 
I 15 48 20·5 21·5 21·5 l 752·6 
2 14 00 23·2 23·7 23'5 749·3 

l 
.. ". 

, __ 



 

16 U. S. COAST AND GEODETIC 8UHVEY. 

Record of temperature and pressnre of atmosphere at Rocki,illc~ 11Id., 
during obsert'afions for latitude. 

~~~---------~------~~---- --------· 
i I Thermomete1·s. 

I: Baroni. 
-----·-----·---------- reduced to Date. Time. 

i Outside. ln"ide N. ! Inside S. i I ! [ ___ 00 c. 
----- _____ 1 ----·-·I--··------:------

! 1· c. ! 1892. 
June 2 

2 
6 
6 
6 

I I 

I I 
l I 

12 
12 

12 

13 
13 
13 
15 
15 
15 
16 
17 
17 
20 
20 
20 
21 

23 
23 
23 
25 

25 
25 
26 

26 
29 
29 
29 

July 7 j 
7 I 

~I 
8 
9 
9 
9 

h 
15 
17 
14 
15 
17 
14 
15 
18 
14 
16 
18 
14 
16 
17 
14 
16 
17 
14 
14 
16 
14 
16 
18 
14 
14 
16 
18 
14 
17 
17 
I4 
15 
14 

6 
18 
14 
t6 
18 
14 
16 
18 
14 
16 
18 

111- l c. ' i 
48 i +21•5 I -+-22"2 : 

30 I ~~:~ i 21-s i 
~ Ii 19·8 • ~r~ 1· · 

30 18·8 20·6 
00 17·3 19·1 
48 I I 5 . 4 I 7 . I i 

081: I 4·0 
1
! I fro '1i 

00 21·2 23'1 

02 20-s 
1 22·0 I 

18 1, 19·5 ! 20-8 I 
00 25· 1 26-2 
02 i 22·8 \ 23·9 

~ I fr~ ~~::1 ,1 

I 2 I 20· 3 2 I . 5 
00 : 24·6 ! 25·2 

~~ ~~:~ ,1 ~;:~ '11 

00 23·5 24·5 
02 22·3 23·5 
18 21·4 22·5 

25·5 I 27· I 

E,I 
18 
00 
02 
30 
00 

24 
30 
02 
17 
58 
48 
00 

58 
48 
00 

58 
48 
00 

25·6 27·8 
24·2 25·5 
24·0 25·0 

21·1 23'5 
17·6 20·0 

17"8 I 19·1 
22·1 2y5 
21·0 
23· I 
22·0 

21 ·2 I 
18·0 ' 
16-6 
16- I 

20·1 
18·1 

ITO 
21· 1 

19·7 
18·6 

22·0 

23·9 
22·6 

22·0 

20·6 
18·3 
17"0 
22·1 

19·8 
18-6 

22·6 
20·7 
20·0 

( . .'. 
+22·3 

21 ·9 
2J"O 

21 ·5 
20·8 

19·4 
I 7·3 
I6·o I 
2]"0 

22·0 I 
20·9 
26-1 

2 3·9 
22·5 

24·5 
22·5 I 
20·7 
25·2 I 
23·0 I 
21·8 

24·7 ' 
2 3-6 I 
22·5 I 
27·0 

27·5 
25·5 
25·0 

2J"5 
20·1 

19·4 
23·6 
22·2 
23·9 
22·6 

22·1 I 
20·6 
I 8~ 5 ~ 
17"2 
22-1 

19·9 
18·7 
22·7 
20·6 

20·0 

11/1/t, 

749·3 
749·4 
749·6 
749·5 
749-2 
750·2 

750·5 
7 5<Y 5 
75°'4 
750·8 
750·3 
750-2 
7 50· I 
749·7 
750·0 
750·8 
750·9 
75 1 ·3 
751·4 
751·8 
744·7 
745·0 
744·9 
744·1 
744·2 
743'9 
744·9 
748·2 
749·7 
749·8 
747·9 
748·1 
747·8 
748·3 
748·5 
759·4 
759·8 
759.9 
755·1 
754·9 
744-8 
752·7 
753·2 
753·1 

No lights were used in the observing room other than the small 
electric lamps for ilhuninating the field of the telescope, and the suw ll 
electric hand lamps used for reading the micrmneter, levels, setting, 
etc. These la1ups were arranged with spring contacts, by pressj11g 
"\Yl1id1 the lamps \Vere ilhuninated only for the time actually necessary. 
A <lin1 illtunina.tion of the observing 1·oorn was obtaineu fro1n a lamp 
iu the recordiug room, showiug through a small window in a partition 
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On the rariation o.f .. latitude at Ho<'l.·rUle. ,lid. 

io;eparating the two room~. BYe1·y precaution wa:-; ta ken to a-void any 
:-;nddcn change of te1npt·1·atnre in tllt:' zeuith tt·h~scope. 

Tl1e fir:-;t observ:1tio11s for latitudt• wen• nutde .June 13, 18!H, and the 
la;-;t ,Jul:v~ D. 18H2. ln the \\'11olt• Serie:4 I :·m8 ohsl'l'Yarions Wt're made OH 
1 Jti High ts. 011 rnany of these nig·li ts llw oh~wrYatious "~cre YPry 
1111wh hn\k(•ll on at·t·ount. of clouds. tl1ere lieing 011ly bH 11iµ:lits upon 
\\ hit·h crm1plPte gT011ps wen· ohs('l'\'Ptl. l"o ::;erious difiicnlties were 
eut·ountt•rt·tl d111·ing- the.se ohsprvatious up to April :;o, on whieh datP 
t ht~ ]pyp] readi11gs were very wi Id. Ou :\lay 4 it wa:-:: discovered that 
tltf• ohsen·atory had i-:PttlP<l to su<'.11 a11 extt>ut that the casi11g about 
the pit•r rested agaiust it. This difticulty was imnw<liatdy remedir·d. 
Tlt.- t\veh·e ouservations of ....:\.pril ::W, the ti:_mr of ::\lay L and the first 
t ln(·e of :\I ay 4 11 ave t,o be rqj eete( l. 

( >n .Jmie t:i, I SH:!, it was neee;-;sa.ry to ::;.tn•11g-tht>-11 t1H• springs of the 
rnil·rornt-'t·<'I'. to 1lo which the sliflt• carryi11g the spidPr webs liad to be 
1· .. 1uo\·e1l. 'l'liP c·o1111111tati•111 of ohserYation.s snhsecpH'llt to that date 
dt'\ (•]opPd a diserepa1wy iu tilt- n·snlts from pait·s in whi1·h one star ·was 
•iL:-;PrY(·d with thread 1 and th(• otlwr star ,,·ith thread:!. ~\ll iuvesti
:...::at io11 of the dista1u-(• het.wPf'H tlire:ids l and .:! on _l\.ugust :!4 and :!fl 

· dt>Ydoped tlw fact that the n·lat ion of th..-·:-;1~ threads nn1:-:.t ha.vt· lwt·11 
, distnrlw1l 011 .lune 1:;. Tht· dista1H·e:4 between theRe thretHl~ Lefore 
: <11td after .Tune 13, Hm:..!, have> already bt>e11 g'in~11. 

lL--REDUCTION OF THE OBSERVATIONS AND DISCUSSION OF 
THE RESULTS BY CHARLES A. SCHOTT, ASSISTANT U. S. 
COAST AND GEODETIC SURVEY. 

CU:i\IPU1'1NG H1vrn10N. COAST .A.ND Gl~ODE'.I'lC SPRV.EY, 

iSepil'mbcr 28, .1892. 

TlH· re:-:nltR of the. a.Rtronomi<·~tl ohRerYatio11s. speeially made for the 
!;1-.;t three yea.rs, at Heveral plat.'eS in t1w Horthen1 11Pnti:4phere, for the 
Pllrpose of inquiring into the ~uppo:-:.e<l variatiou of the geographical 
iatiit1(le, and for investigating its law~ of cl1ang-e, lease 110 fnrther 
d 1 •nht of the fiwt tha.t the latitude of a place is slightly variable. The 
1:iit>11omeHon, a,:-; deduced from ob~a.~rYatio11:-; in Enrope, in North 
.\ ltiPl'ica, a11d the Hawaiian Islands, iudicates a periodic yariatiou such 
a~ wonla he prod need by the revolution of the axis of rotatiou about 
t !1;1t. of the earth's figure . 

. T1u· length of the period, which was found to disagree with the 
l·:ulerian period of about 306 da.ys, -was first worked out by Dr. Chan
'11{·1·.* who made it variable, and at present increasing, and assigned to 
lt 1~7 day~, nearly, for the epoch 1875; on the other band Prof. Kcw
{·•~mh~~ re:-.earchest point to a. uniform rotation with a cou~tant leng·th 
ot 4:50 day:-:;, nearly, aH deduced frou1 obRervatiou8 between 1865 and 

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

S. Ex. 37-2 

.. Gould's Astronomil.."al Journal No. 267. 
t Astronomisehe Nachriebten No. 3097. 
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1:-;ni. l1'nrther, ae('ortli11g to the tormer investi,g·ator, the half range ot 
tlif" Yflriation i:..; 0"·2~. when .. ~a::-. the latter ~n~pects the radius of t11e 
circle des('rilwd by tl1P insta11ta.11eons pole of rotation to be 011 the i11-
crease, thf" BC'rliu ohserYatious fi.n· 18!JO indicating 0 11 ·:.w. 

The direction of nwtioH is Heee:..;sarily fron1 west to (-'ast, aud tl1P 
Jcngthe11i11g ont of the pt•riod from i~OG to 4;m days is ascriLed to tht
earth':s elastic yieJcling, tla• Enlt>riau period <lema11ding an absolutely 
rigid hody. 

The assistance afforded by tlte 8nrv(•y for the ehwidation of the ph('
nomenon cou sis ts in the oc•·upa tion of tliree stations at which latitude 
observations were to be made by means of the zenith telescopP (Tal
eott's method) on every favorable or de:-,irable night, and ern 1tinm'd 
over a space of at least one year. Thes(• stations are RoekyiJle~ ::\Jd. 
(near "TaRhiugton, D. C. ), San Yrmwis«o, Cal., and \Yaiki k i (near 
Ir onolnln )~ lf awaiia11 1 :-::l;111ds. Tlw olJservatiou:-; at Rockvillt~, w hif·h 
are here <liscns;-;:.ed, cover the period betweeu .June, 18Ul, arnl ~Tul,Y. 

l sn:!. 
The position of the latitude station at Rockville was emrnedt><l. iH 

tlw :-m1nmer of 18H2~ b.Y .Mr. J.B. Boutelle, by tria.nf_'ltlation wit it tit•· 
transcontillental arc of the parallel, and its geodetic coi)rdiuat(·~ a1·e ;1s 

follows: La titutle :~~10 05' 1111 ·21; long·itude 770 09' ::W"·H;""} '". from 
Gn•euwich; liew'.e His ahont 152 statute 1niles or about 2f) ki1ometn·" 
N. :!H0 \\,.._ (tnt«) from \Yashington, :0. C. "\'-re haye longitude of Hod> 
ville 5 11 OS'" :;8'"' \V., a.11d 1011gitnde of Berlin 0 11 5;3m 3:)s E.; heiwe H,o«l' 
vi]](• we8t of l1erlin ()h O:Jrn 1:~·~. The a;-;tronomical latitude iH :mo O."l' 

lW 1·47, nearly, inuit'.ating a local ~leflection in the n1eridiau of A .• - <1. 
= - 0 11 ·71. 

Tlte .noek dlle st a ti on was placPtl in (•.llargc of Ed win Hmitl1. A ~si~t 
a11t Coast and (ieodetic Survey, hy '\vhorn all obRernt.tionR were mad('. 
Bet\n•en .Turn• 1a, Ito>Hl, and .Jn1y n, 18U:.!, 1u-.arl.v 1800 in<lividnal me:i~
ureH for latit nde \H.'1·e HePured 011 146 night:-:.. Early in .January, 18~•:!. 
theHe records were placed in my ha11<1H t•n· reduction aud report, awl 
the temporary services of two computer~, .l\Ir. A. Bonnot and l\lr. L. 
"'\V. Reid, were specially provided for th{• computation of the apparJ•nt 
IJlacE.~s of the 8..S pairs of stars inYolved. Their niean places are. d1a' 
to Mr. H. Farquhar of thfl Computing Hivii-.ion. 

The 111ea11 nortl1 polar dh~ta11ees of the Htars depend on thfl plat"''" 
assigned to then1 iu t,lie principal arnl other· available catalogues, t•c;r 

rected fhr their k11own 8ystcmatic errorH, followiug Boss's system, all<l 
are special1y discu8sed with respect to the valne of the catalogue it:-;!'lf 
a~ wen as to the number of observations involved. ~rhe mean plaee~ 
are thus closely connected with Boss's syste1n; the proper rnotio118 
were independently discussed by the 111ethod of least squares aft~·r 
each star's N. P. J)., found in the Revera] catalogues, l1ad been referre1l 
to the epoch 1891·0; the proper 1notions depend on special investiga
tion, except in the case of Bradley-.A.uwers stars, of which the given 
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Results of ob.<;erratiou.-.: for the rariofion of latitude at Roeki,ille, 11lil. 

pn111er motion ·wa:-:. :u loptf•d 111 tles:-:. t'n1111d capable of improyement. Re
speeti11g \Yeigllts 2\lr. Farquhar rnakv:-; the followi11g; stah,rnent:* 

"•Combiua tiou weight.::; nst,-•<l fo1· :t(loptt•d pohu· di sta11<·es iu l~-0ckYil1e 
latitndt> li:-:t: Twr•nty catalognPs nst•d in cornpntin~· latitudes on this 
:-'.m·Ye)· were te.st.l•d a11<l t11eir iwob:1ble t,-~tTors H·port(·d iu Juue, 1~'.Ht 
Tl1ese r(•sults were 1WH1e the basis of tlw followiug ~'wries of weig:hts; 

lht• nnit of weight COlTPspornling to a probable Pl'l'Ol' of :± v0·1 11 alld 
the ratio of ohSPITation error to s.ysh·111ati<: error tJ(•i11g takt:n (foi· all 
1·ataloµ;ues alike)= v ;'.)~ so that if Wx bt> the weig-l1t of an i11ti11ite inuu-

l t. 1 - l t' n () n w1· 0 0 JSer\·atIOllH al I( ff'1 (I Oil('. ,,. = - IC;:,r;; = ----- -... W1. 
U + ,, 'll + D 

.. Tilt> WPi; ... d1t of 110 polal' cli;-;t;u1<·1· t lwn•l'on• ca11 eXl'lWd .:-;ix ti111m; that 
of a ~iugle oLservation, given in tlw table Lelow: 

CATALOGUE. 

Lalande o, \\"cis:,;c- Eec;:>d l':• 

<l' Agclet er, I'iani jJ, 
Riimker r, 
Tayl<>r (3, 
Groombridge /3, 
.Arrnagh '7 5, 
Ann:.gh '40, _lacoh /J, Smyth B, 
Auwers- Bradley a, Paris' 45, :!\lain (J, Glasgow, Cape' 40 E, 

Radcliffe '60, 
Radcliffe '4:;;, 
Pond jJ. Ca111briclge '30 fJ, (;rccnwich 6 y. 
"-'ash i ugton, 
Cape· 50 F, Bonn /i, Pari!" 't}o, Rome, 
Pari~ ·75. 
Ht:ndcrc;on. < ;rcvn w ich 7y 1, \I ell• /-J. C;-ipe '80 r:, Ann A rh. F, 

Strun.· Pos. ;\1. /i (;reenwich J zy i I i 2 ). ll1 ussel~'. Becker E, 

J>ulkowa :\Ierid. Circle, ( ;n::enwich 7yz, Cordoba y, 
Aho (J. I l<>n·_ ·~~ «, 
Crcc1nYich 9y., i1arv. '75, 
Leid<-·n (J, 
R(•ml•erg a, 
l:'ulkowa Vert. ( "irdc ff. (;recnwich toy, 

«'1 

0·015 
·02 

·025 
·04 
·06 
·07 
·08 
·09 
• 10 

·12 

·14 
·16 
·18 
·20 

·25 
·3 
·35 
·4 
·5 
·6 
·7 
·8 

"Jn this table weig-bts were de<l1H·Pd for <·atalog1wi-; marked: 
'"fl' ..... - .. from probable errors of observation given in the prefat·cs to 

tltt· l'atalogues. 
·• /i - ..... fro1n Boss's invf•st.igatious. X of his weights heing ta k<>11-

i. ''., lli:-; unit being snpposec.l to eorn~spoud to a probable error of 
L ;/ o·lG". 

'"r · - . - - - :from a determination of systematic t~lTOr hy myself~ u:o;ing; 
I ) . 

>Os:-;:..:. 111et11ot1. 

·~o · · - ... frou1 determination of observation error by inyself and 
fonnula above as in (ff). 

''E ... · - - • • from Silll!>le estimate, the places being tOO few for better 
metl1ods. 

•Under date of Scvtcmber 12, 1892. 
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"Ot.herR from the results obtaiue<l in 18!)0. 
••I •iazzi, Taylor, .l acob, Main, and a few others used by Safford, I 

Jiave to take at secoud hand, heiHg without the originals. I•-.or :.:;tart-< 
of the Berliner .JalJI'huch, Dr. Auwers's combination of the authorities 
n.sed by him "~aR usualJy accepted, fJ of bis total weights being allowed 

them ('i. e., lti~ prohal>le error taken = ± vr)-·I6 11 for w = 1) antl the 
wt~ights of this table used for the remaining authorities.'' 

The resulting mean N. P. D.'s of the stars composing the 88 pairs 
observed f(>r Lctitnde of Rockville are given below. The first column 
g-in•s the star'.s number in the Coast Survey Field Catalogue (A-ppen
di x No. 7, Heport for 1876), the second column its nurn ber in the British 
Association Catalogue (London, 1S45); column 4 contains the square 
of the probable error ( e2), autl the last column the proper motion (µ'): 

C. and I B °'" I Mean N. P. D. for r891·0, 
G. S. c'ata"· I 
Cata· I 

logue. ogue. 

I184 
IJ88 
I 198 
1206 
1215 

1220 
1231 
1241 
1247 
1254 

1262 
1275 
1278 
1280 

1294 

1316 
1330 
1336 
1354 
136o 

1367 
1381 

1382 

1386 
1392 

1397 
1407 
1418 
1424 
1432 

4706 1 
4726 \ 
4758 I 
4812 I 
48471 

4874 
4906 
4958 
49So 
5031 

5071 

5122 
5130 

5178 

5315 
5348 
5466 
5511 

5520 

5574 

5575 
5597 
5628 

5647 
5740 
5765 

0 

64 23 
37 42 
50 42 
Sl 12 
73 6 

28 16 
52 16 
49 IO 
41 25 
60 25 

,, 
30·66 

0·85 
18·25 

53·21 
50·99 

24·45 
50·06 
45·54 
39·94 
51·42 

38 55·92 
Jl J'IO 
47 42·79 
4.1 50·00 

o n~:~~ i 35 ·08 

30 5 
71 52 
31 8 
70 35 
13 59 

87 46 
36 52 

36 51 

64 55 
25 12 

76 32 
24 41 
77 6 
49 5 
53 4 

49·84 
48·38 
3671 
26·17 
37·42 

37·98 
50·85 

t~~:!!~ 23·30 
50·59 
15·39 

52·10 
55·28 
32·80 
10-64 
4·40 

·02 

·02 
·07 
·01 

·01 

·02 
·04 
·01 

·03 
·04 

·08 
·06 
·01 

·02 

·02 

·05 
·04 
·02 

·02 
·02 

·01 

·03 

·04 

·07 
·03 

·05 
·03 
·02 

·05 
·02 

,,, 
+0·076 
+0·016 
+0·030 
-0·149 
-0·005 

+0·036 
-0·090 
+0·043 
-0·023 
--0·019 

+0·004 
--t-0·021 

+0·014 

+0·014 

-0·007 

+0·032 
-0·146 
-0·345 
--0·036 
--0·258 

+0·093 
-0·024 

-0·024 

+0«>03 
+0·012 

--0·001 

-0·047 
+0·018 
-0·007 
+o·oog 
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Result:;; of obscrNdion,.;; fm· the ra riat ion of lat it udf· at .Roc7rrille, Jtfd. 

No. in-

C. and B.A. Mean N. P. D. for T891·0. pl 
G. s. Cata-

I Cata- logue. logue. 
I -1 

I 
I 

0 I II , .. 
1442 586o 65 23 30·05 ·03 +0·004 
1448 ------ 36 28 32·50 ·12 -0·02 
1456 5918 31 15 24·79 ·07 -0·021 
1462 ------ 70 39 5o·59 ·06 +0·096 
1473 5978 28 2 30·80 ·03 +0·500 

1476 5991 73 59 48·64 ·05 -0·099 
1502 6079 33 6 36-59 ·01 --0·070 

1514 6106 68 { 14·01} ·04 -0·015 24 13·09 13·55 
1539 6203 47 52 39·70 ·03 +0·008 
1547 6235 53 59 4·06 ·05 -0·020 

1589 6404 48 40 31·69 ·04 +0·025 
----~- 6456 53 9 51·90 ·03 +0·010 
1608 6466 53 14 22·67 ·04 -0·006 
1628 6520 43 13 10·60 ·04 +0·092 
1641 6571 58 53 53·65 ·03 +0·009 

1648 6582 68 57 29·31 ·09 -0·005 
1666 6640 32 33 39·71 ·05 o·ooo 
1676 6667 53 54 1·94 ·03 --0·007 
1690 6718 47 49 34·00 ·04 +0·035 
1718 6794 71 7 51·56 ·04 -0·021 

1741 6852 30 34 ~46- 23 ·04 -0·045 
1756 6895 40 I l 54·87 ·02 +0·005 
1779 6957 61 38 7·21 ·04 +0·045 
1801 7022 50 5 31·34 ·01 +0·003 
1809 7o61 51 55 2·74 ·04 +0·052 

1819 38 3 40·80 ·04 -0·067 
1825 7126 63 55 2·22 ·03 +0·024 
1852 7211 23 44 20·15 ·03 ~·023 

1859 7223 77 51 43·69 ·04 --0·086 
1885 7301 42 54 16·44 ·03 +0·014 

1896 59 15 8·85 ·08 -0·02 
1917 57 51 o·So ·05 o·oo 
1926 7455 43 45 27·45 • ( 2 -0·049 
1948 7542 28 24 35·33 ·02 +0·016 
1 959 7567 73 8 59·42 ·04 +0·017 

1968 7598 41 II 41·19 ·or +0·016 
1971 76o7 60 19 59·67 ·04 +0·039 
1974 7627 64 35 15·46 ·02 +0·014 
1984 7676 37 38 35·92 ·05 +0·007 
2004 7749 32 20 9·75 ·03 +0·007 

2020 78o7 69 42 9'09 ·03 +0·031 
2026 50 44 43·8o ·05 +0·018 

12043 7879 50 56 9·58 ·10 +0·026 
788o 50 55 47"40 ·08 +0·026 

2047 7901 51 31 1·27 ·oz +0·012 
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No. in-

C. and B.A. 1\-tean N. P. D. for 189r·o. 
,.., 

G. S. Cata-Cata- Logue. logue. 
--- f - ---~~-

0 , ,, ,, 
2055 7915 50 20 37"77 ·04 +0·008 
2059 7932 48 45 10·10 ·03 -0·002 
2063 53 9 23·,l-\8 ·40 +0·053 
2070 7972 47 16 1·36 ·03 ---o·ooq 
2078 54 I.., 48·04 ·06 -0·008 _, 

2093 8039 ,.,, 22 42·09 '02 -0·010 
-.) 

2121 8149 78 17 I· ,2 ·03 +0·032 ,) 

2lJI 61 56 5·34 ·14 -f--0·020 
2142 8231 40 7 54·98 ·o, _, -+-o·or 2 
2154 33 9 q·73 .14 +0·05 

2159 82q6 68 5D fri] ·08 +0·030 
2178 8366 29 17 3,1·57 ·07 --0·003 

4 8 72 23 38·40 ·04 +0·035 
Io 28 49 33 59·II ·04 +0·142 
22 67 52 38 6-84 ·02 +0·038 

27 102 74 9 27-84 ·07 +0·023 
32 126 27 40 I 1 ·72 ·01 +0·009 
45 166 59 44 8·13 ·01 +0·093 
55 198 42 18 44·:.p ·01 +0·014 
66 227 49 30 53"36 ·03 -j 0-021 

77 2 59 52 5 31·'"'8 ·01 ----0·020 - ..) 

93 314 35 36 52·88 ·02 +1·561 
I I I 365 65 59 37·17 ·05 +0·030 
134 456 31 19 39·54 ·03 -t-0·026 

150 523 70 15 41·89 ·03 +0·678 

176 614 36 2 2j'22 ·03 +u·OIO 

196 693 65 27 45·30 ·09 -+0·097 
202 710 61 51 39·23 ·03 ·-t 0·018 
208 735 40 12 54·52 ·02 +0·025 
220 786 55 47 17·27 ·03 +0·051 

232 829 46 IO 0·47 ·04 +0·017 
242 870 72 59 21·78 ·04 +0-012 
250 28 55 27·56 ·05 --0-04 

259 918 38 4 56-43 ·03 +0·033 
263 941 63 58 10·56 ·04 +0·017 

[ For J 
1892'0 

// 

275 974 61 20 2J"65 970 ·03 +0·038 
287 1007 40 JO 3<y86 26-.~o ·04 +0·031 
292 1025 61 20 50-62 37·36 ·05 +0·039 
297 1043 40 31 38·65 25·57 ·02 +0·037 
306 1062 31 29 59·40 46·59 ·04 ·05 ~0·007 

33r 1135 70 38 57·43 45·67 ·03 +o·or9 
370 1253 66 II 40·9s '0·81 ·05 -+-0·022 ~) 

378 35 27 37·24 27·40 · 14 · r6 --i-0·13 

39:! 1286 28 25 29·14 19·69 ·03 +0·013 
·417 1350 73 28 39·99 JI·35 ·07 +0·036 

430 59 52 52·47 44·20 ·08 +0·04 
456 41 54 42·94 35"58 ·05 +0·043 
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Ttesnlf.o.; r~l olnwrrofio1u;for the nu irrfion '!l latitmfr at Roc7.-rillr~ Jld. 

C ~ aud l B. A. 
1 C •. S. (' ta-
' ('at"- .a 
\ lvgile. : Jt_,gue. 

1449 
1494 
1504 

491 J 528 
512 1591 
520 
531 
533 1663 

562 1'751 
577 1846 
606 
61 I I 963 
700 23S1 

705 2416 
718 2464 
;29 2488 
745 2558 i 

757 

769 2707 
776 2778 
781 2792 
792 2850 
79(, 2876 

804 2942 
813 2982 
825 3047 
835 3087 
842 3111 

849 3140 
865 3246 
87] 3273 
888 3341 
91 I 3505 

921 

926 
932 
9i,6 
945 

952 

958 
966 
976 

1003 

1010 
1022 

1035 

3542 
3572 
3607 
3639 
3671 I 

3742 
2767 
3834 
3964 

Mean N. P. D. fur 1891-189:?. ! e'l 

, 
15 
55 
25 

65 7 
74 32 
27 27 
49 4 
52 42 

24 21 
77 23 
60 28 
41 16 
48 55 

SJ 2 
58 0 

43 34 
7I 13 
30 39 

21 12 

80 28 
36 25 
65 33 
24 36 

76 55 
27 38 
74 15 
22 41 

. 78 53 

35 31 
66 33 
58 21 

43 28 
46 32 

55 32 
52 44 
49 I 

35 46 
66 14 

36 { ~~ 
64 40 
33 2 
68 53 
68 2 

33 46 
82 47 
19 II 

// 

()'C)b 

IS 22 

,, 
2·77 

I I ·~:8 

I 7·28 

6-91 1·07 
27·84 
45·89 
3') 24 
5S·36 

43"20 
0·56 

47·07 
4·(){) \ 

32·27 

12·80 \ 
4·50 

56-49 I 
3(i·~7 
3trS6 

31·62 I 

55·31 
5S 91 
1S·70 
2y38 

56·04 
3·45 

4~Hi8 

37·39 
5o·SS 

57·07 
2 I -7tl 
l 6-~S 

34'.V 
47·68 

48·82 
22·43 

8·42 
5·50 

47·00 I 
39·7(•( 
19·29~1 
27·70 
19·71 

4·78 
50·83 

15·23 
0·54 

55·77 

·02 

·05 
·03 

·03 
·05 
· 12 

1·20 

"0-t 

·05 
·09 
·12 
·07 
·01 

·04 
·02 

·07 
·o+ 
·03 

·03 
·02 

·09 
"0' ,) 

·05 

·04 
·01 
·04 
·03 
·03 

·04 
·02 

·20 
·02 

·01 

·09 
·01 

·05 
·10 

·03 

·04 

·02 

·01 
·01 
·04 

,, 
+0·021 
~ O'OI I 

-0·009 

+0·061 
--t-0·005 

-0·015 
+0·012 

-t-0·039 
+0·024 

o·ooo 
+0·068 

+0·001 

+0·023 
--0·180 

+6-040 
+-0·056 
~0·012 

-···O·oo3 
·! 0·055 
--Lo· IOJ 

-ro·o71 
-0·097 

·+0·004 
-0·017 
-~0·020 

+0·043 
+0·005 

....... 0·066 
-+0·040 
-+ 0·05 
-+0·098 
-+ 0·047 

..+0·020 

-l 0.104 
-t 0·010 

-+0·082 
-- 0·014 

{ 
+0·034 
+0·064 

+0·015 
~0·030 

+0·137 
+0·061 

+0·025 
+0·031 
+0·022 
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-------------------- -----------------·--·------

1 _~~-in-- ... ! i I 
. I 

C: ~d I B. A. I 
<;· S. ; Cata- : 
Cata- j logue. I 

Mefln N. P. D. for •89~;1'0. 

logue. 
1 

! 

1 1

.------, 
o r "' 

1044 4148 I 40 24 58·75 
1057 4195 II 61 i 52·42 

1063 I 4216 3 1 o 0·21 

1070 '.54241 ?I 71 If 41"42,} 
(~4242 ~J l 42·0S 

1094 i 4335 33 27 14·38 
uo9 i 4387 68 16 1«:.i5 
I II8 rl 4433 49 16 30·69 

u2s 4479 I 52 24 r21 
Il37 I 4526 65 5 31·95 
I 149 ' 4564 [ 36 JI 57·68 
u62 1 4607 40 s s1·39 
I 175 ' 4656 J 61 58 41 ·ti5 

.07 
.OI 

·02 

·03 

·01 
·03 
·03 

·05 
·30 
·07 
·02 

·02 

,, 
-0·004 
+0·085 

-0·087 

-0·019 

+0·016 
+0·056 
-0·008 

-0·001 
+0·19 
-0·059 
+0·018 
+0·057 

For star [ l~lU J U. aml G. S. Catalogue, ihe catalognes eontaiued 110 

]ate deterrniuatious, hnt ohs<'rYatious of it were f()u11d at :-;ix Ooa.:-;! 
Survey station~, "'\\'l1ie11 furiiil-'hed the 1neans of deducing for it a sati:-;
fa.ctory place. 

To secure accura('y in tlH· apparent pla<·cs t•vo indepeu<leut cmnpu 
tations \Yere made, the eomputeri-; n:-;ing the iudepe11de11t star (or day) 
numbers coutained i11 the Amel'iean Bpllmneri:-:. aJHl Nautical Alrnaual'. 

The in!iltrumrntal constants are ai-:; follows: 
Equatoria I tnfrrral nf rertical threads of diaphragm, I to II = 8 80fifi 

and of II to Ill= s~·~'4, thn·ad I 1 representing- the Jiue of collimatiou. 
The ,-alu~ of I= i sec. i>, wher<> i = 8 8 ·7, was tabulated for differeut 
value!". of o to be u~,,d i11 co1111ection with the usual table for the reduc
tion to meridia11. 

Lc'r:d ralu(?s, 1·e,·apitu1ation of results from the several sets of obser
vations. 

Leve] No. 7, the upper level, as attached to the telescope is graduated 
from O to 50 divisions. Two i:-;ets of observations on each date wen, 
1nade with a level trier, the bubble being niade to traverse with for
ward and backward motion. The result~ are: 

January I I, 1892 
12, 1892 

May 22, 1891 
January 13, 1892 

Mean 

/I 

I division = 1·632 at 
1·640 

1·547 
1·589 

1·600 

+ 14 

0 

0·4 c. 
+ 9·6 
+ 23·9 
+ 37·9 

+ 17·8 

N. B.-Two sets m::tde May 19, 1892, at 38°·0 C. gave 1 divis. 
ion= 11' 1 ·632, but the tube was thought not sufficiently protected. 
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Fif'8Ult,i.; of observaUons for the ra ria t ion of latiturfr at Hockrille, JJf d.. 

Similarly we have tor level No. 13, the lower 1evel, graduated from 
GO to 110 divisions: 

// 0 

January 11,1892 I division= 1·393 at 0·4 c. 
12,13,1892 1·374 + 9·6 

May 18, 1891 1·342 + 19·2 

January 13, 1892 1·348 + 37·9 
-~ 

Mean 1·361 + 16-6 
±8 

N. B.--A series of observations made on the "ame day as above 
(~fay 19) was rejected for like reason. 

In thP latitude reduction the ave1·age value or 1"·482 ± 0"·010 was 
u:-;ed irrespective of the tempera.tun~. cha.11ge:-: of which appareutly do 
liot 8ensibly affect the value. As each hwel was read twice before and 
after reversal of telescope, any error of reading· could readily be detected. 

The in:1H~8tivatfon of the va1uc of the micrometer scrr?w.-A large num
ber of observations were made to determine the value and irregularities 
of tlie Herew. This was the more demanded since the sums of the mi
eromt•ter ':orrections to the lat itnd(• do not exactly balauce in the 
:-;(•vera1 groups. Observations were made ahont the time of elongation 
of tlte star, and for that part of the screw contained between 20 and 
40 turns, also for !, 2, and i turns. Corrections were applied for devi
a tious from the mean state of level during a series of observations, also 
for curvature*, but uot for rate of chrouometer, which was too s111all to 
have any eftect. The correction for differential refraction was applied. 

t I I i I 
, "'hole I I ; Rela-

1 
No 

. '--'-

I-Ja te·----· 1·. Star. Elon- turns I Temper- Value of Probable j tive , f · gation. a11<_l frac- 1 ature. one turn.: error, 1 weight· .0 t 
t . I "'· I se . ions. I r 

--------··· ------- ~--~~ ~ - . ~ --· 
I o /r r/ ! 

,1891,June ~I 

IO I 
Sept. 18 t 

71 Urs . .!\fin. 
?" Urs . .!\.1in. 
It Urs. Min. 
a Urs. Min. 

19 a Urs. Min. 
21 a Urs. Min. 
23 

1 
a Urs. j\J in. 

24 a Urs. Min. 

1892, Jan. 27 
-Feb. 22 

23 
Mar. 3 

9 

a Urs. Min. 
a Urs. Min. 
a Urs. Min. 
a Urs. Min. 
a Urs. Min. 

E. ±tot 
E. t tot 
E. i tot 
E. t tot 

E. f tot 
E. t tot 
E. t to! 
E. t tot 

w. 
'\V. 
w. 
W. 
w. 

+16·5 c. 
+20·5 
+zx·o 
+z4·5 

+z1·7 
+z3·3 
+25·0 
+22·0 

- 7·0 
+ 2·9 + 0·4 + 1·9 + 7·6 

44·641 ±0·008 
·660 8 
·616 4 
·637 9 

·632 9 
·613 5 
·660 JI 

·653 8 

·740 
·683 
·666 
·653 

44·634 

10 

10 
6 
4 

±0·005 

•A table was used for the various valnes of l (15 sin l")'l r3 

2 

2 
2 
I 

I 
2 

I 
I 

0 
I 
2 

2 

2 

I 
2 

3 
4 

5 
6 
7 
8 

9 
10 

II 

12 

\Vlien these values for one turn at the several temperatures were 
plotted they indicated a. dependence on t and ts. They were treated 
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;wconliug'ly, a1ul the t~x1n·t·.--~ion for Yah1t> of onl' turn or revo111tio11 
of the screw or I~= 44"·6773 - 0·00865 t + 0·000:311 t 2 was found to rep
resent the above tabular value~, but when applied for the reduction of 
the latitude observations made at low temperature the formula failed 
to be sati~factory. It becan1e evident that the micrometer obser\Tation:s 
made at the temperature -7°·0 C. had to be rejected, though not sus
pected at the time. The 12 conditional and 2 norinal equations were 
then formed anew, whence the final value R = 44"·6606 - 0·001150 t. 
It represents the observation~ as follows: 

Set. I 
R R C.-0. obsen-e<l. computed. 

II II II 

I 44·641 44·642 +·cxn 
2 ·660 ·637 --·023 
3 ·616 ·636 +·020 
4 ·637 ·632 -·005 

5 ·632 ·636 +·004 
6 ·613 ·634 +·021 

7 ·660 ·632 -·028 
8 ·653 ·635 -·018 

9 ·683 ·657 -·026 
10 ·666 ·660 -·006 
II ·653 ·658 +·005 
12 ·634 ·652 +·018 

·---· 

The probable error of an observation of unit weight ia 

·675J r~533i = :±: 0".015 

and the probable error of resulting value of R, 

0·015 
-.\lit) = ::I:: 0''·0034. 

It may be remarked t11at the Rcrew has 100 threads t-0 the inch, 01· 
to 2.540 cm.; hence one tnru n1oves the thread ! mm. and one division 
corresponds to a linear move of 0·0025 mm. 

In'restigation of tlte progr<wsi'l.'e and periodic inequalities of the .~crew.~ 
The value of the screw tor the successive intervals 40 -30, :~H~ - 20;f, 
:lH~ - 29~, 3!ll - 29!, 3H - 2H turns, etc., gave the above average 
value of R for the whole screw from turn 20 to turn 40; hence, h)' 
c~omparing this value with the individual valueA at the differe11t pa.rt~ 
of the screw, reckoued fron1 its middle, and taking means of corr.espoucl· 
ing values f'or all the sets available, we get the following corrections: 
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Ret-mlt~ of obserrations for the ·11arfot-ion of latitude at Bockrille, M<i. 
~------ -- --· ·-----·-- -----------

Turns. ! o· ·i · . Ad<>ptt'"d '. T : n· . . I Adopted 
1\ SIOl1». c::orn-ctio1L urns. i 1'·isions .. :currection. 

---- -~--!---- ---- '-·~--:----

At40 
39 
38 
37 
36 

35 
34 
33 
32 
31 

+0·2 
+0·1 
-0·3 
--0·1 

o·o 

+0·3 
o·o 

--0·3 
--0·1 
-0·2 

,, 
+.09 

.oo 
-.04 

.oo 
+·04 

+·04 
·oo 

-·04 
-·0-1-
+·04 

25 
24 

23 
22 
21 
20 

+·05 
+·01 
+0·7 
+0·3 
-0.2 

+0·4 
+0·1 
+o·o 
-0·8 
-cr6 
-o-8 

,, 
+·13 
+·18 
+·18 
+·13 
+·13 

+·09 
+·04 
-·04 
-·13 
-·22 

-·31 

Tlrn adopted corrections are simply the smoothed out values of tlie 
p1·.-1·e(ling colmnn converted to seconds of arc. 'l'hus between 40 and 
:~o t m·ns the screw is quite perfect, but less so towards the other e.nd. 

The micrometer reduction to the latitude includes this correction. 
l'eriodfo inequality of the scretv.-A. discussion of the measureR of 

qnartcr, 11alf, and three-quarter turns, indicated that any periodic ine
quality of the serew was "too small to be dPtected with certainty from 
tlii· material on hand; the mean correction from 13 determinations at 
:rny of the above fractional turns would uot amount to 0"·02. 

h1tenJals of the microrneter threa.ds 1, 2, and 3.-Tlu~ part of the screw 
utilized in the latitude work ge11eral1y falls hPtween turuR 20 a.1ul 40, 
I nit fhr larger micrometric difference~ the fixed threads 1 or :{ wert• em
ployed instead of 2, the middle thread. By mea,ns of a collimator a 
~lTie8 of measures of the intervals wa8 rnade 'vith the following rt..~suUs: 

Turns and 
September in, I8gl:. divisions. // 

Space hetween threads I and 2 9 94·18 Diff. from 10 whole turns 2·60 
~pace between threads I and 3 19 97·63 Ditf. from 20 whole turns 1·o6 
:-.pace between threads 2 and 3 10 03·45 Diff. from 10 whole h.u-ns 1·5q 

Thread 3 was found unsatisfa.ctory, it being Rlack and dragging on 
t1w Yertical threads, and waR soon abandoned. About June 12, l~fij, 
th\· "Pring holding the Jnicrometer slide became weak; the slide wa.8 
1 IH·rpfore removed. The space 1 to 2 was found to have changed in 
!·o1t:-;t·qu1cmce, and was redetermined Angust 24 and 26, 1892. The 
':lighted mean of six sets of 1ueasnres gave the value 4"·91 for the dif
!i•rence trom tent.urns, which quantity waR nse<l after June 12, 1892. 

'rhe reduction of the observations for latitude was 1nade iu the mmal 
"Hy. checked, scrutinized, and results tabula.ted. A few obvious miR
Tt>adin gs of the whole turns or other similar errors were correded and 
'
1 

fl-'w observations with results too wide from thP truth for a possible 
•·:-ror of measure were rejected with the consent of the observer. In 
:t!I, 1789 individual results for latitude were secured.· These are given 
111 the following table: 
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Rc:·mlts for latitude of 

(390 (1~1 + tab 

Pair No ___ I I. 2. 3. 4· 5. 6. 7. 8. 9. JO. I!.. 

C.and G.} 1184 I 198 1215 1231 1247 1262 1280 1316 1336 136o 1382 
S. Cat. u88 12o6 1220 1241 1254 1275 1294 1330 1354 1367 1386 

1891. 
June 13 9·57 10·22 10·71 10·77 9·84 9·96 10·91 10·23 lo· so 10·85 10·85 

15 9·46 10·50 10·36 10·65 10·32 11·13 10·28 10·64 I0·85 10·76 
23 10·33 10·54 10·90 10·24 11·04 10·74 
24 
25 

9·83 10·32 11·50 10·78 11·30 10·95 10·94 
10·48 10·31 11·27 10·49 11·02 10·67 10·99 

27 11·13 n·30 I 1·30 10-66 10·93 10·88 10·87 
July 5 

6 
10·56 I 1·13 11·17 10·46 10·60 10·51 10·44 
10·66 10·36 11·13 10·43 10·72 10·45 10·90 

to 10·51 10·52 10·79 
12 11·22 9·99 10·10 

2I 11·19 10·47 10·32 
22 10·35 10·21 10·63 
27 9·69 10·61 10·21 
29 so·6~ 10·56 10·57 
JI 

Aug. 7 
9 

IO 
ti 
14 

15 
17 
22 

Sept. I 

3 

7 
9 

10 
12 

13 

14 
15 
17 
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Rockt'ille, ll£d., 1891-'92. 
.. 

nlar seconds.] 

12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 22. 23. 24. 

1392 1407 1424 1442 1456 1473 1502 1539 1589 1628 1648 1676 1718 
139j 1418 1432 1448 1462 1476 1514 1547 16o8 1641 1666 1690 1741 

I r·6o 10·54 9·95 10·96 10·64 
I I ·97 I 1·25 9·45• 11·1 I I 1·42 
I I ·61 [ 1·05 10·83 10·71 I 1·25 10·93 9·77 10·41 
I 1 ·8 I 10·99 11·46 10·95 11·14 I 1·46 9·61 10·55 
I 1·90 11·09 10·50 I 1·22 I 1·35 t1·20 9·50 10·62 

12·06 10·97 10·96 11·66 I 1·81 I 1·57 9·72 rn·78 
I I. 57 10·93 1u-88 10·93 11·05 11·55 9·56 10·83 
I J ·79 10·64 9·87 I 1·07 I 1·45 9·95 
I 1·20 10·30 10·43 11·19 10·43 ro·96 9·53 9·"'~ 10·80 10·37 10·22 10·24 10·331 I:'> 
J 1·54 10·98 9.83 9·74 10·58 10·76 9·35 10·08 10·08 10·59 10·15 10·5 I 10-61 

9·96 10·65 
I 

JI ·42 10·50 10·68 11·o6 9·78 9·58 10·32 10'20 10·09 10·69 10·48 I 
1 r ·so 10·55 9·86 10·87 10·7r 10·89 9·91 10·29 10·28 9·68 l 

- - - - i 
I I· 58 10·83 10·40 10·63 io·93 9·89 10·38 10·70 10·39 10-57 10·65 10·84 I 
1I·45 10·79 10·16 10·57 10·34 10·53 9·74 10·23 10·16 10·28 10·24 10·71 10·23 j 

10"40 10·87 10·64 11·27 9·85 10·29 

10·02 11·00 I 1·17 9·98 9·93 10·29 10·28 10·10 10·40 10·89 
9·74 10·63 11·13 I 1 · l I 9·82 10·17 10·09 10·39 10·61 10·42 

10·04 10·82 10·93 I 1·22 9·75 9·98 10·36 10·30 10·55 10·62 10·36 
9·56 10·18 10·90 10·70 

10·89 10·01 

11·11 10·02 10"17 10·31 10·58 9·97 10·25 10·16 
10· I 7 

11·10 9·48 10·08 10· 12 10·34 9·87 10-55 10·59 
9·80 10·21 10·41 10"]2 10·28 

10·13 10"20 10·33 10·68 10·09 

10·93 10·34 9·30 10·94 10·06 
10·45 10·58 10·07 10·39 10·19 
10·10 10·26 9·83 10·30 10·28 
9·55 9·84 9·89 10·34 10·50 
9·71 10·20 

10·18 10·61 10·20 10·23 10·56 
10·09 10·32 9·90 10"19 10·85 
1o·o8 io·oo 9·87 10·61 io·54: 
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~·~---~-----~--~---··· . .. ___.__~----·-
I 

Pair No ____ : 25. 26. 27. :.::8. 29. c;o. 31. ·•? 33~ 34· 35· I 
,)-· 

c. & G. s. 1756 1801 rS19 1S52 18S5 1<)17 1948 1968 1974 2004 2020 
Cat. 1779 1809 1825 1859 1890 1926 1959 1971 1984 2020 2043 

-------···· 

Aug. 7 10·64 10·97 10·80 10·21 

9 10·67 10·86 10·45 ro·54 
10 Io·61 I 1·04 10·67 10·34 
I I 

14 
15 10·40 10·62 10·76 10·32 10·70 10·72 10·21 10·40 9·54 10·58 10·91 . 
17 
22 

Sept. I 10·26 10·8S 10·25 10·07 9-89 10·74 10·68 10·60 10·72 10·7 t 

'"' 10·15 10·86 10·42 10·17 9"'J5 9·9o 10·54 10·46 10·35 9·96 10·03 ..) 

7 10·39 10-86 10-20 10-14 
9 10-27 10-76 10· •6 

-~ 10-40 10·50 io·7.S 10·50 10·79 10-84 10·2; 
IO 10·75 10·97 10-65 10·38 9"(}5 io·38 10·63 10·62 10-30 10·87 10·10 
12 10·35 10·78 10-28 10·00 9·89 10·07 10·06 9·98 10·12 10·68 9·6u 
13 
14 10·42 10·99 10·84 10·26 9·99 10·68 10·64 10·67 10-30 10·64 10·1_, 
15 10·20 10·78 10-92 9·99 10·27 10·72 to·44 10·48 10-36 IO" I 3 
17 10·39 10·96 10-og 10·17 9·69 10·36 10·28 10·17 10·37 10·68 9·9s 
.t8 II·27 10·57 9·82 10·21 10-64 10·45 10·08 10·57 10·68 9·71 
19 I 1"30 Ir· I I 10"45 10·01 10·62 10·41 10·23 10·84 10·62 io·3S 
21 10·66 10·39 10·46 9·97 10·34 10·07 10·32 10·44 10·78 10·2(> 

23 10-84 10·72 10·40 10·05 10·74 10·37 10·62 10·96 10·50 1o·X7 
24 10·66 10·43 9·95 9·53 9·41 9·93 10" I I 10·28 10·35 9·f;7 
25 I1·14 10-72 9·76 9-94 10·48 10·20 10·15 10·49 10·47 g·qp 

26 11·14 10·77 10·38 9·93 9·94 10·15 10·37 10· 15 10·40 9"'"i 
28 10-90 10·64 10·10 10·25 10·26 10· 19 10·42 10·37 10·77 10·0.~ 

30 10·96 10·66 10·50 9·9 1 10·03 10·34 10·45 10·33 9·;-S 
Oct. 3 IJ·57 10·59 10·33 10·47 r:,-97 10·82 10·13 10·44 10·73 10· 2) 

5 10·86 10·33 10·48 9·85 10·08 10-22 9·92 10·59 10·75 10·07 

9 I 1·24 10"79 10· I l 10·13 10-67 10·06 10·24 I 1·04 10·65 10· 11. 1 

14 10-85 10·57 10·38 10·05 10·29 10·07 10·39 10·38 10·59 IO":;'l 

15 10·95 10·42 10· 16 1c.-17 10-46 10·06 9·96 10·78 10·62 9-0 I 
16 11·04 10·81 10·24 10·18 10·12 10· 17 10·10 10·06 10·22 ~r;-...-. 

17 10·73 10·13 .io·o6 9·79 ~r75 9·99 10·13 10·69 10·05 10-01 

22 10·33 9·ti3 
23 10·89 10"43 

24 10·88 10·10 

28 10·28 o--(• 
, I 

29 10·76 9·77 
30 10·85 10· _)') 

31 10·28 
' Nov. J 10·54 9·.:>J 

2 10·35 9·_:;:: 
6 10·05 9· ;; 

7 10·52 y·~S 

9 10-JO 10·07 
17 
18 
20 
23 

24 
29 
30 

Dec. I 

4 
s 
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36. 37· 38. 39. 40. 41. 42. 43. 44- 45. 46. 47. 

2047 2059 2070 2093 2lJI 2154 2178 JO 27 45 66 93 
2055 2063 2078 2121 2142 2159 4 22 32 55 77 I I 1 

10·56 10·59 9·83 10·13 
I~H>3 10·?;5 10·14 10·46 t 1·08 

Io· 5 3 10·75 9·9i; 10·02 10·97 

10·42 10·39 9·81 1o·z7 10·62 
to·SS 10·82 10·33 10·01 10·52 
10·30 10·85 9·98 10· 19 10·67 
l0'45 10·76 10·36 10·6o 10·90 
io-62 10·79 10" IJ 10·78 10·91 
10·49 10·56 9·59 10·07 
10'40 10·40 10·15 10·06 10·47 
10·23 10·35 9·82 10"27 10·73 
9·98 10·73 10·18 10·29 10-06 

10·36 10·87 9·8o 10·59 10·61 
io·77 10·84 9·86 10·49 10·84 
J ()• 50 10·58 9·45 10' 13 10·71 
lVIJ 10·42 9·68 10·41 ro·56 
]')'45 I 1"01 10·04 9·94 10·28 10·30 
l0'42 10·65 9·95 10·19 10·36 
rcr33 10·13 9·61 10·24 10"30 
l'J'42 10·59 10·05 10·53 10·77 
'.1"88 10·25 9·72 

l'FO::; 10·57 9·92 9·94 10·59 10·29 10·52 10·85 10·47 10·22 10·15 10·57 
10·36 10·38 9·92 9·68 10·91 10·25 9·46 10·1 ~ 10·50 9·85 9·27 tc· IO 
lo· I 6 9·75 10·09 IO' I I 10· I I 10·21 10·39 10·8] 9·92 10·94 10·37 10·46 
1•>·58 10·46 9·73 10·25 10·87 10·52 10·60 11·26 10·70 10·60 10·62 10·31 
ID 37 10·51 10·15 10·75 10·77 10·50 10·69 11·09 10·65 10·99 10·67 JO·,~ I 

ro-58 10·30 9·67 10-06 .10·48 10·13 10·57 J1·30 10·96 10·92 10·79 10·56 
1(;·03 10·67 9·54 9·88 10·41 10·81 10·40 10·60 10·1 I 10·45 10·19 10· '8 _, 
I< "36 10·42 9·38 9·93 10·80 9·98 10·19 10·83 IO'J7 10·56 10·02 10·09 
•!';-\6 10·28 9·59 9·97 10·63 10·38 10·49 11·09 10·42 10·89 10·42 10·17 

10·23 10·41 9·95 10·19 10·75 10·45 10·20 10·63 9·91 10·38 9·90 10·65 
10·91 10·29 10·55 I 1·19 10·65 10·80 

10·78 10·21 10·33 10"43 10·75 I l '37 9·70 
10·69 10·75 10·48 10·07 10·98 10·04 10·57 
10·34 10·64 10·26 10·14 10·91 10·08 10·30 

10·18 10·34 10·26 10·5, 10·45 10·24 to·19 
10·25 10·25 10·30 10·34 10·73 10·00 IO" JI . 
JO 30 1074 10·67 I 1·17 
10·50 10·37 10·51 10·66 10·68 10-~o 10"14 
10·43 10·73 10·56 10·33 10·55 10·41 
1074 lo·.sS 10·67 10·76 10·48 10·44 
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Pair No ____ 48. 49. 50. 51. 52. 53. 54· 55. 56. 57. 

C.& G.S. 13i 176 202 220 242 259 275 292 306 370 
Cat. 150 196 208 232 250 263 287 297 331 378 

1891. 
Oct. 23 10·66 

24 10·58 
28 10·73 
29 I 1·00 
30 10·40 

31 
Nov. I 10·53 

2 10·54 
6 10·08 
7 10·41 

9 10·64 
17 
18 9·98 11·17 11·14 10·34 10-24 9·og g·os 
20 10·62 10·09 9·91 I 1·42 10·77 10·77 10·13 9·90 
23 10·60 9·75 10·48 10·80 10·74 10·43 10·10 9·63 

24 10·34 9·79 10·31 I 1 ·IO 10·52 10·32 9·47 976 
29 I 9·99 9·80 10·30 10·77 10·57 10·60 9·63 9·71 

I Dec. 
30 I 

I 
I I 9·70 9·74 10·58 10·92 l I· I 5 10·87 10·06 9·98 
4 

5 I 10·73 10·38 10·45 11·34 ro·83 10·70 10·30 10·05 I 

8 10·58 10·03 10·50 11·16 10·76 10·54 10·23 9·91 rn·75 9·77 
9 J 1 ·07 10·74 10·87 I 1·62 10·68 10·53 10·47 9·97 11·02 9·86 

10 I 1·07 9·96 10·17 I 1·33 11·05 10·49 9·72 10·21 10·67 9"i7 
13 10·94 9·~9 10·6o I l"OJ 10·82 10·69 10·89 9·80 10·24 9·56 

18 10·13 9·92 10·43 to·72 10·44 9·90 9·57 9·79 10·28 9·53 
28 I I '32 10·24 10·37 10·78 10·50 10·35 9·99 9·68 10·84 9·49 
30 10·41 9·76 10·01 10·9~ 10·46 10·07 9·82 9·37 10·89 S·94 

1892. 
Jan. 7 9·46 9·51 10·53 9' 2 3 

8 10·01 9·83 9·64 
16 9·75 10·47 10·44 8·28 
20 9·84 10·16 10·61 9·44 
21 10·26 9·48 1078 8·46 

24 9·62 9·46 10·48 8·88 
25 9·92 9·46 10·92 9·49 
28 10·20 9·68 10·78 
JI 

Feb. IO 

13 
15 
17 

Mar. IO 

12 

14 
16 
19 
20 
21 

23 
24 
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58. 59. 60. 61. 62. 63. 64. 65. 66. 67. 

392 430 463 483 512 5 ~I c) 562 606 700 718 
417 456 479 491 520 533 577 611 705 7 2 9 

10·75 rr·o4 10·28 10·53 
10·84 11 ·03 10·89 rn·58 
10·46 10·77 10·57 
10·25 I I "02 10·98 10·55 

r.)·91 10·95 10·57 10·89 
10·43 10·78 11·05 9·29 
10· 15 10·85 10·55 10·82 

10·78 10·63 I 1·50 10·51 10·61 I 1·02 10·48 9·87 
10·59 10·74 
10· 10 10·83 10·17 10·6o 10·08 10·37 9·59 9·61 
10·21 10·44 9·51 10·13 10·63 10·35 10· 12 
1')·25 10·21 10·84 10-68 10·81 10·48 10·38 9·76 
ifJ"02 9·96 10·09 10·39 10·60 I 1·00 10·50 9·82 
10·74 10·14 9·85 10·77 10·54 10·80 10·21 9·69 

10·42 10"21 9·91 10·45 10·52 10·16 9·64 10·42 q·()' . .) 

10·34 10·29 9·62 10·85 

10·66 10·71 10·52 10·73 10·97 10·49 9·62 10·70 10·55 
10·04 10·29 10·34 10·42 10·73 rn·37 Jo· 17 10·10 q·b:7 
10·68 10·06 10·47 10·57 10·88 10·90 10·78 10·27 

10·68 10' I 2 

10·41 10·33 

10·61 9·5o 
10·38 10·01 
10·16 9·86 
10·23 10·17 

10·46 9·53 
10·36 l0·6o 
10·36 10-08 

"'.: 
--

S. Ex. 37~ 



 

34 u. s. COc\ST AXD GEOI lETIC SUffVEY. 

--~~--

. Pair No ____ 68. 69 . 70. 71. 72. i3a 74- 75. 76. 77-

c_ &G. s 745 769 781 796 813 835 849 873 9II 926 
Cat. '/ 57 776 792 804 825 842 865 888 921 932 

---------~--~-------~-----------------------

<..! 1,,92. 
Tau. 31 
f.'eb. IO 

9·90 o·~6 9·95 - I 

13 10·76 10· 37 10·42 

15 10·20 10·30 10·~9 

17 10·27 10'43 10·25 

Mar. IO 

12 

10·69 10·32 

10"97 10"()6 lo· ,g 10·56 .) 10·11 

14 IO'I2 10· 18 10· ·8 _, 10·10 10·19 10·01 10-n 8·99 10·61 10·34 
16 10·46 9·81 10·01 10·08 10·41 10·20 

19 10·24 10·32 10·31 10·49 9·87 10·27 10·68 9·~8 .) 10·44 

20 10·21 10· I 5 9·91 10·40 Io· z(j 9·81 10·48 9'45 10.39 10·04 
21 10·56 10·27 10·00 I 1-29 9·98 10·20 9·76 10·60 9"9·1-
23 w·39 10·39 10·40 

24 10·49 10·75 10·43 10 .. 17 10·13 10·10 10·78 
28 10·39 10·33 10·28 10·46 9.75 9·64 10·09 

29 10·71 10-53 10·30 10·74 
Apr. 4 

9 
10·82 10·57 
10·32 10·~0 ,) 

10· ~2 l I ·05 10·22 10·58 10·55 ·' 10·41 10·8~ 9·83 10·70 10· 15 ,) 

II 10·67 10·66 10·32 l 1·08 9·61 10·43 IO' 33 
12 10·25 Io· I 7 10· 13 10·65 9·68 10·62 10·57 

13 11·05 10·99 10·63 11·01 10·16 10"12 10·26 

16 10· 18 
19 10-3S 
23 10·+1 
26 10·31 

27 JO"II 

29 I J"TP 

30 10·_)-i 

M·•y 3 
4 10·22 

5 10·26 

7 10· 19 
8 1o·S•1 

9 9·83 
16 

17 

19 
23 
24 
25 

28 
30 

June I 



 

78. 

936 
945 

ro·6o 

10·54 
10·78 
10·61 
10·61 

10·55 
IO't)6 

10·63 
It ·10 

Io-79 

Io· SS 
Io·S8 
10·95 

10·77 

10·~ ... 
.1 I 

10<:;7 
l I· I 7 
10·33 

79. 

9·64 

9·64 

9·84 
10·01 

10·33 

10·09 
10·23 

10·16 
10·49 
10·24 

10·20 
10·34 
10·38 
9·7.a. 

80. 

966 
976 

10·25 

10'42 

10~29 

10·26 

10·15 

10·64 
10·55 

10·50 
10·37 
10·40 

10·77 

10·24 
10·58 
10·59 
10·72 
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1003 
1010 

10·21 

10·19 
10'45 

10·47' 

10·67 
10·78 

10·98 

I 1·05 
10·40 
10·86 

10·85 
10·89 
10·65 
10·77 

1022 
1035 

10-6o 

10·75 

10·50 
10·67 

1072 

10·77 
10·63 

10·82 

10·64 
10·67 
u·30 

10·70 
10.75 
10·73 
10·74 

1044 
rn57 

11·21 
10·86 

10·86 
10·96 
11·02 

10·67 
10·83 
10·46 
11' IO 
10·91 

10·78 
10·70 
I 1·17 
11·07 
10·86 

10·85 
10·53 
10"67 

1063 
1-070 

10·91 
10·73 

10·37 
10·48 
10·87 

10'50 
10·55 
10·74 
10·16 
10·62 

10·49 
10·71 
10·92 
10·39 
10·39 

10·47 
10·24 
10·54 

1094 
I 109 

10·01 
IO'l I 

10·29 
10·18 
10·44 

9·87 
10·31 
10·34 
10·55 
10·16 

9·90 

10·34 
10·03 
10·17 

9·77 
10·16 
Jo·o8 

86. 

1118 
l 128 

10·77 
10'41 

10·71 
10·61 

10·48 
10·48 
10·20 
10·40 
10·51 

10·39 

10·39 
10·32 
10·61 

10·59 
rn·38 
10·50 

35 

II37 
1149 

10·96 
10·24 

I 1·05 

10·73 
10·86 

10·61 
10·44 
10·68 
10·88 
10·41 

10·39 

10·82 
10·44 
10·59 

10·46 
10·49 
10·27 
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Pair No ___ _( 88. I. 2. 3· 4. 5. 6. 7. 8. 9· 
i 

c. &G. S. j I162 I 184 119. 1215 1231 1247 1262 1280 1316 1336 
Cat. 1 I 175 II88 1206 1220 1241 1254 1275 1294 1330 1354 

l-
1892. 

Apr. 23 10·19 10·70 
26 10·39 10·34 
27 
29 
30 

! 
I 1·06 10·70 

I May 3 10·14 10·33 
I 

4 

l 5 10·20 9·97 
7 10·20 9·92 
8 I 10·39 9·83 

9 I 10·58 10·88 
16 I 10·00 10·14 10·08 10·22 10·52 10·17 1072 10-45 09·97 
17 

I 
10·04 9·86 977 10·21 9 So 

19 
23 

I 
10·37 10·17 9·84 10·49 10·22 rn·55 10·78 I 1"02 10·67 

24 10·19 10·01 9·93 10·09 10·45 10·32 
25 

I 
10·59 10·09 10·06 10·45 10·84 10·14. 10·45 10·99 10·04 

28 10·38 9·92 lo·c5 10·5 I 10·09 10"55 10·44 10·70 10·16 
30 10·15 9·96 9·81 xo·36 10·57 10·35 10·41 10·65 10·04 

June I 10·28 9·88 10·11 10·56 10·38 10·86 10·08 

2 9·96 9·91 10·41 10·35 10·34 10·36 10·69 1o'~14 10·62 
6 10·07 10·07 10·71 10'20 10·46 I 1·21 

II 9·63 9·65 10·66 10·18 10·14 10·45 10·46 10·14 10·25 

12 9·72 9·21 10·23 10·5~ 10·23 10·50 10·01 10-46 

13 9·95 9·91 10·29 10·51 lO'Ol 9·96 10·73 9·94 1u5r 

15 9·96 10·11 10·16 9·97 9·89 10·71 10·37 9·99 10·25 

16 972 
17 9·71 9·82 10·31 10·83 10·80 10·63 IO"jj 

20 9·20 9·65 10·32 10·49 10·21 10·36 10·69 10·06 
21 9·34 9·64 10·85 10·63 

23 9·74 9·75 9·42 9·92 10·38 10·58 1ro8 10·~2 10·85 
,") 

10·62 25 9·52 10·01 10·26 I 1·19 9·89 10·12 10·89 
26 9·63 9·44 9·83 10·11 9·95 ~- --
29 9·92 10·11 10·38 10·59 10·44 10·38 10·68 10·16 10·4S 

July 7 10·36 10·38 10·68 10·26 10·45 

8 9·76 10·48 10'43 9·59 10·13 

9 ·ggo 10·41 10-65 10·0.z 10·39 . 



 

lo. II. 

I0·81 
10·36 10·55 
10·52 10·39 
10·42 10·37 
10·52 10·24 

10·47 10·40 

ro·49 10·49 

10·90 10·63 
Io· 33 10·37 . 
10·47 10·59 

10·33 

10·54 10·27 
10·46 10·42 
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12. 

1392 
1397 

1:1·71 
l r-91 
I 1·72 
11·50 
I 1·65 

n·35 

I 1 ·61 

11·69 
11·65 

I 1·55 
11·63 

11·32 
11·61 

13. 

10·81 
10"59 
10·83 
10·66 
10·70 

10·81 

11·25 
10·37 

10·93 
10·85 

10·24 
10·98 

1424 
1432 

11·44 
I l'C7 
10·94 
I I" II 
9·87 

10·05 

10·20 
-9·o8 

10·36 
9·42 

9·90 
9·89 

15. 

144z 
1448' 

11·02 
10·83 
10·84 
10·66 
10·76 

10·74 

11·04 
10·78 

10·88 

10·75 
10·73 

16. 

10·91 
10·69 
10·67 
10·54 
10·93 

10·73 

n·o7 
....._.._ ... _ 

I 1·10 
11·03 

10·55 
10·91 

1473 
1476 

~ ..... _ ... ---
10·94 
I 1·37 

I 1·23 

I 1·52 

I 1·54 
I 1•50 

10·83 
11·23 

18. 

1502 
1514 

9·57 

9·46 

10·30 

9·87 
10·14 

9·59 
9·65 

37 

• 
19. 

1539 
1547 

9·93 
10·34 

10·35 

10·28 

10·15 
10·24 

10·15 
10·07 
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. 
COMBINATION OF RESULTS FOR VARIATION OF LATITUDE, 

AS OBSERVED AT ROCKVILLE, MD., IN 1891-'92. 

In order to deduce any result for systematic variation from the in. 
dividual resu1t8 for latitude, as obtained directly from observations, it 
is essential that in the cmnbination, the dt>cli11atious of the stars, takell 
from variou::-; catalogues, should he referred to a uniform system, aud 
at the sauw tilne that any- change in latitude, whether Jleriodic, pro
gre:-isive, irregular, or auy absence of change, should not be interfered 
with. This was seenred hy the n1ethod of combination ado1 •ted iu the 
reduction of the Berlin and other series of observations as earried ont 
by Ur. Th. Albrecht* and is the same as followed for the Hockvillt~ 
series. 

The first step of the reduction conf'ists in" dividing the whole sc:i;ies 
of results into group8, each of a suflkient number of pairs of stars to 
give a closely approximate value of the mean latitude and with the 
sums of the positive and negative n1icrometer corrections, as near as 
may bf', balancing each other. The observer's arrangement respecting 
groups was altered with a view of strengthening the conuections of 
tl1e gToups. At the close of a year's work the re-observation of the 
same pairs of a group would afford the means of improving t11e wliole 
f.l.eries by the introduction of the condition that the closing error of the 
sum of the corrections to the mean results of the groups at the end of 
the year be zero. 

The second step is the reduction of the declinations of each pair of 
starH to the inean declination system of the group. Comparing t lie 
mean result for latitude of each pair i11 the group with the mean result 
by all the pairs-i. e., with the mean latitude of the group-a correction 
was obtained to the result by each pair. Iu general, the smallnes:-; of 
tllese corrections (as given below) iudicate that the tabular declina· 
tions were fairly accurate. 

The pairs coustitutiug each group, the number of days of obsen·a· 
tion for each. and the 1ncan latitude fbr tlie same are tabdlated below, 
together witi1 the reduction of the result by each pair t~ the meau of 

. its group.t 

*Provisorische Resultate der Beol)achtnngen in Berlin, Potsaaru und Prag~ be· 
treffend die Veriinderlichkeit <ler l'olh()he, etc. Von Th . .A:lbrecht. Berlin, 1890. 

t From these observations it has been found that the mean error of reduction M 
"i;he mean declination system of a group for a single determination is :±: 0" ·23. Sillt:e 
the number of determinations of the various groups ranges from eight to twenty· 
eight, the mean errors of the re<lnetions to the mean declination evstem in the above 
table are within.± 0"·04 and :::t.:: 0"·08.-.Edivit& ASmith.-[Added.N~vember 91 1892.) 
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0 , ,, 
Group I Pairs, 9, 10, 1 I, 12, 13 Days, 21 <P; = 39 05 10·83 

II 14, 15, 16, 17, 18, 19 19 'Pii 10·53 
III 20,21,22,23,24,25 12 'Piii 10·~0 _, 
IV 26,27,28,29,30,31,32,33 21 'Piv 10-38 
v 34,35,36,37,38,39,40 28 <py 10·32 

I 

VI 41,42,43,44,45,46,47,48 16 <Pvi 10·43 i 

VII 49,50,51,52,53,54,55 13 '7'vii 10·36 
VIII 56,57,58,59,60,61 12 'Pviii 10·32 

IX 62,63,64,65 8 (/:]x 10·33 i x 66,67,68,69,70 12 <px. 10·26 I 

I, 

XI 71,72,73,74,75,76 9 'Pxl 10·33 j 
XII 77,78,79,80,81,82 12 <fl xii 10.49 I XIII 83,84,85,86,87,88 16 q>,.1;1 10·49 I XIV 1,2,3,4,5,6,7,8 13 <jJxiv 10·26 

I 

i 
I 

,, ,, ,, ,, ,, ,, ,, ,, I 

i Group I Retl'n +·21 + ·27 +·28 -·So +·05 
II +·19 ·30 -·38 --·62 +·83 +·29 

III +·11 ·oo +·27 -·17 -·10 --·ro 
IV -·60 ·20 +·16 +·34 +·10 +·rz +·14 -·05 
v -·24 + ·33 -·05 -·23 +·42 +·10 -·31 

VI +·05 + ·06 -·24 +·04 -·20 +·15 +·14 ·oo 
VII +·35 •02 -·72 -·35 --·12 + .. .....,..,. +·53 -'·' VIII -·33 +1·0J -·05 -·34 -·20 -·16 
IX -·zo ·41 +·06 +:56 
x -·15 + ·23 - -·12 -·02 +·05 

XI -·17 ·05 +·09 -·46 +·66 -·07 
XII +·18 ·26 +·39 +·06 -·17 -·20 

XIII -·37 ·04 +·35 ·oo -·10 +·17 
XIV +·40 + ·33 -·08 -·13 +·03 -·17 -·46 +·12 

The sum of the corrections for each group should be zero. 

The pre.ceding corrections were applied to the results of the respec
tiYe pairs1 forming a new table of results (marked A 1 B 1 C 1 D 1 E 1 F 1, iu 
1\18. and not reproduced here) prepara.tory to the next step, viz: 

C01nparison of the mean decliuation of the gronpl':I by means of the 
l'('8nlts obtained on the same night from i1airs ranging over two or more 
gTonps. Such comparisons between results of the same date leave, of 
l'oHr;-;e, any changes in latitude absolutely untouched. Thil-3 third step, 
thP11, consists in ascertaining the differences in the niea.u declination 
sy;-;tem of any two adjacent groups or overlapping groups. For this 
llllrpose all resuUs of pairs helouging to the same group were made use 
ot, and not only those results which form the full or complete set of all 
pafr.s for every night. Jf'or any date c01111non to two or more gron ps, the 
mean latitude was taken for all pairs observed in each, and their num
ber noted as the weight to the mean, and the same was doue for the 
other groups. T.hese compariso~ts being .made for every day of obser
vation, the.final difference between any two groups will pe that of their 
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weighted mean~. 'J'he followiug tables marked . ...._-'\.. 11 B 11 Cu contaiu 
these eompa.t·ison~: 

Compari .... on <~f mean ·ra lue.o; of group8. 
·-~--------~----------------

Date. XIV. I. II. III. IV. ·v. VI. 
I , _________ 

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

I 1891. // // // ,, ,, ,, ,, 
June 13 10·:::8 8 io·87 5 10·35 3 

15 10-39 7 11-09 5 10·50 3 
23 w-38 4 I I ·04 4 10·65 6 
24 10-49 4 I 1'20 5 rn-86 6 
25 10·52 4 11 ·I 3 5 10·73 6 
27 lo-99 4 I 1 ·I 4 5 I 1'08 6 

July s 10·71 4 10-81 5 10·80 6 
6 10·52 4 10·90 5 10'61 4 

IO 10·66 5 10·38 6 10·41 s 
12 10·77 5 10·06 6 10·4r 5 
21 10·78 5 10'28 6 10·38 5 
22 10•65 5 10· .. p 6 10·04 2 

27 10·58 5 IO 57 5 w·65 5 
29 IO·So 5 10·26 6 10·35 5 
31 10·55 6 

J\ug. 7 10·48 5 10·43 6 10·45 3 
9 10"43 6 io·44 5 10·40 3 

IO 10·46 6 10·47 6 10·47 3 
I I 10·06 4 
14 10·56 2 

15 10·60 3 10·28 6 10·41 8 10·79 2 
17 10·28 I 
22 10·39 3 10·32 5 

~- :; ·t. I 10·28 6 10·43 7 10·76 2 
3 10·26 6 10·33 8 10·04 2 
7 10·33 6 10·19 3 
9 10·33 6 10'54 7 10·6o 2 

IQ 10·25 6 10·48 8 10·40 6 
12 10·08 6 10·15 8 10·50 7 
13 1e·o1 2 
14 10·37 6 10·55 8 10·43 7 
15 10·26 6 10·49 7 10·29 2 
1 7 10·25 6 10·26 8 10·31 7 
18 10·45 8 10"42 7 
19 10·62 8 10·43 1 
21 10·33 8 10·59 7 
23 10·60 8 10·66 7 
24 10·04 8 10·21 6 
25 10·36 8 10·27 7 
26 10·36 8 10·26 7 
28 10·39 8 10·29 7 
30 10·36 7 10·33 7 

Oct. 3 10·54 8 10·54 7 
5 10·29 8 10·31 7 
9 10·54 8 10·28 7 

14 10·37 8 10·37 7 1()"35 I 

15 10·37 8 10·30 7 
16 10·34 8 I0-10 7 
l7 10·16 8 10·35 7 
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Comparison of mean t'a lues of groups. 

Date. v. VI. VIL VIII. IX. x. XL XII. 

1891. ,, ,, ,, ,, ,, ,, ,, ,, 
()ct. 22 10·01 5 

2~ 
J 10·33 7 10·47 8 

:::!4 io·32 7 10·02 8 
28 10·04 7 10·48 8 
29 10·35 7 10·70 8 
30 10·57 7 10·68 8 
31 10·04 I 

XoY. I 10·17 7 10·7?: 8 
2 10·06 7 10·43 8 
6 10·04 7 10·26 8 
7 10·06 7 10·53 8 
9 10'27 7 10·35 8 

17 10·77 6 
18 10·44 8 10·18 6 
20 10·52 8 10·43 7 
23 10·41 8 10·28 7 
24 10·32 8 10·18 7 
29 10·25 8 10·20 7 
30 10·70 4 

!>ec. I 10·36 8 10·47 7 
4 10·48 6 
5 io·62 7 10·58 7 
8 10·58 I 10·45 7 10·52 6 
9 I 1·07 I ro·70 7 10·70 6 

IO I 1·07 I 10·42 7 10·48 5 
lJ 10·94 I 10·53 7 10·43 6 
18 10·13 I 10·11 7 10·36 6 
28 11·32 I 10·27 7 10·31 6 
30 10·41 I 10·07 7 10·37 6 

r892. 
Jan. 7 9·92 2 10·53 6 10·50 4 

8. 10·35 2 10·55 3 
16 10·54 2 10·07 6 9·91 4 
20 10·43 2 10·06 6 10·18 3 
21 10·30 2 10·20 6 10·36 4 
24 9·97 2 9·97 6 10·48 4 
25 10·12 2 10·32 6 10·31 4 
28 10·37 2 10·45 I 

JI 9·95 3 10·19 4 9·93 s 
Feb. IO 9·85 3 J0·65 I 

13 10·40 3 10·45 4 10'56 s 
15 9·99 3 10·42 4 10· I I 5 
17 10·17 3 10·77 3 10·40 5 

:\Lir. 10 10-44 4 
12 rn·55 5 rn·36 2 
14 10-16 5 10·1 I 6 10·52 I 
16 10·13 5 10·19 3 
19 10·18 5 10·19 6 
20 10-13 5 10·13 6 10·22 I 
21 10·16 5 10·46 5 10·12 I 

23 10·43 5 
24 10·42 5 10·30 4 
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Comparison of rnea·n ·values of g~·f!ups. 
_, ______ 

Date. XL XII. XIII. XIY. I. II. 

1892. 
,, ,, ,, ,, ,, ,, 

~1ar. 28 10·14 6 10·23 6 
29 10·42 4 

April 4 10·59 6 10·41 5 
9 10·40 6 10· .. p 2 

I I 10"46 6 10·29 6 
12 10·25 6 10"43 6 
13 10·66 6 10-36 2 
16 10·42 6 
19 10·46 2 

23 10-61 6 10·68 6 11·10 t 
26 10·55 6 io·46 6 1074 I 
27 10·58 6 
29 10·80 4 
30 10·61 6 10·72 6 I l'lO I 

.!\fay 3 10·35 2 10"52 6 10·73 l 
4 10·7 I 5 10·76 4 
5 10·44 6 10·39 6 10·37 I 

7 10·64 6 10·47 6 10·32 I 
8 10·73 6 10·47 6 10·23 I 

9 10·35 6 10·61 6 11·28 I 
16 10·44 6 10·28 8 
17 10'33 6 10·04 4 
19 10·50 2 

23 10·67 6 10·47 8 
24 10·41 6 10"27 5 
25 10·54 6 1cr38 8 
28 10·42 6 10·30 8 
30 10·32 6 10·27 8 

June I 10·39 6 10·35 6 
2 10·27 8 10·92 4 10·96 3 
6 10·47 6 1080 4 10-70 3 

II 10·16 8 10·74 5 10·48 (l 

12 1o·c6 7 10·68 5 10·64 5 
13 10·16 8 10"72 5 10·36 .) 

15 10·14 8 10·61 4 
16 10·12 I 
17 10·33 6 10·94 I 
20 10·12 8 10·80 4 10·43 6 
21 10·24 4 
23 IO· I 5 8 11·06 5 10'73 6 
25 10· 27 7 10·67 s 9·88 2 

26 9·90 5 
29 10·33 8 10·80 s 10·65 6 

July 7 10·30 4 10·75 4 10-53 5 
8 9·95 4 10·50 5 10·30 6 
9 10·12 4 10·77 5 10·41 6 



 

XIV0 I 

10·50(39) JI•o2(39) 
. . w'50(39) • . 

10~88(69) 
10·71(3o) .. 

IX x 
*10·30(23) 
*10·37(39) 

10·25(2o) .. ii- - - . 
)0'25(20l '10·45(t6) 
10·29(44 
10·15(25 

' 

CONNECTION OF GROUPS. 

II III IV v VI 

• 10·74(4ol 
10·55(81 

10·41(27) . . 
.. 10·40(56) 

.. 

.. 10•42(17~ 
10~38(70~ 

- . 
I0·40(8I 

10·42(26 .. 
• 10·30(85) 

XI 

10·23(32) 
.. • -

10:33(7z) 

10·43(37) . .. 
.. 10·38( 148~ 

• 10·47(8l) 

10·26(68) • 
.. 1o·j9(199} 

10·22(104 • 
10·49(78) 
10·79(7) 

-··----
XII XIII XIV 

10'29(3} . . 
10·34(3o) 

10·56(52) 10·57(67) 
-10·57(67) . . 

•o·so(102) 

*Continued on same line, 

10·73(8) 
10·37(63) 
10·19( I04) 
10·19(104) 

. . 

VII 

10·35(97) 
-

10~34(65) 
.. 

10·25(16) -

l' 

10·76(61) 

10·76(61) 

VIII 

• to·45(4r) 
10·34(81) * 

-
- 10~18(55): 

10·07( 15) 
----

Il' 

~ 
"'d 
0 
~ 
8 

lo:; 

~ 
.... 
<» 
t.O 
l~ 

I 
~ 
>
~ 
·~ 

~ 

!"" 

~ 
~ 
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-" The preceding differences demand 13 conditions to be satisfied; 
these conditions are expressed by the following conditional equations, 

to which are a<lded the values of the reciprocal weight or ~for each 

difference depending on the number n n 1 : for the observed values for lati-

d . , ·h CT I t· k 1 10 ( n + n 1) tu e Ht eac bronp, a e - = - - - - - ---------
p nn1 



 

CONDITIONAL EQUATIONS. 

" Y fv fv +v +v +v +v +v +Y +v +v +v +v +v . 
2-1 J-2 4-3 5-4 6-5 7-6 8-7 g-8 IQ-9 11-10 12-11 13-12 14-13 1-14 

• • • • • • • • +·26=0 

'\' 
:2 ... 1 

Y +v 
So-I 3-2 

.. 
2-I 

v +v 
3-2 4-3 

v +v 
4-J 5-4 

.. • • 

• 

• 

• 

• -vl 
2-1 

• 

• • .. • • • • • . -v .. • 

3-1 

.. • • • • • • • • . -v 

• +' 
7-6 8-7 

• • • • • • 

• 

v +v 
8-7 9-8 

• • • • • 

v +v • 
t-8 11>-9 

• • • 

v -rv 
II-to 12-11 

v +v . .. .. 
13-12 14-13 

v +v' 
1-14 2-1 

_, 
1-·14 

• .. • . • 

4-2 
. -v 

S-3 

• 

-v 
8-6 

• 

• 

• 

-v 
CJ-7 

• 

• • • • • -·09=0 

• • • • • -'OI=O 

• • • • • • +·12=0 

• • • • 

-v 
10-8 

-v 
12-10 

~-v 

14-12 

- -v 

• 

.. . 

2-14 

+vo 
1-14 

-·08=0 

. +·20=0 

+·14=0 

-·19=0 

-·19=0 

-·30=0 

'00=0 

-'05==0 

+v0 -v0 -·05=0 
1-'4 2-14 

I .;:= ·268 ·321 ·241 ·118 ·220 ·231 ·277 ·438 1·126 ·540 '472 ·342 ·257 ·26o ·339 ·704 ·973 ·417 1·672 1·06o 1·167 3'734 1·399 ·272 ·513 ·506 

~ 
ti;l 
~ 
0 
~ 
~ 

l%j 
0 
~ 

..... 
00 
~ 
l--:i 

I 
~ 
> .... .,.,, 
~ 

""' ~ 

~ 
C,)l 



 

:Multiplying these equations with the correlates k1 we form the normal equations as below. 
.' 

.... NORMAL EQUATIONS • 

k1 ' ks k3 k. k5 kfl k, kff kg kw k11 

·----
+5'll +0·27 +0·59 +0·56 +6·36 +0·51 +0·72 +1·56 +1·01 +0·60 +0·26 

+0·61 +0·27 -0·34 
+i·29 0·32 

-- +1·54 +0·24 -- +0·78 -- +ns +0·28 
--- tl"J8 +0·44 -- +2·73 

--- +4·75 
--- +2·00 

--- -f- 0·87 
II ---

I 

k1~ 1~1:1 

-0·26 +0·27 
+0·27 
+0·27 

-0·26 
+0·77 +0·51 

--- +1·29 --

+0·26=0 
-0·09=0 
--0'01=0 

+0·12=0 
--0·08=0 

+0·20=0 

+0·14=0 
-0·19=0 

-0·19=0 
-0'30=0 

O'Ou=O 

-0·05=0 
-0·05-0 

~ 
(1) 

~ 
rJi . 
0 
0 
> 
!ft 
i-:: 
;i... 
!:2l 
lj 

0 
ti; 
0 
lj 
trj 

~ 
a 

~ 
~ 
~ 
t< • 
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Omnbinatfon of results for the variation of lntitude at Rockville, Jt,f d. 

Solving, we get 

k1= --o·r62 
kz= +0·359 
k3= +0·031 
k~= --0·055 

kb= +o·r96 
k,;= --0·048 
k7-c:=- -0•049 
ki;= +0·170 

k9= +0·075 
k 10=· -f-o· 198 
kJI CCC-··+ 0·230 
k1cicc::-: --:-o· I 30 

k1'.l= --0·060 

and after substituting il1 the equations of correlates 

,, 
v =+·045 

2-1 
y 

=-·060 
3-2 

v =--·005 
4-3 

v =+·004 
5-4 

y 6-5= - ·036 

v =-·048 
7-6 

v8-7=-·072 

v 
9-8 =-·018 

v 
= +·009 Io-g 

v 
I I-lo= --·o47 
v 
12-I I= ---·o4I 

v == +~013 
13-12 
v 
14-13= +·009 

v =-·016 
1-14 

,, 
v' 
v 
2-1= --·044 

=-·022 
3-I 

v = +·054 
4-2 

v = ---·082 
5-3 

v 8-6= +·080 

v = +·052 9-7 
:0-s= -·198 

,, 
v =-·280 
12-10 
v 
14-12= -·277 

v =-·062 
2-14 

Vo 
=+·036 

1-14 
Vo 

= +·030 
2-14 

The adjusted values of the differences between the gron1)s are as fol 
lows: ,, 

I-XIV0 = F--XIV= +0.555 
II- l=Il'- l'= ---0·285 
III- II= -0·040 
IV-- III=- +0·095 
V- IV= -0·006 

VI-- V= +0·214 
VII-- VI= --0·188 

VIII- VII= -0·072 
IX- VIII= +0·172 
X-- IX= --0·191 

XI-- X= -0·107 
XJI-- XI=- -0·031 

XIII- XII= +0·003 
XIV- XIII= --0·121 

,, 
Check : :E + I ·039 

-1·041 

We also have the closing error: ,, 
For group X JV ~·21 
For group I~·26 
For &roup II-·35 
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Taking group IV for reference group as having the greatest number 
of pairs and observations ( ({J," = :m:) 03' 10"·39), and applying- the above 
difl.erences we get the final correction to ea.ch group, as below: 

,, II 

Correction to group IV ·ooo and to group III +·095 
v +·006 II +·o55 

VI -·208 I -- ·230 
VII -·020 XIV0 +·32 5 

VIII +-052 
IX -·120 

x + ·071 

XI + ·178 
XII + ·209 

XIII +·206 
IV + ·327 
l' -·228 

II' + ·057 

From these corrections, when applied to tlrn individnal result~ in 
each group respectively or 1nore conveniently to the mean value of 
each group as tabulated on the tables marked A 11 B 11 C,,, aud eo111-
bined according to weights, we get the final daily mean value for e:wl1 
day of observation as helo,\·. Column headed rt giYes the uumher ot 
pairs observed eaeh night; the next column of figures the Recornl:-:. of 
the resulting latitude S"t or the combined re~ult from two or more 11ig1Jt:'j 

in the last column the 111Pnber of observatious -n, is added for e01lYl'l:· 

ience of plotting the results, as properly grouped, in order to equalize 
number of observations for suit.able short interval:!. of days. 

Date. <p=39° 05' Date. 
> !-,,. ·-

) I ' 
1891. I/ ,, 

1891. ,, ,, 
: 16} \ I 

June 13 +10·58 Aug. 22 +10·43 I~}! 10·43 8: 
15 ·73 15 j 

10·65 31 Sept. I ·46 10·38 'I 
23 ·74 14 l 3 ·31 16 ! ,) 

! 
24 ·91 15 ~ 10·90 59 7 ·35 9 l : 
~ ·84 15 I . 9 ·51 

•5 f 10·39 i 65 27 I l" l I 15) 10 ·42 20 ' 
July 5 10·81 15} 28 : 12 ·28 21 I 

6 ·72 13 10·77 
13 ·I I 

2:l 
i 

IO ·46 16} I 14 ·49 l 10·44 l 3S 
12 ·37 16 10·42 32 15 ·41 15 J I 
21 ·45 16} ! 17 

I 
·31 21 l . 

22 ·40 13 10·43 29 I 1S ·44 
15 J 66 27 ·58 

15} 
If 

19 ·54 15 10·43 

29 ·44 16 10·52 37 21 ·46 15 
31 ·61 I 6 

ii 
23 ·63 

15} 1 
Aug. 7 ·52 14} 24 ·12 14 10·36 44 

9 ·49 14 10·51 43 'I 25 ·32 15 lj IO ·53 15 

11 

26 ·32 15} l II • 12 

·H 
28 ·35 15 . 10·34 44 

14 ·62 
26 30 '35 14 

15 ·48 

I 
10·43 \(Oct. 3 ·54 15 ~ 45 

·t 17 ·38 
11 

5 ·30 15 10-42 I 

( 
--~- ·-· - - ·- - .. .... -·-·~---

~·. 
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Combination of re8ults fm· the naria-t,ion oj· latitude at Rockri7lc. Jfd. 

Date. 
' 
i q:;= 39° 0 s' I 
~ l 

n 11 / Date. n 

····------, 

<p/ . n/ I 
·-·---····---· ~-~~~-- --- --~- -- f 

I 1891. 
(Jct. 9 

14 
15 
16 

I Ice. 

17 
22 

29 
30 
31 

I 
2 
6 
7 
9 

17 
18 
20 
23 
24 
29 
30 

I 

4 
5 
8 
9 

IO 

13 
18 
28 
30 

tl'.92. 
J:tn. 7 

8 
16 
20 

31 
F.:L. 10 

13 
15 
17 

:'\];,,-_ IO 

12 

14 

,, 
+10·42 

·36 
·34 
·23 
·25 
·02 

·30 
·05 
·17 
·43 
·52 
·05 
·36 
·15 
·05 
·20 

·20 
·36 
·23 
·13 
·11 

•49 
·29 
·27 
·48 
·49 
·72 
·49 
·51 
·22 
·36 
·22 

'40 
·49 
·08 
·15 
·25 
·12 

·26 

·02 
·- ·06 

·48 
·18 
·45 
·51 
·6o 
·30 

15 

16 ·1 
15 \ 
I 5 :· 
15 _J 

5 \_ : 
15 i ' 
1 5} i 1 5 i 
15 : 
1 5 I ! 

I I 

15 f i 
15 J ; 151; 
15 
15 ) 

I~} 
~~} :. 

~~}' 4 ; 
15 : 
6}: 

14 : 

~:} i 
l ... 

.,) ' 14}: 
14 

14} ·.: 
14 _ : 

,, 
1R92. " 

45 "·far. I 6 + lo· 26 8 31 
19 · 32 I I ) 
20 ·2-, 12 :, '· ' xo·36 39 
21 ·43 llf 

10·30 61 

23 ·50 5 ! ' 
24 ·49 9) 
28 ·38 12 10·45 25 
29 ·60 4 J 

10·23 20 

April 4 · -1 o r 1 ' · 
l.. 10·6;: 19 9 . 59 8 j _, 

10·22 45 

II -57 1"1 
12 ·54 12 ' 10·61 32 
13 ·77 sJ 
16 ·63 6li 
19 ·67 .., ' 10·80 21 

23 ·90 1]jl 

10·34 

10·15 45 
:! 26 "74 13) 
i 27 ·79 6 l 

20 i • 10·84 36 
,: 29 11·01 4 r 10·31 

. 30 1092 13) 
45 :i May 3 ·73 9} 

i 4 ·94 9 10·75 31 
:.'1' 5 ·63 13 

34 7 ·i6 l..,l 
Ii 8 ·79 1~ 1o·n 39 

20 !' 9 ·76 1 3 j 
16 ·63 14} 

41 
i ~~ :i~ I~ 10·57 26 

! 23 ·83 14 \ 10·73 25 
28 24 ·61 11J

1 10·36 } 
I 2 5 °73 I4 I 10·68 28 

10·29 2811 28 ·63 14 : 

· June 
3~ :i~ ~!}: 10·64 41 

10·24 

10·23 

10·42 

10·57 

1

1!; 2 ·71 15 i li,32 
12:::} 6 '7 2 i3\i 10·60 

,,, 10·28 29 II ·51 19 J ! 
I 2 ii I 2 '50 I 7 \, i I 

!f 8 10-49 33 
I I l ;, I 13 ·4 16 j I i 
12 l.. ' ,! I 5 '44 I 2 ), i , 
12 J 10·20 47 \'!:' 16 ·45 ! Ji 10·52 1 20 

I~ l ~~ : !~ IS ) 1 1 
12 i ' 10·10 15 ll 21 ·57 4 ~ i 10·58 41 

4 ) :. 'i ,.... ·67 19 J ! 
~~ { i ::~~: :: If ~~ :~~ I~ 1 l 10·52 38 
11 J j ll 29 •6 <; I 9 J ! 
i} 1· 10·38 31 r

1 
July ~ :j~ ~~} ! 10·45 43 . 

12 I I; 9 ·49 15 I i 
I '\ I ' ! 

Tho col~~~~s be;ded--;~ aud 11 j ;~re add~d- a~- more.-c0Hveni~~1-t~ for 
gr;~phical representation thau the dai1y va1ues; they eontu.iu 52 
weighted means depetHling on 1789 observed va.lueR for latitud~, antl 
are n'presentetl ou the acco1npauyiug diagram. (Illustra.tiou No. 4.) 

S. Ex. 37-& 
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The main feature of the representation is a decided minimum lati
trnle towards the close of the year 1891 and apparently two epochs ot' 
high values of latitude, one of ·which, however-that about ~..\.pril, 1892-
is probably due to some unknown disturbances affecting the observa
tions. Besides this there are t\YO large and sy.stematie declines in tlH· 
resulting latitudes which in magnitude greatly surpass the minor ir
regularities of the ordinary zigzag lines of variability. It caunot lw 
supposed that these features are due to real cha11ges in latitude; about 
this, however, corroborative evidence can be had as soon as the r<· 
sults for changes in the latitude of San Francisco shall have becom ... 
known. 

The probable error of observation for latitude for the period cover
ing the best part of the series-i. e., from July to November-is as fol
lows: 

For group 
~-Or group 
For group 

III, 
rv, 
v 

' 

II 

± 0·17 
:±: 0·17 
± 0·17 

embracing together 544 observations, and for the period, tin.favorable 
:for observation-i. c., fron1 November (in part) to February, inclusive
the probable error of a siugle observation for latitude becomes 

JI 

For group VI, ± 0·21 
For group VII, ± 0·22 
For group VIII, ± 0·26 
For group IX, ± 0·20 

embracing together 407 observations.• 
Th_e average value for the whole series is ± 0"·20 nearly. Compara

tively this 1nay be regarded as rather a large value; it may be attrib
uted mainly to the circumstance of the use of three in the place of 011e 

n1icrorneter thread, since there was evidence to show t,hat the dis
tances between the threads did not remain invariable. There is also 
liability to error in recording the particular thread used. The hature 
of suspected systematic errors, notably those affecting the results of 
l)ecember and January, bas so far eluded scrutiny, but is probably 
related to a feature of obscure origin which may produce a systematic 
difference in the results of all pairs observed on two consecutive 
nights, as on September 23-24, when each of 14 pairs gave a lat.Hu<lc 
in defect on the second night, with an average difference of 0 11·51. 

The unexpected rise of the latitude in April and the subseqneut 
sharp decline was accentuated by the introduction of the adjusted 

'".From the 1789 observations on 146 nights it has been found t-hat the mean error 
of a single a,~t"'rmination for la.ti tnde is ± 0" ·25. Since the results in column fr de
pe-nll upon eight to sixt,y-six sing·le results, their mean errors are within ::f:: 0 11 ·03 
and± 0"·09.-Edwin. Sntith.-(Add.ctl Nov. 91 1892.] 
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Combination of 1·l:sults for the rariation of latitudl' at Rockrille_, J1Id. 

differences between the groups, and hence ma.y be referred, at ]east in 
part, to a weak connection of several of the groups. 

A .. further concentration of latitude value:'> by 1nontl1 R leadH to the 
following normals: 

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

Date. 
j 

r:p 1l Date. <p 1l 

I 
! -~-----

1891. <'/ 
i 1892 .. // 

June 21 10·81 90 i Tan. 20 10·21 91 
July 17 ro·53 12(> 'Feb. 14 10·34 39 
Aug. 12 IOA7 77 l\1ar. 20 10·39 95 
Sept. 17 10·39 288 April 18 10·73 108 
Oct. I"' I 10·30 171 May 15 10·71 1 49 
Nov. 14 10·25 190 June 14 10-56 205 
Dec. 15 io·43 I I 7 July 8 10·45 43 

-~ - - - ---· - -----·· - ~~--

If we suppose the period of the latitude varia.tiou to be 430 days, 
hence the daily angular motion of tl1c pole of rotation n = 00.337, aud 
l =the longitude of this pole west of the place at an arbitrary epoch 
t., , 11erc- .January 1, l8Hl, then the variation in latitndc o<p rna.y be 
(•:-,:pressed hy o<p = <p - <p 0 = a co~ (nt - l), ·where cp0 = 1nean latitude 
= I 0 1 '·47 anti <p = latitude at the time t. 

Usiug Cauchy's 1nethod we get the exprel:'sion 

O<p = + ()"·:_!{):-;in (nf - [")O) 

wliicll places the. minimn1n at Noveinher 24, 18Dl.* 
Perhaps it ·will be best to defer further eonsideration of the obser~ed 

Yai·iability of the Hoc.kville latitude nnt.il the resqlts ot· the other two 
~tations observed during the same time shall have become known. 

C. A. S. 

"'It st·ems likely that a se<·on<l. term, prohal>l;-.- of an annual period, will .be needed 
f',.r tho cx1)ressiou of tlte variation in la.titude.-C. A. S.-[Added Nov. 9, 1892.] 
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APPENDIX NO. 2-1892. 

,_ THE VARIATION OF LATITUDE A'l' 'YAIKIKI, NEAR HOXOLULU, 

HA,VAIIAN I8LA~DS, AS DETEIUUXED 1''R0:\1 OllSERYATlONS MADE 

JN 1891 AND 1892 IN COOPERATION \VITH THE INTERNATIONAL GEO

DETIC ASSOCIATION. 

A report l);v E. D. PnRsTON, Assistant. 

Submitted for publication, May 15, 1893. 

In C'Ompliance with the instructions of the Superintendent, there 
Wt'l'e n1ade in the Hawaiian Islands, between May 8, 1891, aud Se1)
tt•111 her 14, 18H2, the following observations: 

I. Of the transit of" .Mercury on May 9, 1891. 
11. Of the variation of latitude fro1n .June 6, 1891, to June 25, 1892. 

Ill. Of the force of gravity on Oahu aud Hawaii from .Juue 9, 18Hl, to July 25, 
1892. 

lY. Of tho n1agnetic ele1nents at fourteen stations at intervals from Augni:.t 11, 
1891, to September 9: 1892. 

Y. For latitude on the island of Hawaii at tte base, on the flank, a1ul at the 
smnrnit of Manna Kea, from .Jnly 4, 1892, to .July 25, 1892. 

YI. Of 111cteorological phenoniena, iuclutling the barometric cleterntination of the 
height of Manna. Kea. (llearly 14,000 feet), from July I, 1892, to .l uly 27, 
1892. 

Ilhu .. tration No. 5 showA the location of these stations, as well as of 
Uio·~e that had been previously occupied for scientific ouRervations 
1111 d1:r the direction of Prof. W. D. Alexander, the Surveyor-general of 
tLe llawaiiau Government. 

53 
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The followiug table gives a sumnu:ny of the SC~lSOll~S work: 

Sunimary of obscri•ations in tlte IIa wai i a Ii Islands in 1891-'92. 

I f .:-.:ights. No. of/ 

Station. Island. D'Lte of occupation. C!a!'ls of obser- !' r -days, deter- I Remarks. I 
,·at ions. ,- 01 ob- ' rnina-

i I SeTYa- . 

I l tions~ ' tions. l 
I 

. -----'--~ I 
I I 

' 1891. 1892. ! 
'\Va1kiki. Uahu. June 6-lnne 25 Latitude. 220 2434 

lune 9-)une I I (;ravity. 1 99 827 
June 9-Junc I I Tirne. 202 202 

189r. 
Kahuku. Aug. 11-Aug. 13 rvr agnetic. 3 3 

]\i ov. 25-Nov. 27 do. 3 3 

1892. 
Tfonolulu. June 23-June 25 Gravity. 3 57 

.June 15-June 27 Time . IO IO 

lune 2-lune 4 Magnetic. 3 3 
Kawaihae. Hawaii. }uly 4-July 6 Latitude. 3 23 

July 3-July 6 Gravity. 4 91 
July 3-July 6 Time. 4 4 
July I-July 3 l\Iagnetic. 3 3 
June 30-July 7 Mete(>rology. 8 

'Vaimea. July 8 J\Iagnetic. ! I \Vest hase. 
July g-July II do. 2 2 Old station. 
July 7-July I I ~fcteorology. 5 

Kalaieha. July 14-July 15 I ,atitut.le. 2 3 
July 14-July 16 i Gravity. 3 67 
July 14-July 18 Time. 6 6 
July 14-July 16 ~1agnetic. 3 3 
July lJ-July 18 1\1eteorology. 6 

"\-Vaiau. July 21-July 25 Latitude. 4 55 
July 22-July 25 Gravity. 4 81 
July 21-July 25 Time. 4 4 
July 21-July 24 J\1 agnetic. 3 3 
July 21-July 26 l\1eteorology. 6 

Hilo. July 30-Aug. 3 Magnetic. 5 3 
Napoo1>00. . Aug. 18--Aug . 21 do. 4 3 
Lahaiua. Maui. Aug. 23-Aug. 25 do. 3 3 
Waimca. ' Kauai. Sept. 2-Sept. 3 do. 2 2 J,atitude sta-

tion, 181' 7. 
and tran~it 

of Ve nu.'. 
1874. 

Sept. 5-Sept. 6 do. 2 ;t. 

I 
Thorny Cruft. 

Nonopapa. Niihau. Sept. 9 do. I I 

In the colu1nn "Number of determinations" the figures indicate: For latitude, the nun1ber of pairs of 
stars observed. For gra,-ity, the number of inteJ"vals, each one giving a value for the period of oscilla 
tion of the pendulum. For time, the number of sets of stars, each one giving a correction to the chn'" 
nometer. For terrestrial magnetism, the nun1ber of determinations of all three elements, declinatiori, 
dip, an_d horizontal intensity, and the time and azimuth. 

The meteorological observations were made many times during the day. The ba.rometer was read at 
the times of maximum and minimum-at 9 a. m. and 3 p. m. On the summit of Mauna Kea it was rcaJ 
more frequently. 

The National Academy of Sciences, the United States Coast and 
Geodetic Survey, and the Hawaiian Government have each coutribntcd 
to the accomplishment of this work. The first named supplied the 
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funds for the prosecution of the intcrnatimrnl latitrnle ol>servations, our 
own service fnruishell the in~truuients a11<1 ob:•wryer, ancl the Hawaiian 
Governrneut survey defrayed n:wst of the expe11se~ for the gravity and 
magHetic dctermi11atious. I left Washington ou .A.pril 18, 18Dl, aud 
n~tnrued on October 16, 1892. 

The results of the observations of the transit of· 1\f erenry ltave a1r0ady 
appeared as Appelldix Xo. 12 of the Report of the St11wri11teudeut tor 
hml, Part II. 

It is proposed h1 the present paper to deal with the it1ternational 
latitude ol>servations oHly, reservi11g the la:-;t four heads for a subse
quent report. This >York 'vas undertaken at the request of the I11ter-
11atioual Geo<lctic Associatiou. The followiug extract from a letter 
written by Prof. Helmert to the Superi11teu<le11t of the Coa:-;t and 
( ~t~odetic Survey, uudei· date of October 18, 1890, refers t,o our C"oi)pera
tio11, giyes reasous for sending t'\vo observers, au<l sped1ies the eo11di
tious uecessary for successful "~ork: 

Da die Geldn1ittel der perruanenten Co1n111ission etV1·as bescltriiukt 
siud, so ist beschlosseu die Expedition nur auf 1 Jahr auszudel111t>ll, \\"OYon 2 
~Ion:1te au:f die Reise und 10 au:f Beobaclltnngeu kouuneu. Auch kaun 1 Bco
baehter (Dr. 1\larense bisher in Berlin Beobachtor) und nur 1 I11strnnient 
ani-;gesaudt Vl'erden. Die hiesigen Erfahrungen hal1e11 aber gezeigt, dass sehr 
leieht in eiuer lleihe durch Krankheit des Beobachters, Versa.gen des Iustru
me11ts, ete., lJnterbrechungeu entstehen. 

Deshalb ist es dringend erwiinscht, dass Ende Febru<1r 18Hl von der Coast 
and Geodetic Suryey glcichzeitig eiu Beobachter un<l ein Instrnrncut naeh 
Honolulu gesaudt \'n~rden, so da8s do1)pe1t.e R.eibeu ge\vonnen wer<leu wie 
sei1H~rseit ltier in Berlin und l'ot<'dau1. · Natiirlichweise 1.uuss das Instrument> 
anch die Geua.nigkeit eiuer Breite11hestin.1n1ung ams t>inezn SteTHJlaare an 
einem Abend von 0''·1 Lis O"·!:l gewilhren. Das wird sich ja. woli1 erreiehen 
1assen. 

'l'he observations were treated according to the method adopted by 
l'rof. Albrecht in his reduction of :Dr. l\iarcusc's work as embodied in 
t1 1<' '" Resultate der Beobachtungsreihen in IIonolulu, betreffeud die 
V •-Tii11derlichkeit rler Polhi)he, Berlin, 18UO," with this difference, that 
tltl~ adjustment iu the present case involved five conditional equatiou8. 
'J'liis was made nece8sary from the fa.ct tllat group II was ag·ain 
ohs<'rved in 1892, aud also that during the year's observations three 
sei1a1·ate combinations of three groups '\Vere made. 

DESCRIPTION OF STATION. 

The station of observation was located at V\.-.,..aikiki, 2 n1i1cs SE. 
of Honolulu, on the property of Mr. J. F. Brown, who generously 
~:a \'e the use of the ground for the whole tin1e of occupation. The 
~msition of the observatory is shown in illustration No. 10, which also 
Ht<·.lndes the three triangulation pointR to which the "\-Vaikiki triangu
lation statiou was referred. The 'li:-:;tance from the sea~hore to the 
zenith telescope pier is 400 feet. The gt•odetic difterenec as given by 
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l\fr. Lyons between the positions of the Government Survey observatory 
in llonululu and the U. S. Coast and Geodetic 8urvey observatory at 
\V a.ikiki is as follows: 

d<p = 9658 feet= l' 35"·5 
d;t = 9785 ,, . 1' 43"·6 = 6"·9 

The astronomfoal latitude of the former (Coast a.nd Geodetic Survey 
Report, 1888, .. A.ppeudix 14, p. 49;'")) is 210 18' 2"·48. This detern1i11a· 
tion was made about .. A.pril 1. T'he latitude of "Taikiki at this seaso11 
of the year is not far fro1n 210 16' ~4"·70, so that we liave a difference 
of astronomical la.titndes of 1 1 37 11 ·8, which would il1dicate a defleetio11 
of the plumb line bet\.Yee11 Honolulu and "\\.,..aikiki of 2''·3 in latiturk. 
The astronomical au1plitude beiug gr(~ater than the geodetic one, would 
indicate that the plumb line at the northern station (Honolulu) wa~ 
deflected farther south than the one at V\-.,..aikiki. This result is not in 
accordance 'vith 'vhat we 111ight e,xpect, since the gTea.t 1nass of the 
island lies to the northward, and the greater proxin1ity of \Yaikiki to 
the seashore would tend to draw its vertical to the southward. Tlw 
astronomical difference Of longitude between the Saine two stations Wtl:-' 

determined hy l\fr. C. J. I_jyons, assistant in charge of the Governuicnt 
Survey Office, and inyself. The method employed was by exchangi11g 
~ignals over the telephoue wire. The chronometers were rated at the 
two observatories, and the signals were sent in both directions by 
tapping 011 tlae transmitter box. A number of taps were n1ade at 
different parts of the second-hand dial to elim.inate any effect of ececll· 
tricity. The \Vaikiki chronometer had a rate of about 20" daily, wukh 
enabled us to get a coincidence of beats nearly every day of tlie 
exchanges, so that there were no fractional parts of a second to lie 
estimated. No high degree of precision was expected in the results, yet 
they agreed within one-fifth of a Recond for the six days. Stars Wfl'e 

employed at Waikiki in getting the diurnal correction, whereas at 
Honolulu the sun "\Vas used. Ou one day the exchanges were made to 
depend entirely on t1ie i;;un at both places as a test. This day's work 
agreed well with tl1e others. The azimuth of the Honolulu instrunv~ut 
·was not very ~wcnra.tely known; but as the sun only was observed at 
this place, and as moreover its declination at the tiine was abont 
:no 30', and the latitude of the station was 210 18', it is evident that 
the azim.uth was without any effect on the time observations. The 
mean result from several days' work was 7 8 ·4, which gives a differellee 
between the astronomical and geodetic amplitude of 0 8 ·5, the astro
nomical being the greater. The connection of the two stations would 
seem to indicate a deflection of the plumb line at Honolulu towa.cJ·ds 
the ESE., or in the opposite direction at Waikiki. 

The connection of the Waikiki triangulation point with the Govern· 
ment Survev stc.<ttions is shown in illustration No. 10. This connection 
was inade i;~dependently by J\Ir. J. S. Emerson and myself. The two 
1ncasures checked each other and the agreement was satisfactory. 
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\Yith a H-iueh theodolite, kiudly loa11ed hy Prof. AJ(•xm1der, I meas
ured a.t "'~aikiki the three a11gles <lefiued by PnJl('.h Bowl. Tautalus, 
an<l T>ia1nond 11 ead, tuns clo;;:.ing the horizon and deter1ni11i11g the po
sition of \.Vaikiki by the three-point prohl(•rn. 

Tlw result of my own measures gave t11P fo1lowi11g geouetic po;-:;itiou 
for the zeuith-tclesco1Je i>ier in the oh~:"el'Y<ttory: 

0 I/ 

So = 21 1() :!fr7 
;_ = 157 50 1·2 

A~ t11e ohi-:ervatorieR and the piers above grn1111d were ren10-vcd after 
the eomplt~tion of the year's "\VOrk, it "\Vas neccs::.;ary to couueet tltefr 
positio11s with the perinauen t mark at tl1e. \Yaik iki tdgouometrie Hta
t ion. This was <loue, anti the n1easurcmcnts are given in illu:-:;tratiou 
);o. 11. 

The ovservatory '\Va.s huilt by IIarrison Bros .• of tI011olnln, a11d was 
P:-;sentially similar in conl:"truetion to that bnilt. by Dr. J'\f arcu8e f4w the 
I11ter11atio11al ..:.\..ssociation, the Coast and G-eodetic Survey buildi11g 
!wi11g- Bo1uewha t diff(•rent in sli<tpe to a,cconnnodatc a greater l1n m ber 
of instrnn1e11ts. llln.stratiou No. G gives an exterior view aud s.how8 
tlH· method of veutilation, tlle large observing slits, aud the naea11s of 
opt•11ing these hy a system of pulleys. ..:\..u interior view appears in 
i llnstration ::-So. 7, an(l sho"Ts the disposition of the instruments and 
iudicates the particular class of work to wllich ead1 one was devoted. 

A plai1 (illustration No. 1~) is alldecl, drawn to scale, giving exact 
tli me11 ~ious. 

1N:-'iTHU:\IENTS. 

The entire in~trnmental out.tit taken on tlte expedition wnsi as f.)Jlows: 
Zt'Ilith teleseope No. ~; n1erhlian te1es<·ope No. ~; reconnoitering tele
~f·op(~ No. ;m: pendnl um av1mra tus B; chrOUOhYl'aph, Fauth, No. ti; 
<'11r1mograph, BrPgnet, No. 5; mag·netometer No. 11; dip circle No. :!l; 
HH·rcnrial tnouutain baro111pter Ko. :~;3S8; aueroid inountain baro1neter 
:.'\ 0 · 211 : Bandin thermometers 92.->2, l l31n. 11319; sidereal break-eir
•·nit ehronometer Negus, 1~:!,); n1ean tiine break-circuit chrououictcr, 
Bond, 177; sidt•real \vatch 13~~;)0~0; plwtographic outfit. 
, The following miscelJaneous objects were- also taken: Two tents, 8 by 

;...; : wan tent and fly, 10 by 12; tarpaulins; 8 dry-cell batteriei->; 8 Ful
li'.r <·ompound batteries; chronometer cases; electric lamps; switches; 
01 ~ 8t 0 vc; 1uetre scale; vlaue-ta.ble compa.Rs; steel tape, and insulated 
wire. 

THE ZENI'I'H TELESCOPE. 

1 
Tl~is in~trument was used iu all the latitude observations at Waikiki . 

. t 1•as a fot~a.l length of" 112·1 cm., with a clear aperture of 8·2 cm. It 
1 ~ i'l~iown in illustration No. 8. A power of 100 was used in tl1e obser
' at ions. 



 

U. S. COAST AND GEODETIC SUB,VEY. 

Although very easy of Inanipulatiou it has serious defects, a few of 
which will be brietl:v indicated. The instrument was 1utwh too liglJt. 
A inotlerate ·wiiul affected the levels, and frequently it was necessary 
to reject ohset·vations on aecount of the uncertaiuty of the level read
ing. Ou one or t'vo occasions of stroug 'viud it wa<.; neces;..;ary to give 
up work altogether. 

The fact that the time was very limited before leaving vVa:-;hiugtou 
will suflicieutly explain the hastt~- necessary in the preparation. The 
zenith telescope ·was an adaptation of an old forn1 of iustruruent. The 
tube is placed centl'ally, and the rmnodeling involved the eonstructiori 
of a new prqjeeting platform at the top of the vertical axi~. rrh(~ hori
zontal axis was inade longer th~tn in the old for1n. The supporting tripod 
at the base was coufes:-iedly much too light, and the double foot-screw~, 
although they gave a fine means of at~justment, posse.ssed very little 
stability. This defect, co1nbined with the somewhat difficult motion of 
the rnicronteter serew, procluce1i considerable di:-,;crepa11cy betweeu the 
level readings before and after the bisections. This effect was nea1·ly 
always in the same direction. It varied from 1/.10 of a divi~ion to 8 10 
of a division, and indicated that the whole instrument waR pushed brnl
ily by the manipulation of the micrometer and revolved abont a line 
pa:".sing throngh the lower part of its base. It is evident that the 
clam.ps holding- the perforated arm and the fitting of the pivots in the 
horizontal axis resisted the pre::-;sure at the ocula.r much better than the 
total weight of the instrument. 

No provision was inade'for reading the micrometer while sitting, l1e
cause it had been reconunended to make only one bisection. \-Vhen 
for various reasons it was deemeLl advisable to point three tiilnes ou 
the star, a m.i1Tor wa.8 attached at an angle of 450 to the line of sight, 
which enabled the obs«i:~rver to n1ake the readings of the micrometer oy 
reflection without changing- position. 

By reference to illui:;trations Nos. 7 and 12~ it will be seen tlrnt the 
ineridian telrn~cope was mounted north of the zenith telescope. Thi1' 
made it possible to use the former as a collimator for the latter, awl as 
the meridian telescope 'vas kept accurately in the meridian from daily 
star observations for use iu the gravity work, a fine meridian n1ark was 
always available inside the observatory. In addition to this a mark 
was placed on .Makiki Ridge 13,000 feet away exactly :north of the 1 wo 
piers. This was done by l\Ir. F. S. Dodge, and its position is sl10vm in 
illustration No. 9. The deviation in azimuth of the meridian telescope 
was seldom more thau a few tenths of a second of time. The zenith 
telescope was examined frequently~ and was never found out of adjust· 
n1eut beyond the limits prescribed for this kind of work. 

The stops on the horizonta,l circle used in defining the plane of the 
meridian were only moved when it was necessary to observe circumpt1l:1_r 
stars for n1icrometer value, and only on one or two occasions were Iat_i
tude and micrometer both observed on the_ same uig-ht. \Vll.en th15 



 

CS Coast; arul Ge,-0J.aic Su.rvey R,epor(; f'or JB.92 Part D. No.6 

c 
(fl 

0 
0 
> 
V'> 
-; 

> ... 
z 
0 -~-- ---

~ 

< 0 
rn 

> 0 

;:i:::: 
0 
ri 

::s::: -; 

r> 

:I: (/') 

c: 
::0 
< 
tT1 

-< 
0 
cc 
(J) 

ri 
:::0 
< 
> 
-I 
0 = -< 



 

I 
I 
t 
l 

1::::;_. 

ZENITH TELESCOPE No. 2. 



 

·-----··-··----· 

~ -;;t: -:; r; 
~- pi 0 ~· :::: 

~. ;_, 

~ z 
>=- c -. -, 

-". 
"' ~ '-' 

§ '": ~ 

" :::: z -- ~ '---< ::. ..-: .,, -... 
s.. r 

x 



 

No I 

0 ~ 
,.. 

I 
:" ~-

I 
... c 

z 

"'" 
0 

-<> C> _., -. .... 
""' > > 

;;I' -c ... ,. 

I: 
n c 

0 

"" ..., 
:=;: 

C• I 
.r ~ i > >- _,~· 

r 
-< ~ 

c: --
::J c ,..., 

I .,--
1"ll 
;. 

0 
~ 

< ..... "" "? ' ' ..... ~ J: ,_., ,., rn -- .z "" ~ . .,, .... cc: c: ;;. .r- :i:: 
~ ;z 

0 3: 

~ ;D C> 
,..., 

"' .,... 
~ 

0 
,.., 

< "' ~ > n 

0- -< ,.., 0 .,... c ...., 
.,,. c: ,..., 

t.n "" n ::c; 0 ,., "" ;c: -, > > 
< 3C 

< ... 2 ...... ... > 
•pl -< ,,. __., 

0 
~ 2 

0 -, :;z 

"' ~ -< 
"" c 
~ 

;Z 

~ 

z 



 

CS Coa.st and Geodetic Survey Report- f"or 1892 Part, II. 

Baromel_e,r 

Air- space 

Pl an 

N. 

Fo;oet. 

Meridian Telncope 
he1~t .a.bove i"! a.or- 3' Si .. 

Zen1tn Tel.,scope 

Air Pump 

Chronograph 

of 

Therrnom@!:t-er$ 
..:: llil'et 

00 
Two ce:H gravity ba.tt.cr-y 

i'of" chronograph 

s 
Observatory 

No 12 



 

REPORT FOR 1892-P ART II. 59. 

On the variation of latitude at lVaikiki, Hawai-ian Islands. 

was done, the stops "\Vel'e replaced by 1neans of the gratlu atiou of the 
horizontal circle. Indeed the south stop was always so set. Tbe slight 
deviation of the. instrument from the pl:Hl£ of the meridian has very 
little effect on the resulting Yalue for the latitnde if the north and 
south azilnuth are the same, the greatest correctiou at \Yaikiki for a 
zemtb distance of 30° being less than 0''.01 for an azimuth of lff". 
\.-Vhen the two azimutlrn are different the correct ion is greatt•r; lJut 
even in this case if the aziinuths do not exceed 10" tl1e correction is 
hardly worth taking into account. The horizontal cirele of the tele
st·ope reads to 3!l", and the n1ost violent assu1nption could ne\-pr place 
tl1e in~trumeut out of the 1ueritlia11 more tba11 one rninnte of arc. ~~d

mitti11g the north azimuth to be practically zero, the correction to tl1e 
latitude for south stars ·woul<l still be le::;K than frne-l1und'redth of a 
;-;pcoud. 

The following table gives the corn•etion to the latitude fin va1·ion~ 
zt>1iith distances at "Vaikiki. The first <'.Olum1t is on the suppo:-;itiou 
tltat both the N & S azimuths are 10 '; in the secoud the X one is coll
siuered zero and the S one 108 • 

Zenith Corrections to latitude. distance. 

0 ,, ,, 
0 o·ooo 0·001 

5 ·ooo ·003 
JO ·ooo ·005 
15 ·002 ·008 
20 ·003 ·01 I 

25 

I 
·005 ·016 

30 ·007 ·020 

The corrections to the ob8erved lat.itudes on ae<~ount of errors of 
ll'vel and collilnation were seusihly constaut t11ruughout the yt_~ar arnl 
1 •ractically insignificant. 

Tlie effect of au inclination in the horizontal axis is to make the tele
:wope describe a great circle whm;;e inclina6on to the plaue of the merid
ian 1s given hy the level readi11gs on the horizontal axis. Tl1e :::.tar 
will be observ~d when it has an hour angle equal to the iuclinatiou of 
the axis in seconds of time multiplied by the level factor B, dcptmding 
on the star's declina.tion and zenith distance. The effeet of a11 Prror in 
collimation is to make the line of light describe a small circle who~e. 
': istance from the plane of the meridian is measured by the augle hc
tweeu the line of sight and the axis of collimation. The hour angle of 
an observed star is the distance on the equator in seconds of time 
IHn1tiplied by the secant of the declination. Now the effect on a men~
ureu zeuith distance will be given in either of these cases by the formula 

2 sin2 ~ 
sin f'' i sin 2 a 
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Illustration No. 1a shows t11e Yalues of the azimuth, level, and colli
mation factors f(.r Waikiki f(,r e\·ery 100 of decliuation. The greatest 
value for the level factor for the latitude stars is 1 ·35, while that ot the 
collimation factor is l ·56. _, In order to }H'Odnce a correction to the lati
tude exceeding or1 .0l for the highest stars, it would ue net'essary to 
suppose a value for the iuclinatiou of the horizontal axil-~ of about 1 
n1iuu ie of arc and of seYeral seconds for the error of collimation, neither, 
of ·which suppositionR i8 admissible. The factors for relative weigltts, 
azimuth, level, and coilimation in the ti1ne reductions were taken from 
the plotted sheet, and cousideraLly facilitated the reductions. 

REDr CTI ON TO 'l'HE MERIDIAN. 

In the :field reduetion of the latitudes the correction for meridian dj~
tance was 1nadt' on the Ruppositiou that the ~tar's path f'ron1 A to :U 
and from B to C in Fig. 1 was a straight liue . 

..B 
c 

F10 .. 1 .. 

The equatorial interval of the vertical threads is 9"·5. The bisections 
were made at A, B, and C, or rather the first bh;;ection was never ver
fected until the star had passed A and the third was finished before 
it arrived at C, but it is obviously impracticable to designate within 
several seconds for each particular star just wben. the pointing wn~ 
concluded. The error introduced by the above supposition is -..er~

much inside that of observation and vastly inferior to the probalik 
error of the declination, and was therefore not considered im1Jortant 
in the field reduction. In the final computation, bow~~er, a. rigorons 

2 . 2 t 
SIU ·.;> 

correction was applied. and the quantity ____ . - _-'-' 1 sin 2 l; being rep· 
' ~ sin 1 11 2 

resented by m, a correction of!~~~. was applied to the mean of the three 

. 2'.m ··1 micrometer readings, -3 being the reduction for a measured zenH 1 

distance, and one-half of this being the correction to the latitude. 
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On the varia,t-ion of w,titude at ll~a.ikiki, Hawaiian Islands. 
THE :MICR03IETER. 

The value of one revolution of the micrometer screw "vas determined 
I:! times with the following results: 

Date. Star. Intervals. I Elongation· 1 Value. Prohable 
error. 

I 

1891. // /I' 

Aug. 21 Polaris. Half turns. East. 46·402 -+- ·013 

30 do. do. do. ·400 ·012 
~ept. 17 do. do. do. ·348 ·018 
Nov. 8 o Urs<-e Min. VV"hole turns. \Vest. ·322 ·015 

8 51 Cephei. do. East. ·413 ·014 
22 rl Ursre Min. do. \Vest ·342 ·015 
22 51 Cephei. do. East. ·433 ·024 

1892. 
May 21 o Ursre Min. do. East. ·452 ·017 

21 51 Cephei. do. \Vest. ·439 ·012 
June 5 cJ Ursx Min. do. East. ·401 ·026 

IO do. do. do. ·39 1 . 025 
12 do. do. do. ·427 ·028 

Mean value 46°·397 :±/1'·008 

\\~ith regard to these determinations it should be remarked that the 
~it.nation of vVaikiki is very unfav01·ab1e for such an investigation. 
The altitude of the stars used was only 21°. This genernlly would give 
m1 unsteady atmosphere, but in addition we had high mountains imme
diatel.'r north of the station, around which the clouds continnaB,v l1ung_ 
Tile prohable error of the determination is therefore large. But when 
Wf' r·onsider that the zenith distances of the latitude stars are almost 
pi>rt'Pctly balanced for each group, thus eliminating in the :tinal result 
aiiy error in the value of the micrometer screw, this slight uncertainty 
!•P<·omes of no importance. 

The screw was examined for irregularities in the whole turns in the 
follov;·ing manner: The I'educed times from 33 turns to 3 turns were 
1:;1hulate<l and fron1 them the mean tiine for one turn was determined. 
Ti1i~ value being applied to the mean of all the tabulated times, we 
l1an' the theoretical values correspon<ling to the dift"erent turns, and 
rlip rlifference between these theoretical values and those actually ob
Ldned by observation gives the irregularities of the screw at the dif
fnen t turns. 

X 0 very decided irregularity was discovered except at the seventh 
a ll<l ei'gbth and thirty-second tnrns, and even here the correction to the 
i···"'nltiug Ja.titudes was too small to be of real importance. :Moreover, 
the 11u,mber of observations which during the course of the work act
nall,v foll on these particular divisions was ..almost in8ignificant. No 
c·onection was aflopted for the periodic inequality, as the "observations 
:n.'re scanty and failed to bring out any pronounced fact in regard to 
it. The range of temperature for the entire year was not 1nore than 
11'' 0 . " ., so that the changes of temperature can hardly be said to have 
mfluenced the micrometer values. . 
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INCLINATION OF THE MICR0~1ETER THREAD. 

For a short time after the beginning of the work the micrometer 
tluead was slightly inclined to the tangent to the star's path at culmi
Itation. An a<ljn::-.t1nent wais n1ade on .June 20, and its position was 
not subse<JnentJy lli~tnrbed. Before this date, all zenith distances 
whieh have 11ot correspoll<ling observations before and after the me
ridian require a very appreciable correction from the above-mentioned 
cause. After .June 20 the a<ljustrnent was such that no incliuatioH 
could be detected by a cursory iuspection of the observations. Ncver
theles~, by combining n1any of the bisections it '\va.s fou11d that the 
mean inclination gave a value which would still be appreci:.ltble when 
the observation was so1ne dista1H~e from the .meridian. 

Two values for the inclination "\Yere therefore deduced-one app1ica
b1e before an<l tl1e other after ,June 20. It is assn1ned that the inclina
tion did not change between tl1is date a1Hl the close of the work more 
tlian a year later. This was tested by a careful scrutiny of the rec
or<l at several epoehs during t11e interval, t·he greatest difference be
tweeu the mean value adopted for the inclination and t11at dednel'.'tl 
from i11dividua1 groups oH]y causing a difference of one 01· two liu11-
dredths of a second in the correction to the latitude. 

VALUES OF THE LI~VELS. 

Zenith telescope No. 2 was provided with two levels made b;v 
Reichel. Dr. 1\Iarcuse kindly brought these to \\~ashing-ton on his way 
to Honolulu. They are distinguished as A and B. The values of om' 
di vision were determined by the maker, by Dr. J\iarcuse at Berlin and 
by J\ir. Fischer in Washington. 

The followiug were the results: 

Values of levels. 

Observer. A. B. 

Reichel 1//-190 1//·276 
.l\1arcuse 1//·132 1'-'·076 
Fischer 111'·21 I 1 1 1'·318 

Mean 1>'1'·178 11'/·223 

In December, 1891, a very exhaustive determination was macle l,y 
myse]f at Waikiki, using the micrometer attacl1ed to th~ zenith t.ele
scope. All parts of the screw were used from 5 turns to 31 tnrns, an<l 
in all about 70 individual values were obtained. When the mean wa8 

taken the result wal"l, for A, 1"·194; for B, 1"·230. This was so near 
the mean of all the otbers that it was adopted in the latitude compu
tation. 
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On the variation of la,titude at 1raikiki, Hau:aiian Islanils. 

Tlie level vial as mounted on the telescope is incased in a hollow 
g-l:1ss tube, to protect it against sudden chauge:-; of temperntnre. This 
glass tube is itself covered, except directJy ahove the level scal0, by a 
l1la11ket of thick baize. Attentiou has sometimes been called to an 
error of reading from parallax on account of this outer glass tu be. _A._n 
insp('ction of the formula for the level correction shows the effect of 
error8 from imperfect readings is iudeed very sn1all. 

If N and Sare the readings of the north and sonth end of the level 
before reversal, and n and 8 tlie readings after n·versaJ, the correction 
to the latitude, disregarding for the momeHt, the sigu, is 

~ + ~ ) -=-~!.1'._±_~2-. . rr 
2 

tlie first faf'tor being the mean motion of the bnbhle. Now :if we ~mp

po, ... t'. one of t.l1ese reading8 Hable to an error of one-qnartt•r of a divis
io11-i. t~., supposing the reading was only made to the nearest half di
Yic-;im1 and 1 dIYision=1''·21-the error in the latitude <'Orreetion is 
0"·07. arnl wl1e11 con1hined with the reRult from another le,·el the error 
'' ould only be 0"·03. Each latitude correction depends on S rendiug-s 
1yad1 end of hotl1 levels before and after reversal) so that in the n1ean 
ren1li11g there would necessarily be so1ne coinpensatiou of errors, a1ul 
tlw pffoct on the final latHude would certainly not be more thau 0"·01, 
ew•n if the readings were only made to the nearest half divisiou. 
'.\Toreo\Ter, the above formula shows that if tbe north end was read too 
larp:e hotl1 before and after i·eversal the latitude correction is un
changed, and similarly for the son th end. This exp1ains to a certain 
~·xtent the fact that the deduced latitudes are about as concorclant 
where only one reading was n1ade for each star as where the le,·el was 
read both before and after making tlrn bisections with the micrometer. 
1 t i:-: evident tl1at if the influence on the level, consequent upon making 
1l1P hiRections, is in the same direction and of the same amonnt for 
ho1 h RtllrR the resulting value of the latitude is uncl1anged. 

Th<> large range in the individual valueR is due principally to the in
ar·r'uraeies of the level indications. In several cases the original notes 
re111ark that, the level was moving at the time of reading. These values, 
i 14 •\u ... •ver, were retained because the <liscordant value of the latitude 
r.ri:-;e~ in t11is case from~ condition inherent to the instrument, and· 
th·n~ is no valid reason for rejecting them. 

i"PECI:\iEN OF PROGRAMME OF WORK AND RECORD OF OBSERVA

TIONS. 

Tbe determinations of latitn<lt>, time, and gravity during tbe same 
('\E_'ning maue it necessary to utilize the intervals between the star 
pair8. and sometimes between im1ivhlna1 stars of the ~ame pair, by oh-
1'-r:rving for tirne with the meridian tt•lescope and noting the pendulum 
cuinei<Icnces with the gravity ai)paratus. 
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The following schedule gives a specimen of the programme from 181~ 
40m 10s, the time of observation of the tirtit star of pair 1 of Group lIL 
to 18h 55m 21 ", tl1e tiu1e of the first star of pa.ir 2 of" the S;ltnt_• group: 

h. 
18 

I8 

Time. 

m. 
40 
40 
42 
44 
44 
45 
46 
48 
48 
49 
50 
50 
51 
51 
52 
54 
55 

s. 
IO 

40 
00 
00 
50 
50 
IO 
OJ 

45 
15 
00 
30 
00 

45 
00 

00 

00 

Oc:cupation. 

Observe star No. 2633 (Pulkmva). 
Recotd bisections, read levels ancl rccorJ. 
React inside and out,.;ide thennon1eten, and wet and dry bulb. 
Observe star No. 264 7. 
Start chron·-·gnlph and switch in chronometer. 
Obsen·e ,3 Lvra:: for tin1e. 
Set zenith ttlescope for next pair of latitude stars. 
Compare chronon1eters and 1nark sheet. 
Point telescope for o lJraconis. 
Observe o Draconis. 
Set tele.scope for ,:} Serpentis (pr.). 
Observe & :--ierpcntis. 
Stop chronog1-aph, switch out chronograph ancl start fb.sh ap:-,:ir::i.tus. 
Sta1·t pen<lulu·n. 
Rea<l n1ano1netcr and thermometer on du1nmy and record them. 

! Observe first coincidence and n1ake reconl. 
1 Observe star No. 2681 for latitude. 

Specimen of latitude recor<l, 18h 4om 108 to 19!1 3m 7•. 

Group 1II.-July 4. 

I Micrometer. I . Level A. I Level B. 

Pair. I Turns. [ Didsf-o-ns-.---- i--N. - J S. j. N. J --S-.--

---Z--· ·--2-5--1--8-2_·_5 ___ 8_1_·0 8 r ·o t--1-1 ~~- i-3_4_·_o_T_6_2_·_s_l_8_2-·6--

13 98·0 2·0 o·o 31·0 I 9·0 79·9 60·0 

2 29 o·o o·o 99·0 9·0 31·0 60·3 80·0 
II 62·8 62·7 62·5 JI"O 9·0 80·0 60·1 

From .Tune 6, 1891, to November 15, 1891, the level was only rC'nd 
after the bisections of the star. Frmn November 15, 1891, to .. Tune :!5. 
1892, readings were made before, as well. This course was necessary 
because no electric lights were provided until November 15, and the 
great sensitiveness of the levels made it inadvisable to hold the higl1ly 
heated bull's-eye lantern nea.r enough to read them before the bisec
tion was made. 

COMP ARI SON OF 'l.'HE LEVELS. 

On the whole, Jevel A appeared t-0 be more sensitive than B. Tl1ey 
cannot be compared, however, in regard to delicacy by reference to t~ie 
individual la.titnde results except in so far as the magnitude. of the dis
crepancies is concerned. If one level is more sensitive than the other, 
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On the rariotion (!( lrttftu,de at 1Yaikiki~ Jiawaiian Islnods. 

'Yl1ethe1· tl1e resnlting; latitnde i~ gTP:tte1· or k"-s, tlepeHtls 011 rhc tlin·<·
t io11 of the vertical axis of the iw.;tnunent. If .• A. has 111on:d fa 1·t lw1· 
tlia11 ll after reversal anll the axis ol' tl1e i11"'tnune11t points to tlw 11ortl1 
Pf the zenith tlw latitude from .. A. will be less thau front H, when~a"' i11 
<·a:-:e the in~trn111P11t points to tLP south th(~ rever:-;e will LP tlte east·. 
80 that the only way is to tak~~ ~u·tnal h•vel rPadiugs a11<l t·ornpart~ tltern. 
The rneans for tl1e read-iugs of tl1e two ends of the bnuhk being takeu, 
<ill!l tlw ineans for tlte inotio11 before a11d after bise<·tions of the star, Wl'· 
li:1 n• tlte foliowiug· table fnnn Gronp VII. + iudieates that ~~ has 
111ovetl farther thau H. 

----~----

Date. 2 • 5 6 7 8 

----- -- --.... -·------- --------" 

1892. d d d d d d 
Feb. 24 -+o· 28 'i 0·25 ""+-0-02 '--0'_';0 o·-..--, ()'00 

27 -;- ·o-_.., + ·52 -l- ·80 •()''; ··- ·45 :!/ 
28 .. j. ·30 -·-r ~ 28 + ·35 . 'O 

-~ .30 ·18 
29 __J_ ·32 ~ . ,., - ·20 ·- ·65 I ·07 --i· ·22 

I ' ~::i 
' 

-,-

March I . 15 ·IO + ·18 + ·42 ·I 2 ' ·05 
2 + ·25 + ·I 8 + ·55 + ·45 ·42 ·10 

5 + ·10 ·15 + . 'O 
-~ 

. 17 -+- ·05 --+- ·25 
9 4-- -22 + ·25 + ~2 2 ·12 - - I ..! --t · 10 

IO -t- ·05 ·o- + ~:.22 ' ·22 ~25 -·oo 
:l ,-

16 + ·10 + . I 5 + ·10 ' ·07 -j • :2 2 ·18 -,-
21 ·4S ·20 ·20 + -22 + . JO . I 5 
24 + ·25 ·10 ·28 + ·30 -+ ·02 •I 5 

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

ThC' fig-nres are tltP <lifft-re11ees l){'tWPCll the 11wtio11s of the t"ro hnb
l)l1·~~ a1ul the taulP Hhows tliat .. ..-\_ 1r-; iu ge1H'ral mo1·1· ~(·w,itiye than B. 

l 11 orde.r now to SP•' t ht• (•ffect, of the di~:H.-n•pan(:ies of thP iudh·ations 
1 •f tlte two levels on th(' ti11al Jatitude result:-;, the fhllowiug ~um111ary is 
g:i n•u. It h-i made np frou1 Oroups rIJ and VII, in voh·iuµ: obsen-at ious iu 
tit(• warmest part of the year and the coole:-;t. The qnanl iti••s ai·t· the 
Lititnde froni leveJ A n1i11u~ that fro111 level ll. The me:u1 for tue 
1'1'-"Hlts iu .A.ngnst and Scpteinher is - 011 .0G~, and fnnn J<''elJruary and 
--'lareh we get - 0 11.0:.!2, The weighted mean i~ - 0''.0J::.t. 

~. Ex. ifi-6 
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III. Pair-

j -------··----

St~ra::st. I ~ I ~ if I i; I ~ ~ I 7s I ~ 
I 'PA~. q;>11 ! q~.\. WB . <PA --··<PH I 'PA -- <PB. 'PA-'Pll ' 'PA -- 'PB : (/JA --<pH! 'PA.-Cf>B' 

----- ______ J_ ---- ' _____ i ______ i i j ___ _ 

A:i~~I. 5 _,:./1411 _//17 +~:I ~~21 -1/·/161 _:./13 _::3 -/·~6 
IO -·18 +·28 ---·15 --·39 - ·091· +·08 -·34 -·14 
14 +·o<) +·06 -·04 --·21 -··02 -·38 -·28 -·21 
15 -·1:; I -·05 -·49 --·04 +·13 -·16 -·10 +·07 
16 --·18 i +·07 + ·03 -·13 ·oo -·05 -·42 +·30 
26 -·23 

1 
+·35 -·04 -·16 -·20 I +·o• -·23 +·27 

29 ---·05 +·02 +·09 -·18 ·oo +·06 -·17 +·10 
31 -·40 --t-·10 +·12 --·21 +·06 I -·01 -·43 +·30 

2 -·33 --·09 +·04 +·05 +·21 II +·14 -·13 +·1S 
9 -·11 -+·10 -·06 --·34 -·12 +·13 -·59 -·05 

Sept. 

12 --"I<) 1 -+-·z~ ---·10 I -·11 --·16 'I -l-·10 -·02 I +·z..J. 
! - I .... i I ! 

18 . -l-·06 i -·or i -~--·09 • --··14 f -·22 ·-·19 1 -·04 -··p: 
. ; I . ' : I I I • ' -- ____ . ____ , ____ ----:----,----1----i----: 
// // // i // : // I // I // // i 

-·-·12s +·102 -·033 l -·172 I --.021 I' --·033 --·26s :. +·os1 ! 

VII. 

1Jate. 

:-itar first. 

-----
1892. 

Feb. 24 
27 
28 
29 

Mar. 1 
2 

5 
9 

IO 
16 
21 

24 

2. 
N I <PA-<pB 

// 

+·11 
·oo 

-·14 
+·17 
+·19 
+·14 
--·04 
+·12 

·oo 
+·04 
+·14 

+·14 

+·072 

I 

r 

! I : 
l\lean of results for 8 pairs = -on·o62. 

l'air--

t ~- ~- ?.; 1 ~ 
<PA -<pn: <jJA-<Pri <pA-<pn l 'PA-<Pn I <PA-C{Jn. 

____ l _____ ----1 I ! --------
// 

-·15 
-·32 
-·11 
~·13 

--·06 
+·11 
+·11 
--1--· 14 
+·04 
+·09 
+·14 -+ ·06 

! I 1. // // // // 

·oo -·24 -.+ .14 -·04 
-·03 +·20 +·11 
-·16 +·18 -·12 

-·39 
--·12 
-·20 -·33 --·04 --·13 
--·07 -·21 -·04 +·oz 
--·30 -·22 -·22 -·03 
-·10 

I 
-·05 -·01 -·13 

l --·12 +·08 +·09 -·04 
-·12 ' -·11 +·15 ·oo 

I -·03 

I 
+·01 

I 
-·09 I +·08 

+·03 -·04 -·04 -·06 
I --t-·22 -·14 I --·oz +·10 
I i ! ----·---------------- I 

-t-·010 

I 
-·100 

I 
-·t20 i +·025 -·020 I 1\fean= _l/·0221 

I I 
,, 

6 pairs give -·022 
8 pairs give -·o62 
'\V eighted mean = -·045 

The smallness of this quantity is due to the fact that there are about 
as many positive as negative corrections. If Bis always more sluggish 
than A and to tl1e same degree, and the vertical axis is inclined as oft.en 
to the north as to the s.outh and by the same amount, it is plain thnt 
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On. the variation of latitude at Waikiki, Hau:a,iian Islands. 

the means of all the latitudes from each leYC'l will be equal. We may 
reasonably suppose that the average difference bet,Yeeu A and B as 
affectilig the final latitudes is consideralJly less tl1an the weighted mean 
given above. 

ATJ\IOSPHERIC PRESSURE AND TEXPERATURE. 

The barometer and thermometers were tH;;ed several times every night 
in connection with tl1e determination8 of the force of gravity. The 
range duri11g the whole year iK so smnll that these fiwtors can lrn;ve no 
i111iuence on the latitude olmervatiou~ as far as cl1auge:"; in th~ refrac
titn1 are concerned. The in::->ide temp~~ratnre of the ob:-;ervatory was 
about a degree l1igher than the out~id<' temperature and the range for 
the whole year during the hours of obser,·ation was from lfl0 0. in Jan
uary to 260 in .A.ugust. 'J'lu• barometer ran fron1 753mrn to 76Smm. 

BATTERIES. 

The following batteries were employed in the observatory work. 
See illustration No. 12. 

I. 5 cells bichromat{' of potash battery for zenith telescopn electric lights. Three 
cells ·were used for the hand ]amps an<l one cell for the axis lamp. This bat
tery required n•ne,,•ing every two n1onths. 

II. 2 eells gravity hattery (sulphate of copper) for chronograpltic reg-istration of 
sta-r transits. The hattery required attentiou twice during tlw year. 

III. 1 cell Bnrnfoy dry battery for gravity flash ilJ"lparatns. Three of these cells 
sufiiced for the entire occupa-tion of \Yaikiki involving observations on 
nearly 200 nights. 

REI,ATlVE l'ROBAJJLE ERRORS. 

Since different opinions are hel•l among observers as to the rela
tive merits of increasing the number of bisections on a star or increas
ing the number of levels to be read, or of reading the levels before and 
after the bisection, it is worth while t-0 examine tllis :t>oint in the light 
of the observations themselves. The case will a1so be considered where 
the levels are read only to the nearest half division. 

It would evidently be a waste of labor to work out a.JI the different 
cases or combinations that could arh:.e under the supposition of ont~, 
two, or three bisections. one or two levels, readings made before bi-
8ection or after, or readings made with two different degrees of aecu
rac.,v. This would require 24 cases, being the number of combinations 
of 4 things, taking lout of each of 4 collections, the different collec
tions containing 3, 2, 2, and 2 things, respectively, or, which is the same 
thing if we consider the bisection and the inclination as the necessary 
r~quisites for the result, we have two collections with 3 and 8 things, 
respectively, which, as before, gives 24 cases. Of these ca.seR the fol
Jowi11g are worth investigating and a.re here given wit,h the respective 
probable errors of observations and that of the mean result. TJ1e ob-
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servations chosen are those of Group VII, extending over one month, 
fron1 February 24, 1892, to March 24, 18!J!!, giving 12 values fi.•r eacl1 
pair. Pairs 1and3 were not induded in the i11vestigation. Ou accouHt 
of the short time between tlte t\yo stars of pair 1, and betweell' pairs :.! 
and ~{ the fnll complement of level readings could not be made. A:-; 
one of the ol:~jeets is to con1pare results from readings before and after. 
only pairs were taken giving the necessary data. 

Probable crro"1·s of ob8eri~ation . 

. P-.air. 

Group \'Il. · ------.-,..-----------,..---- :\'lean. 
2. 4. 5. 6. 7· 8. 

···-·--------- .. ··---- ·-- ,---------

a 
;, 
c 
d 
e 

// 

·15 
• I 7 
·23 
. I 7 
. I 7 
·17 
·27 

// I/ 

· 17 •I 8 
•I 7 · 19 
·25 ·26 
. 19 ·21 

·16 ·18 
· 16 ·22 

·22 ·24 

// // // I' 

. 15 . I 5 ~I J ~I 55 
•I 5 . I 5 ·14 ·I {)2 

• 1 7 ·14 I ·21 ·210 

. 18 ·1S . 14 ·178 
·15 ·14 ·I 2 . 153 
· 16 . I 7 · 12 ·167 
. 15 ·15 ·21 ·207 

a = 3 bisections, 2 levels, before and after, nearest tenth division. 
b = 3 hisections, 2 levels, before and after, nearest half division. 
c = I bisection, 2 levels, before an<l after, nearest tenth division. 
d = 3 bisections, 2 levels, before, nearest tenth division. 
e = 3 bisections, 2 levels, after, nearest tenth division. 
f = 3 bil'ections, I level, before and after, nearest tenth di,,ision. 
g = 1 bisection, I level, after, nearest tenth division. 

Probable 
("'rn.1r- frtJ-ln 
~1ne ni;-·l1t~s 

"\VOrk. 

// 

·039 
·040 

·052 

·o+s 
·03:-; 
·042 

·052 

a and b have rcfrrence to the accuracy necessary in reading the levels. 
a and ,,- have reference to the number of bisections. 
a and d, a and t', have reference to the number of reading-s to be ma< le of level. 
a and _f, have reference to the nmnber of levels to be read. 
d and ,., have reference to the tirne of reading level. 

g is the case ordinarily employed in the field of work of the C. and G. S. 
a is the case employed in the \Vaikiki work after November 15. 

It is not supposed that the conclusions drawn fi-01n this investig-a· 
tion apply rigorously to a.11 classes of instruments or to widely ditfrr· 
ent eonditious of work, but they certainly form a criterion for judgin:! 
of the most advantageous way of" obserTing with portable instrumt>nts 
as pursued in the field work of our own service. 

THJ<.; S'l.'A.R LIST. 

The stars observed for the variation o:f latitude were identical for 
the two observers and were selected by Dr. Marcuse before leaving 
Germany. They were divided into 8 groups, 1na.king a total llllllllwr 
of 63 1>airs. Thi8 list was prepared with great care, and combi11cs all 
the conditions nccmi.sary for precise latitude 'York. 

The zenith distances are all within :,mo, and the stars are so selectt'd 
that the sums of" th_e 1101·th and south zenith distances for each grou11 
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;11·e 1n·acti(·ally <>q nal; The declinations of the stars are well determined. 
l'l1t'ir prop4'.-r motions are for the most part kuo\vn, the stars haviug been 
oliserve.d hy Bradley. No brig-ht BtltrH were taken~ a11d those of the 
~ame imir were as 11ear as possible of the samt·• n1agnitude. 1\f oreover, 
the uitfereuces of zenith distances for an;v pair did not exceed 18', arnl 
t lie difference of right ascension between stars of the san1e pair was 
lll'Vt:'r 1non~ than 17 minutes. 

]'ht• mean plal'e8 of the:-<e .stars, as far as concerns the observations 
111ad(' on the part of the Coast and Geolletic Survey, were derived by 
:\Ii .. l1'arqnhar, of the Computing Division. The same f"ystern was fol
lowed as in the case of the Uockvillc obRervations, and tbe following
t>>.:traet from Assistant Schott's report on tha.t work is a statement by 
'.\Ir. Farqulmr of the principles on wllicJJ the retluntions were made: 

•·CornbiHation weights used for adopte<l polar distances in H0<~kville 
latitt1de list: 'I'wfmty catalognes used in cmnpnting· latitudeR on this 
S.nrYey were tested and their probable c1Tor~ reported in .Junt', IRHO. 
Tile;.;e result.s were ma.de the ba:•-d.s of tiw following· sPries of weights: 
tlw unit of weight correspondi11g to a probable error of± v ~,-11-.:1 arnl 

tlit• ratio of observation error to systmnntil' error being taken (for all 
l'Htalogues alike)= v!'); SO that if 'Wo:r.;, be the weigl1t of au infinite llUlll-

n Gn 
lwr of observations and u· 1 of one, w = -+-~- u· = -- +·· --"' u· 1 • n a ::.c ·n ~ 

ThP \Yf'ight of no polar distance therefore cau exceed six times that 
of a single observation, given in the table below: 

Catalogue. 
W; 

Lalande o, \-Veisse-Bessel e 0·015 

d' Agelet a, Piazz:i (:J ·02 

Riimker £ ·025 

Taylor (J ·04 
Groombridge (J ·06 
Armagh '7 5 ·07 
Armagh '40, Jacob (3, Smyth f:J ·oS 
Au·wers-Hradley a, Paris '45, l\.Iain f3, Glasgow, Cape '40 E ·09 
Radcliffe '60 ·10 

Radcliffe '45 ·12 

Pond (3, Cambridge '30 f3, { ;reenwich 6 yr. ·14 
\Vashington •16 

Cape '50 e, Bonn f3, Paris '60, Rome ·18 
Paris '75 ·20 

Henderson, Greenwich 7y1, .Melh. (J, Cape '80 e, Ann i\rh. F ·25 
Struve Pos. M. (J Greenwich 12y (l + 2), Brussels, Becker e ·3 
Polkowa merid. circle, l;.reenwich 7y2. Cordoba y ·35 
Abo /3, Harv. '85 e ·4 
Greenwich 9y., Harv. '75 ·5 
Leiden p ·6 
Romberg a •7 
Pulkowa vert. circle (J, Greenwich roy. •8 
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In this table weights were deduced for catalogues marked: 
a . .. _ .. _ from probable errors of observation, given in the prefaces to 

the catalogues. 
f3 . ....• from Boss's investigations, ~- of his weights being taken-

i. e., his unit being supposed to correspond to a probable error of 

d:: vO"·lfi. 
y. _ .... frmn a determination of systen1atic error by myself, using 

the method of Boss. 
o __ .. _. from determination of observation error by 1nysclf and for, 

mula above as in (a). 
E • •• _ • _ from sirr1ple estimate, the places being too few for better 

methods. 
Others, from the results obtained in 1890. 
Piazzi, Taylor, Jacob, Main, and a few ot1iers used by Safford, I have 

to take at second hand, being without the originals. Por stars of the 
Berliner Jahrbuch, Dr. Auwer$'s combination of the authorities iu;ed 
by him was usually accepted, ~· of his total weights being allowed them 
(i. e., his probable error taken = d:: -VO"· lo for w = 1) and the weights 
of this table used for the ren1aining authorities.'' 

The following is the list with the squares of the probable errors of 
declination (c2 ) and the proper nwtion in declination (µ): 

GROUP I. 

Right ascension. Declination. 

Pair. 
No. Pulkowa. I1"92·0. IR92·0. i ~". I ~-

1--"-

h. Ul. s. 0 , ,, ,, ,, 
I 2021 13 27 46 -7 4 3·21 ·07 +0·021 

2027 JO 2 +49 34 5·82 ·02 + ·021 
2 2056 41 42 26 14 38·75 ·03 - ·077 I 2064 44 16 16 20 1·53 ·02 + ·029 

l 3 2093 14 3 37 44 22 5·68 NOJ - ·o~z ,) 

2113 13 59 - I 45 57·56 ·05 - ·079 
4 2126 21 26 +19 42 45·63 ·03 + ·017 

2134 27 40 22 44 8·58 ·04 + ·030 
5 2139 29 59 30 12 51·go ·03 + ·119 

2146 36 32 12 7 34·79 ·02 - ·105 
6 2163 46 14 37 42 55·02 ·04 + ·090 

2177 54 0 4 59 56-95 ·05 - ·023 

7 2204 15 9 58 29 33 55·05 ·04 + ·019 

2214 17 16 12 57 15·47 ·04 - •032 
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Pair. 

I 

2 

3 

4 

5 

7 

8 

I 

2 

3 

4 

5 

6 

7 

8 

GROT:P II. 

___ N_'_o_. -P-u-~-~g-o-~~-ta-~-sc_e_n_s_i'_)n_. __ 18_9_2--0-.-- ____ '_s_9_2_·0_. _D_e_c-1'noU.::'· 1 __ -~~---1 
2387 
2409 
2420 
2430 
2437 
2456 
2464 
2479 
2501 
2509 
2513 
2532 
2571 
2580 
2595 
2621 

2633 
2647 
2681 
2703 
2718 
2743 
2798 
2822 
2824 
2832 
2862 
2886 
2893 
2925 
2936 
2949 

h. 17l. 

IO 37 
47 
56 
59 

17 4 
IS 

19 
26 
38 
42 
44 
55 

18 13 
16 
22 
32 

s. 
14 
JO 

24 
59 

6 
33 
41 
22 

3 
22 
26 
15 

5 
13 
20 

18 

GROUP III. 

18 40 IO 

44 II 

55 21 
19 3 7 

7 37 
14 48 
33 5 2 

40 23 
42 27 
45 51 
54 33 

20 0 22 
2 39 

II 12 
13 48 
17 50 

0 

27 
15 
22 

19 
24 
18 
16 
26 
24 
17 
25 
16 
13 
28 
26 
16 

// 

7 
9 

47 
44 
37 
IO 

24 
I I 

37 
44 
39 
45 
44 
56 ,, ., 
--~ 

6 

// // 

30·74 ·07 
20·51 ·o+ 

29.61 ·05 
54·97 ·04 
38·76 ·08 

7·51 ·06 
2·32 ·05 

3 2 ·19 ·03 
7·43 ·03 

14 00 ·04 
3 2 "49 ·03 
26-So ·09 

I I· 14 I '00 

8·76 ·14 
5·89 ·04 

21·20 ·04 

! 
// 

---·o62 

--·014 

- ·043 
-- ·016 

-·060 
--·037 
-·044 
+·010 

· 1 IS 

-·017 
-·049 
-·004 
-·02 
+·001 
-~02j 

+·040 

23 28 54·41 
19 12 28·93 
26 3 52·78 
16 41 33·76 
31 6 12"17 
II 20 6-62 

·06 ---·085 

5 9 6·99 
37 5 37·24 
32 37 25·31 
IO 8 43·83 
22 48 27·34 
19 40 54·32 

9 5 1o·33 
33 24 8·09 
37 41 49·86 

4 59 53·39 

·06 -·02 

·06 -·017 
·05 -·319 
·03 -·009 
·18 +·029 
·03 -·009 
·oz +·038 
·20 -·or 
·05 -·163 
·oz +·007 
·05 +·081 
·06 +·005 
·08 ~·102 

·06 -·010 l 
·os I -·036 

-----·-------------------'-------------'-----------

I 

2 

3 

4 

5 

6 

7 

8 

3155 
3170 
3182 
3192 

2899 Bradley 
3256 
3274 
3279 
3315 

30 Io Bradley 
3345 
3367 
3390 
3419 
3436 
3463 

21 

22 

23 

GROUP IV. 

34 5 
38 46 
41 45 
45 17 

2 0 

8 0 
I I 16 

15 I 

30 37 
41 20 

47 IO 

55 6 
3 9 

13 16 
17 38 
28 36 

I 45 
40 39 

2 II 

40 38 
24 49 
I7 44 
37 I2 

5 14 
19 43 
22 59 
42 44 

---0 23 
+1 32 

41 II 

II 43 
30 43 

29·83 
41·17 
I 1·62 

43·24 
y28 

46·56 
39·17 
48·37 

7·78 
50·50 
17·70 
38·49 
2y89 

1·85 r 

18·36 
44·90 

·09 
·07 
·08 
·07 
·02 

·90 
·04 
·04 
·09 
·02 

·03 
·03 
·05 
·o+ 
·03 
·02 

-~0S3 
·ooo 

-·022 
·ooo 

+·006 
--·075 
-·005 
-·018 
-·101 

-·016 

+·OOQ 
+·008 
+·roS 
-·004 
-~·032 

-·019 
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GROUP\?. 

I 
--·~· ·--· ~-----·-·-·--- -·-i 

Right ascension. Declination. I 
' ' i 

I 
P·air. 

X G. T:;.ulkn \\'a. i892·0. >892·0. ,..2_ µ.. 
I - . --------- •·•-•no.••••-•, ---

h. Ill. s. 0 / /' // // 

I 88 0 40 12 44 16 I~· l., 
=> -~ ·06 -·01+ 

I I l 47 29 I 43 5 1 ·I I ·03 "'i -·020 
2 l 22 51 59 28 24 2 9·44 ·03 I -·025 

1J8 59 23 14 21 53·99 ·05 +·033 ., 170 I 7 53 24 0 42·00 ·05 I --·030 J 

199 20 26 18 .,6 3C.- 5 2 ·04 +·017 -~ I 
4 2 I I 24 31 5 35 13"03 ·03 i -·044 

216 28 2 36 40 59·73 ·03 I -·016 

5 235 34 I2 40 47·52 ·01 -·026 
-~ I 

25 I Bradley 47 58 2 39 14"74 ·03 I +·008 
6 270 51 27 17 17 23·94 ·04 i -·032 l 

296 2 0 42 25 I I 20·46 ·06 ! ---·031 ; 

7 33 1 12 7 19 24 4·56 ·o·.,_ i -·002 
-~ I 

358 23 4 22 59 I 1·7q ·06 I ·-·018 
8 367 27 34 I 18 24 J 2 ·55 ·I 2 ' +·005 I 

_I ---

375 30 47 24 IO 36-o9 ·02 I -·019 

·- ---- -----------~--

GROUP VI. 

I 598 4 I 7 37 26 36-80 ·07 --180 
606 5 35 5 14 29·71 ·07 +·010 

2 629 13 4 20 52 49·46 ·06 --·050 
662 21 '"'D -~ 

2[ 22 42·17 ·o6 -·066 
3 686 28 24 5 20 29·01 ·05 --062 

725 42 38 37 17 48·94 ·03 +·033 
4 732 45 3 18 39 19·68 ·04 -·046 

I 
751 51 15 23 46 45·41 ·10 -·033 

5 796 5 7 39 2 43 55·50 ·09 i --013 
810 11 33 40 0 8·44 ·04 --·667 

I 6 824 15 51 8 19 15·77 ·07 ! +·005 
I 841 19 17 45·71 -·015 I 40 34 ·07 

l 7 866 25 53 18 30 47·88 -04 -·014 
874 28 51 23 58 l ·37 -04 -·031 

I 8 939 47 59 20 15 19·68 -o~ -·108 
·' 960 55 IO 22 23 50·48 ·04 -·024 

L~---
GROUP VII. 

I I 164 7 4 41 27 2 0·15 ·04 -·058 
1173 6 39 15 21 32-51 · 15 +·015 

2 I 198 16 53 25 15 26·93 ·03 -·029 

1217 25 35 17 18 54·88 ·07 -·088 

3 1223 28 41 46 25 3·5 1 ·07 -·040 

1232 JI 55 -3 52 13·01 ·04 +·020 
4 1250 40 33 33 40 48·22 ·02 -·042 

529 Greenwich 87 51 24 8 55 46-55 ·25 -·025 

5 1291 55 44 -l 5 35'72 ·06 -·078 
1298 59 41 43 34 10·39 -07 _.:..-056 

6 1345 8 21 3 ~J 37 56-96 ·04 -·045 
1376 33 33 46 12 44·13 ·04 +·083 

7 1410 45 54 32 52 42·29 ·05 +·014 
1429 51 53 9 48 12-15 ·07 ·ooo 

s 1453 9 2 26 I 27 4 32·24 ·04 -·384 
1464 6 23 15 25 50·97 ·05 +·236 
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1-light ascen~iun. f)ecJinatH-•li. 

µ.. 

~~- ---------· 

1585 
1598 
1624 
1040 

1656 
1667 
1713 
1727 
1743 
1754 
4875 Yarnall 
1763 
1739 
1795 
1802 
1827 

h. HI. S. 

i IO 2 10 

8 54 
19 34 
25 43 
32 58 
37 3 
54 48 

I l I 24 
13 15 
20 6 
22 23 
24 40 
40 18 
44 5 
50 7 

6 22 

0 

IO 
32 

9 
32 
38 

4 
39 

2 

38 
3 

-I 

43 
7 

35 
16 
26 

I 

31 
00 
20 

56 
28 

8 
47 
32 
46 
53 

6 
45 
s 

~1 
-~ 
14 
28 

/I 

36·16 
14·13 

1·16 
1·22 

22·62 

49·99 
31·41 
30·35 
40·06 
45·71 
20·37 
57·42 

4·47 
54·18 
5 1 "97 
18·52 

// 

·03 
·03 
·04 
·03 
·05 
·04 
·05 
·03 
·06 
·09 

'I I 

·04 
"()-1-

. l l 

·04 
·05 

I/ 

-·062 
-·oo::; 
-4035 
+·011 

--·030 
+·020 
-·022 

-·072 
-·080 

-·043 
-·002 

-t ·063 
-·179 
-·010 

-~- ·005 
-·050 

METHOD OF FINDING APPARENT PO;-;ITIONS OF THE ~'l'AHS. 

Tile reductions from niea.n to apparent <l.eeliuatiou wp1·e HHHh_· by 
means of the iudepende11 t stnr nun1bers. 

ln Appendix No. 13, Report for-1888, a differential rnet11od is dc
seribcd. Its applieati011 reduced the time a.nd lahor ahout olH'-half as 
l'ornpa.red with the usual way. But thi.s n1ethocl was devist~d to meet 
tl10 . ..,c cases wllere a large number of pa.in~ liad been obsP1Ted 011 a few 
eo1111,e(·utive nights. The time of occupation of a statio11 was supposed 
to he so Hohort that aft.er 011e date had been computed all other~ 1or that 
}lartienlar station could be derived with suffici~nt acenracy by consid
ering the finite differences of the variables as differeutials. 

Jn the present case, howen.,,r, the prohJem i~ entirely different. Here 
Wt• have one station occupied tor more than a year, and eadi gl'oup of 
star;;; was continuously observed for three 1nonths. 

The difference in the two cases iR that in the for1ner many stars 
Wi·1·E· observed a few 11igl1ts, iu the latter a few stars were observed on 
1na11y nights. 

1t is evident at the outset that whether we use Bessel's star numbers 
or the independent oues some sort of check compntatio11 must be made. 
~loi-eover, when observations are nm.de on every clear night and iu a 
hwality where more than 200 nights can be obtained iu a year, it is 
probably immaterial whether we compute reductions for ueeessary 
datPs or whether we simply compute for every other day. It is desira
hle to have the apparent declination of the stars with no greater error 
than oue or two hundredths of a second for latitude work of the high
e;.;t precision. A comparison of the changes in the star's position be
tween successive dates, as deduced by the independent numbers aud 
~he urntbod here presented of applying .Bessel's numbers, shows that 
in the latter case the errors are absolutely without significance, whereas 
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the time of reduction is only about one-fourth that l'(~qnired by the 
usual independent nun1bers. 

The present method was suggested by the following facts: 
First, iuasmuch as the same star must be reduced for about, fifty 

different dates, a method should be employed in 'lvhich the quantitie~ 
depending on the star's posit.ion anrl those depending only on the date 
of observation are hand Jed separately. This avoids t11e introduction 
as a distinct quantity, into each day's computation, of those ternn; 
which do not change from da.y to da,y. For exainple, in the use of the 
independent numbers the logarithms of sine and cosine of the declina
tion are added to tl1e others for every new date computed. Since the 
star constants do not vary, these are first computed and then applied 
to the differences of the varying day numbers. Besides, since a num· 
ber of stars were observed on the same date, we only have to apply the 
different star constants to the same differences of the day numbe1'S 
throughout the three months' period. 

Of the day numbers it is to be remarked that the principal term of A 
depends on the sine of the moon's a8cending node, and the corres1>0nd · 
ing one of B depends on the cosine of the same function. The values of 
A and B can therefore never exceed very much the numerical factor::; 
of their principal terms, so that three significant figures need only lie 
considered and they iuay be dealt with by rneans of Orelle's tables. C 
and D vary as the cosine and sine of the sun's lougitude, and onl.v 
change rapidly when they are small in amount, so that their change:-; 
a.lso are such that Crelle's tables give all the accuracy uec·essary. 
Since the obliquity is practically constant as far as these reductions are 
concerned, and as the sun's longitude does not ch au ge more than a few 
degrees between the dates chosen, the changes in C aud D are eitlwr 
small or quite uniform. It is therefore never necessary to use logaritlnn,; 
to get all the accuracy desirable for the reductions to apparent plaee. 

The star constants having been calculated for the star to be reduce(l, 
the values of dA and dB are taken from the Ephemeris, and dC all{} 
dB are calculated by using the formulre 

dO = 18·7 d cos 0 
dB= 20·4 d sin 0 

the values for dA, d-B, dC, ancl D being tabulated, the star con8tants 
a, b, c, and d are applied and the sum of the products gives the reduc-
tion from one date to another. · 

The following table gives the reductions from June 6 to June 28 for 
star I 1a, • a = 1311 27m 46"', o = - 70 4', and a comparison of differences 
for the two methods. To compute the places by the independent star 
numbers for one group for three months, required generally about eiglit 
days, and a check computation using the same method would take ns 
long. By the method of applying differences for a check we get at the 
same reMult in about two days. 

• Gxoup I, Pair 1, Star G. 
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Results from observations for the 1xo-iatfon of latit1ul.e at lraikiki, 
Hawaiian Island.<;. 

Date. j " · dA b · dH l c · dC d -,fl) J l.: I lnd. ~ o>.. 
1
: 6 !' 

----~-!------! -----·~---l----l' -- i -----
Juue 6 1 -~:195 -~:002 l +~:234 ~:017 J! +~:020 \ +::022 -~:002 I 

8 

10 

12 

14 

16 

18 

20 

22 

- ·162 

- ·102 

- ·061 

- ·073 

- ·125 

- ·186 

- ·203 

- ·175 

24 ! ~ ·117 

26 
- ·080 

28 

- ·025 

-- ·029 

- ·011 

+ ·013 

i + ·026 

+ ·014 

- ·012 

- ·033 

- 034 

- ·014 

+ ·237 

+ ·238 

+ ·239 

+ ·239 

+ ·240 

+ ·240 

+ ·239 

+ ·240 

+ ·239 

+ ·239 

- ·012 

- ·010 

- ·007 

- ·004 

- ·002 

- ·001 

+ ·003 

+ ·006 

+ ·008 

1 I 1 
I + ·035 i + ·032 + 3 I 

I + ·095 I + -097 - 2 ! 
+ ·157 ' + ·157 

i ; + ·137 I 

Ii I 
'I + -066 : 

+ ·023 I I i, 

i + ·035 i 

J 
n 

Ii 

I + ·09.+ i I 
+ ·153 

+ ·174 

+ ·139' 

+ 
', 

·062 I 
i 

+ ·013' 

+ 
+ 

o! 

2 

2 

4 

JO ! 

+ ·041 - 6 ! 

II - ·I + ·095 

+ .153 01 
1-~ +-0·00--2 I 

The sum of the residuals shows that the appanmt places for this 
w11ole month couhl have been obtained by simply adding the differ
ences. The accumulation of error for the entire period is much less than 
W'·Ol, so that this short method is quite accurate enough to check the 
results. 

In the comnntations I had the help of the following persons attached 
to the Computing Divi&ion of the Survey: Mr. H. F~trquhar furnished 
the mean north polar distances for a.Uthe stars. .Mr. A. L. Baldwin 
computed the apparent places. Mr. H. L. Stidham checked these, and 
as~isted in the final reductions; arnl Mr. II. F. Flynn applied the 
micrometer and level corrections and deduced the latitudes. The final 
adjt1stment by least squares, the reductions to the mean declination 
systems and the derivation of the daily means was participated in by 
both Mr. Flynn and Mr. Stidham. _,::\_t the beginning of the work 
Subassistant John Nelson assisted for a Rhort time. I desire to express 
my obligations to all these gentlemen, as well as to Assistaut C. A. 
Schott, in charge of the Computing Division, who did everything in 
his power to facilitate the work. 

Illustration No. 14 shows the time of b~ginning and ending the 
observations of each group and the period during which any two or 
t~ree successive groups were obtmrved at the same evening. i:rhis 
~hagram is inserted in order to avoitl the necessity of publishing tho 
Hi?ividual results in this particular form on a large sheet for the sake 
of showing the group cpnnections. 

• 
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In onler to cowh~Hse aH much as possible th~ publication of the Jati
t1ult•.s 11ow nwl••r cli~cns.sion. tho followiu~ ~che rnf' i,-; aclopted. First, a 
Hpeciuu~n n·corcl will be given which is copied fron1 tlie uook of ohserY<1-
tio11. 8e('.011d, a eonipntation of one latitude showi ug: tlw det.ailil arnl 
giviug the exact torni followed throughout the office work, and finally 
a general tabJe containing all that part of the reduction necessary fo1· 
a redi8cnssion 8honld Kuch a step ever be thong-ht advisable, either frorn 

·improved \ya}nes in the Htar plaCt'S or in the instrumental ('011Stants. 
'£he correction for inelinatiou of the niicrouieter thread is ap1,lied hi 

the refruetiuu colum.n. 

Date. 

Date. 

1892. 

Specimen of record. 

GR(lGP VII, PAIR 7. 

:\licron1eter reading. Level B. 

; i 
'Turns. 
' 

Specimen of CO'mp'utation. 

GROUP VII, PAIR 7. 

1\1 icrometer. 

s. 
! Pus. I 

Reading. i 
-------------

Diff. Z. D. N. Dill. -----1 
~. d. t. d. 

Feb. 20 
d. 

44-4 
45-1 

142·1 
143·2 

d. 
44·9 
46-0 

143'3 
143·9 

r 
d. 

+0·5 
0·9 N 23 82-4 

s 13 27-7 -IO 54"7 

Corrections. 

I Sum and half sum. 

1\1 i< romc ter. Levd. Ref. 

--------~- -- '-------- ·-----

{ -

0 / // 

42 40 57·29 
21 20 28-64 

, ,, ,, 
+0·15 

·27 
·37 
·22 

,, 

-0·07 

GROUP I, PAIR I. 

1·2 

0·7 

1\iei-. 

~'.!:er. 

Dist. 

s. 

15 
13 

Remarks. 

Distinct awl 
steady. 

Declination. 

32 52 45· .. p> 
9 48 11 ·S3 

Latitude. :Mean. 

The latitude value may differ in smne cases fron1 that which wonltl 
apparently result from the corrections given. This come8 fron1 neµ"
lected decimals. In the computations four values were derived corrc-
8ponding to the level readings before and after bisection and to 
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I II III IV V GROUP 1891 June 0 

I 
j I 1 I 

r 13 .. 28"'1 I 
lj6t. 37m I I l I 

15 17 I ' 
' July 

I 

10 I 
I I i 

"T 4D~ '. I 

' 
I 

~8 ' 32 I I Aug. ' IS I 

i 21" i:><. m I ! 

/ 

i 
i 

I I 
I 

'Z1 18 Sep. ' 28 

I ! J 

I 
l 

' 
oh ..p"' 

I 
' 

\ 
I 

I i I 
Nov. 7 1891 ' Nov. 7 I I 

23 ! 29 

I 
I I 

,,.. .. 1'r f I 
I I 

I 
I 

I Dec_ 17 I ! 
2 ~l 

7" 6 "'! I 
.Jan. 26 1892 i 

i ' i I i 
5 ~5 10" 2"' 

I 
I 

I i Mar. 6 j ~ . 
13"' 2a'"' ' 9 61 

\ Apr. 15 The t::in ll..e given is t,hec i 

Right; _A scerusio• ~o~·~J - l 
I 

begin.ni. t79 and l I ~·<.-< 

I ~ay 25 or~ .... g!'oup. II 6 
--·-· 

IG" 37'" 

I 
15 17 18 :n I 

' July 4 J 
GROUP VI vn vm I n 

Di.a.gram showing the method. of' connecting the Groups. 
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Results from ubservations for the variation· of latitude at lVaikiki, 
Hawaiian Jslands. 

different levels and the adopted latitude is a mean between the two 
readings of the same level and then between the two levels. Tbe level 
correction given is a mean one which 'vould give a latitude differing 
very slightly in a few cases from that obtained iu the usual way. This 
difference is entirely without significance. 

GROUP I, 

' I , I 891. t. d. l t. d. I 0 , ,, 

!une 6 22·12·9 18·96·2 21 17 38·66 -I 
7 22·29·3119·04·1 38·76 
8 22·27·4119·04·2 38·85 

IO 21·83·1 18·55·0 39-o6 
11 21·74·2118·46-7 39·18 
12 21·09·2 17·85·2 39·3o 
13 21·73·0 ,18·477 39·45 
15 21·92·6 18·64·0 39 76 
16 22·23·1 18·91 ·2 39·92 
17 21·82·5 18·48·0 40·05 
18 21·88·9 I 8•54·4 40·18 
19 i 21·32·9 17·98·3 40·28 
22 21-46-2 18·09·3 40·50 
24 21·76·5 118·40·4 40·64 
26 21·16·0 [17·84·6 40·81 
27 21-33·8 !J8·02·4 40·92 
28 21·98·3118·58·2 41·04 
30 2075·6117·33·9 41·27 

Corrections. 

PAIR 2. 

! I ,, ,, 
13·47 -0·06: 
15·42 +1·1s / 
14·98 +0·30 
16·1 I +1·921 
15·98 +0·37 
I 5· 16 +0·01 I 
15·46 +0·561 
16·23 +0·85 
1roo +2·20 
17·6o +1·80 
1r60 +1·97 
17·62 1+ 1.71 
18·16 .+1·91 
17.97 l---1---1·96 
16-88 !-t-0·16 
16-88 i+o·39 
18·90 l....L 2·09 
19-27 1+2·17 

l_..atitude. 

··-------~-----

,, 
-·32 
-·02 

-·02 
--02 
~-·02 

~·02 

-·02 
---·20 

-·02 
-·02 
--·02 
-·02 
--·02 
-·92 
_,·02 
--·oz 
---·02 

-·02 

,, 0 , 

,,. 0 , 
+·04 ! 21 16 
---T-·03 
+·03 
+-o~ _) 

-+-·03 
+·03 
+·03 
+-03 
+·03 
+·05 
+·05 
+·05 -
+·051 
+·05 
+-os I 
-j-·05 l 
--r--·05 
+·05: 

' 

,, 
24·67 
23·84 
24·84 
24·q_ 
24·82 
24·50 
24·58 
24·75 
24·12 
24·81 
24·26 

,,. 
24·85 
24· so 
24·1S 
24·88 
23"58 
::q.·16 
24 56 
24·21 
25·13 
24·28 
24·58 
24-'.+0 
24·28 
24·66 
24-12 
24·48 
24·26 
24·20 
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GROUP I, PAIR 3. 

: l\fean app. 
! 

I i DCJ.tC. .l\1 icrom eter. Corrections. Latitude . 
i Dec. I 

I 

I I 
I 

! N. s. .Mic. Level. Rif. Mer. 
I 1891. t. d. I t. d. 0 / // , // // // // 0 // // 

I June 6 21 "OJ" I I 16·04·0 20 18 20·59 --1 5578 - ·77 -·04 +·04 21 I6 24·04 
7 2y12·0 18·09·0 20·69 56·69 ' -52 --·04 +·04 24·52 ·r 
8 1678·0 I 10·81·5 20·78 55·18 -1·04 -·22 +·03 24·37 
9 21·90·8 ! 16-75·8 20·87 59·47 +3"42 -·04 +·04 24·82 

IO 2 2 -.SI · 7 I I 7 7 7 ·o 20·97 57·08 -+-0·14 -·04 +·04 24·03 
II 22·21 ·8 17·19·0 21·08 56·64 +0·58 -·04 +·04 25-02 

I 12 21·62·3 16·60·5 21·20 56-41 -070 +·04 24·09 

I 
-·04 

13 21·31·7 16-27·7 21·34 56-92 +0·06 -·04 +·04 24"48 ' 15 22·97·7 16·go·2 21·64 57"73 +0·43 -·04 +·04 24·34 l 
I 16 20·65·7 15·56·5 21·80 58·13 +0·83 --·04 +·04 24·50 i 

I 17 21·43·6 16·32·9 21·93 58·47 +0·84 -·04 +·06 24·32 ! 

I 
18 20·83·4 15·71 ·8 22·07 58·68 +0·97 -·04 +·o6 24·38 
19 I 21·76·9 16·62·8 22·17 59·26 +1·13 -·04 +·o6 24·06 I 

22 21·oy9 I 5·86·2 22·38 -2 00·10 +2·25 ·-·04 +·06 24·54 1 
24 l 21·50·8 16-29·7 22·50 00·89 + 1 ·99 -·04 +·o6 2]'62 l 
26 21·60·2 16-49·6 22·68 -1 58"45 +0·01 -·04 +·06 2 4 ·26 I 
27 22·06·0 16-95·0 22·79 58·54 -0·31 -·04 +·06 2~·06; _, -· I 
28 21-62·4 16-44·5 22·90 58·98 i +1·37 -'01 +·06 2y34 I 
30 21 ·96-7 16-74·0 23"14 -2 01·26 j +2·68 I -·04! +·06 24·581 

I 
I 

GROUP I, PAIR 4· 

1893. t. d. t. d. 0 , // , // // // // ! 0 / // 

' 
June 6 24·02·0 17·01·7 21 13 42·48 +2 42·46 -1·45 +·04 +·03 21 16 23·56 

7 23·20·5 16·22·7 4:::·60 41·88 -0·09 +·04 +·03 24·4() 
8 23·24·7 16-19·3 42·72 43·64 -2·18 +·04 +·03 24·25 
9 23·05·7 15·90·8 42·84 45·85 -4·92 +·04 +·03 2y84 

IO 22·56-2 16·61·4 42·96 41·18 +0·14 +·04 +·03 24·35 
II 22·45·8 15·44·7 43"10 42·64 -0·95 +·04 +·03 24·Su 
12 22·61 ·3 15·6o·o 43·24 42·69 -o-88 +·04 +·03 25· 12 

13 22·60·2 15·63·1 43·41 41·72 --0·70 +·04 +·03 24·50 
15 23·96-2 16·93·0 43"76 43·13 -3·04 +·04 +·03 z3·9z 
16 22·95·7 16·01·7 43·94 41·00 -0·11 +·04 +·03 24·qo 

17 23· 10·2 j 16-19·2 44·11 40·30 +0·44 +·04 +·04 24·92 
18 22"53"0 I 15·~·4 44·27 39·98 +1·01 +·04 +·05 25·35 
19 22·24·7 1 15·33·5 44·38 40·35 +0·01 -·44 +·o6 24·3b 
22 22·89·6 \ 16-03·6 44·68 39·14 +0·47 +·04 +·05 24·38 
24 23·03·2 ! 16-21·2 44·86 38·21 +1·42 +·04 +·05 24·58 
25 22·52· 5 I 15·73·0 44·98 37"63 +2·27 +·04 +·05 24·96 
26 23·04·0 I 16-13·7 45·08 40·14 -0·691 +·04 +·05 24·62 
27 23·4s-2 I 16-56·3 45·22 39·82 ~-o·73 +·04 +·05 24"40 
28 23·13·9 I 16-3r2 43·35 38·38 +1·25 i +·04 +·05 25·oi 
30 23·23·8 i 16-33·4 45·64' 40·16 ---1 ·o!;: +·04, +·05 24·81 

I l ! 



 

REPORT FOR 1892-PART JI. 79 

Results from observations for the va,rfo.tion of latitude at Waikiki, 
Hawaiian Islands. 

GROUP I, PAIR 5. 

Date. l\l:icrom eter. Mean app. 
Dec. Corrections. Latitude. 

N. s. I llhc. i Lr•e'; .Ref. .llJcr. I ' '. I 
1891. t. d. t. d. 0 , ,,. I , ,., 

I N J // I // / ,., 
] uue 6 12·95·5 28·36·5 21 IO ~~:~I +s 

57·49 -0·38 I -·401 +·04 21 r6 24·75 
7 12·28·0 zr64 ·o 56-33 +0·95 I -·o81 +·03 25·35 
8 10·57·9 25·96·8 28 241 51·00 -0·09 I -·08 +·03 25·10 
9 10·08·5 26-52·8 28·36 58·26 -2·121 -·08 +·03 24·45 

IO 11·22·2 26-54·2 28·481 55·40 +1·431 -·08 +·031 25·26 
II I 1·65·5 27·02·9 28·62 56-66 -0·05 -t-· IO +·03 2y36 
12 10·94·7 26-31·2 28·761 56·45 --0·78 +·10 +·031 24·56 
13 10·45·2 25·77·1 28·93 55·38 +0·84 j +.IO I +·03 25·28 
15 I 1 ·48·9 26·88·2 29·28 57·10 -1·59, +·10 I +·03 24·92 
16 11·37·2' 26-65·5 29·46 54·54 +0·79 I ..L·10 +·031 24·92 
17 11·54·9 26-81·7 29·63 54·20 +1·08' +·10 l +·05 25·06 
18 11·69·8 26-94·2 29·80 53·64 +i·68 +·101 +·05 25·27 
19 10·07·4 26-JJ"I 29·92 53·94 +0·60 +·10 +·05 24·61 
22 11·61·8 i 26·81·5 30·24 52·55 +1·90 +·10 I +·05 24·84 
24 u ·50·5 I 26·61·0 30·41 5 1·80 +2-82 +·10 I +·05 25·18 
25 10·72·0125·84·8 30·49 50·951 +J"21 +·10 i +·05 24·80 
26 10·35·9 25-58·2 30·62 53·15 +1·03 +·rn I +·05 24·95 
27 I 1·22·7 26·46-8 30·76 53·57; +0·71 +·10 +·05 25·19 
28 10·44·4 I 25·60·6 30·90 I 51·74 ! +z·o5 • +· 10: +·05 24·84 
30 10·76·1 I 25·98·7 31·18 I 53"22 l +0·45 i +·10: +·05 25·00 

I 
l I 

GROUP I, PAIR 6. 

I i ; 

" 1891. t. d. t.d. " / ,., , ,.,. ,, // ,, , ,, 
June 6 28·82·5 15·25·0 21 21 39·17 -5 14·92 - ·27 -·45 +·04 21 16 23·57 

7 27· 35·2 13'74"9 39·30 15-57 I ·54 -·10 +·03 24·20 ... 
8 27·93·8 14·38·0 39·42 14·53 - ·46 -·10 +·03 24·36 
9 27·43·3 13·74·5 39·54 17·54 +z·44 -·10 +·03 24·37 

IO 28·26-4 14·627 39·66 16·36 +0·87 -·10 +·03 24·10 I 

II 27·87·7 14·27·5 39·8o 15·55 -0-04 -·10 +·03 24·14 
13 26-90·4 13·29·6 40·12 15.69 -0·28 -·10 +·03 24·08 
16 28·49·3 14·83·8 40·66 16-78 +0·59 -·10 +·03 24·40 
17 26-36·5 12·69·2 40·82 17·19] +0·97 -"IO +·06 24·56 
18 27·69·5 13·98·3 40·99 18·101+1·77 -·10 +·06 24·62 
19 27"24"1 13·53·7 41·12 17·91 +0·91 -·10 +·06 24·08 
22 28·27·5 13·52·6 41·44 18·96 +1·73 -·06 +·05 24·20 
24 27·04·0 13·25·2 41·63 19·86 +2·50 -·06 +·05 24·26 
26 27·37·9 13·66-7 41·85 18·10 ~0·71 -·10 +·06 24·42 
27 27·77·3 14·02·4 41·99 18·96 +0·63 -·10 +·06 23·62 
28 26-68·3 12·88·2 4:.t.·13 20·16 +2"JI -·101 +·o6l 24·24 
30 27·20·7 I 3·49·5 42·43 18·10 +0·15 I -·10 +·o6 24·44 

I 
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GROUP I, PAIR i· 

Date. l\Jicrometcr. 
1

111 

J\lean app. I 
UeL'. Corrections. 

------· --~-v.-.----s-._--/---,--/-/- 11! /lEi~~ I L;;d. !! 

1891. t. d. t. d. I ,, 
June 0 20·34·3 ~ 19·96·7, 21 15 46-30 i +o 37·68 I +0·33 

7 20·40·7 • 20·96·8 I 46"45 I 36·21 + 1 ·76: 
8 20·04·4·21·68·7! 46·60 38·12 ·34: 
9 20"40'8. 22-01·4 l 46·741 37"26 -t- ·79 ! 

IO 19·38·8 • 20·93· I 46-881 35·80 + ·79 
II 19·75·5 '21·38·4 47·03 37"79 ·48 
12 20·38·4 \ 22·00·8 47·18 37·68 ·71 
13 19·83·4' 20·39·0 47·38 36-10 + ·90 
I 5 20·68·7 . 21 ·26·6 47·761 36-63 · 19 
17 19·07·8 • 20·57·1 48·15 34·64 + 1·37 
18 18·25·7 19·80·0 48·34 35·80 + ·39 
19 19·12·0 20·60·2 48·49 34·38 + ·82 
22 19-92-7 21·32·2 48·88 32-36 +z·71 
24 19·17·7 20·60·2 49·10 3~·06 _!__2·18 
26 18·70·1 20·13·8' 49·36 3j·34 +1·39 ! 
27 17·96·8: 19·43·0 I 49·52 33"92 + ·85 \ 
2s 19·90·0: 21·38·5 I 49·67 32·59 +2·031· 
3 o 1 9 ·23 ·1 ! 20·6r5 ! 50·00 'i 33 50, + ·56 

l 

1891. 
June IO 

I I 

13 
15 
17 
18 
HJ 
22 
24 
zr. 
27 
28 
30 

July 4 
7 
8 

17 
18 
22 
23 
25 
26 
27 
29 

Aug. 2 

3 
4 
5 
6 

to 
12 
13 
14 
15 
16 

t. d. ii t. d. ; 0 

Io· 2 I · 8 i 30· 7 4 · I ; 2 I 
IO"IT5 i 30-69·5 I 
9·8r3: 30·36·2 1 

9·84-5 I 30·30·0 j 
10·40·6 I 30·81·3 
10.32'2 ~ 30·76·7 I 

10·28·4 ! 3 0·72·• I 
10·14·8 I 30·66·8 I 
9·02·9 I 29·35·51 
9'40'0 i 29·72· 5 i 
9·26·4 : 29·62·4 i 
9-68·0 1 29·93·8 I 
8·46-5 28·85·1 I 
8·99·0 29· 36·0 I 
9· II ·8 29•46·7 I 
9·24·7 i 29·5ro I 

10·58·0130·69·1 
8·89· 5 ; 29· I fr9 
9·99·8 l 29·21·8 
9·06·0 ! 29·22·0 
8·49·2 I 28·65·2 
9·38·3129·52·81' 
9·88· 3 29·08· 5 

~- 8~91"'2 j 29~99·1 
8·807 I 28·91 ·9 
8·59·0 J 28·73·6) 
9-13·9 i 29·25·8 I 
8·95·2129·02·4 i 
8·90·4 28·93·6 I 
9·54·2 : 29·65·3 i 
8·88·4 i 28·94·0 
9·67· 3 ! 29-70·1 
8·31·9 ! 28·47·4 
9·61 ·4; 29·67·1 
9·57·7: 29·61·2 

I 

GROUP II, PAIR 1. 

, 
08 

// , 
28·22: +7 
28·40' 
28·79 i 
29·25: 
2g·74 ! 
29·961 
30·20 
30·731 
31"04 I 

31·38 I 
31·58 
31·77 j 
32·20 ! 
33·01' 
33·4 2 r 
3.r58 1 

35·14 I 
35·28 t 
35·70 ! 
35·82 ! 
36-071 
36-22 . 
36-38 I 
36-71 1 
37·121 
37"18 
37·25. 
37·32 I 

37·40 
37·83 
38·06 
38·14 
38·22 
38·26 
38·30 

I ,/ l /, 
56-ro. + ·51 
56-96 ! -- ·Sz 
55·31 i + ·12 
54·52 I+ ·67 
5y41 I +1·39 
54·29 +0·41 
54·11 +0·14 
56·03 -2·58 
51·53. +r88 
51·511+1·18 
52·32 i + ·43 
49·96 ! +2·78 
52·92 ! - ·23 
52-55 j --1·79 
52·07 -1·05 
51-46 j- ·97 
46-54 +1·94 
50·33 j -1 ·:?5 
49·07 - ·05 
47·68 I +1·06: 
47·68 I ·-J-0·08: 
47·33: +1-34 
48·(,6 ! - ·64 
45 ·So l. + ·97 
46-57 l + ·52 
41· 36 I -=- ·06 
46-73 ! - ·51 
45·64 I +1·57 
44·71 l +1·99 
46-54 o·oo 
45·27 +0·47 
44·62 +1·34 
47·57 -1·42 
45·29 + ·41 
44·781+1"29 

Ref-/, 
+·01 
+·ox 
+·01 
+-19 
-f- ·01 
+·01 
+·or 
+·or 
. t-·01 
+·01 
+·01 
+·01 
+·01 
+·ot 
+·01· 

-~ ·01 
+·01 
+·01 

,, 
-·01 I 

+:~~·1 
I -·21. 

+·14 
+·14 
+·14 
+·14. 
+·14] 
+·141 
+·14' 
+·14 I 
+·14 
+·14. 
+·16, 
+·14! 
+·14i 
-+-·06 ! 

-f... 14 
+·14· 
+·06: 
+·14j 
+·14'; 
+·18 l 
+·141 
+·141 
+·141 
+·14] 
+·161 
+·141' 
+·14 
+·14: 
+·14i 
+·14 I 
+·qi 

l 

jlfer.1· ,, " 
+·03 '21 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 
-+·06 
+·06 

t:~~1 
+·06 
-+-- ·06 
-~·c6 j 
+·061 
+·04_ . 

// 0 

+·03' 21 
+·03 I 

+·03 
+·03 
+·05 
+-05 
+·05 
+·05 
+·03 
+·os 
+·05 
-;- ·o5 I 
+·05 
+·05 
+·04 
+·05 
+·05 
+·16 
+·o6 
+·05 
+·07 
+·05 
+·05 
+·04 
+·05 
+·05 
+·05 
+·05 
+·06 
+·05 
+·05 
+·05 
+·051 
+·05 I 

.. L·os 1 
I I 

Latitude. 

, // 

16 2+·35 
24·4(1 

24 ·.p 
25·01 
23·5 [ 
24·3~ 
24·19 
24-42 
24·24 
24·23 
24·60 
23·76 
24·02 
24·.p 
24·16 
24·3(i 
24·36 
24·1 I 

/ // 

16 24·85 
24·_::;0 
24·3q 
24·20 
24·73 
24-SS 
24-(q 
24·37 
""4·r)2 
;4.;6 i 
24·52 ! 
24·7o 
25·08 
23·0(1 

24·(>4 
24·=6 
23·SI 
24·48 
24·3 2 

24·75 
23·~}0 

zyoS 
24".'l'J 
23·jO 
24·40 
24·67 
23'66 
24·72 ; 
24·32 / 
24·5t) I 
2390 
24·29 I 
24·50 l 
24·rs i 
24·56 i 

I 
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Results from, obserrations for the 1•ariation of latitude at Waikiki, 
HawaM<ui Islands. 

GROUP II, PAIR 2. 

Date. J\l icrometer. !\:lean app. I 
Dec. Co1 rectiuns. Latitude. 

189r. 
Jnne 10 

I I 

13 
17 
18 
19 
24-
26 
27 
2S 
30 

July 4 
7 
8 

17 
18 
22 
23 
24 
25 I 

26 
27 
29 
31 

,\ug. 2 

3 
4 
5 
6 
7 

IO 

13 
14 
15 
I (t 

.lV. s. 
t. d. I. d. 0 

' 

20·48·0 20·89·0 ! 21 16 
21·00·7 21·50·01 

19·77·4 20"21'0 
20·47·0 20·83· 5 
20·53·2 21 ·93·4 
18·85·9 19·18·5 I 
19·76·6 20·04·3 i 
18·85·0 r9·14·6 i 
20"55"3 20·8y6 I 

18·93·9 19· 14·8 I 
19·46-2 19·73·2 I 
20·56-7 20·89·0 ., 
19·6b·1 I~r95·5 
19·73·3 19·90·5 ! 
19·86·5 20·03·8 I 
19·6o·8 19·73·9 j 
19·64·7 19·81·7 i 
18·62·9 18·68·4 I 
18·92· 2 j I 9·00·0 I 
I9·03"/ I 19·08·0 I 
19·25·21 1q·27·3 
19·78·7 19·86· 3 
19·66·61 19·75·8 
19·39·3 19·48·5 
19·27·6 ! 19·29·1 
19·45·0 19·50·8 
19·3s-31 19·36·0 
19·34·3 19·37·6 
19·21·5: 19·1ro 
18·61 ·4 18·59·3 
19·55·0 19·58·9 
19·40·1 19·30·7 
18·99·9 18·99·0 
19·26-7 j 19·38·4 
19·50·0: 19"47·2 

I 

8. Ex.31-6 

---· 

I JIIic . ,, , ,, I/ 

I 3 •I 2 ! + 0 09 · 5 I + I· I I 
I ~·10 i If ·44 -0·63 i 
J::·7o ! IO"I I. +0·46 

.. 1~·66 I 08·47; +z·11 
14·91 09·32 i +0·32 
I <;·16 07·56. + 1·44 
16·06 06·43 +1·65 
16-40 06-87 -t-1·40 
16-60 06·89 +0·48 
16·81 04·85 · +2·27 
I 7·26 06-26 +0·32 
18·u 07·49,-1·75 
18·59 06·8.z' -0·78 
18-73 oy99'+1·08i 
20·40 04·01 -0·12 ! 
20· 54 o yo4 : -o· :.n i 
21·02 0_:;·94. -0·85 ·1 

21·14 01·28 +1·5q 
21·26 01-81. + ·57 
2 I· 42 o I ·oo : -+- ·9 I ' 

21 · 5 7 oo· 49 ' + I · 8 5 : 
21·74 01·76 + ·12 
22·08 02· 13 ·67 
22·36 02·13 ·88' 
22·56 00·35 + ·98 
22·64 01. 35 . 34 
22·72 +o 00·16 +1·23 
22·80 i +a 00·71 + -03 
22·88 ~ -o 01·04 +2·45 
22·991-0 00·49 +1·19 
23·36 i +o oo·oo - ·43 
2J"72 I -0 02·18 +2·07 
23"79: -o oo 21 +0·05 
23·871+o02·71 -2·85 
23·921--0 00·65 ·02 

,lfer. 
/I 0 

--f-. I 5 . + ·o 3 · 2 I 16 
+·oo +·03 
-:·oo 
-·47: 

·oo 
·oo: 
·oo 
·oo 
·oo 
·oo: 
~oo 1. 

·co 
·oo 
·;.:o ~ 

·oo i 
-·08 

·oo 
·oo' 
~oo ~ 

·oo i 
~oo l 
·oo 
·oo 

-·02 
·oo 
·oo 

-·03 
·oo 
·oo I 
·oo, 
·oo! 
·001 ·oo 

:~l 

+·03 
+·04 
+·o<; 
+·os 
-+-·05 
+·o6 
+·05 
...L-05 
+·07 i 
-t--·05 : 
-1--05 I 

' I 
--t-·05 i 
+·05 i 
+·06: 
+·05 j 

+·os j 
-I- ·06 
i-·o~ I 

I ~,_ ~ 

+·os I 
+·05 
+·05 
+·05 
+·05 
+·05 
+·07 
+·05 
+·05 
+·05. 
+·os i 
-t-·051 
--L·o5 . 

+·051 +·05 

,, 
2]"92 
24 14 
24·30 
24·81 
24·60 
24·21 
24·19 
24·73 
24·02 
23·98 
23·91 
2~·qo 

2~·68 
23"85 
24·14 
23"34 
24·16 
24·06 
23·70 
2_:)"J0 
23·96 
23·87 
2 3"59 
23·64 
23"94 
23·70 
24-15 
23·65 
24·34 
23·74 
23·88 
23·66 
23·68 
23·78 
23·30 
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Dnte. 

1891. 
June I 3 

17 
18 
22 
24 
26 
27 
28 
30 

f Jnly ~~ I 

Aug.:~ I 
3 I 

~j 
ti I 
7 ! 

JO 
I I 

13 
14 
16 

U. S. COA3T AND GEODETIC 8CHVEY. 

GROUP II, PAIR 3. 

l\licro1neter. :;\Jean app. 
Dec . Corrections. 

.... .. --------- ---/ --T 
,1Jfic. I Lc:·ci. i 

, u i ~ /~ . i _./\'. ! s. 
t. d. t. d. // 

; 
0 , ,, 0 

29· Hr 2 . q·86· I J 2 I 

29·64·2 1 1()•22"2 I 

2<r-1 5-9: 10·,8· 1 I 
2' ,) 53·32: -7 

54·32 
54·56 
55·39 
55·74 
56·09 
56·30 
56·50 
5fr97 
57·85 1 

00·21 

I ' 
28·+5 I -+- ·9~ i -·13. -+ ·03 21 

" - ' .'.) _, l 
2c .. 71·o

1

, 9·26·5 I 
29· 14·2 9·63-7 
2S·oTI 8·54·2 
2X· 10·6 I X·(,4·8 
28·20·61 8·71·2 
2S·o::;·o, S-55· I 
28-_)S'J ! X·90·4 
2S·IJ·SJ <)·50·5, 
27·62·.S ·"'.'·or ·7 r 
28·71·5 1 9·12·4 
28·88·0 I 9·14·3 
28-84·0 I 8·35·71 
28·38·2 8·76·8 l 

28·25·6 8·58·9 ! 
28·89·.1 f)"fo·o 

1

1 28·09·h 8·40·3 
28·81. 2 9·08· 3 
28· ,.,.. I 8·61·0 ,) I 

27·82·0 8.01 ·8 
27-75·8 8·08-9 
28·91·5 9·16-6 
2c;r83·5 9·01 ·9 
28·47·5 s-s<rS 
28·85·8 0·06-2 
28'46-7 I S·63"7 

I 

23 
24 ; 

00·36 i 

00·87 
01·00 

01·44 
01·63 
01·98 
02·50 
02·58 
02·66 
02·76 
02·84. 
02·95 
OJ'34 
o:;-q8 
0 ., . ...,_.,., 

.._) I -

03·82 

OJ"95 

30· 5 2 i --)- I · I h l 
29·491-~- ·07 
31·10. -t- ·96 ! 
32·49 / +1·97 / 
32· I 2 I -+- ·88 j 

31·40 1 - ·08! 
32·23 J + -08 I 

JI"ISJ -2·00 

34·99 i -- ·46 ' 
34·95 . -- ·61 i 
34·48: -1·361 
.n·87' +1·55 I 
37·64 + ·90 I 
35.02 -1·23 ' 
36·24 --1·45 I 
§)"ICj --t- ·:-i8 1 

3()-85 - ·(,5 
17-68 . -- '45 
J8· . .p: .j- .IO 

39".3-'':i +I. 24 
3~· ~ -1·67 
38·15 - ·57 
39·70 + ·~8 
41·12 +1·70 

39·24 ---0·02 

-·13 . +·03 
-·13 +·03 

- ·17 +·02 
-·17 +·02 
--···13 +·03 
--·13 -t·o3 
--·r7 +·02 

--·I 7 ·t:oo~ I 
--- ·13 ! ,, I 
--·14 ·04 i 
-·17 
----·I 6 
-·13 
-~13 

-·13; 
-·17 
--.17 I 
----~13; 

--·15: 
-·13 
--~] 3 
--··13 i 
-·131 
--·13' 

- . 13 
-··-· 1 3 i 

--· 131 

~+-~02 

-+ ·05 
-i-·03 
+.·o3 
+·051 
+·02 
+·02 
+·031 
+·02 
+·03 
-+-·03 
+·03 
-+·03 
+·01 
-1 ·o3 
+·05 
+·03 

Latitude. 

, 
16 

,, 
25·72 
24·86 
24·90 
25·10 
25·07 
24·75 
24·72 
24·20 
24·58 
24·56 
24·66 
24·65 
24·92 
24·58 
24·60 
25·30 
24·14 
24·04 
24·98 
24·40 
24·34 
24·60 
24·89 
24·52 
24·64 
24·20 
24·+8 
24.06 
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Results from observations for the varfo,tion of latitude at TV a'i"kiki, 
Hawa'iian Island.s. 

Date. 

1S91. 
_Tune 10 

I I 

13 
17 
18 
19 
22 
26 

27 
28 
30 

July 4 

Aug. 

7 
8 

17 
18 
22 
23 
24 
26 
27 
29 
31 

2 

4 
5 
6 
7 

lO 
I I 

13 
14 
15 
16 

l\1icom.eter. 

N. 1 s. 
t. d. ' t. d. 

21·11·4 i r7·62·2 
20·03"2 j ro·58·2 
20·29· r i 16·76·6 
21 ·91 ·4 \ 18·34·4 
20·55·9 17·02·9 
20·53·5 !' 16·89·6 
19·84·3 16·20·1 
19·64·3 15·98·1 
19.84·0 16·21·9 
20·54 9 16·92·0 
20·00·7 16·32·5 
20·93"6 17·29·9 
19·55·6 15·84·0 
20·34·4 16·49·7 
20·64·2 16·83·9 
19.34·7 15·51·81 
20·25·8 16·4r9 
i9·q3·6 I 16-03·11 
19·86-0 16-01·3 
20·38·3 16-44·2 
19·73·7 15·87·9 
20·65·3 16-76- I 

20·32·5 16-47·9 
20·35·8 16·41 ·6 
20·74·3 16·82·3 
20·62·8. 16·69·5 
20·47·5: 16·47·2 
20"33"9 i 16·45·5 
20·20·1 16·28· 1 

20-16-6 16· I 7 9 
20·55·3 16-50·2 
20·44·0 16·30·0 
zo·48·c; 16·43·4 
20·35·7 I 16-28·3 

I 

GROUP II, PAIR 4. 

?.lean app. !!. 

Dec. Latitude. 

-------
l . 1· 

0 II 

i 
f-c·•·d. R,'/: ii .lifer. 

// /~ // 

I 
.i1Eic·. 

0 I ,, I' '' I 
21 17 45·34 -I 21 ·01 1 

45·54 20·04' 
00 · ·oc~ ! +·03 21 19 

-1'/9, -· •18 I -· '03 
24·33 
23·56 
24·16 
24·1() 
24·16 
24·30 
23·74 
23·87 
24·34 
24·04 
23·76 
23·82 
24·25 
2j"68 

45·94 21 ·7:-; 
46-92 22·82 
47"18 21·89 
47·44 24·42 
48·04 2+·49 
48·77 2r95 
48·98 24·00 
49·18 24·:r9 
49·66 25·42 
50·58 24·37 
51·09 26-20 
51·24 29·24 
5J"02 I . 28·22 
53·18 28·83 
53·72 2,-67 
53·86 30·45 
54·00 29·24 

oo 1 -·03 I -; ·03 
+ ·04 ! --·03 I +·os 
-1·15. ---·03 I -)-·05 

-- ·oj i -7"·05 + J'2{J 

--1- • 1 7 
+ ·03 

·66 

--·o.) i _. ·05 
~-·03 +·05 
-··· ·03 +·os 

·97 -·03 + ·05 
--·01 +·04 
-·03 +·05 
1 - ·oo 1 .L·o6 
-·o~ I -l-_ ·o:::: ~.., i _, 

-1·10. --·03 +·05 
--1·20: --·03 ., ·06 
-2·15 ··--·03 +·05 
+ ·67 i -·03 + ·05 
·--l '20 I -·03' +·07 

54·33 31·4::! i + ·83 
29·50 ! --I ·37 

-~03 ~ +·05 
54·51 ~~03 +·05 
54·88 30·29 I - ·87 ·--·03: +·05 
55·20 29·22 -2·46 -·o, I -j-·05 
55·44 31·45 - ·01 -·o3 i +·05 
55·63 30·94 :::: :~~1 :-:-:~~I 

-j~~o5 

55-72 31·24 +·05 
55·82 32·86 + ·24 -·03 -+--05 
55·93 30·10 ·--2·65 ..L-01 +·04 I I 

56·35 3o·94 -1"47 I -~~03 t +·05 
56-5o 32"49 -- ~I 2 ~ --·03 ! +·05 
56·76 33·98 + ·58: --·03 I +·05 
56-88 36·04 +2·441 -·031 +·05 
56-95 33 98 +0-79 

=:~~I -i ·05 
57·02 34·5 1 .. !.. I ·2q l ·o'"' 

I • 1 
_, 

; 

2372 
23·18 
23·92 
24·10 
23· 6 0 
23·76 
23·66 
23·74 
23·54 
24·00 
23·72 
23"77 
23·22 

23·23 
23'96 
23"91 
23'38 
23·30 
23·78 
23-.S2 
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I 
I 

I 
! 
I 

Date. 

1891. 
June 11 

13 
17 
18 
22 
24 
26 
27 
28 
30 

July 4 
8 

17 
18 
26 
27 
29 

Aug. 2 
3 
4 
5 
6 
7 

IO 
13 
14 
15 
16 

1891. 
June 13 

17 
18 
l'.9 
22 
26 
27 
28 
30 

July 4 
8 

18 
26 
27 
29 
31 

Aug. 3 
4 
5 
6 
7 

10 
13 
14 
15 
16 

l 

j 

I 
I 

I 
I 

U. S. COAST AND GEODETIC SURVEY. 

:'-1 icron1eter. i 
I 
I 

I 

I N. I s. 
'· d. I '· d. 

12·26·5 I z7·24·1 
12·74·3 ! 2r65·8: 
13·93·8 I 28·77·4 I 
13·69·2. 28·56 8 
12·79·0 ! 27'59" 3 
11·59·2 26·3r·2 
12·93·8 27-71 ·8 
13·4r2 28·25·9 
12·81·5 27-61·3 
I 1·51·3 • 26"27·2 
12·51·1 2r32·9 
12·80·4 27·48·7 
I 2·01·7 26-63·2 
12· 19·1 26·81·8 
12·51·1 26-55-1 
11·84·9 I 26·4 TO 
I I ·69·4 i 26"2J" I 
12·31 ·6 ! 26-78·5 
12·03·3126-55·2 
12·54·0 2ro5·9 
I 1·77·9 26-26-1 
12·63·312ro5·3 
11·74·5 I 26·30·9 
12·79·0. 27·28·8 
12·46-9 / 26-81·1 
u·96·7 1 26·39·9 
12·41·0 26-76-3 
I 1· 2· 26·1 3 ·1 

t. a". t. d. 
14·82·8 25·12·4 
15·03·0 25·26·2 
14· 18·8 24·46-6 
13·51·8 23·73·3 
14·03·1 24·20·7 
14·87·7 25·02·2 
14·00·6 24·17·7 
14·87·1 25·o6·5 
13·82·9 23"97"0 
14·22·2 24·41·5 
14·43.6 24·49·7 
14·53·2 24·48·3 
13·38·6 23·25·2 
13·17-0 23·12·7 
13-37·6 23·31·2 
13·42·1 23·36·0 
14-26·4 24·17·6 
IJ"5J"Z 23·42·4 
I 3·92· 5 23·82·0 
13·55·2 23·29·2 
14·67·5 24·6o·6 
12·76·3 22·63·0 
13·44·0 23·16-4 
13"46·2 23·27·2 
13·28·9 23·05·0 
13·73·3 23·51·8 

I 

GROUP II, PAIR 5. 

?\lean app. I Corrections. La.t!.tude. Dec. I 
j 

0 , ,, ! . 
21 IO 37·17 

37'59 
38·58 
38·84 
39·74 
40·12 
40·50! 
4072 I 
40·93: 
41·42 ! 
42·36 
43·06 
44·90 
45·10 
46-30 
46-50 
46·84 
47·50 
47·60 
47·71 
47·82 
47"92 
48·04/ 
48·481 
48·93 
49·06 
49· 151 
49 3 ! ·2 I 

./Ifie. l Leve!. , 
+s 

. 

,, ! ,, 
47·42 -- ·61 
46·01 + ·52 
44·17 +1·64 
45·10 + ·33 
43"41 +1·23 
41-48 +2·19 
42·87 +1·28 
43·04 + ·32 
43-29 + ·12 
42·39' + ·36 
43·76 -r56 
40·62 + ·I I 

39·05 - ·38 
39·32 - ·47 
36-38 +1·30 
37·56 - ·30 
37'24 - ·33 
35·66 + ·92 I 
36·82 -1·16] 
36·82 - ·27. 
35·96 + ·18 I 
34·52 +1·10: 
37·86 ,-1·96 ! 
30·33 --1·05 . 
32·71 +z·oo 
34·80 I - ·34 • 
32·97: +1·48' 

·22 I ·2 34 ,+ 
i 

9 

GROUP II, PAIR 6. 

0 , 

21 12 

,, 
25·48 
26·50 
26-76 
27·02 
27·66 
28·43 
28·66 
28·88 
29·36 
30·33 
31·06 
33·12 
34·38 
34·58 
34·98 
35·34 
35·74 
35·84 
35·94 
36-o6 
36-18 
36·64 
37·10 
37·24 
37·34 
37"43 

I 

, ,, i ,, 1 
58·85 + ·681 
57"37 +1·23 i 

58·44 - ·20 
56-97 +1·55 
56-07 +1·32 
55·35 +1·24 
55·95 + ·23 
56-49 - ·24 
55·26 + ·55 
56·47 -2·08 I 
53"40 + ·47 
50·85 + ·32 
48·88 +1·26 
50·99 - ·59 
50·50 - ·68 
50·57 --1·50 I 
49·94 - ·61 I 
49·48 - ·76 
49·55 ·44 
45·95 +2·12 
50·38 -2·29 
48·90 - ·99 
45·44 +2"24 
47·58 ·31 
46·44 + "70 
47·00 + ·32 

Ref. .i1'fer • 
//' /' /' 0 , ,, 

+·03 ! 21 16 +·10 24·1 I 
+·10 +·031 24·25 
-·37 +·04 24·06 
+·10 +·05 24·42 
+·10 +·05 24·53 
+·12 +·05 23·96 
+·10 +·05 24·80 
+·14 +·04 24·26 
+·10 +-05 24·49 
+·10 +·05 24·32 
+·10 +·05 24·71 
+·10 +.05 23·94 
+·07 +·051 23·69 
+·09 +·05 24·09 
+·09 +·05 24·12 
+·09 +·05; 23·90 
+·07 +·041 23·86 
+·09 +·oc; I 24·22 
+·09 +·o5 ! ~3"40 
-T-. II t:~~1 24·42 
+·09 24·10 
+·09 +·05 23·68 
+·09 +·05 24·oS 
+·09 +·051 23·90 
+·09 +·05 23·78 
+·09 +·05 23·66 
-i-·09 +·05 23·74 
....i.. ·oc 9 I 

_, ·o 2 3 ·88 
j 

,, /'/' 0 ,, /'/ i 
16 24.92 II 

24·76 
25·12 ,. 

-·11 +·02 21 
-·41 +·07 
+·07 +·05 
-·18 +·04 
+·03 +·04 
+·07 +-05 
+·07 +·05 
+·07 +·05 
+·05 +·04 
+·07 +·05 
+·07 +·os 
+·07 +·05 
+·07 +·05 
+·07 +·05 
+·10 +·oS 
+·03 ;f-·04 
+·07 +·05 
+·10 +·oo 
+·03 +·04 
+·03 +·04 
+·07 +·05 ' 
+·07 +·05 
+·07 +·p5 
-•05 I +·12 
+·o8j·+·o8 
+·07 1 +·os 

) 

~r1~ 
11 

25·14 
24·96 
25·25 
25·26 i 
24·84 i 
25·05 : 
24·41 i 
24·64 \ 
25·10 i 
24·98 ! 

24·48 1 
25·19 
24·72 
25·12 
24·20 
24·39 
24·67 
24-90 
24·58 
24·64 
24·87 
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.Results from obserrations for the var·ia.tion. of latitude at Waikiki, 
Hawaiian Islands. 

l 

I 
I 

Date. 

I 891. 
June 10 

July 

13 
18 
19 
22 
26 
27 
28 
30 

4 
8 

18 
22 
23 
24 
26 
27 
29 
30 

Aug. 2 

3 
4 
5 
6 
7 

IO 

13 
14 
15 
16 

1891. 
i June 10 

17 
18 
19 
22 
26 
27 
28 
JO 

July 8 
18 
22 
24 
26 
29 

Aug. 
30 

2 
3 

I 5 
6 

I 7 

l 10 
13 
14 
15 
I6 

I 
i 

\ 

:l'>Iicrorncter. 

A~ ! s. 
t. d. t. d. 

24·37·6 15·99·5 
24·72·7 I5"3J'I 
24·86-2 15·43·5 
24·04·1 15·49·7 
25·1r7 15·65·7 
24"53"7 14·97·0 
25·05·3 i 15·53·1 
24·00·0 J 14·39·5 
25·11·0) 15·55·8 
23"37"3 13·87·5 
24·45·5 14·82·0 
24·19·1 14·47·8 
24·64·3 I 14·91·61 
24·64·4 J 14·79·9 
24·10·8 14·28·3 
24·41·8 14·56-1 
24·26·2 14·47·9 
24·64·3 i4·85·5 
23·6o·5 lJ"76-4 
23·44·6 13·56·7 
24·35·1 14·53·1 
2]"5Q'3 13·74·4 
24·14·3 14·31·0 
24·02·7 14·08· 3 
24·b67 14·73·5 
23·33·3 13·46-6 
23·66-3 lj"63·0 
24·60·4 14·67·0 
24·20·4 14·26-9 
2J"52'0 13·54·8 

t. d. i t. d. 
18·12·3122·78·8 
17·38·2 21·93·7 
I 7·43·7 ; 22·06·9 
17·83·5122·39·2 
18·55·5 22·13·2 
I 7·70·6 1 22"22"0 
18·00·4 22·53·2 
16·58·6 21·03·0 
17·23·2 21·72·5 
17·22·7 21·64·7 
16-55·3 20·89·7 
16-84·5 21"16-8 
16-63·1 20·89·9 
17·11"5 21·28·1 
15·74·9 20·01·6 
18·35·8 :u·58·7 
17·02·6 21·21·6 
16-83·1 21·05·6 
16-74·4 20·95·4 
16-6o·6 20·68·6 
16·70·7 20·78·4 
16·63·0 20·82·8 
16-65·0 I 20-75·6 
17·24·6. 21·37·6 
17·04·6 J :2:1·16-8 
17·1r6 21·24·7 

GROUP II, PAIR 7. 

Meanapp. 
Dec. Corrections. 

0 

21 

0 

21 

A·fic. I Level.I , ,, , // ,, 
20 02·46 -3 37·62 

03·08 l 37·97 
- ·73 

04·40 
04·66 
05·33 
06·13 
06-36 
06·58 
07·08 
08·10 
08·82 
11·05 
11·71 l 
IJ·87 
12·03' 
12·41 
12·62 
13·05 
13·26 
13·76 
13·89 
14·02 
14·14 
14·26 
14·39 
14·88 
15·40 
15·56 
15·68 I 
1y78 I 

- ·46 
38·69. - ·69 
41.41 I +1·01 
40·851- ·09 
41·94 + ·41 
40·90 i - ·70 
42·821 + ·06 
41·59 -- ·95 
41·04 -2·871 
43·521 -- ·67 
45·33 I -1"31 1 

45·65 l-1·961 
48·391 + ·14 ! 
47·92 - ·09 I 
48·67 + ·64 I 
46-95 -1·39 J 

47"07 -1·381
1 

48·30 - ·72 
49·18 - ·41 
47·81 ---1·70 
48·48 -1·59 
48•1 I -1·99 
50.691 +I ·08 
50·41 + ·09 
48·90 i -1·94 
52·75' +1·25 
50·461 -1·03 
50·48 i -1·26 
5r·34 /- ·40 J 

GROUP II, PAIR 8. 

, ,, I I // 
,, 

14 34·76 +1 48·22 +0·23 
36·42 45·67 +1·55 
36-70 47"46 - ·22 
36·98 45·72 +1·83 
37·64 46-18 + ·30 
38·50 44"72 +1·05 
38·72 45·04 - ·01 
38·96 43·09 +1·17 
39·46 44·23 + ·36 
41·30 42·54 - ·02 
43·54 40·77 - ·59 
44·23 40·29 - ·58 
44·56 39·01 + ·39 
44·95 36·64 +1·55 
45·61 38·991- ·98 
45·82 38·11 - ·26 
46-36 37·20 + ·76 
46·50 38·01 -1·06 
46·70 37·67 - ·93 
46-89 34·65 +2·24 
47·02 34·58 +1·74 
47·54 37·3<J -1·32 
48·o8 35·25 + ·67 
48·24 35·81 - .19 
48·36 35·62 - ·38· 
48·49 34·44 + ·38 

Rif. I ,, 
-·061 
-·06 

-.31 I 
-·06 
-·06 
--·06 
-·06 
-·06 
-·06 
-·03 
-·10 
-·06 
-·06 
--·12 
-·06 
-·06 
-·o6 
-·06 
-·06 
-·10 
-·06 
-·06 
-·o6 
-·06 
-·06 
-·06 
-·06 
-·o6 

=:~~l 

,, 
+·03 
+·51 
+·03 
-·45 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 
+·o6 
+·03 
+·03 
+·03 
+·07 
-·oo 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 
+·03 

f 
Lifer. , 
// 0 

+·03 21 
+·03! 
+·051 
+·06 
+·o6 
+·o61 
+·o6i 
+·06\ 
+·06: 
+.o6i 
+·05 ~ 
+·07' 
+·04! 
+·041 
+·07 
+·06 
+·o6 
+·o6 
+·06 
+·05 
+·o6 
+·06 
+·06 
+·o6 
+·o6 
+·06 
+·06 
+·06 
+·o6 
+·06 

,, ! 0 

+·03 i 21 

+·07 
+·05 
+·16 
+·05 
+·05 
+·05 
+·08 
+·05 
+·05 
+·05 j 
+·13 
+·05 
+·05 
+·05 
+·04 
+·o8 
+·05 
+·05 
+.05 
+·05 
+·05 
+·05 
+·05 
+·05 
+-os 

Latitude. 

, 
16 

/ 

16 

,, 
24·08 
24·62 
2476 
24·32 
24·39 
24·6o 
24·76 
23·82 
24·54 
24·22 
24·58 
24·42 
24·08 
23·74 
24·03 
24·38 
24·28 
24·6o 
24·24 
24·12 
24·38 
23·95 
24·04 
24·65 
24·07 
24·04 
23·90 
24·07 
23"94 
24·04 

// 

23·27 
24·22 
24·02 
24·24 
24·20 
24·35 
23·83 
23·33 
24·13. 
23·90 
23·8o 
24·13 
24·04 

I 

I 
I 

2J•22 I 

23·70 
23·78 
24·40 
23·53 
23·52 
23·86 
23·42 
23·69 
24·08 
23·<H 
23·68 
23·39 
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]_o_ate. 
I 1391. 

July 4 
8 

17 
18 
23 
24 
26 
27 
29 
30 

Aug. 3 
5 
6 
7 

10 
13 
14 
15 
16 
22 
23 
25 
26 
29 

Sept. z 
9 

12 
18 
19 
26 
28 

U. S. COAST AND GEODETIC SURVEY. 

GROUP III, PAIR 1. 

l\1 icrotneter. Mean app. 
Dec. Corrections. Latitude. 

I - -----,c - ·· --~- ---

/"': d. \ r_s.d. o , ,, , ~~~- L~;et· I ~if 11 J';;r. I o , 

25·81·5 \ 14·00·0 21 20 37·18 -4 10·89 -1·731 -·07 +·05 i 21 16 24·54 
24·72·2113·80'4 38·02 13·28 - ·12 --·07 +·05' 24·60 
24·78·9 · 13·80·0 40·10 14·93 - ·65 ! -·07 1 +·05 24·50 
24·36-2 13·35·5 40·32 15·34 - ·12 ! -·07 +·05 24·64 
25·22·1 IJ'08·6 - 41·22 18·32 + 1·78 l -·05 +·05 24·68 
24·90·5 13·82·2 41'40' 17·11 ...!- ·50 j -·07 +·05 24·77 
24·22·9 13·os·o 41-so 1 19·34 -i-1·94 -·07 +·05 24·3s 
24·87·7113·79·4 42·02 ! 17·11 - ·65 I --·07 -f-·05 24·24 
24'48·8 13·39·0 42·49 I 17·46 ·91 i -·07 -+·05 24'10 
24·32·0 I 13·18·4 42·71 ! 18·36 ·oo' -·07 -+--·05 24·3,:r 
24·48·3 13·31·0 43'44' 19·20. ·15 ! -·07 +·os I 2407 
24·15·1\1]'00"3 4y70 I 18·62 I --- ·52 l -·07 +·05 I --24·54 
24·83·5 13·57·6 43·85 21·19 [ +1·88 I -·07 +·05 24·52 
24·76-6 lj"48·4 43·99 21·72 l +r87 --·07 +·05 24·12 
24·6r5 13·49·9 44-53 19·27 - ·70 -·07 I +·05 24·54 
24·53·4 13·22·9 45·10 22·26 +1·02 -·07 I -+·05 23"84 
25·12·8 13·88·4 45·26 20·84 - ·04 -·07 I +-·05 24-36 

,, 

24·66 2 l3·4ro 45·42 21·03 - ·30 
1 
+ ·01 +·08 24·1.S 

24-74·2 13·48·s 45·54 21-14 ·oo I -·07 +·05 24·3s 
24·54·8 13·15·1 46·21 24·39 +2·44 -·07 +·05 24·24 
24·90·4 13·58·6 46-36 22·561 + ·64 -·07 +·05 24·42 
25·12·6 13-81·0 46·68 22·51 + ·62 -·07 +·05 24-77 
24·96·5 13·51·3 46·83 25·67 -t-3.62 -·07 +·05 24·7() 
24·sr9 1 3 ·so·o 47·19 23· 9 8 +- ·87 -·07 +·os 24·06 
25·9g-7 14·49·3 47·44 26-64 +4"12 -·07 +·05 24·90 
25·61·1 14·25·3 48·II 23·49 - ·30 -·07 +·05 24·30 
24·94·1 14·57"8 48·32 23·60 - ·30 -·07 +·05 24·40 
25·11·4 13·69·1 48·44 25-001 +1·17 -·07 +·05 24·59 
25·50·6 14·11·1 48·50 24·35 i + -57 -·07 +·05' 24·70 
25·16-0 13·76·8 48·80 24. ·28/' + .38 -·07 +·05 24·88 
24·85·4 13·44·0 48·74 24·79 + .58 -·07 +·05 24-51 

-'---~~~~-~~~~'~------'-~-----'-~--~---'-~--'--~-'-----'-~-~~~ 
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Results from, observation8 for the ·uar1:0:tion of latitude at Waikiki, 
Hau:a.i·ian Islands. 

Date. 

r891. 
Ju1); 4 

8 
17 
18 
22 
23 
26 
27 
29 
30 
31 

Aug. 2 
3 
5 
6 
7 

IO 
13 
14 
15 
16 
20 
22 
23 
25 
26 
29 

I 31 
I Sept. 2 

I 6 
9 

15 
18 
19 
26 
27 
28 

GROUP III, PAIR 2. 

1\i icro meter. Meanapp. 1

1 
Dec. . 

. 1\T. 
t. d. 

28·99·7 
29·49·6 
29·64·3 
28·81·6 
28·27·5 
28·51 6 
28·47·9 
30·11·6 
29·13·0 
29· 16-8 
29·18 I 

28·60·6 
29·6S·2 
28·85·3 
29·50·9 
29·38·7 
29·2s-6 
29·61·1 
29·75·7 
28·8y8 
29·82·9 
28·88·7 
29·34·4 
28·89·8 
29"43"9 
29"23"1 
29·73·9 
29·29·9 
29·33·8 
29·96-3 
28·71·8 

~ 29·17·7 
29·23·7 
29·87·6 
29·75·7 
29·28·1 

• 28·17·3 

s . 
t. d. I 0 " 

11·62·7 21 23 
i2·07·s l 
12·14·3 j 

12- 34") I 
10·79·0 
10·90·5 I 
10·90· I i 
12·54·0 I 
11·52·6 
I 1·55·2 
I I ·60·0 

10·97·6 
12·05·4 
I 1·19·4 
I 1·82·4 
I 1 ·62·7 
11·63·3 
I 1·85· I 
I 1·99·6 
I 1·12·8 
12·05·5 
I I ·06'4 
11·53·1 
I 1·07·8 
I 1·62·2 

11 ·32·2 
I 1·93•4 
I 1·48·9 
I 1·55·1 
12·08·3 
10·95·8 
I I·21·1 
11·29·2 
I 1·99·6 
1I·82·5 
11·28·2 
10·25·9 

,, 
07·24 
08·10 
10·22 
10·45 
I 1·22 
I 1·40 
I 1·99 
12·22 

12·70 
12·92 
13·16 
13·54 
13·70 
13"99 
14·14 ! 
14·28 
14·84 I 
15·44 ! 
1y{)1 I 
15·78 I 
15·92 
16·38 
16·64 
16-80 
17"14 
17·29 
17·70 
17·86 
17·98 
18·~6 
18·]2 
19·07 
,19·17 
19·22 
19·62 
19·()0 

19·591 

Corrections. 

I I 
frfic. : Lez·d. i 11.'ef'. 

.1 ,, i '/ I .// 
-6 42·96 ' - -01' -·12' 

44. I 4 ·+- . 20 - . I 2 i 
45·97 - ·r.S -·12 

45·21 - ·88· --·12 

45·63' --1·34 -·12 

48·55 +1·97 -·10 
47"78 ·34 -·12 

4i'74 ·41 ---·20 

48·39 ·46 -·I 2 

48·66 ·15 -·12 i 
48·85 ·90 -· 12 
48·99 ·2S -·12 
48·94 • ·82 -- I 5 . 
49·66 -- ·50 -·12 
50·27 ! + ·42 -·12 

52·00.+1·97 -·12 
48·83 I --2·08 -·12 
52·00 ! + ·51 --·12 
52·03 ·12 -·12 

51·31 ·5S -·12' 
52·33 -+- ·72 -·12 1 

53·47 +1·2q ---·12 
53·24 --t· ·55 -· 12. 

53·40 + ·57 -·12 i 
53·33' + ·l::l..t. -·12 i 
55·46 i +2·46 -·12 
53·051

1
- ·31 --·12 

5y16' - ·3S I ----'12 

52·631--1·12 --"12 

5479 \ + ·92 \ ·12 
52-00:--2·14 -·12 
56·78 i +1·94 ---·12 i 

56·30 I + 1 ·50 ---12; 
54·79 I -- ·22 -- ·12 

56-001-t- ·35 ----12 

57·55lj1·72\ ·12 

ss-ss \ 1 ·24 ___ ·1;:!_ 

Latitude. 

~lffer • 
,/ 0 , ,, 

+·05 ! 21 16 :~q-zo 
-t-·05 24·09 
-!· ·05 2.-i.-00 
-t-·05 2.+·29 
--'-·05 24·18 
+·05 24·77 
c---05 23·80 

-:--13 24·00 
+·05 2]"78 
+·05 24·0.t 
+·05 24·34 
+ ·05 24·20 
+·06 2]"85 
+·05 2376 
+·051 24·22 
+·05 24·18 
+·05 23·86 
+·05. 2J"SS 
+·05 23·39 
+·05 2y82 
+·05 24·24 
+·05 24·13 
-+-·05 23·8~ 
+·05 23·90 
+·05 24·58 
+·05 24·22 
+·05 24·27 
+·05 24·25 
+·05 24.16 
-+-·05 24·42 
+·05 24·51 
+·05 24·16 
+·05 24·30 
+·05 24·14 
+·05 23·90 
+_ ·o:; l 2-:;·68 
-t ·05 24· J s I ____ _ 
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GROUP III, PAIR 3. 

Datt-. 1\1 ic1·01111:ter. Mean app. 
Dec. 

Corrections. Latitude. 

1-----ii-- -------- ------- ----------------- -----~~ 

Ref. j JJ-fer. / 
1891. 

July 4 

;~ I 
i 

22 ~ 

N. s. 
t. d. t. d. 

14·66-8 23·40·1 
14·53·2 ~y21·8 
15·05·1 23·67·2 
14·IT4 22·73"0 
14·63·4 23·24·3 

23 14·93·0 23·4]"8 
26 14·79·0 23·30·7 
27 15·06·7 23·6o·7 
29 14·89·2 2J"J8·o 
30 14·20·7 22·6g·3 
31 15·34·1 23·84·9 

1 Aug. 2 14·23"8 I 22·70·9 

3 l 5'49"5 23·99·0 
5 15·04·3 23·50·2 
6 15·18·7 23·61·4 
7 15·55·8 23·92· I 

10 I 15·00·9 _ 23·46·4 
13 14·87·9 [ 23·20·6 
14 J 15·25·0 2)"62·3 
I 5 I 5 ·29·7 23·72·0 
16 i 15·54·3 23·88·5 

j 15·55· I 23·85-6 
' q.·81·6123·13·6 
! 14·51·2 23·82·1 

15·36-9 23·57·3 
15·53·5 I 23·82·3 
15·56·5 : 2)"86·2 
14·76·1 i 23-03·5 
15·29·8 ! 23·55·1 
14·86-8 i 23·15·1 

20 
22 
23 
26 
29 
31 

Sept. 2 
6 
9 

12 
15 
18 

j is·4r9' 23·66-7 
15·1r3 23·33·7 
14·98·6 23·15·1 
14·62·7 22·82·6 
14·8o·7 22·92·3 
14·84·2 22·98·9 
14·97·4 23·09·1 

0 , ,, 

21 13 02·18 
03·04 
05·16 
05·40 
06·19 
o6-37 
06·98 
07·20 
07·68 
07·91 
08-14 
08·54 
08·70 
09·00 
09·16 
09·30 
09·86 
10·48 
10·65 
10·83 
10·98 
l 1·46 
I 1·73 
I 1·89 
12·40 
12·82 
IJ"OO 
13·14 
13"53 
13-91 
14·18 
14·31 I 
14'43 
14·50 
1 4"94 
14·94 
14·93 

Afic. , ,/ 
+3 22·59 - ·26 

21·50 + ·12 
19·99 --rG2 
19·41 - ·32 
19·72 -1·68 
17·37 +1-20 
17·58 + ·24 
18·12 --1·35 
I 6·91 -· ·45 
16-80 -- ·42 
17"37 -1·40. 
16-51 - ·64 l 
17·07 -1·06 \ 
16·24 - ·63 
15·49 - ·54 
14·01 + ·98 
16-14 -I ·87 
13·17 ! + ·36 I 
14·241- ·97 
15·40. -1·72 
13·521- ·13 
12·66 j + ·27 i 
13-01 \ - ·31 I 

12-76 ! - ·34 I 
I - ' 10·32 ., +1·40 l 

12·27 - ·98 l 
12•48 I - •93 l 
I 1·94 ! -1·40 
11·46: -1·02. 
12·15 ! -1·91 
I 1·34 I -1·65 
o9·39 i + ·14 
O<r42 : -- ·05 
10· 20 l --- ·45 
08·281 + ·53 
09·00 + ·52 
08·30 I+ ·79 l 

,, I ,~ 0 , 

+·o6 +·04 I 21 16 
+·06 ! +·05 
+·06 i -t· ·05 
+·06 i +·05 
+·06: +·05 
+·091 +·06 
+·10: +·04 
+·06 i +·05 
+·10 +·04 

+·o6 +·051 
+·08 +·05 
+·06 +·05 
+·09) +·06 
+·06 +·05 
+·06 i +·05 
--i--·06: +·05 
+·061 +·05 +·o6 +·05 
+·061 +·05 
+·06, +·05 
+·o61 +·05 
+·o6 ! +·05 
+·061 +·05 
+·06 +·05 
+·o6 +·05 
+·06 +·05 
+·06 +·05 
+·03 +·05 
+·05 +·05 
+·05 +·05 
+·05 -+-·05 
+·05 +·05 
+·05 I +·05 
+·01 +·04 
+·05 +·05 
+·05 +·05 • 
+·05 +·05 

,, 
24·6:: 
24·76 
23·64 
24·60 
24·34 
25·09 
24·94 
24·08 
24·28 
24·4(, 
24·24 
24·52 
24·86 
24·72 
24·22 
24·40 
24·24 
24·12 
24·03 
24·62 
24·48 
24·50 
24·5+ 
24'42 
24·23 
24·22 
24-bC• 

23·1° 
24·0; 
24·2::; 
23 ·07 
23·0-i 
23·~,c 

24·3° 
23~S5 
24·56 
24·12 
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Results from observations for the 'l"ariation of latitude at Waikiki, 
Hawaiian Islands. 

! 

Date. 

1891. 
July 4 

8 
17 
18 
23 
26 
27 
29 
30 

Aug. 2 

·3 
5 
7 

:-'ept. 

10 
13 
14 
15 
16 
20 
22 
23 
25 
26 
29 
31 

2 
6 
9 12 

rs 
18 
19 
26 
27 
28 

I 
l 
I 

I 
I 

\ 
' I 
l 

l\ficromt·ter. 

./\'. s. 
t. d. t. d. 
8·4ro 31·29·2 
roo·3 30·83'3 
r67·8 31·42·3 
8·41·6 31·12·4 
6·65·8 30·26-9 
6-93·9 30·53· 1 
6-73·5 30·36-6 
6-40·0129·99·0 
7"73"1 31·32·6 
rS1·2 31·37·7 
6·62·6 30·22·2 
6·97. 7 30· 5 3·9 
6·37·3 29·84·5 
6-53·7 3o·or2 
7·07·3 30·50·1 

..,574"2129·17·91 
6 --6 2 2 8 0 . 9· 9· .:> 
7·02·6 30·44·6 
6·03·9 29·41 ·5 
6-66·5 30·10·0 
7·11·2 30·50·4 
6·84·5 30· 17·3 
6.14·4 30·44·1 
7·10·0 30·44·7 
7·07·5 30·43·5 
7·07·1 30·38·7 
7·05·9 30·40·6 
7·09.4 30·46·2 
7"07"9 30·40·8 
7·42·6 I 30•65·8 
7·30·3 J 30·52·1 
6·75·5 30·00·4 
6-98·8 30·18·6 
7·50·4 30·68·9 
5·96·5 29·19·5 

GRO"CP III, PAIR 4. 

Mean app. 
Dec. Corrections. 

i I 
.!Ifie. : Level. j' 

0 , ,, I' l'I' ' l'I' 

21 07 12·46 l +9 12·63 -. ·761 
13·34 12·82 -· 1·12 
15·47 J0·85 -2"19 I 

·3 0 2 -2· 4 

15'72 09·99 I - ·961 
I 6. 7 J 07. 7 4 I + . I 7 
17·32 I 07·30: - ·49 \ 
I 7"561' 08·27 i -l ·58 j 
18·06 07·25 -1·46 \ 
18·30 I 07·37 l -·1·39; 
18·95 06-67 •... 1·23 ! 
19·12 07·39•--1·811 
19·44 06·60: - 1·96 J 

19·76 04·51. + ·20 l 
2o·33 I 05·98' -1·99 \ 
20·97 OJ'SO - ·21 ! 
21°16 0'"70 --·l'lfi I 

2r s 5 s 6 I 
21·52 03·31 - 71 ! 

22·04 02·29 - ""41 
22·33 03·66 -1·s1 t 
22·50 02·66 ~ ·681 22·86 01·18 - ·12 

23·05 00·46 + ·41 
23·52 01·62 -1·83 I 
23·74 01·92 -2·081 
23·90 00·90 - ·84 
24·34 01 ·6:2 -2·04\ 
24·76 02·10 -2·76 
25·09 01·20 -2·33 ! 
25·26 +s 58·95 - ·17 
25·44 58·62 ' - ·44 
25·52 59·34 -1·36 
26-10 58·16 - ·65 
26-12 57·86 - ·48 
26-13 58·90 - ·83 

Rc:f. 
l'I' 

+·19 
+·17 
+·17 
+·17 
+·12 
+·17 
+·17 
+·23 i 
-i..-16· 

+·12 I 

· 1 

+·16[ 
+·16' 
+·161 
+·161 
+·16 

+·161 
+·16 
+·16 ! 

+·161 
+·161 
+·16 

+·10 
+·16 
+·16 
+·16 
+·16 
+.16 
+ 6 

+·16 
+·16 
+·16 
+·16 
+·16 
+·16 
+·16 

r 
J Latitude. 

1--~--

_,Jf<·r. I 
I'/ 

"0 I 

+·06] 

+·05 
+·06 
-l-·06 
+·06 
+·09 
+·o6 
+·06 
+·05 I 

+:~11 
+·041 
+·o61 
+·o61 
+·06\ 
+·06 
+·o6I 
+ 6 

+·06 
+·06 
+·06 
+·06 
+·06 
+·06 
+·061 
+·06 
+·06 
+·06 
+·o6 
+·061 +·o6 
+·06, 
+·o6 
+·06 
+·06 

0 , ,, 

21 16 24·57 
25·26 
24·36 
24·98 
24·83 I 

24·36 
24·48 
24·13 
24·50 
24·55 
24·84 
24·30 
24·69 
24·54 
24·48 
23·92 ' 
2 75 4· 
24·34 
24·31 
2470 
24·70 
24·14 
24·14 
23"53 
2"'·8o _, 
24·18 
24·14 
24·32 
24·18 
24·26 
23·84 
23·72 
23·83 
23·72 
24·42 
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GROl 1P III, PAIR 5. 

__ n_a_t_e_. _, __ M_i_c_r_o_n'_~_'t_e_r_. ___ 1 __ M_e_n_n_ec_~_P_P_· ________ c_o_r_re_c_t_io_r_1s_. _______ L_a_ti_tu_d_c_·--, 

N. r s. Afic. 1 Level. Ref: I 

I 
I 
l 
I 

I 

~ 

1891. 
July 4 

8 
17 
18 
22 
23 
26 
27 

Aug. 2 

5 
7 

IO 
13 
14 
15 
16 
20 
22 

23 
25 
26 
29 
31 

Sept. 2 
6 
9 

12 
15 
18 
19 
26 
27 
28 

~ 

I 

t. d. t. d. 0 , ,, , ,, I // ,.., I 
2970·7' I 1·8r7 1 21 22 54·44 -6 30·43: - ·79 -- "I I' 

27·71·5 / 10·83-8 I 55·36 31·52: ---- ·_pi -·1 l J 

27·25·51 10·30·31- 57·56 33·26: - ·76 -·1 J : 
28·09·6 u·12·5 57·80 33·701- ·66 -·11 l 
27·53·0 10·55·0 58-64 33·91 1-- 1 ·27 -·JI i 
27"45"5 I 10·16-5 58·841 36-46 +1·30 -·22 I 
2r98·2 i 10·88·6 59·471 36.60 + ·53 -·I I j 
27·98·9 I 10"95'5 59·71 35·16 -- -7 5 -·I l ! 
27·89·4 I 10·79·8 23 01·14 36-6o - ·57 -·15; 
27·94·5 1 10·79·3 j 01·66 37·9o - ·38 -·11' 
27·64·8 ! 10"41 ·91 01.98 39·69 +1·36 -·15 
27·52·8' 10·39·8 02·58 37"39 I -I ' 2 7 -·11 
2 7 ·62·2 I 10·34·7 03·25 40·75. + ·83 ! -·11 

27·26·2 / 10·04·3 oy52 39"46 - ·50 -·11 
27·82·7 I IO 64·3 03·67 38·64 --I ·35 ·--·I I 

2r84·4 i w·24·9 03·82 40·15 + . 18 -·11: 
28·59·7 1 I 1·29·7 04·36 ! 41·33 I+ ·55 ·--· l I 

2r90·3 I 10·63·4 04·68 40·62 l --- ·48 -·11 
28·03·5 I I0·7 J"4 04·84 41·36 + ·23 -·11 
28·56-8 11'23"6 c5·22 42·08 + ·67 -'II 

28·91·7 I 1·58·1 05·42 42·17 + ·52 --·11 
28·23·7 11·01·3 os-90 I 39-57 -2·00 ~-· 11 

28·42·0 I 1·12·6 06-14 41-20 -1·05 --·I I 

29·14·7 I 1·71· 1 06-32 l 44·49 +z-19 --·11 
28·02·8 10·75·5 06-76 j 40-71 -1"74 --'15 
27·54·9 10·2r4 07·20 40·75 -2·00 -·11 

28·2r6 / 10·89·9 07·56 43·12 - ·76 -·11 
28·39·0 11·95·8 07·75 44·40 + ·19 -·13 
28·81·2 I 1·38·6 07"94 44·26 + ·26 -·11 
27·71·5 j 10·29·3 08·02 44·16 - ·12 -·11 
28·77·5 10·33·1 08·64 44·68 - ·32 --·L5 
28·95·3 10·51·2. 08·66 44·60 + ·18 -'II, 

27·8r6 10·44·2 08·68 44·44 - ·10 -'II! 
j 

.tlfcr. ,, 
+·05 
+·05 
+·05 
+·05 
+·05 
+·08 
+·05 
+·05 
+·04 
+·05 
+·04 
+·04 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+-05 
+·05 
+·05 
+·05 
+·05 
+·04 
+·05 
+·05 
+·03 
+•05 
+·05 
+·04 
+·05 
+·05 

0 , ,, 

21 16 23·16 
23"46 
23·48 
23·3S 
23·40 
23·54 
23·34 
2J"i4 
23·8() 

23·32 
23·54 
23·86 
23·2S 
23·50 
23·62 
23~79 

23·52 
2 .,.~,......, 

.. ) )-

2.)"llj 
23'75 
23"71 
24·2j 

2J'X3 
2 ">•()(, 

-~ . 
24·20 
24·30 
23·62 
23'-~'1 
23·~S 
2J"f>S 
23'53 
24·1S 
24·08 
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Results from observations for the variation of latitude at Waikiki, 
Ha,waiian Islands . • 

Date. :Micrometer. 

8 15·86-6 20"77"7 
17 1y64·2 20·49·6 
18 16-70·6 21·49·7 

! 1891. 
I July 4 

I 
22 15·47·8 20·30·5 
23 16·or3 20·73·1 
26 16-52·8 21·22·7 
27 15·89·5 20·62·1 
30 16-51·8 21·19·7 

Aug. 2 

I 
15·97·2 20·61 ·5 

5 i6-5rs 21·24·2 
6 1~·78·1 l 20-39·3 

10 l(r38·5 ' 21·01·2 

I 
13 16-09·6 20·60·3 
14 15·75·6 20·31·3 
15 16·66-0 21·22·0 

I 
16 16·58·2 21·08·0 
20 17·25·1 21·72·9 
23 16-32·3 20·76-5 

I ~~ 
16·27·9 20·65·3 
16·13·3 20·56·1 

29 16-62·3 20·90·0 
31 16-50·8 20·95·4 

Sept. 2 16-40·3 20·65·2 
6 16-22·2 20·64·1 
9 15·93·3 20·22·3 

12 I 5·86-4 20·13·r 
18 16·87·5 21·18·0 
19 16- 53·9. 20·84·4 
23 16-64·4 j 20·85·9 
26 16-27·9 20·56·5 
27 16·46-3 20·70·1 
28 15·88·3 20·14·8 

GROUP Ill, PAIR 6. 

Mean app. 
Dec. Corrections. Latitude. 

-----,-·--------·----1 

, ,, 
30·46 
32·72 
32·97 
33·86 
34·06 
34·72 
34·96 
35·75 
36·461 
37"00 
37·17 
37"96' 
38·66 
38·86 
39·07 
39·26 
39·86 
40·36 
4o·75 
40·90 
41.38 
4174 
.. p·94 
42·42 
42·88 ... 
43·27 
43·71 
43·80 
44·26 
44·50 
44·52 
44·56 

.!Ifie. 
.I .I.I 

53·93 i 

-

·-

// 

-·03: 
52·61 ! - ·8, 

.) 

5r14 - ·o~ .) 

51·98 - ·91 
48·06 +~·03 
49·01 +1·07 
49·64 - ·58 
48·55 + · 12 
47"71 - ·06 
48·20 - ·83 
46·99 + ·18 
47·34 - ·ssl 
44·56 +1·30 I 
45·72 ·- ·561 
45·78 - ·88 
44·35 +·n 
43·88 + ·21 
43·05 + ·79 
41.47 + 1.94-
42·72 + ·Go 
39·22 +3·26 
4TI4 - ·96 
38·57 +3·40 
42·51 - ·69 
39·52 +1·46 
38·99 ! +1·74 
39.87 \ + ·40 \ 
3~r87 ! + ·06 
37·78 I -t-1·851 
39·431 + ·35 
38·32 + ·84 
38·941 + ·461 

- 1 ·o.., 
.) ' 

+·03 
+·03' 
~-~03; 
--·01 
+·03' 
·+·03. 
+·03 
+·03 
+·03 
--·05 
+·03 
+·031 
+·03 
+·03 
+ 4 03 
+·03 
-·01 
+·03 +·ory ,) 

+·03 
+·03 
+·03 
+·03 
+·03 
+·o-> .) 

+·031 
+·03 
+·03\ 
-t-·031 
-t-'03 
+·03 
+·03 

I 
"lfcr. / 

.I? i 0 , .11 

~-05 . ~1 16 24·2(1 
' . -

--f-·05 I 24·44 
+·05 24·58 
+·05 24·16 
+·04 24·96 
+·05 24·23 
+·05 24·88 
+·05 24·10 
+·05 24·50 

+·051 
24·19 

+·06 24·38 
+·05 24·42 
+·05 ! 24·50 
+·051 24·60 
+·05 24·10 
+·05 24·05 
+·05 24·46 
+·04 23·98 
+·05 24·28 
+·05 24·24 
+·05 24·36 
+·05 23·94 
+·05 24·00 
+·05 23·99 
+·05 24·32 
+·05 23·94 
+·05 24·08 
+·05 24·06 
+·05 23·81 
+·05 23·97 
+·05 24·36 
+·05 23·76 
+·05 24·04 
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GROUP III, PAIR 7. 

LJate. J\licro1nc tcr. J.1C:ll1 app. 
Dec. Corrections. • Latitude. 

---------· -------- -------\-------,-----~------,--- ------
N. . - . . u·. L I l-i.1e • e. er. Rif. Mc 

1891. t. d. , t. d. 0 I II I II II II // 0 , /I 

July 8 17"57"7 22·60·4 21 14 28·04 +1 56'62 -- . 16 +·05 +·05 21 16 24·60 
17 16·59·7 .21·56·3 30·26 55·20 -1·52 +·03 +·05 24·02 

18 16-70·7121 ·6o·9 30·52 53"72 ··- ·85 +·03 +·06 23·.+S 
23 16·2r2 21 ·05·8 31·6o 51·03 +1·o6 +·05 +·08 2_d)2 

26 17·01·4 21·81·5 32·25 51·38 + ·06 +·03 +·05[ 
2 , ___ 

.._) I I 

27 16·56-8 I 21 ·40·9 32·48 52·30 -1·32 +·03 +·04 23·53 
30 16·78·2 21 ·61·5 33·26 52·12 -1·75 +·03 +·061 

2..,,.~_.., 

~l I""" 

: Aug. 2 15-73·6 21·51·4 33·98 50·84 -1·08 +·03 +·05 23·82 

3 16-14·1 21·91·4 34·17 50·73 -1·23 I +·03 +·05' 23·~5 

5 16·66-9 21·42·9 34·5 2 50·42 -1·10 1 +·03 +·05 2_r92 
7 16-49·0 21·20·3 34·86 49·34 + ·35 +·03 +·05 2+·(i3 

13 16-62·6 21 ·26-4 36-16 47·60 + ·10 +·03 +·05 23"~.+ 

14 17·34·9 21·99·2 36·36 47·71 --- ·97 +·031 +·051 
2y1S 

15 
1 

16-65·2 21·38·9 36-59 49·89 -2·82 +·03 +·05 23·74 
16 10·9r1 I 21"57'7 36-78 46-85 - ·18 +·03 +·05 ? .... -1 

-.1' 'j 

I 
20 ! 17·65·31 22"27"2 37·38 47·15 - ·85 +·03 +·05 23·j6 
22 17" 10·0 21·73·6 3770 47·55 -1·11 +·03 +·05 24·22 

25 18·21·0 I 22·62·7 38·28 46-85 -1·191 +·03 +·05 24·02 

26 17·57·2 22·12·3 38·48 45·58 - ·421 +·03 +·05 2.., .... .., 
.J ,-

I 29 I 7·54·5 22·01·0 39·04 43·58 + ·8oj +·03 +·os 2y5~ 
31 17·or8 2I·6fr3 39·28 46·36 --1·64 ! +·03 +·05 24·08 

r Sept. 2 17·91·3 22·30·9 39·48 41·98 +1·56 +·03 +·05 23·10 
6 I 7' 32·1 21 ·83·5 39·98 44·72 -1·17 +·03 +·05. 23·bI 

9 J 7·89·6 22·26-9 40·45 41·45 +1·74 +·03 +·05 23 72 
12 

I 
18·00·7 22·38·8 40 86 41·63 + ·94 +·05 +·05 23·53 

IS 17·43·9 21 ·37·8 41·10 42·98 - . 18 +·03 +·05 2y9S 
18 I 16-92·5 21·347 41·32 42·58 - ·20 +·05 +·os 23"80 
19 l 17·49·2 21·93·1 41·42 42·98 -- ·7 I +·03 +·05 2}"77 
23 17·85·7 22·20-8 41·90 40·94 + ·42 +·01 +·05 z3·3z 
26 18·05·1 22"47"0 42·16 42·51 -

:i~1 
+·03 +·05 24·05 

27 17·35·3 21·73·9 42·19 41·75 ~ +·o6 +·06 23·40 
28 17"54"1 21·92·5 42·23 41·701- ·19 +·03 +·05 23 S2 
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Results froni observations for tlte variation of latitude at lVa-ikiki, 
Hawaiian. Isla:nds. 

GROUP III, PAIR 8. 

Date. :\1icrometer. 
Mean app_--1 

Corrections. Latitude. Dec. 

s. I kfic. 
I I N. Lewi. I Ref: Aier. 

. 1891. t. d. t. .I. 0 ,. ,.,. / ,.,. ,.,. ,.,. ,.,. 0 ,. ,.,. 
I 

! July. 4 25·78·4 14·82·3 I 21 20 38-92 '-A 14·28 - ·08 -·08 +·06 2L 16 24·54 
\ 8 24·95·5 13"94'1 I 39·86 I 5·5 I - -25 -·08 +·06 24·08 
I 17 24-10·4 13·04·9 42·06 16·46 --1"42 ' -·08 +·06 24· 16 

18 24·82·0 13·71-0 42·32 17"74 - ·47 / -·08 +-06 24·09 
22 26-02·8 14"93'0 43·21 17·46 -i-45 ! -·08 +-o6 24·28 
23 25·03·1 13·78·5 43·40 20·89 +1·29 I -·08 +·06 23·78 
26 24·34·0 13·10·9 44·05 20·54 + ·4r. -·08 +·06 2y90 ,,., 24·66-1 13·48·0 44·28 19·38 - ·681 -·08 +·o6 24·20 -, 
30 24·92·0 13·70·9 45·56 20·08 ·66 -·08 +·06 24·80 

.. Aub~ 2 24·72·8 13·47·2 45·77 21·12 ·70 -·03 +·08 24·00 
3 25·29·3 14·04·0 45·97 21·05 ·36 -·08 +·06 24·54 
5 24·75·8 13·50-3 46-34 21·10 -1·17 -··08 +·06 24·05 
6 24·80·0 13·49·5 46·49 22·26 + ·27 -·13 +·09 24"46 
7 24-06-7 12·697 46·66 23·77 + ·97 -·08 +-06 23·84 

IO 25·59·3 14·27·8 47·27 22·49 -1·08 --·08 +·061 23·68 
13 24·61·9 13·22·4 47·96 24·35 + ·821 ·08 +·06 24·41 
q. 24·51·3 13·12·7 48·17 24·14 - ·25 j --08 +·06 2376 
15 24·27·2 13·97·4 48·38 22·10 -1·38' --·08 +·o61 24·88 
16 24·90·5 13·50·7 48·57 24·42 + ·15 --·08 +·o6 24·28 
20 24·82·1 13·37·9 49·18 25·44: + ·44 -·06 +·05 24·17 
22 25·21·4 13·82·7 49·50 24·16 !-- -1·02 -·08 +·06 24·30 
23 25·26·6 I3·8o·5 49·68 •S-881 + ·26 -·08 +·06 24·04 
25 25·00·2 1y55·0 50·08 25·67 + ·36 -·08 + 06 24·75 
26 2y43·2 13·96-6 50·28 25·99 + ·29 -·08 +·06 24·56 
29 25·36·2 13·88·8 50·82 26·18 - ·20 -·081 +·06 24·42 
31 24·18·9 13·73·8 51·09 25·65 - ·74 -·08 +·06 24·68 

Sept. 2 24·68·9 13·09·4 51·30 28·99 +2·15 -·081 +·06 24·44 
9 25·32·6 13·75·1 52·27 28·52 + ·75 -·08 +·06 24·48 

[2 24·77·3 13·14·8 52·69 29·68 +1·26 -·o8j +·06 24·25 
15 24·05·8 13·46-2 52·94 29·01 + ·39 -·08/ +·06 24·30 
r8 25·61 ·o 14·04·3 53·181 28·34 - ·56 -·081 +·o6 24·26 
I9 24·90·8 13·32·4 53·27 28·73 + ·14 -·o8i +·06 24·66 ..,, 

24·95·4 13·28·7 53·75 l 30·66 +1·07 -·08' +·06 24·14 -.) 

26 25·53"8 13·90·9 54·02 l 29-78 ·02 ---·08 ! -+-·06 24·20 
27 24·55·q 12·92·4 54·06 j 29·92 + ·08 -·08! +·06 24·20 
2S 2s-6s·7 I 14·03·0 54·11 I 2973 ·06 --·oS I +·06 24·30 

I I I i J 
j 

• 
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Date. 
---

1891. 
Aug. 20 

22 
23 
25 
29 
31 

Sept. 2 
6 

I 9 
12 l 15 
19 
23 
26 
27 
28 

Oct. 4 
5 
8 

! IO 
16 
17 I 

I 28 
\ 

30 ! 
~1 
.~ 

Nov. I 

4 
6 
7 

12 
I 14 : 

16 

j 17 

U. S. COAST AND GEODETIC SURVEY. 

GROUP IV, PAIR 1. 

Meanapp. 
Dec ~lic1·ometer. Corrections. . 

I 
\ \ 

I 

N. s. A:Eic. Le-vet. Ref. \ ,rifer, 
t. d. t. d. 0 / ,, / // // // // 

13·7r2 2]'96·7 '21 12 28·52 I -t--3 56-51 j -1·00 +·081 +·06 
lj"OS·o 23·37·7 28·88 58·87 i -3·4 I +·oSj +·06 
14·16·7 24·36·0 29·08 56·46 \ - ·88 +·o81 +·06 
IT6fr3 23·81·4 29·52 55-+9 I -- ·50 +·ox\ +·06 
13·73· 1 23'84·0 30·40 5·F51 1-1·39 +·08 +·06 
13·5ro 23·79· 1 30·75 5f'l I 1-- 2·84 +·osl +·06 
14_·07·9124·16·8 31·04 54·051- ·57 +·08! +·06 
I j"65·7 23·65·5 31·62 51·94 + ·50 +·08 +·06 
13·4r4 23·49·7 32·19 53'91 -1·58 +·oS +·06 
13·75·6 23·77·8 32·73 52·49. -1·02 +·08\ +·06 
14·25·1 24·24·4 33·14 51·82 1 - ·91 +·081 +·06 
12'97'3 23·00·1 33"60 52·63 -2·31 +·08 +·06 
13·66'& 23·62·2 34·22 50·92 -1·47 +·081 +·06 
13'77'4 23"73"9 34·64 51· 17 -~1·6S +·081 +·06 
13·95·4 2ysrs 3475 50·15 --1 ·16 +·08 +·06 
I 3·69·7 23·61·6 34·83 50·1 I -1·12 +·os +·06 
14'7TI 24·66-3 35·28 49·48 - ·58 +·08 +·06 
14·70·3 24·5r6 35·39 49·04 - ·39 +·08 +·06 
14·25·7 24·05·4 35·74 47·28 + ·93 +·08 +·06 
14·6y7 24·48·5 35·93 48·46 - ·39 +·08 +·06 
I 5·28·3 25·10·0 36-19 47·74 - ·01 +·08 +·06 
14·59·7 24·42·3 36-25 47·95 - ·72 +·08 +·06 
13·70·4 23·62·5 36-69 50·15 -2·42 +·06 +·06 
15·20·6 25·12·1 36-67 50·01 I ~2· 14 +·oS +·06 
I 5·22·8 25·02·1 36·68 47·18 + ·12 +·08 +·06 
14·45·4 24·33·7 36-70 49·27 --1·88 +·08 +·06 
15·43·6 25·17·4 36-81 45·91 +1·32 +·08 +·06 
14·59·8 24·38·2 36·85 46-97 + ·55 +·081 +·06 
14·24·8 24·05·8 36-83 47·58 - ·59 +·08\ +·06 
14·3r6 24·23·7 36-61 48·76 -- 75 \ -t-•08 I +·o8 
14·30·8 24·05·2 36-56 46·05 + 1· 15 +·08\ +·06 

49·62 -2·73 l 15·33·2 25·23·0 I 36-551 +·081 +·061 14·26·2 24.14·8 36-55 49·34 I -~-I ·631 +·08 +·o6 
j 

Latitude. 

0 , 
21 16 

/ 

24· 
/ 

I/ 
+s • 
So. 

24· 
24· 
24· 
,., ~· 
~ .. 
25-
24· 
24· 
24· 
24-
24· 
24· 
2" -~ 
24· 
23· 
2 ~-
·' 24· 

24-
24-
24· 
24-
2 ,. 
·' 24· 

24· 
24· 
24· 
24· 
24· 
23· 
24· 
23· 
23· 

(15 
6() 

16 
(itl 

20 i 
66: 

34 ' 
I<) [ 

06. 

27 
SS 
96 
32 
18 
09 
14 
06 
62 
54 
68 
12 

23 
IS 
5r 
96 
78 
90 
ss I 

24· :J 
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Results from obsen,ation.<:; for the variation of latitude at TYaikiki, 
HawaUan L<;land.s. 

t 

i 
! 

1 

' 
, 

Date. 

----

1891. 
.:\ng~ 20 

~ept. 

Oct. 

22 
2~ 

J 

25 
29 
JI 

2 
6 
9 

12 
15 
19 
23 
26 
27 
28 

4 
5 
8 

IO 

17 
28 
30 
31 

l :\av. J 

I 4 
6 

l 
7 

IO 
r2 
14 
15 
17 

i 
I 
i 

11-ficromctcr. 

1V. 
t. d. 

28·84·5 
28· 58·5 
29·20·2 
z9· I 3·9 
29·15·2 
29·41·3 
29·25·4 
29· 32·9 
29·38·4 
28-67·6 
29·38-3 
29·01·2 , 
2:S 13 8 
29·18·1 
29·01 ·7 
29·50·3 
29·46·2 
29·36-6 
29·24·3 
29·89·3 
2972·8 
29·30·2 
29·54·0 
29·31·5 
29·19·4 
29·72·1 
29·54·7 
29·41·2 
29·15·8 
29·04·2 
30·29·0 
30·00·9: 
30·84·7 [ 

I s. 
t. d. 
7·05·6 
fr6fr8 
T33"3 
7·31·3 
r21·6 
7' 55·1 
7·31·0 
7·35·7 
7·38-7 
6·66·8 
7·41·3 
7·01·5 
607·61 
7·14·9 
6·94·1 I 

7·42·6 r 
7·35·5 I 
7·24·9 
7-oro 
7·73·3 
7·56-3 
7·19·2 
7·44·7 
7·1 I·I 
ro8·s I 
7·44·3 
7·34·4 
7·24·5 
6·98·3 
6-84·5 
8·07·0 
7·84·0! 
8·58·9 i 

I 

GROUP IV, PAIR 2. 

Mean app. 
Dec. Corrections. J.al1t11de. 

0 , 
21 24 

,, 
50·15 
50-52 
50·72 
51·16 
52·06 
52·42 
52·70 
53·30 
53·88 
54-44 
54·85 
55·33 
55 97 
5fr40 
56·51 
56·60 
57·07 
57·19 
57·50 
57"75 
58·09 
58·58 
58·57 
58·58 
58·61 I 
58·73 
58·78 
58·77 
58·66 
58·57 
58·53 
58·53 
58·53 

11.fic. I Lc7:d. i 
/ 

-8 
/ / // I 

25 
28 
27· 

·471-1·39 i 
·44 + J' 10 j 
3 ~ ~ - ·06; 
·3} I -- ·93 / 
·88 + ·29 I 
·16 -1·26 

26 
28 
27 
29· 07 + ·09 i 

·72 + ·53: 
30 + ·oS i 

·55 -- ·67 I 
·67 --1·58 

29 
30· 
30 
29 

30 -1·93 
JI · 80 ·- l · 2 J 
JI'I I ---1·48 1 

32· 13 --1·40 I 
32·15 ·q-; 

~~:~~ = :~:I 
30· 

8 ·s 1 34·3 + ·6 I 
34·08 + ·07 i 
34·20 - ·25 I 
32·92 -2·52 J 
32·52 --1·98 i 
35·10 + ·58 j 
32·83 --1·94 ! 
36-82 -+ 1.79 I 
35 ·08 --· · 29 I 
34·24 -1·03 
34·43 - ·57 
34·94 - ·55 
35·47 +1·24' 
34·29 - ·61 l 
36·35 +1·72 

l 
.Rrf I ./1-ff'r. 
// // 0 / 

-·16 I +·06 I 21 16 
-·14 I +·06 
-·16 +·06 
---·16 +·06 
---·16 I -1--·06 

-
..... ··1166· 1 ~·06 

+·06 
-·16 I +·06 

·161 -t-·06 =·r6 +·06 
-·20 +·04 
-·16: -+-·06 
-·16 ! -+-·06 
-·16 I J ·06 

I( +·06 __ :!~ l' t:~~ 
-·16 +·06 
-.16 \ +·06 
--·16 I +·06 
-·24 +·os · 
-'20 +·04 / 
-·16 +·061 
-·16 +"06 
-·16 +·06 I 
--·20 +·04 i 
---16 -j--"06 
--·24 +·08 
-·16 +·06 
-·16 +·08 
---·16 _..;_ '08 
- ·26: -t 0 08 
-·161 +·o6 

I 

23·19 
23'10 
2J"23 
23·80 
23·37 
23·90 
2j"62 
24·01 
23·56 
23·12 
23·44 
23·00 
22·84 
23·71 
22·88 
23·38 
23·53 
23·20 
23·70 
23·64 
23·48 
22·98 
2]"96 
23·96 
23·74 
23·54 
23·31 
23·34 
2J"56 
.2J"OO 
24·22 
23·45 
23·80 
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Date. 

1891. 
Aug. 20 

Sept. 

Oct. 

23 
25 
29 
31 

2 
6 
9 

12 
15 
19 
23 
26 
27 
28 

4 
5 
8 

10 
14 
16 
22 
28 
30 
31 

i 

I 
l 
I 

1 
I 
! 
l 

Nov. ~ I 

!~ I 
17 

U. S. COAST AND GEODETIC SURVEY. 

Micrometer. 

N. s. 
t. d. t. d. 

19·62· I 18·54·8 
20·46·0 19·37·9 
19·98· r 18·82-7 
19·75·1 I 18·52·4 
19 64·8 18·44·6 
19·82·9 1 I 8·64· 3 
19·53·0 I 18·25·8 
19·69·61 18·42·7 
i9·72·51 18·41·6 
19·93·5 18·64-2 
I 9·80·0 18· 5 2·9 
19·95·9 18·57·4 
19·3 2 ·5 I 7·95·5 
19·45·8 I 7·09·5 
19·54·2 18·12·8 
20·09·7 19·67·2 
19·78·2 18·35·6 
19·54·1 I 18·04·5 
19·65·0 i 18·22·9 
19·65·7 I 18·15·2 
1 9 ·80·2 I 1s·3 1·0 
H)·9y1 -I 18·49·0 
20·27·8118·91·5 
2•YOl 0 6 · 18·61·3 
19·71·1 ! 18·16·2 
19·82·2 ! 18·39·6 
19·89·5 [ 18·34·2 
19·94·3 18·4r7 
I 9·94 ·o 18·46-7 
l9·h8·3 I t8·40·4 
20·65·7 ' 19·15·5 
20·49·7 ' 19·00·5 

l j 

GROUP IV, PAIR 3. 

l\Iean app. 
Dec. Corrections. 

0 / 

21 16 

I Jlfic. I Level. ,, i , ,, ,, 
I 

47·14; -0 24·89 I+ ·47 
47"751 48·21 
49-16 

49·551 49·80 
50·52 
5 I• I JI 
5173 I 
52·20 I 
5273 
53·40 I 
5T89 ! 
54.02 i 
54·12 I 
54·661 
54·78 
55-18 
55·40 l 
55·65 
55·76' 
56-28 \ 
56-43 
56-44 ! 
56-45.

1 

56·48 
56-63 
56-70 
56-70 
56-62 
56·51 
56·53 

25·08 + ·89 
2fr 7 7 i + I. I 4 
28-46 i + 1 ·79 
27-88 ~ +1-19 
27·51 + ·79 
29·51 +2·S1 
29·44 + ·62 
30·37 +1·42 
30-00 + ·78 
29·48 - ·44 
32·13 +1·og 
31·78 +1·02 
31·62 + ·59 
32·80 +1·53 
33·06 +1·84 
33·08 + ·96 
34·70 l +z·48 
32·96 + ·58 
34·91 +2·20 
34·61 +1·22 
33·43 + ·44 
31·62 - ·93 
32·55 - ·45 
35"94 +2·38 
33"08 - ·58 
36-03 +z·64 
34·01 + ·47 
34·17 + ·12 I 
34·31 + ·so· 
34·84 +1·68 j 
34·61 +1·231 

Rif. ,, 
-·01 
-·01 
-·01 
-·01 
-·01 
--ox 
-·01 
-·051 
--01 
-·01 
-·01 
-·01 
--·01 

-·01 I 
--·01 
-·01 
-·01 I 
-·01 I 
-·01 
-·01 ! 

I -·os i 
--·03 
-·01 
--·01 
-·01 

-·011 -·01 
-·01 

-·01 I 
- ·01 
--01 
-·01 l 

.1'Ier. 
/f 

+·05 
+·05 
+-05 
+·05 
+·05 
+·051 
+·05 
+·041 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
-T--·04 
+·05 
+·06 
+·or; 
+·o.5 
+·05 
+·05 
+·05 
+·03 
+·05 
+·05 
+·05 

0 

21 

Latitude. 

, 
16 

,, 
22.-7(, 
23~fro 

22·62 
22·53 
22·90 
23·20 

23·86 
22·-o ,, 
22 82 
23·02 
22·85 
22·40 
23·17 
23·03 
22·80 
23·48 
22·70 
2"'•00 ··' 23·oii 
22·9S 
22·36 
2 ,. 'I 

.) .) 

23·93 
2y4S 
22·93 
22·.>,(> 

2y2S 
2;:;-20 
22·67 
22·85 
2j" 39 
23·19 

; 



 

REPORT !<'OR 1892-PART II. 97 

Results front observations for the i-ariation of latitude at Waikiki, 
Hau: a Han Islands. 

i 

! 

Date. l\!icrometer. 

N. 
1891. t. d. 

Aug. 20 14·26·9 
23 14·66·6 
25 15· 16-6 
29 I 14·05·6 
31 13·64·9 

Sept. 2 14·27· 1 

9 14.58·4 
12 14·76·0 
15 13·86·4 
19 15.03·0 
23 I 14·24·5 
261 14·69·9 
27 i 13·82·0 
28 i 14·77·5 

Oct. 4 I 15·17·6 
5 / 14·52·9 
8 15·01·4 

14115·21·1 
16 15·96·6 
22 I 15·02·7 
28 I 15·02·2 
30 I r4 ·21·0 

I 31 I 14·57•9 
Nov. I 115·02·2 

4 14·94·2 
6' 15·55·6 
1I14·79·4 

IO 14·59·2 
14 15·59·8 

s. 
t. d. 

21·55·5 
21 ·92·3 
22·37·3 
21·2r·2 
20·84·8 
21·42·9 
21·72·9 
21·80·3 
20·91·4 
22·10·2 
21·24·6 
21·68·5 
20·81·0 
21·72·9 
22·08·2 
21 ·45·5 
21·87·1 
22·04·6 
21·80·5 
21·89·9 
21·92·4~ 

21·16·51 
21 ·34·5 
21·89·5 I 
21·81·71 
22·38·1 
21·65·7 l 

_22·39·2 
21·43·1 I 

15 16·24·6 23·01 ·7 f 
17 16·14·0 i 22·98·2 i 

i I 

S. Ex. 37-7 

GROUP IV, PAIR 4. 

Latitude. !\lean app. ,1 Correction~- I 
Dec. I 

-----i----------i-------

0 , .11 ,, ,,,, I ,,,, ;,, ,,,, · o 
1 

~lfic. f.c<Nl. Ref~ ,1fer. J 

21 13 35·54 
1
: +2 49·02 I - · 55 

I' 

-t·o6; 21 16 
36·13 i 48·35 / - ·23 

+·cs 
-r-·05. -j- ·06 i 

// 

24·12 
24·36 
23·98 
24·07 
24·36 
24·15 
23·97 
24·10 
23·92 
24·10 
2J"81 
24·00 
24·36 
23·56 
24·10 
23·90 
23·80 
23·84 
23·84 
24·1 I 
24·14 
24·4+ 

36.581 47·19!+ ·10 

37"5 I 46·01 i + ·44 
. 37·89 j 47"01 I - ·65 
38·21 I 46·06 j- ·23 
39·43 45·75 --1 ·32 
40·021 43"39 I + ·58 
40·49 43"55 ! -~ ·18 
41·00 l 44·06 I ~1·07 
41 ·67 42·41 ' - ·38 
42·16 l 42·061-- ·33 
42·29 42·16 I-·- ·20 
42·39 I 41·32 ·26 
42·92 40·21 + ·86 
43·04 40·67 + ·08 
43"44i 39·07 +1·18 
4]"94! 38·56 +1·23 
44·05 \ 38·66 +1·02 
44·58 j 39·42 ·oo 
44·75 i 40·12. ·8+ 
44·77 f 39·95 i ·- ·42 

6 6 i -f 44-791 3 ·9 i .. z-21 
44·83 I 39·441- ·55 
44·98 39·49 -- ·68 
45·06 38·33 I +J•J8 
45·07 39·21 - ·76 
45·02 38·66 - ·41 
44·93 37·61 + ·86 
44·94 37·08 +1·39 
44'97 38·721 + ·18 

-·r·o5 
+·05' 
+·05. 
+·05. 
1·0 5: 
+·05 
+·01 
+·05' 
+·05. 
+·os: 
+·05. 
+·05; 
+·05! 
+·05; 
·+ ·05 ! 
+ ·05 i 

-i-·os I 
+·05 
+·05 
+·09 
+·05 
+·05 I 
+·05 
+.05 
+·01 
+·05 
+·01 
+·05 
+·05' 

I 

+·061 
_;_ ·06 I 
+·o6J 
+·06! 
+·o6j 
-L•06 I 

-i--·05 J 

+·06 I 
+·o6l 
+·06

1

. 
-1-·06 
-+-·06 
+·061 
+·o61 
+·ofi '. 
+·06 i 
+·06' 
+·06'. 
+·06' 
+·osl 
+ 61 ·o 
+·06 
+·o6 
+·06! 
+·05 J 
+·06 
+·05 
+·o6 
+·06 

24·07 
2~-8~ ...... (_ ...... 

23·90 
24·68 
23·58 
23·38 
23.46 
23·52 
23·98 

~ 
: 
: 
i 
! 
l 
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Date. ~ficrometer. 

1.891. I. Ard. I /·d. 
25·46·0 12·78·2 
25·63·2 I 2·85·3 
25·80·2 13·00·9 
25·76·5 12·go·2 
2 .-18·7 13·38·9 
26·23·0 13·42·9 
2y91·6 12·98·6 

Aug. 20 
23 
25 
29 
31 

Sept. 2 

6 
9 25"92"4 13·09·5 

12 25·74·4 12·78·5 
25·45·3 12·53·9 
26-40·2 13·40·6 

15 
23 
26 25·78·8 12·78·2 
28 25·20·5 12·16·4 

Oct. 4 26'40·4 13·32·3 
5 J 26·24·3 13·17·2 
8125·89·4 12·73·2 

IO 26-05·7 12·94·9 
16 J 25·40·6 I 2·25·1 
22 I 25·63·2 12·49·5 
2 8' 25·59·4 12·51·7 
30 25·51·1 12·41·0 
31 26·28·1 13·01·2 

Nov. l 26·72·8 13·62·5 
4 25·70·3 12·48·7 
6 25·79·8 12·60·3 
7 25·53·7 12·39·3 

13 26·21·2 13·06·0 
14 26·46·7 13·25·7 
17 27·23·6 14·07·6 

l 

GROUP IV, PAIR 5. 

1\1ean ~pp. I 
Dec. Corrections. 

----~~-~~---~---~ 

I .bfic. 
0 , ,, I , ,, 

21 21 20·33 I ---4 54· 11 --1 ·56 
20·94 i 56·45 + . 30 
21·41 56·78 ·08 
22·39 58·40 + ·46 
22·81 57·06 - ·90 
23·14 56·96 -1·11 

23·81 59·96. + . 50 
24-4) 1 sr61 )-2·12 
25 ·o7 / 60·63 / + ·49 
25·58' 59·59 i -1·74 
26-861 -5 01 ·49 · I ·22 

01·12 ! =1·45 27·38 
27·64 02·53 j- ·50 
28·24 03·46 I+ ·25 
28·37 03·231- ·43 
28·81 05·34 +1·11 
29·07 04·09 j- ·32 
29·52 05·181 + ·45 
30·12 04·761-1 ·22 
30·38 OJ"37 -1·92 
30·42 OJ"92 -1·77 
3c·45 07·82 +1·73 
30·49 03·97 -1·79 
30·68 06-59 + ·28 
30·79 06·10 - ·24 
30·81 04·92 -1·42 
30·74 05·1 I -1·00 
30·75 06·45 + ·19 
30·82 05·29' - ·67 

I 

j 
I 

1 
I 

Ref. 
j/ 

~-·08 

-·08 
----·08 
-- ·08 
-·08 
-·08 
-·08 
-·08 
-·08 
-·08 
-- ·08 
-·08 
-·08 
-·08 
-·08 
--·08 
-·08 
-·08 
-·05 
-·08 
-·08 
-·08 
-·oS 
-·08 
-·08 
-·08 
-·08 
-·08 

·08 

JI-fer. f ,, Q 

+·05. 21 

+·05 i 
+·051 
+-·05 
+·05 
+·05 
+·05 
+-05 
+·05 
+·05 
l ·05 --

+·05 
+·05 
+·05 
+·05 
+·051 
+·05 
+·05 
+-07 
+·05 
+·05 
+Los 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 

Latitude. 

, ,, 
16 24·63 

24·76 
24·52 
24·42 
24·82 
25·04 
24·32 
24·67 
24·90 
24·22 
24·1? -
24·18 
24·58 
25·00 
24·68 
24·55 
24·63 
24·j(i 
24· 1(i 

25·06 
24·70 
24·33 
24·70 
24·34 
24·42 
24·4.i 
24·60 
24·46 
24·S3: 
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Results from observations for the variation of latitude at Waikiki, 
HawaHan Isktnds. 

GROUP IV, PAIR 6. 

Date. 1\I icrometer. Mean app. 
Dec. Corrections. Latitude. 

N. l s. A:fir. Lrvd. Ref. I Mer. i 
1891. t. d. t. d. 0 / // , // // // ,,, I 0 / // 

Aug. 20, 10·06·2 26-23·0 21 10 IO' 18 +6 r5·07 -·I "41 +·1t I +·07 '21 16 24·02 I 
23110·30·9 26·35·0 10·75 12· 13 + ·88 +·11 I +·07 i 23"94 i 25 '10·16-8 26·21 ·2 I I "20 12·20 + ·so ! -!-·.I I I +·071 24·08 I 

2911077·4 26·76·7 12· 13 I 1"01 _J_ ·26 
t~!~ I +·07 j 23·58 I 

I I 31 10·76·0 2675·1 ' +·07 12·53 10·97 + ·55 ; 24·23 
' Sept. 2 10·53·0 26·56·5 12·86 I --f-·11 I +·07 23·78 l 1 "99 -1·25 i I 6 10·66·9 26·58·4 13·48 09·20 +1·16 ' -f-·I I i +·071 24·02 

9 11·04· I 2ro6·0 14·06 I 1·62 -2·08 I +·11 j +·071 23·78 ! 

12 10·78·8 26·69·6 14·68 09·04 + ·02 I ---j-"If i ---t-·07 23·92 
15 10·26·5 26·13·8 15·18 08·23 ' ·13 

i +·11 I ·+ ·07 23·72 , 
19 10·5 I ·3 26·42·6 15·71 09·16 - 1 ·55 +·11 +·071 23·50 
23 10·57·7 26·30·3 16·39 04·82 +2·49 ! +·II I +·071 23·88 
26 10·11·4 25·98·7 16·90 08·23 -1·80 J ·+·II I +·07 23·51 
27 10·51 ·4 26·31·5 17"04 06·56 - ·34 I .J...·11 I +·071 23·44 
28 9·92·2 25·69·3 17" 16 05·86 - ·18 

I 
J.-07 I +·05! 22·96 

Oct. 4 10·69·8 26-45· I 17·73 05·45 + ~33 

I 
+·11 ! -:-·07 j 23·69 

5 10·75·1 26·52·9 1r86 j 06·03 + ·12 -!-·II I +·071 24·19 
8 10·5;-8 26·26·3 18·291 03·87 +1·17 +·11 +·07 23·51 

IO 9·77·5 i 25 ·54·3 18·54 / 05·79 - ·59 I +·11 ! +·071 23·92 
16 10·90·4 26·54·4 19·00: 02·82 +1·18 :t:~~ I +·07 23·18 
22 ! 1075·0 26·45·0 19·61 I 04·22 - ·65 +·07 23·38 
28 10·53·0 26·24·2 19·90 04·49 -1·74 +·11 I +·07 22·83 
30 10·24·2 25·99·1 19·94' 05·35 -1·45 +·11 +·07 24·02 
31 10·80·0 26·3r7 19·97 01·36 +2·12 +·15 +·05 23·65 

Nov. I 10·36·5 26·12·4 20·02 05·58 --2·26 +·11 +·07 23·52 
4 10·88·5 26·5 r·2 20·22 02·52 -+- ·38 +·11 +·07, 23·30 
6 10·73·6 26·38·3 20-35 02"99 + ·22 +·II +·07 23·74 

Io 10·62·6 26-28·0 20·40 03·15 - ·97 +·n ----f-·07 22·76 
12 ; io·38·5 26·00·0 20·37 03·64 -1·34 +·u +·07 22·85 
13 II"34·7 26·99·4 20·38 02·99 + ·13 +·JI +·07 23·68 
14 12·44·5 28·06·3 20·38 02·31 +1·07 +·II +·07 23·94 
17 12·25·3 27·88"6 2Q•48 02·66 + ·12 +·11 +·07 23·44 

I I 
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GROUP IV, l'AJR 7. 

Date. :ri.Iicrometer. l 1\Iean app. Corrections. I Latitude. j Dec. 

.N: I S. I I I 
.ll-Iic. Level . Rif ... Ver. I 

1891. t. d. j t. d. j 0 
, ,, , ,, ,, ,, I // 0 , ,, 

l\.ug. 20 25'46·6 12"22"7!2I 21 32·86 i -5 07-12 -I"51 -·ml +-·06 2I 16 24·I9 
?1 2 5 ·Io·6, 1I·11·1 I 33·43 09·35 I+ ·35 -·101 +·o61 24·39 -J 

' 25 25·59·4 I I 2·27·5 33·87 08-98 - ·06 -·101 +·061 24·79 
29 25 ·96·5 ! 12·56-8 34·82 Io·79 I ·31 -·141 --:-·04 i 24·24 -, 
31 25 ·67·41 12·24·9 35-24 1I·44 + ·47 -·101 : ·o6l 24·23 

I ' Sept. 2 25·84·41 12·51·7 ! 35·571 09· 17 -1·54 -·10 +061 24·82 
6 25-80·3 I 12·34·5 t 36·21 12·21 -L ·42 -·to -l-·06 24·38 I 

-+-·06 9 26·06·9 i 12·66·21 36-81 I 1·02 -1·05 -·10 24·70 
12 25 ·69·5 I 12·2I ·1 . 37·431 

12·67 - ·60 --10 +·06 24·12 
15 25·78·8 I I2"30"I I 37·96 12·88 - ·60 -·IOl +·06 24·44 
19 25·66·5 ! 12·23·4 38·52 11·58 -2·06 -·10 -l-·06 24·84 

25·42·8] 11·81·4 I I 

23 39·22. I5·82 + ·96 -·10 1 +-06 24·32 
26 25 ·29·7 ; I I 76·4 39·751 13·95 -I·42 -""IOl +·06 24·34 
27 25 ·64·9 I 12·09·4 39·91' 14'46 ·95 -·14 +·04 24·40 
28 25·26·3 j 11 ·67· I 40·031 15-31 ·28 -·IO +·06 24·40 

Oct. 4 26·07·1 x2·44·2 40·651 16· 17 + ·04 -·10 -J-·06 24'48 
5 26·11·0 I 12·45·0 40·78 16·89 + ·45 -·10 +-06 24·30 
8 26·23·5 I I 2·55 ·2 41·23 ! 17"43 + ·84 -·IO +·06 24·6o 

' 41 ·s1 I 15·76 -·rnj +·06 IO 25·69·5 i 12·08·4 ·99 24·72 
16 25·36·9 11·65·4 42·04; 18· 17 + ·59 -·101 +·06 1 24·42 
.22 25·84·4 12·16·8 42·10 I 17·26 -1·42 -·101 +·06 23·98 
28 25·8o·2 12·15·1 43·071 16·68 -2·51 -·06 +·04 23·86 
30 26·4rs 12·81·1 43·12 ! 16·98 -1·40 -~10 I +·o6 24·70 
31 26- 14·7 I2"31"8 43·16 \ 20·81 +1·80 -·rn\ -l-·o6 24·11 

Nov. I 26·05·8 12·43·9 43"22. 15·94 -2·53 -·1oi +·o6 1 24·71 
4 26·45·3 12·71·3 43·45 ! 18·75 + ·14 -·10/ +·06 24·80 

I 6 26·07·2 12·34·,s 43·61 I 18·44 - ·45 --·10: +·06 24·68 
7 25·93·5 12·24· I 43·66 17"68 -1·88 -·12 i +·o6 24·04 

12 25·88·2 12·16·2 43"71 I8·i8 -1·56 -·16. +·08 23·79 
13 26·24·1 12·47·8 43·721 19·28 ·26 -·iol +·o6 24·14 
14 26-89·8 13·13·8 43·74 \ 19·21 ·oo -·10! +·06 24·49 
17 27·4s·4 13·71 ·7 4y87 j 18·68 ·56 -·10 j ·06 ! 2.r 5rJ 
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Results from observation,s for the i•ariaHon of lcttitwle at Waikiki, 
Hau~ai,ian Islands. 

i 

I 
I 
I 
i 
! 

GROUP IV, PAIR 8. 

Date. Micrometer. 1V1ean a.pp. 
Dec. Corrections. 

N. I s. 
0 189r. t. d. t. d. 

Aug. 20 15·52·6 I 23·45·1 21 13 
23 15·18·8 j 23·00·6 
25 15·6o·7123·40·1 
29 15·93·3 f 2]'64·3 
31 11.·83·0122·50·7 

Sept. 2 ! 15·36·9 i 23·14·8 
6 15·54·3 i 2J'22.5 
9. 15·67·9 i 23·32·8 

12 I 15·17·8 ! 22·82·6 
151 15·23·6 J 22·88·7 
19 16·02·5 ! 2J'66·I 
23) 15·68·7 I 23"21 ·5 
26 1 15·28·0 I 22·84·7 
27 14·31·9 I 21 87 2' 
28 15·41·9 I 22·94·4 J 

Oct. 4 15'76·3 j 23·26·1 f 
5 15·95·7 23·42·3 
8 15·47·9 22·92·1 

16 14·85·4 22·26·7 
22 15·55·0 23·04·2 
28 I 5·66-1 23·15·9 
30 15·63·9 23·08·6' 
JI 15·66'4 22·97·1 ! 

Nov. I 17·63·0 25·10·8 ! . I 
4 15·59·5 22·95·9 I 

6 15·69·0 23·03·41 
7 15·29·4 22·71 ·3 

12 15·20·2 22·61·5 
I 15·66·1 2J"OJ"9 
13 16·10·9 23·42·5 
14 16·8g·9 23·30·0 

7 

I ! I 
.lYfic. 1 Lez•el. I Ref'. : 
, 0 i //.hi ,, 

21·66 
22·24 
2270 
23·67, +z 
24·12 i 

24·47 i 
25·13 ! 
25·74 
26·40 
26-95 
27·54 
28·25 
28·81 1 
28 98 
29·1 I 
29·76 ! 
29·90! 
30·37 i 
31·23 i 
3 1·90 I 
32·31 i 
32·37: 
32·42 I 
32·471 
3271 
32·88 

32·931 
33·01 
33·02 
33·04 I 
33·181 

-f-3 03·851' - I 
0 21 -L-05' 

01·37 ·oo +·05) 
00-81 I+ ·12 .....1-·os 1 

58·86 I+ ·81 I +·05 I 
58·10 r + ·19 · -L·o1 I 
60·46 f -1·21 +·05 j' 

58·21 1
1 + ·so i +·os 

57·45 -i- ·20 · +·05 j 
57·42 - ·20 +-05' 
57·49 I -I ·17 I -f--•05 i 
57·14 J -r ·70 +·05 / 
54·641 + ·85 +·05 I 
55·541-1·13 +·05 \ 
55 22 i - ·65 +·05 i 
54·57 I- ·34 +·05 )· 
53·94 I+ ·09 +·05 

1 
53·20 _j_ ·40 +·05 I 

52·64 + ·53 +~05 
51·97 + ·52 +·05 
53·80 -1·71 +·05 
53·94 -2·81 +·osl 
52·76 -1·67 +·05 
49·51 +2·19 +·05 
53·27 -2·17 +·05 
50·83 - ·46 +·05 
50·37 + ·43 ·-'-·05' 
52·1 I -2·20 +·05 
51·97 -1·41 +·05 
51·16 + ·44 +·05 
49·72 + ·6o +.05 
51·69 -1·03 +·05 

i 
.i1fer. i 

~~05 ! 2: 
-J--05 ! 
-+-·05 / 
+·05' 
-i-·04 I 

.l-05 I , I 
+·05 i 
-+-·05 . 
_L-o5 I 
+·os / 
+·051 
+·05 
+·05 
+·0511 
+·05 
+~05 I 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·07 
+·05 
+·05 
+·05 
+·051 

Latitude. 

, ,, 
16 24·40 

23"7 I 
23"73 
23·44 
22·46 
23·82 
23·94 
23·49 
2J'72 
23·37 
23·08 
23·84 
23·32 
23·65 
23·44 
23·89 
23·60 
23·64 
23·82 
24·09 
23·54 
2J'56 
24·22 
23'67 
23·18 
23·78 
22·96 
23·67 
24·72 
23·46 
23·94 



 

102 U. S. CO.A.ST AND GEODETIC Sl:HVEY. 

GROUP V. PAIR 1. 

Date. I Micrometer. Mean app. Corrections. Latitude. I Dec. 

--, N. I s. Afic. TP7h'l. /<',:!~ 

' 

.1/o·. 
1891. , ,_ d. I ,_ d. 0 , ,, 

l 
/ // // // ! // 0 / // 

Oct. 4 j I9·45·8 20·01 ·3 21 16 09·44 i +o 12·88 + 1-54 ·oo I ... .!.-06 21 16 23•()2 

5; 18·96·9 I 19-53·7 09·57 i IJ"I8 +1-01 -oo I ~--06 23-.S2 
8 i 19·5 I ·5 20•05·7 10-02 i 12·57 +1·49 ·001 +·06 24·14 

16 ' 19·43·9 19·93·3 10·98: I 1·46 +•·45 ~(X) ; - ·-·06 23·95 
30 19·72·8 20-25·3 12·29 i 12· I 8 -1·2b ·oo; -~ ·06 23·27 
31 19·90·3 20-27·5 12·34 l 08·63 +J·05 ·oo -i-·06 24·08 

Nov. I 17·90·2 18-42·3 12·391 12·09 ·86 ·oo +·06 23·6.S 
6 17·92·6 18-40·3 12·88 j I I·07 •00 ·oo +·06 24·01 

12 18·13-4 18-6o·8 13·20 I I l·OO ·22 -·08 +·10 24·00 
13 18·33·2 19-75·8 13·24 9·88 + ·91 ·oo +·06 24·09 
14 18·09·2 18"47"7 13·27 I 8·93 +1·66 ·oo +·o61 23·92 
17 18·97·6 19-41·71 13·441 10·23 +0-53 ·oo +-06 24·20 
19 18·70·6' 19·09·4 13-60 9·00 +1·31 ·oo --+ -06' 23·9i ' ' 
21 18·74·0 i 19·17·51 13·71 10·09 + ·62 --·oS' -' ·IO' 24·.M 
23 19·12·6 ( 19·42·6 13-76 6·96 +3·06 ·oo _; ·061 23·8.+ 
30 18·8o·3 I 19·27·5 13·76 10·95 ·99 ·oo -'-·06 23·78 

Dec. 5 18·94·5 f 19·35·1 13·96 09•4.! + ·24 ·oo, -t-·06 l 23·6S 
IO 19·37·2 19·82·9 13·86 10·60 ·29 ~oo; +·06 24·23 
12' 18·89·3119·34·4 IJ"81 10·46 ·39 ·oo, +·06\ 23'9+ 
13 j 19·33·2 19·75·6 13·82 09·84 _j_ ·32 ·oo 1 +·06\ 24·0+ I 

15 i 18-43·4 18-78·7 13·84 08-19 +1·91 ·oo +·o61 24·00 
I 7 : 18·48·0 I 8·83 ·4 13-88 08-21 -+-1·71 ·oo +·06 23·S6 
21) 17·94·8 J8·32·2 13-76 08-68 +1-84 ·oo +·06 24·3--1-
23118·64·0 19·03·6 13-63 09-19 -+-0·88 ---·04 +·04 . 23-70 
24 ! 18·59·5 18·98·8 13-57 09·12 +0·59 ·oo +·06 2_'.)"3--1-
25 r 18·69·5 19·07·4 13·50 08·79 +1·51 -oo +·06 2 ~-8(1 

.) 

26 18·88·4 19·34·1 13·46 10·60 -- -o., ·oo· +·06 24·09 _, 
271 •8·6]"5 •9· •6·5 13·42 09·98 _j_ . .,6 ··--·02 +·06 23·80 

' .) 

29 18·35·5 18·68·4 13·40 07·63 +z·So ·oo -+-·06 23·80 
30 18·44·0 18·85·8 13·38' 09·70 + ·62 ·oo +·06 23·76 

1892. • 
Jan. 1 / 18·74·2 19·16·8 13·34 09·881 + ·31 -·10 +·10 23·53 
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Results from obsen·at-ions for the 1mria.tion of latitude at lFaikiki, 
Hawai.iwn Islands. 

GROCP Y. !'AIR 2. 

Date. :Micrometer. . ~ -M~e_l\_~-~-·P_P_·_ ---
1 

Corrections. I Latitude. 

A': S. 
1891. t. d. t. d. 0 

J

i 1'1//, . !' Lez•e!. 
,, ' ' r "~ "" 

09·66 i -6 46-391 _.__ ·83 Oct. 4 28·48"4 10·96-6 21 23 
5 28·54·7 __ 10-96·7' 
8 28·69·0 J I· I I· 5 ; 

16 29·36·1 ! II·/1·01 
28 2 9 ·12·3 • 11-53-1 I 
30 29·09· I I I ·47 ·81 
31 28-66·2 10·92·3 i 

:"\ov. 1 28-76·3 11·12·21' 
4 28-73·4 11·08·1 
6 29-86·3 12-21-0 I 

13 28·q2·2 I I ·23·8 
14 29·80·1 12-06-1 

17 29-63·7 ll·94·21 
19 29"42"5 11-70-2J 
21 30·18·8 12-58·41 
23 29·11·8'11-34-51 
30 29·03·3 IJ-35·4 

Dec. 5 28·66·6 10·99·8 
6 28·21·6 10-56·1 
9 29·or2 11-37-8 

IO 29·33·5 II•]2·1 
12 28·89·0 I I ·24·2 
13 28-49·7 10-81·5 
15 i 29·81·8 12·07·0 
17 28·34·5 10·62·9 
19 28·42·8 10·63·1 
21 29·44·5 I 1•73·4 
23 29·00·7 11·31·7 
24 28·91·6 11·23-2 
25 29·26·2 II ·57·5 
26 29·66-0 I I ·99·2 
27 28·6o·6 10·91·1 
28 28·62·1 10·94·3 
29 28·23·4 10·50·0 
30 29·28·9 u·62·0 

1892. 
I J..in, I 28·97·0 I 1 ·29·0 
I 5 j 2s·58·6 J 10·95 -9 

09·78 ! 47.83 \ +2·01 
10·26 47.71 ! + 1 ·77 
11-28 50.481+2·72 
12·57 48.IJ - ·03 
I 2-66 48.60 + ·04 
12·72 5 I ·52 +3·10 
12-78 49-24 I+ ·60 
13-06 49·52 + ·36 13-281 49-52 + ·06 
13-46 50-.24 r + ·28 
IJ·70 5I·54 1 +I"i81 
13-88 50-50. + ·531 
14-04 51-15 j +1·03 
14·16 48-39 I -l'<_lj 

14·22 52·31 i -f~ I ·94 
14-22 50· 13 ' - ·67 
14·43 49-87 - ·52 
14-44 49·57 -I ·23 
14·38 50·48 + ·25 
14·34 I 48·62 - I ·46 
14·30 49·41 1- I ·06 
14·30 50·20 - ·01 
14·32 51-73. +r17 
I4·36 50·98 I -f ·68 
14·34 52-86 ll +z·19: 
14·25 50·87 + ·67 i 
14·1 I 50-38 + ·57 I 
14·05 50·24 I+ ·291 
13·98 50·31 i + ·47 
13·94 49·87 i + ·08 J 

13·89 50·501- ·24' 
1 3 ·8s 50·10 + ·12 ! 
13·86 51 ·40 +1·06 I 
13·84 49·89 j + ·05 

I 
50·15 i + ·36 
48·92. ' ·03 ' 

I l 

---·------- 1----~-·-- ······ : I 
.R ""/". .11.f<-r. ! 

/I 

-·12 
-·12 
-·IO 

-·12 
·-·--·I 2 

--·12 
-·12: 
--·12 ! 

I 
-·121 
-·12 \ 

! 

=-::~I 
-·16 I 

--·12 j' 
-·12 
-·12 
--·12 I 
-·12 
-·12 
-·12 
--·10 
-·12 
-·12 

-·121 -·121 
-·11 
-·12 I 
--121 
-'I?' 
-·12 
--·12 
-·12 
-·12 
-·12 I -·121 
-·12 
---·12 i 

I 

;'/ 0 
i 

+-06 '21 
+·o6j 
+·05' 
-l-- ·06 I 
-+-·06 
+·06 
+·06 
+·06 
+·06. 

t:~~1 
+·06. 
+·04 1 

+·06 
-+-·o6 
+·06 
+·06 
+·06 
+·06 
+-06 
+·06 
+·06: 
+·06 
+·06 
+·06 
+·03 
+·06 
+·06 
+·061 
+·06 
+•061 
+·06

1 

+·06 
+·06 
+·06 

+·oz 
+·06 

,,, 
16 24·0-i 

23·90 
24·27 
23"46 
24·37 
24-04 
24·24 
24·08 
23·84 
23·76 
23·4+ 
23·8S 
23·79 
23·8(> 
23·74 
23·79 
23~36 
23·98 
23·58 
24·09 
24·22 
23·77 
24·03 
23·70 
24·00 
23·59 
23·99 
24·24 
24·04 
24·08 
24·09 
23·09 
23·S4 
2J"46 
23·94 

23·92 
24·59 
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GROUP V, PAIR 3. 

Date 1\1icrometer Mean app. Corrections Latitude 
____ I ___________ n_e_c_. __ ---------------- ________ _ 

I 
N. ! S. I Mic. \ Level. j Ref. I 

1891. :t. d. . :t. d. 0 " "" I , ,, n ,, 
Oct. 4 · 22·81 ·2 17·06·8 21 18 37·36 1 -2 13·25 \ + ·38 -·04 

5 23·07·6 17•29•5 37•48 I J4•JI +1·30 -·04 
8 22-56-4 16-75·1 37·94 14·85 +1·38 -·041 

16 21·89·3 16·09·9 38·96 14·41 +o"4I -·04 
22 22-32·4 16·45·7 39·66 16·10 +1·22 -·oo 
30 23-06-1 17•22·8 40-35 15·32 + ·15 ---·04 
31 22-64·0 16-78·2 40-40 15·90 + ·06 -·04 

·Nov. 1 22·74·9 16·91·0 40·46 15·46 - ·27 -·04 I 
4 22·32·0 16-49·3 40·74 15·18 - ·83 -·041 
6 22·74·7 16-86-5 40·97 16·45 I + ·13 -·04 

12 22·81·5 16·95·0 41·34 16-00 I - ·21 -·06 
13 22·33· 1 16·41•1 41 ·37 17·34 l +1 ·43 -·04 
14 23·2r3 17·32·6 41 ·40 17·96' + r40 -·04 
17 22·77·5 16·86·6 41·6o 17·08\ + ·24 -·04 
19 22·79·0 16·83·6 41·76 18·12 i +r10 -·08 
21 23·03·7 17-22·4 41 ·89 14·85 ! -2·34 -·04 
23 23·16·9 17·23·2 41·96 17·731 +1·06 -·04 
30 I 21·83"5 15·93·9 41•991 16·78' - ·39 I -·04 

Dec. 5 22·67·5 16·71 ·8 42·22 18· 19 \ + ·41 I -·04 
9 22·or2 16·16·2 42·20. 17·10 i - ·01 I .·04 

10 22·35·7 16·47·1 42· 17 i 16·55: - ·77 __ ·04 
12 22·43·3 16·56·9 42·14 I 16·04 i - ·71 , - ·04 
13 22·20·8 16·29·6 42·14 i 17·151 - ·19: -·04 
I 5 22·92·5 16·96·8 42·16 I 18·19 + 1 ·08 1 --·04 
17 22·26·7 16·31·5 42·22 l 18·08 I + ·81 ! _·04 
21 22·21·1 16·27·2 42·16 17·78 j + ·30 ! -·04 
23 22·43·81 16·49·51 42·04 17·87 i + 1·08 l' -·04 
24 22·57·5 16·63·3 41·97 17·851 + ·61 -·04 
25 22·27·1 I 16·32·8 41·90 17·87 + ·98 I -·04 
26 22·01 ·5 I 16·14·1 I 41 ·86 16·27 - ·471 -·04 
29 22·81·4: 16·ss-s 41·82 18·17 I + ·99 -·04 
30 22·56·9 ! 16·65·4 41·82 I 17·22 ! + ·07 -·04 

1892. i 
Jan. 2 23·18·0 I 17·30·3 

5 22·51 ·9 ! 1670·5 
j 

16·34 + ·09 -·12 
14·88 -1·16 -·04 

/, 

+·05 
+·05 
+·05 
+·05 
+·04 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·04 
+·05 
+·05 
+·05 
+·05 
+·05 

+·051 
+·05 
+·05 
+·05: 
+·05. 
+·05 i 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 

+·o6 
+·05 

0 " ,, 

21 16 24·50 
24·68 
24·48 
24·9j 
24·82 
25· 1q 

24·57 
24·74 
24·74 
24·66 
25·011 
25·47 
24·85 
24·77 
24·70 
24·71 
25·30 
24·83 
24·45 
25·10 
24·8t> 
2"·40 
24·8r 
25·oh 
24·90 
24·tiq 
25·2{, 

24·7.,i. 
25·0:! 
25· 1' 
24·l·S 
24·0:" 

25"45 
25·55 
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Results from observations for the variation of latitude at lVaikiki, 
Hawaiian Islands. 

GROUP v 
' PAIR 4-

Date. Micrometer. I ~lean app. Corrections. Latitude. 

l 
Dec. 

N. s. l Mic. 
! 

Le·vel. i Ref Mrr. 
1891. I. d. t. d .. 0 I' l'I' I' I' I' I'/ /I' // 0 , ,, 

Oct. 4 7·78·7 29·33·1 / 21 08 04·32 +s 19·79 -- ·53: +·15 -1- ·06 . 21 16 23·79 
5 7·92·7 29·42·8' 04·44 18·79 --r- ·32 -l-·15 : +·o6 23·76 
8 8.77·2 30·26·3 04·88 18·56 .,- ·41 ·+-.I 5 .:_-o6 24·06 

30 7·89·7 29·34·5 07·20 17·56 --I·JO j +·15 -,-·o6 23·67 
31 7·87·7 29·32·3 07·26 17·5 I --- I ·34 I +--15. ·06 23·64 

Nov. 1 7"92"2 29·41 ·o 07·30 18·49 -1·42 ! +·15: -~--06 24·58 
4 8·09·3 29·52·7 07·58 17·24 -- I ·21 -l-·15 -- ·06 23·82 
6 7·80·2 29·25·1 or So i7·58 --I ·48 +·15: --:--·o6' 24·1 I 

13 8·01·8 29·34·8 08·21 14·82 __ l_ ·30 : . ~ I -l-·06 i 23·54 I --,- I :> : 
14 8·36"1 29·69·3 08·25 14·87 + ·76 -~ - . I 5 : -'-- ·06' 24·09 
17 8·31·1 29·69·2 08·44) 16·01 --- ·59 _; ·i 5 i _ _L•o6; 24·07 
19 8·78·8 30·13·9 o8·6o IS°JI - ·16 +·17 i ---·05 i 2 3·97 
21 8·84·6 30·33·6 08·74 18·54 ---+-· 15 : 

. I 
-3·29 -~-·o6' 24·20 

23 8·85·9 30·18·2. 08·82 14·66 + -·I I -t--·15 ! .. ~ ·o6; 23·8o 
30 rss-4 29·31·4 08·88 I 7·14 ~2·27 +·15: -i·-·o6: 23·96 

Dec. s 8·09·0 29·46·0 09·14 I 5·75 --1·22: +·15 • ...:-o6: 23·88 
6 8·2r4 29·65·3 09·16. 1y96 -·-1·30 _J_ • 12 : .: .. •o6: 24·00 
9 8·40·0 29·8o·8 09·14 16·63 --1·79 -~--·I 5 : -~-·06. 24·19 

IO 1·6r5 29·12·7 09·12 17·65 -2·39 _ _.:..'-T ~ 17 I ·05. 24·6o 
12 7·37·3 28·82·1 09·09 17·56 ·---2·42 .;.·I 5 i ·o6 ! 24·44 
15 7·75·7 29·08·6 09·14 14·8o - ·27. +·15 ! ·o6i 23·88 
19 8·33·3 z9·61·1 09·22 I 13·62 ! - ·81 _j_ ·11 +·06 ! 23·82 
21 8·29·7 29·62·3 09·19 j 14·731- ·49. +·15 +·o6· 23·64 
23 7·96·8 29·31·9 09·081 i5·31 1- ·72 I +·15 -r-·06: 23·88 
25 9·57·3 29·96·3 08·97 16"22 ·--1"54 I +·15 +·06 23·86 
26 8· 14·3 29·5j·3 08·931 16·22 -1·13 +·15 -l-- ·o6 ! 24·23 
29 8·23·2 29·58·6 08·91 15·38 - ·26 +·17 +·05 j 24·25 
30 8·53·6 29·95·7 08·92 16·94 -1·56 +·15 +·o61 24·51 

18g2. 
+·04! Jan. 5 8·32·1 29·77·7 08·74 17·75 -1·88 +·11 24·76 

--- - . ......_.. ---.... 
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GROUP V, PAIR 5. 

Date. I Micrometer. I Mean app. I Corrections. Latitude. 

I 
Dec. 

I I -
I I 

Level. I N. s. l ~,.,fie. R~f lifer. 
1891. t. d. t. d. 0 , ,, , ,, ,, // I' .. 0 , ,, 

I 
Oct. 4 25-44·7 14·87·7 21 20 29·33 -4 05·21 - ·68 -·08 +·06 21 16 23·42 i 

5 24·77·2 14· 15 ·o 29·44 o6·41 + ·69 -·08 +·06 2J"70 
8 25·30·6 I 14·67·9 29·88 06·53 + ·53 -·08 +·06 23·86 i 

16 24·63·2 I r4·03·0 30·84 05·95 - ·49 --·08 +·06 24·38 ' 
28 25·63·3 14·99·7 32·09 0674 -1·80 -·08 -+-·06. 23·53 
30 24·97·3 14·32·3 32·18 07·06 -- ·96 --·08 +·06 24·14 
31 25·17·7 14·53·7 32·23 06·83 -1·46 -·08 +·06 23·92 

Nov. I 24·99·2 14·27·8 32·28 08·55 + ·09 -·08 +-06 23·So 

4 2 s·14·5 14·45·2 32·54 08·06 --··-- ·72 -·08 +·06 2J"74 
6 25 ·76-5 15·05·8 32·77 08·39 - ·59 -·08 +·o6 23·77 

13 25 ·06·2 14·28·7 33·18 09·96 + -42 -·08 +·o6 23·62 

14 25·61·3 14·84·2 33-22 og·87 -+- ·56 -·c8 +·06 23·89 
I 

17 25·88·0 15·09·5 33"4° 10·20 + ·94. -·08 +·o6 24-12 

19 I 25·94·5 15·12·7 33·57 i0·96 +1·451 -·08 +·o61 24·04 
21 125·45., I q·So·• I 33·72 07·o6 --2·39 -·08 -4 ·061 24·25 
23 25·49·8 I 14•71 ·9 I 33·8o 1o·o6 ! + ·48 -·08) +·06 24·20 

30 26·03·5 ! 15·30·0 ! 33·86 09·04 -1·4oi -·08! -4-·o6 23·40 
Dec. I I 25·29·5 j 14·42·9 33·91 12·07 +2·04i -·08 +·o6 23·S6 

5 I 25·37·0 · 14'63·0 34·14 og·15 -1-17 j -·16 +·08 23·74 
6 I 25 ·33·0 14·60·2 34·16. 18·87 1-1 ·281 --08 +-06 23·99 

9 J 25·11·1 14·38·1 34·16 08·921-·· I '54 I -·08 +·06 23 ·6.S 
10 25·48·1 14·7 I ·3 34·14 og·So - ·37 / --08 +·06 23·95 
12 24·68·8 13·99·0 34·12 08·181-1·66 l -·08 +·06 24·26 

15 j 25·93·6 15·11·6 34·17 I 1·01 + ·69 -·08 -+·06 23·83 

19 24-98·7 14· 15· 1 34·27 11·38 i --+--1·16 -·08 +·o6 24·03 
21 25·26-4 14·4s·5 34·24 rn·o6 J _.'..... · 32 I -·08 +·o6 23·84 

23 25·37·9 14·61 ·5 34·14 09·71 j - ·85 -·08 +·o6 23·5(J 

24 25·70·2 ! 14·92·6 34·10 09·99 ! - ·24 j -·08 +·06 23·85 

25 26·04·8 I 15·28·8 34·04 09·62 - ·06: --08 +·06 24·34 
26 25 ·61 ·2 14·86·4 34·01 09·34 - ·4- I -·08 +·06 24·20 

,) I 

29 25·05·7 14·25·3 33·99 10·64 + ·921 -·08 .J...·06 24·25 

30 25·98·9 15·20·8 34·00 10·10' - ·55. -·08 +·06 23·33 
1892. 

08·151-1·12 j Jan. 5 25·36·0 14·66-3 33·88 -·08 +·06 24·59 
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Results front observations for the 1.'ariatfon of 'latitude at Waikiki, 
Hawaiian Islands. 

GROUP Y, !'AIR 6. 

Date. 1\1 icTometer. I I\1c"n app. 
Dec. Corrcctious. i~I 

j\,Z I ·-s. 1-
1891. t. d. . t. d. i 0 

/ // 

i 
.;)/ic. i Lcucl. 

/ /I I // 

Oct. 4 16-96'8 · 22·28·7 ! 21 14 2o·j4, -+-2 
5 16·63·0, 2 I ·92·5 20·85 J 

o,_ 1 9 1-- ·:::: 
·' -~ I -' -' 

8 16·85·2: 22·09·4 21·27 1 
16 l 16-99·2 ! 22·23·7 22·25 ! 

02·t-i4 --- -on 
01 ·61 -·- ·84 
01·68. ----1·06 

28 17·32·5 22·57·1 23·50 i OJ ·70 
30 16·54·9 21"77"6 23·59 01·26 --1-53 
31 16-61·3 21·83·S 23·64 i 01·21 -- I-<>3 

Nov. I 16·55·q 21·73·3 23-70 i 00·03 --- ·33 
4: IJ"19·8 22-39·1 23·961 6oA7 - ·97 
6 ! 16·83·2 22·00·8 24·18 00·08 ---1·00 

13) 17·21·0 22·35·5 24·62 I _J I 59·3Ci '. j· ·18 
14: 17·66-6 22-76-3 24·65 j 58·:24 ·71 
17 17·87·7 23·00·7 24·84 I' 5q·OJ I -- "12 
19 17·53·1 22·61 ·7 25 ·oo 57 ·99 ! + ·7 5 
21 17·68·6 22·84·9 25·16 59·77 i -1·33 
2J i I 7"66·3 z2·77·2 25-26 58·52 i ·oo 
30 I: 17·05-8 22-21 ·o I 25·32 59·52' --1 ·53 

Dec. 1 1r53·0 22-55·8 25·38 56·64 1·53 
6 17·02·7 22·19·9 25·64 59·9S: --2·10 
9 16·84·2 22·01·7 2s-6_s I 60-05 ---1·74 

Io I 16·55·4 21·69·6 ! 25·63 59·29: -- ·9S 
12 1 16·1 3 -9 21·21·5 j' 2:::-62 1 s-·-6' ·22 - _, :.''.~ 15 16-52·3 21·62·6 25·66 :,8·3.S -- ·46 
l9 16-94·9 22"02"0 I 25·79 5j•64 i ·+- '17 
21 1r25·s 22·39·s 1' 25-78 s9 ·24 1 - ·95 
23 17·10·9 22·27·1 25·70 59·75 I -1·21 

2411ro4·2 22·14·0 25·64 58-27 ~ -- ·33 
25 · 16·85-8 22·03·4 25·59 6o·oS ---2·00 

26 I 16-82·6 21·95·7 25·50 59·03 ! --1·13 291 16·Sr1 21·96·3 25·54 58·13 i -- ·23 
30 I 16·23•2 21•38·8 25·56 59·61 j---1"16 

1892. j I 
Jan. 5 16·95·8 i 22·16·7 25·46 6o·841-1 ·86 

R.-f. i /lfo-. ~ 
Fi 1-' 0 , /-' I 

·o-- ,I ·o~ I ~-· .'i: ,, 21 16 23·66 
·03 -05 23·7 I 

- ·03 -- - ·os 23·So 
-1·03: 

-+·03. 
·03' 

-~ - ·03 i 

+-03 
+~03 

+·03 
-l- ·03 
_.:._•01 

-L·o3 I 
--" -03 
--- ·03 

·03; 
·03 

->·03 ! 

.C -·03 j 

·o_~ I 

t:~~ i 

--i ·03 
+·05' 
-·~---03 

_.L ·o' 
-+- ·o:~ 
_.J -03 

·03 t 

-i ·03 
+·03; 

+·031 

-- ·05 
·05 

-· ·05 
.:. ·05 

-'-·05 
+·05 
+·05 

·05 
·05 

--'--·05 
·05 
·o-,, 
·05 
·05 

·05 
-05 
·05 
·o-,, 
·05 

- -05 
·05 

" ·05 
-05 

... ·05 
·05 

: ·05 
·05 

-- ·05 

-t- ·o 5 

22·95 
23-26 
2]"40 
2,.,0 _., .) 

23·48 
23·54 
23·34 
24·24 
23-t•S 
2.J"81 
23·82 
23·68 
23·S6 
23·J9 
2y63 
23·60 
24·04 
24·02 
23·68 
23·66 
23·70 
24·15 
24·32 
23·66 
23·75 
23"48 
23·52 
24·09 
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GROUP V, PAIR 7. 

Date. Micrometer. I Mean app. 
Dec. 

-A~-1 -s.-1 o , 

1891. t. d. i t. d. I 

Oct. 4 13·41·0!25·77·0121 11 
5' 13·38·7 '25·74·4 
s 113·54·0 25·87·51 

16 1s42·8 25·74·6 
30 13·74·8 26·02·2 
31 13·65·7 25·96·8 I 

Nov. 1 ' 13·59·6 25·80·7 
4113·45·0 25·72·2 
6 13·81·8 26·07·9 

141 14·og·8 26-28·0 
17 i 14·19·3 26·40·0 
19 ! 14·11·9 26·30·8 
21 i 14·43·1 26-57·3 
23; 14·54·2] 26·69·2 
30 I 13·13·1 25·97·9 

Dec. 1 I 14· 17·4 26-30·2 
5 I 13·40·6 25·6:l·5 
9 13·31·8 25 ·59·7 

IO 13·41·0 25·63"9 
12 13·59·2 25·76-6 
15 12·98·8 25·12·1 
17 13·54·5 25·13'1 I 
19 13·28·2 25·47·7 
21 13·52·9 25·72·5 
23 13"24·6 25·41·3 
24 13·30·0 25·47·3 
25 13·26-9 25·49·7 
26 13·66·0 25·85·3 
29 13·51·3 25·69·3 
30 _ IJ"56·o 25·77·4 

1892. 
25·75·5 I Jan. 5 13·53·6 

37-10 
37·20 
37-60 
38-55 
39-84 
39-88 
39-92 
40-17 
40·4t.r 
40-86 
41-04 
41-20 I 
41-36 ! 
41·46, 
41-54 
41-58 
41·84 
41·90 
41·88 
41·87 
41·93· 
42·02 
42·08 
42·08 
42·01 
41·96 
41·92 
41·89 
41·90 
41·92 

41·88 

Corrections. 

.JI.fie. /I Level. Rif. j ,, // // // 

+4 46·73: + ·og +·08 i 
46·66 I+ ·55 +·08: 
46·15 I+ ·38 +·08 i 
45·761- ·12 I +·08 
44·74 - ·05 j +·08 
45·60 -1·19 +·08 
43·28 l + ·51 i +·10 
44·69 I - ·49 i .-:--08 
44·44 I - ·37 l -i--·08 
42·60) + ·96 I +.·08 
43·18 j _ ·20 r + -08 

42·77 i + ·22 +·10 
4 I ·68 . ~- ·64 I . + ·08 
41·86 -+ ·71 +·08 I 

44·14 -1·17 +·08[ 
41·35 +1·35 +·081 
43·46 -1·47 +·06 
44·86 -1·92 +·081 
43·70 -1·46 +·08 
42·42 + ·04 +·o8J 
41·47 -1- ·65 +·oSi I 

42·84 - ·40 +·oS: 
42·91 - ·50 +·08] 
42·93 - ·70 +·08! 
42·26 + ·04 +·o8j 
42·40 - ·34 +·12 I 

43·67 -1·15 +·08! 
42·86 - ·88 +·o8' 
42·56 - ·75 +·16 1 

43·35 - ·8o +·08 

43·46 -1.04 +·oS 

Latitude. 

.lifer. 
,,,, 0 , 

+·05 21 16 
+-·051 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·06 
+·05 
+·05 
+·05 
-----'--- ·05 
+·06 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·oc;, 
-1.. ·o4: 

' i -t- ·05 j 
-t- ·05 i 
+·05 ! 
+·o5 i 
+·os [ 

// 

24·05 
24·54 
24·26 
23·72 
24·66 
24·42 
23·8!; 
24·50 
24·60 
24·56 
24·15 
24·34 
23·81 
24· J(J 

24·65 
24·.p 
23·9 4 
24·q7 
24·25 
24·4(1 
24·1S 
24·59 
24·62 
24·44 
24·44 
24·18 
24·57 
24 ·oo 
23·90 
24·60 

24·43 
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Results from observation8 f'vr the ·variation of llltitude at Waikiki, 
Hawaiian Isla.1ufa. 

GROUP V, PAIR 8. 

Mean app. 
I 

Date. M lcrometer. Dec. f 
Corrections. Latitude. 

I N: ! s I !Ifie. 
I 

/'.c;•e/. Ref'. .:1/cr. ~ 
I i I 

1891. t. d. i t. d. 0 , ,, , ,, ,, ,, ,, ! 0 , ,, 
l ! 

Uct. 4 19-96·9: 17·41·2 21 17 23"47 ! --0 59-32 i - ·20 ---·"02 +·05 i 21 16 23-98 
s 20-20·4 I 17·76·6 23-56' 56-56: -3·02 --·02 -~- ·05 24·01 
8 21 ·73·6 ! 19·09·7 23·95 \-1 01-221-j-- ·73 -·02 --t-·05 2_1"49 

16 21 ·89·7 i 19-32·8 24·88 i 0 59·60 I_ ·83 -·02 +·05 24·48 
30 21 ·58-7 i 18-91 ·9 26·14; -I 01·891- ·56 --02: +·05 23-72 
31 21·54·5 18·90·2 26·18 01 ·31 -I ·37 -··02 -,·05 I 23·53 

NoY. I 21·75·7 19·02·5 26·22 03·381 + ·81 -·02 -;--·05 23·68 
4 22·18·9 19-51·9 26·46 01·94 - ·67 -·02 +·05 23·88 
6 22·29·0 19·62·5 26·68 01·s2 l- ·93 -·02 +·05 23·96 

13 21·36-3 18-63·8 27·12 03·22 ·06 00 +·04 23·88 
14 22·72·9 19·96·6 27·14 04·10 + ·71 -·02 +·05 23"78 
17 22·47·7 ' 19·78· 5 27·31 02·45 - ·56 -·02 +·05 2 4·33 
19 22·58·3 ! 19·81·3 27·48 04·26 + ·61 -·02 +·05 23·86 
21 22·90· 1 ' 20· 11 •7 27·64 j 04·58 + ·91 -·02 +·05 24·00 

23 22·91·8 20·13·6 27·75 04·54 +1·05 -·02 +·05 24·29 
Dec. 6 21·70·2 19·01 ·9 28·18 -I 02·24 -1-86 -·02 +·05 24·1 I 

9 21 ·65·6 18·97·2. 28·21 I 02·26 -1·77 --·oz +·051 24·21 
10 22·61 ·2 19·91 ·5 \ 28·20 I 02·57 -1·52 -·oz +·05 24·14 
12 21·8o·3 I 19·08-9 28·18 1 02·96 ·79 -·02 +·05 24·46 
15 21·72·1 ! 18·94·3. 28·25 ! 04·44 ·12 -·02 +·05. 23·72 
17 22·44·6; 19·69·1 2s·,4 I 03·91 ·26 -·02 +·05 24·20 
19 22·07· 1 19·31 ·8 zs·lo r 03.87 ·10 00 +·05 24·48 
21 22·00·5 19·z3·6 28431 04·24 ·37 -·oz +·05 23·85 
23 22·43·2 19·69·2 28·36 03·56 ·57 -·02 +·05 24·26 
24 21·71·5 18·97·2 28·32 03·63 ·92 -·02 +·02 23·77 
25 22·2r4 19·54· 1 28·28 I 03·40 -1·02 -·oz +·05 z3·89 
26 21·88·5 19·16·1 28·25 i 03·19 - ·73 -·02 +·05 24·36 
29 21 ·50·7 18·8r61 28-26 01·04 -z·95 -·oz +·05 24·30 
30 22·17·5 19·45·8) 28·z9 03.03 -1·28 -·oz +·05 24·01 

1892. 
I Jan. 5 21 ·70·1 18·96·3; 28·28 i 03·52. ·56 --·02 +·05 j 24·23 

I 
I 

.. -· . 
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GROUP VI, PAIR 1. 

Latitude. Date. J\licrometer. \ l'\'.lean app. 
----:-------- Dec. 

N. \ s. I 

Corrections. I 
-----~-----·----,-----1 ----~ 

1891. t. d. t. d. \ 0 

Nov. I 9 2 5 · I 2 · 2 j I 4 · I 5 · 2 1 21 
21 124·76·6 i 13·78· I I 
30 I 24·74·8 ! 13·88·5 

Dec. 1 i 24·01 ·6 I 13·02·6 
5 I 23·99·1i13·11·3 
9 f 24·30·4 ! 13·44· I 

10 j 24·51·5: 13·60·6 
12 / 24·69·1 I 13·74·9 
15 i 25 ·02·9 I 14.09·0 
19 ! 24·77·2 13·79·7 
23i24·49·1 lj"58·1 
24125·06·9 14·09·8 
25 ' 24·18·0 I IJ"25'5 
26124'5 I ·o 13·57·9 
29 24·78·4 13·93·3 

1~~~2~; I:::;::: :;::;::I 
6 24·96·9 13·86·0 

IO 125·81·7 8 14' o·o 
II 24·24·6 IJ"JO"J 
12 24·20·6 13~29·6 
15 24"46·0 13·49·6 
lb 24·18·6 I 3·22·7 
18 2ys1 ·s 12·82·4 
20 24·16·5 13·16·2 
21 23·93·2 12·85·9 
23 23·84·1 I 2·69· I 
24 24·16·9 13·22·7 
25 23·96·0 13·01·4 
27 23·87·9 12·99·2 

Feb. 3 24·48·7 13·51 ·o 
4 24·21·6 13·22·3 
6 24·45·5 13·38·2 
8 23·95·6 12·96·9 

II 24·84·2 J3·80·5 
12 24·00·6 13·02·3 
13 24·20·7 13·22·5 
14 24·31 ·9 13·30·0 

, ,, / 
.llfic. 

// 
Level. Rif i .lifer. I 

// // ' // : 0 , 
20 37·28 i -4 

37·42 ! 
37·54 
37·56 
37·79 
37·9o 
37·89 
37·861 
37"90 
38·08 
38·14 
38·12 
38·09 
38·06 
38·091 
38·12 

38·19 
38·20 
38·22 
38·32 ! 
38·36 i 
38·36. 
38·30 
38·26 
38·18 
38·17 
38·16 
38·21 
38·19 
38·14 
38·06 
38·04 
38·09 
38·10 

38·091 
38·08 

14·49 
14·84 
I 2"01 
14·95 
12·35 

+ ·62 
+2·76 
··-- • 5 I 
·!- 2·37 

12·01: -
13·07. -
13·84: + 
13·77 ! + 
14·60 i + 

·54 
·89 
.14 
·40 
·74 
·52 

13·10. ·35 
14·51 +I 'OJ 
1y44. + ·34 
13·58 - ·06. 
I I ·73 -1 ·16 
12·33 -1·14 

15 ·5 +2· 16 
13·82 ! + ·84 

15'02 +1·48 
17·7 ~I +3 ·55 

13·10 I+ ·30 
14·35 I + 1 ·35 
14•23 I ·+· '32 
14·97 + 1 ·59 
15·25 +1·51 
16-88 --+- 3. 19 
18·66 +s·31 
13·79: + «->o 
13·93 i +-1·15 
12·56 - '20 

14·65 I+ I ·52 
15·02 +1·92 
16·88 +3'54 
14·88 +z·22 
16·04 +2·88 
14·79 +2·23 
14·77 +1·34 
I5·62 +2·92 

i 

I 

-·08 
-·08 
--·08 
--·08 
-·08, 
-·oSi 
---·08 ! 
-·08: 
-·08! 

=:~~11 
--·08 
--·18 
-~·081 
--·08 i 

-·08; 

~-:::I 
--·08. 

i 

-·08! 
-·o8i 
-·08! 
-·08' 
-·o8i 
-·oS ~ 
-·08; 
-·o8i 
-·08: 
-·08 
-·08 
--::·08 
-·08 
-·08 
-·08 
-·08 
-·oS 
-·08 
-·08 

·06 ! 21 16 
·06 ! 

--+-·06 I 

-~·06 j 
-i--·06: 

+·061 
-r-·06 ! 
-1- ·06 i 

+·o61 
-+·06 I 
+·o6i 
-+-·06 i 
~--06 j 

+·061 
+·061 
+·17 ! 
+·o6j 
+·061 
+·05 

+·0611 
+·06 

+·061 
""j-·06 
·t-•o6 I 

+·061 
+·06, 
+·o6J 
+·o6; 
+·09 
+·06 
+·06 
+·06 
+·06 
+·06 
+·06 
+·06 
+·o6 
+·06 

// 

24·39 
25·32 
25·00 
24·96 
24·8?> 
24·98 
24·66 
24·40 
24·85 
24·98 
24·67 
24·62 
24·98 
24·40 
25· 18 
24·58 

24·74 
24·10 
24·7 5 
25·2 
25"4 

0 

0 

0 25·3 
24·4: 
24·9t 
24·5 
24·s. 
24·S 
24·~1 

r 
6 

ZS'Y 
25«L 
25·0 
25·0, 
24·7 
25·3 
24·9 
25·5 
24·6 
25-.1 

0 

6 

4 
6 
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Besults from obscn,ations .for the l1aria.tfon of latitude at Waikiki, 
Hawaiian, Islands. 

GROUP VI, PAIR 2. 

j_o_a_te--~'--~-fi_c_ro._m_e_te_r_.~
1

-~_1_eD_a_~_~_:_P_·_l ____ __,_c_o_r_r_ec_.t_io_n_s_. ____ ~!--La.~ti_tu_d_e~-

1

1 I AT. I S. I Ali<. I Level. I Ref. II 11/er. ) 
1891. ~. d. ' I. d. 0 , ,, I I II II I I/ ,, ! 0 

I
.I· Nov. 

3
2

0
1 . 8·09·3 · 30·18·5 21 07 50·22, +s 32·50·+1 ·47 :.·

1
1

4
4 i. -1--·05 ; 21 

: 7·89·4 30·07·1 50·30 J 34·47 I -r27 I --r- , -f.-·05 ! 
Dec. 5 i 8·48·0 30·64·8 50·54 ! 34·26 - ·87 jl'I, +·14 i +·05

1
1 

9 j 8·43·6 30·61·9 50·63 I 34·61 -1·84 +·14 i +·05 I 

10' 8·06-4 30·19·7 50·621 33·45 - ·45 +·14 ! -~--05 l 

12 j r16·6 29·s6·9 50·58) 32·16 + ·01 -+" 14 i -+-·os I 
15' 8·02·6 JO"ll'O 50·6o 32·32 + ·33 i .I-- I +·05 
23 I 8·08·1 30·20·4 50·84 33·22 - ·96 II +:~: 1-+-·05 
26 I 7·61·7 29·74·3 50·74 J 33·29 - ·42 -+-·14 +·05 
28, r96·2 30·09·7 50·741 33·50 - ·59 I +·14 __j__·os 
2 9 ; rso·9 1 29 ·96·8 50·76 34·06. ~1·17 j +·14 I .l...-05 1 

1 1!!?2
·s \ 7·89·2 j 29·96-6 50·96 l 32·08 I+ ·51 +·q. I! ~-os I 

, 6 j 8·24·5 30·26·2 50·94 I 30·76 I -t-1 ·47 l! +·14 :, ·_00~ I 10 1 8·41·3 30·47·1 50·85 31·71 i T ·73 +·14 i ~ ., 

! 
I 

I I I 7"33"4 29·40·5 50·86: 32·01 I+ ·56 +·14 i +·05 
I 2 7 ·28· 5 29·43 ·9 50·88 i 33·94 -1·I3 1 -+- · 14- I + ·05 I 
15 r13·3 29·19·1 50·99' 31·71 + ·55 +·16 +·05 j 
16 6-93·5 29·04·7 51·02 32·96 - ·33 +·14 +·05 
18 r13·9 29·82·4 51·03 32·34 + ·36 +·14 --r-·05 

I 20 

I 21 

I 
23 
24 

! 27 
j Feb. 2 

3 
4 
6 
8 

II 
12 
13 
14 
20 
21 
22 
23 

r6o-o 29·68·6 51·00 32·36 - ·01 +-14 +·07 
r48·5 29·59·7 50·91 ! 32·96 · - ·84 +·14 +·05 
r89·7 29·92-5 50·93 i 3r·o2 ! +1·95 +·14 +·os 
r1s·9 29·21·9 50·86' 31761+1·34 +·14 +·05 
r28·1 29·42·7 50·84 33·751- ·93 I -t-·14 +·05 
1·13·4 29·96-3 50·89 35·6s -2-11 I +·14 +·os 
r76-5 29·80·9 50•94 31·39 I +1·51 +·18 +·04 
r41·7 29·46·6 50·94 31·50 ! +1·31 +·14 +·05 
7"39"2 29·48·5 50·84 32·52 ! + ·57 +-14 +·05 
8·76·3 29·84·3 50·77 32·23 I+ •99 +·14 +·05 
8·05·8 30·15·8 50·75 32·69 + ·63 +·14 +·05 
r62·7 29 ·68·2 50·82 31·64 +1·51 +·14 +·05 j 
7"54"0 29·63·2 50·83 32·50 +1·16 +·12 +·07 
8·98·8 30·07·1 50·83 32·29 + ·21 +·14 +·05 
7-.20·9 29·33·5 50·83 33·29 - ·35 +·14 +·05 I 
7·29·8 29·41·8 50·53 33·15 + ·55 +·14 +·05 
6·95·9 29·08·4 50·52 33·27 ·03 +·14 +·05 
6·65·7 28·75·8 50·50 32·71 + ·62 +·14 +·05 
7·41·1 29·59·2 50·51 34·57 - ·91 +·14 +·05 ! 

-I 

I' ,, 

16 24·38 
2y69 
24·12 
23·59 
23·81 
23·6o 
23·44 
2]'29 
2J'80 
23·84 
23·84 

23·74 
23·36 
23'48 
23·62 
2J"S8 
23·46 
23·84 
23·92 
23·56 
2]"28 
24·09 
24-15 
z3·8s 
24·65 
24·o6 
23·94 
24·1• 
24·18 
24·26 
24·16 
24·68 
23·52 
23"96 
24·42 
23·9,i 
24·Q2 
24·36 
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GROUP VI, PAIR 3. 

D t M" t Mean app. c L tit d 
I 

a e. : icrome er. Dec. orrec ions. a u e. 
---

I N. s. J>Iic. I Ln•c/. Ref. I .ii-fer. 
1891. l t. d. t. d. 0 , ,, I , ,, . ,, ,, I ,, 0 , ,, 

Nov. 19 i 23·03·6 15·67·5 21 19 13·16 i -2 50·76 + ·89 -·05 +·o6 21 16 2J"30 
21 i 22·6o·4 15·26·1 13·27 50·35 + ·65 -·05 +·06 23·58 
30122·53·7 J 5·26·3 13·32 48·75 -1·55 -·05 +·06 23·03 

Dec. I 23 ·60·0 16'24·8 13·32 50-55 +1·28 -·05 +·o6 24·06 
5 / 22·10·1 14·82·3 13·52 48·84 - ·64 -·05 +·o6 24·05 
9 21 ·86·5 14·64·6 13·62 47·47 -1·99 -·05 +·o6 24·17 

IO I 21·76-0 14·53·3 13·6o 47·65 -1·76 -·05 +·o6 24·20 
12 I 22·26-4 14·96·2 IJ"56 49·39 + ·23 -·05 +·o6 24·41 
15 121·68·7 14·32·6 13·57 50·76 + ·62 -·05 +·06 23·44 
J9 I 21·84•0 14·51·2 13·74 50·00 + ·25 -·05 +·05 23·99 
23 / 2r46·8 14·14·3 13·82 49·93 + ·19 -·05 +·o6 24·09 
26121·44·6 14·16·3 13·74 48·95 - ·98 -·05 +·o6 23·82 
28 21·59·8 14·29·9 13·74 49·33 - ·69 -·05 ·+·06 2 .... ~ .... -

:> ' :> 
29 21 ·97·6 14·72·3 13·76 48·26 --1·49 -·051 +·o6 24·02 
30 21·67·1 14·39·3 13·79 48·84 --1·25 -·051 +·06 23·71 

1892. 
Jan. 5 22·49·6 15·10·3 14·00 51 ·5 I + ·82 -·05' +·o6 2 .... ·~2 

:> -~ 
6 22·37·3 15·01 ·7 13·99 50·65 + ·45 -·osj +·06 2""80 .) 

IO 22·15·5 14·74·9 13·91 51 ·81 +1·79 -·os· +·o6 2_-;-90 
II 21·10·1 13·74·6 13·93 50·62 + ·56 -·051 +·06 23·88 
12 21"21"3 13·96-0 IJ"95 48·26 -1·10 -·05 +·06 24·60 
15 21·20·8 13·85·4 14·08 50·6o + ·87 

=:~~1 
+·06 24·36 

18 21 ·57·0 14·23·3 14·15 50·21 + ·14 +·06 24·09 
19 21·78·5 14·44·6 14·13 50·25 - ·29 -·05 +·06 23·60 
20 21·11·2 13·85·7 14·12 48·31 --2·12 -·05 +·o6 23·70 
21 12r59·3 14-19·8 ! 14·08 51·55 +1·02 -·05: +·06 23·56 
23 21·21·6 13·8o·21 14·02 51"99 +2·10 -·05: +·o6 24·14 
24 21·05·7 j 13·81·0 i 14·02 48·12 -I·99 -·05: +·o6 23·92 
25 20·72·4 14·4r1 : 14·02 48·26 -2·10 --·05' +·06 23·67 
27 20·92·6 I 2·697 I 14·o8 4770 -2·02 -·05 +·06 24·37 

Feb. 3 21·37·4 14·00·2' 14·18 51·02 + ·76 --·05 +·o61 23·93 
4 2r58·0 14·21·9 14·14 50·76 + ·69 -·05. +·o6j 24·08 
6 21·36-0 14·02·3 14·08 50·21 + ·24 -·051 +·06 24·12 
8 21·23·5 13·89·1 14·08 50·:;1 I+ ·26 -·051 +·o6l 2]"98 

12 20·64·0 13·34·5 14·20 49·231- ·97 -·05 +·061 24·01 
13 21·18·9 13·85·6 14·21 50·1 I -- ·50 -·05 +·o6 23·61 
14 20·54·7 13·19·6 14·22 50·53 - ·02 -·05 +·o6l 23·68 
21 21 ·25·i 13·94·9 14·00 49·44 - ·43 -·os +·o6 24-14 
22 21 ·22· 13·9r2 14·00 49·72 - ·17 -·05 +·o6 24·12 
23 I 20-S,·2113·56-o 1'4·02 49·49 - ·97 --·05' +·06 ZJ"57 

I 
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Results from obscrt1ation."' for the rariatinn of laUtudt> at ll'"aikiki, 
.lio wa i ian Island8. 

t;!ZOCP Y L l'.\ IR 4. 

Date. ;.\lit·n•meter. :\Jean app. 

---~---i----------- -

.. v. s. 
1F9r. : /. ti. t. ti. 0 

~ov. 19: 14·70·1 23:17·2 21 
21 15·93·5: 24·36·8: 

Dec. I : 14·02·0' 22'44'3 I 
5 14·10·3 22·60·8 i 
9. 13·98· 5 22·48·9 / 

12 14·11·3 22·59·41 
15 14.·S5·1 z3·30·4i 
19. 14·73·2 23·15·5 I 
23: 14·02·4 22·49·4 j 
26; 13·90·8 22·40·9 l 
28 · 14·61·9 23·13·1 I 
29 i4·55·8 22·08·3 
30 15·30·8 i 22·81·7 

1892. I i 
Jan. 5 15·25·3 ! 23'67·8 

6 14·94·8. 23·36·2 
IO 15·05·0 l 23·48·3 
II 13·93·1 i 22·39·1 
12 14·05·3 i 22·57·3 
18 14·07·8' 22·53·5 
19 14·20·0 j 22·66·6 
20 14·1 I ·5 22·63·t 
21 13·93·1 22·38·3 
23 1]'84·6 j 22·24·0 
24 13·79·6 22-30·5 
25 13·46·3 i 22·96·6 
27 13·51·8: 22·08·2 

Feb. 3 13·16·8: 21·56·2 
4 13·45·0 ii 21·86·3 
6 13·63·6 22·06·9 
8 14·02·9 I 22·44·5 

I J I 3·88·2 22· 25 ·2 

12 113·76·5 22·26·2 
13' 13·56·5 22·00·3 
14 12·94·8 21·42·1 
20 14·01·3 22·47·6 
21 13·97:6 22·47·8 
22 13·26·6 21 ·74·4 
23 13-78·8 22·23·8 

S.Ex. 37--8 

Dec. 

/ // 

13 0;"12 
07·22 

07·24 
07·40 
0/'49 
07·42 
07·41 
07·56 
07·69 
07·54 
07·52 
07·55 
07·51"; 

07·78 
07·76 
07·66 
07·68 
07·70 
07·89 
07·87 
07·84 
07·82 
07·76 
07·75 
07·1s 1 
07·80 i 
07·90' 
07·86 
07·7q 
07·78 
07·88j 
07·90 
07·92 
07·92 
07·72 
07·70 
07·70 
07·72 

(_• Orl"er,·t ii_ l\lS~ 

3 16·51 ·37 
15·b3 ·99 
15·40 I· J 2 

I 7 · 3<) : -----I · 2 3 
17·2S. -1·33 
16·75 ! 

I l>" I 0 
15. 40 : 

-- "44 
. 16 

16"49: - ·28 
17·21 , -I '09 
17 ·46: --- ·90 
17·77' --1·60 
17·40 -1·17 

15·45 ! + -50 
15·19!+ ·35 
I c;·63 ! -!- 'OJ 

JG· 26 J + · I 2 ! 

17·65 ; --1 ·08 
16·19• ·oo 
16·40 ! - ·51 
17·56 ! -1·35 
16·07 -;- ·06 
14·73 +1 ·28 
17·40 --1·67 
17·26 ~1 ·39 
18·67 -2·35 
14·73 + ·81 
15·17 + -SS 
15·63.+ ·67 
1y24' + ·30 
14·17 -+1·65 
17·r2 -1·11 

15"75 + ·06 
16-56 ·22 
16·33 ·20 
17·23 ·93 
16·68 ·35 
I 6·03 ·61 

-y-·08 

--,·05 
·05 

- - ·05 
·05 
·07 
·05 

-,-·09 
+·05 
-;- ·05 
-c. ·05 
-·--05 i 

--,-·05 
! 

+·05: 
-..!-.·05 
_, ·08 
+-05 
-·- ·05 
--r·os, 
+·05' 
+·05 
+·05 

·05 
+·05 
-,·05 
+·05 
--:---·05 
--;-·05 

,·05 
+·05 
+·05 
+·05 
+·05 
-;-·05 
+·05 '. 
+·05: 
+·05: 
+·oc;i -, 

I - ' j __..at1tunc. . 

---~-----1 

0 / 

·o 6 2 l I 6 24- · I 4 
·05 ; 23·94 
·05 ' 2yS6 
·05 i 

·05 
·05 
·05 ! 

--:- ·05 i 
·05 I 

--,-·oc;! 
_.;,__.05 l 
-;--·05 I 
.. ~--·05 ! 

I 

->os I 
--~·05 ! 
- ·05 j 
-;·06 

:-·05 i 
-;-·05. 
..,.•05 
+·05 
+·05 
+·05 r 
+·05 
-;-- ·05 
-+- ·05 
+·05 
+·05 
+·051 
+·05 
+·051 
._;...·051 
~-·05 ! 

--~- ·051 
-t· ·o5 I 

-+-·05 j 
--j-·os j 
.,.·05 I 

23~57 

23 54 
24·00 l 

24·05 
23·26 
24·00 

23·76 ! 

24·18 
23·S2 
23·91 

23·S3 
23·40 
23·45 
24·17 
24-37 
24· 18 
23·86 
24·15 
24·05 
23·87 
23·58 
2372 
24·22 
23·54 
24·01 
24·19 
23·42 
23·80 
24·01 

23·83 
24·36 
23·95 
24· IO 
24·13 
23·24 
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GROL'P VI, PAIR 5· 

i )lean app. Date. I :\Tic1·01neter. Dec. Corrections~ Latitucle. 

I 
r Level. l N. s. Mic. .RrJ ..Jf<.·r. 

1891. I t. d. t. d. 0 , // / // _,, // // 0 / // 

No\". 19 / 2r23·9 r2·45·8 i 21 22 06·64 -s 42·90 I+ ·06 -·10 +·06 21 16 23·76 
21 : 27·58·2 12·78·7 ' 06·72 43·22 i -.- ·64 -·10· -i--·06 24·10 
30 1 25·77·6 I 1 ·10·0 I 06·66 40·46 i -2·78 -·10. .,_·06 23"38 

!Jee. I z6·51·9 12·72·61 06-66 43·18 ! + ·12 -·10! .-;...,·06 2y56 

I 
5 27·27·2 12·53·7 06·79 41 ·83 i --1·72 -~ro .i -,-- ·06 23·20 

9 2b·39·6 II·73·0 06·86 40· 23 j --2 ·90 -·10) -~--·06 23·69 
12 26·08·2 14·77·91 06-77 42·85: -- ·~2 --·10. -.-·06 23·56 ·' 15 i 25·46·7 10·72·5 06·74 4 1 "99 ( - ·71 ' .. -·10: _ _:_ ·06 24·00 

I 
19' 25·85"4II1·06·61 06·88 4 '"00. -+- ·63 .... ·10. ·06 24·41 I ----t 

I 
.) ' ' I 

23: 25·96·3 I I·r9·3 06·95 ! 42·64 i- ·:-;4 --·101 +·06 23·43 

I 
25 I 2fro8•5 11·34·4: 06·89 1 

4 1 "97: - ·58 ---·10' -r-·06 24·30 
26' 26·26·6 II"')0·81 06·86 42·36 ·50 -·10,

1 ... L·o6 23·96 
28. 26·40·6 I 1·68·6 06·83 41 "48. - ·97 -·101 ,--06 24"3..f 
29. 26-34·6 11·67·5 06·85 40-34 -2·01 -·10· -+-·06 24·46 

I 
30 I 26·65·8 I I ·92·81 06·87 4-1"71 --1 ·04 -·10: ,-·06 24·08 

1892. ! I 
Jan. 5' 26·64·7 11·83·8 07·08 43·54 + "23 --"IO' +·06 "") ....... ..., , 

-..:> / .} 
6: 26·58·3 JI·81·3 07·08 42·64 ·25 -·10 ....;....-06 24-15 

10' 26-87·9 12·08·9 06·9~ 43" l I ·21 -·10 -r·o6 2~·62 .) ! 

II 25·&.r5 11·017 07·00 43·03 + ·01 -·10 +·06 23·94 
12 25·91·9 11·18·4 07·01 41·83 ·So\ -·10 ; ·06 24·34 

- ·17) I ' 18 25·18·9 10·41·1 07·23 42·82 -·10 +·061 24·20 

19 26-01·3 I 11·26·9 07·22 42·04 ~1·461 -·10 +·06· 2J"68 
20 :z5·S2·3 / 11·06·5 07·22 42·3b -1·01 -·10 +·06 23·81 
21 25·74·1 I 10·97·2 07·18 42·62 _ ·go I -·10 +·06 23·62 
23 25·40·9 ! 10·56·3 07·13 44"40 +1·21 -·10 +·06 23·90 
24' 25·06·2 10·31 ·2 07·13 42·18 --1·31 ' -"IO +·06 23·60 
25 i 25·72·0 10·99·6 07·12 41 ·57 i --I ·491 -·10 +·06 24·02 
27 I 25·43·4 10·79·3 07·19 39·65 : -2·65 -·10 +·06 24·85 

Feb. 3 ! 25·97·2 11·18·4 07·34 43·06 i - ·28 j -·10 +·o6 23·90 
4 25·92·0 11·12·8 07·31 4y15 i ·oo I -·10 +·06 24·1.:: 
6 25·61·1 10·82·5 07·26 4:3"01 I~ •lJ I -·10 +·06 24·10 
8 2y21·4 I I ·42·3 07·26 43· 13: i"" ·06 -·101 +·061 2+·15 

12125·80·4 11·04·4 07·42 42·41: -1·39 ! -·-··Io, _ _,_ ·o~ I 2y5S 
13 25·49·8 10·72·8 07·44 42·64 t -- ·86 ----· [0: -r·06j 23·90 
20 25·33·5 10-55·5 07·31 42·87 i -- ·40 1 -·10 1

• +·o6j 24·00 

26·83·1 12·09·8 41·78 j -1·76 ! I 
21 07·30 - - · 10 c··06 f 

2,.,. . ..,....,. 
.) / -

22 25·23·8 10·48·1 07·32 42·341-1·02 I ···-·o6: -7-·04 23·94 
23 25·61·9 ro·85·8 07·34 42·43 -1·17 -·1oj +·06 2J"70 

I i 
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Results froui obserimtions for the variation of latitttde at Tr aikiki, 
.Eiawaiia,n islands. 

GROUP VI. PAIR 6. 

Date. I l\ficrometer. l\Iean app. Corrections. Latituue. Dec. 

\ N. ! s. 
I i I ! ! 

I .:1l'ic. Lt-7)t'l. j ..f...'<f .:lier. ! 
I 

1891. t. d. I t. d. 0 / /~ ,, // /,' // /,' l 0 / ,/ 
Nov. 19: 23·11·oj 17·4y6 21 18 35'5+. -~2 I I ·63 -~ ·18: -·04, + ·05 ~ 21 16 24·10 

21. 23·41·2: 17·70·4 ,- ·62 j 2·42 ,- ·91 -·04 --i- ·o 5 24·.·2 
-~" 30 - 22·44·7 I r6·72·8 35·52 I 2·07 +1·48: --04: +-05 24·34 

Dec. 1 22·87·1 I 17-20·6 35-52 I r·42 · --'-- ·44 i --·04: +·05 24·55 
5 2Tos ·1 \ 1 r44·8 ! 35-04 10· I 2 -1·37 ! -·04, 1·05 24·16 
9 21·94·3,16·35·81 35·70 ! 09-56 -·I ·99: --·04: +·05 24·16 

12 22·59·5 ! 16·85·9 35-60 i 10·75 · 1 I --·06: +·05 24·73 
15 I 22•J3"4 ! 16•48·21 35·56: I I· I 2 · - ·17; -·04· +·05 24·28 
19 .· 21·77·1 i 16·13·4 35·70 10·77 - ~22 -·041 1·05 24·72 
.2J 22-28·7: 16·65·1 35·76 10·75 - ·52 -·04: -r- ·05 24·50 
25 : 21·93·8 I 16·,4·- ! 35·7o 09·75 -1·38 -·04; +·05 24·58 I .) .) ' 

26 21 ·89·1 ' 16·29·8 I 35·67 09·75 I - ·95 -·04: +·05 24·98 
28 22·20·6 i 16·56·6 i 35·64 10·84: - ·61 --·04 ! +·05 24·20 
29 • 22•06·5 f 16·48·0 I 35·66 09·56: -1·73 -·12: -t-·09 24·34 
30 i 22·96-8 i 16·38·1 35·67 09·61 I -1·68 +·08: +·09 24·51 

1892. 1 I i Jan. 5 \ 22·73·r : 17·03·7 35·88. 12·09: + ·22 -- ·04 +·05 24·02 
6 21·91·3 \ 16-26-4 35·86 11"04 I ~ ·23 ---·04 +·05 24·60 

12 ! 22·52·1 15·92·1 35·80 09·91 -1·07 -·04, +·05 24·83 
18 I 21.19·9 \ 15·56·8 36·02 10·63 - ·61 ---04' +·05 24·80 
20) 21·21·2115·60·4 36·00 10·10 _1·21 -·04 +·05 24·70 
21 I 2I ·40·9 15·74·3 35·98 u-44 -0·19 I -·04 --'-·05 24·36 
23 I 21·16·7 15·40·3 35·92 13·72 +2·13 l -·04 +.05 24·34 
24 l 21 ·64·3 16-03·7 35-92 10·05 ~1·65 --·04 +·05 24·23 
25 21 ·28·8 15·69·4 35·92 09·77 I -1·91 --·04 +·05 24·25 
27 21 ·23·9 I 5·70·0 35·98 08·50 i --2"5 I -·04 +·05 24·98 

I 
Feb. 3 I 21·44·5 15·75·6 36·14 I I ·98 i + ·14 -·04 'i-~·05 24·31 

4 j 21 ·62·1 15·94·6 36·34 
H 651 + ·31 --·04 +·05 25·01 

6 20·61 ·9 14·94·6 36·30 I 1 ·61 + ·06 -·04 +-05 24·76 
8122·04·8 16·34·1 36·07 12"39 + ·I I --·04 +·05 23·80 

12 21·53·3 r5·92·1 36-23 10·191 -1"12 ·-·04 +·05 24·93 
13 21 ·24·8 15·60·4 36-26 10·93 - ·67 i --04 +·05 24·67 
20 21 ·52·0 15·Sr6 36·15 10·93 -- ·11 I -·04 +·05 24·52 
21 21 ·59·6 15·99·2 36·14 10-00 I -1·83 i -·04 +·05 24·32 
22 21'12"2 15·49·8 36·16 10·47 - ·75 

I 
-·06 +·05 24·93 

23 21·11·2 15·48·2 36·18 10·61 1 -1·01 -·04 +·05 24·57 
I I 
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GROUP VI, PAIR 7. 

Date. :.Micrometer. :'>lean app. 
Dec. Corrections. 

! 
Latitude. 

---~--

I i 
l\T. s. llffr. Le7,·~·l. Ref. I 3fcr. 

I I 

1891. t. d. \ t. d. 0 , l'I , II I // I'/ /I' 0 , // 

Nov. 19 15·73·0: 20·65·5 21 14 29-60 +1 54-25: + -1 I -·o' ·05 i 21 16 24·04 ~ _) i 
21 16-06·8' 20"<)'\"2 29·66 53·30: + ·55 I --T-·03; -05 I 23-59 
JO I 7-05·7 i 21 ·94·8 ! 29·54 53·46' -~ l "22 --;- ·03 - ! ·05 l 24·30 

Dec. I 1 17·60-0 22·50·7 j 29·52 53·83 --7- . 35 - ·03 i -~--05 I 23·7S 
5. 16-77·5 i 21·73·7 29·62 55·1 l --1 ·62 -i-"03 --,-·05 23· I<) 
9: 16-02-3. 21-02·1 29·67 55·95 ·--2·14 --[·-· 0 3 -·,--·05 23·5() 

12: 16-56-4: 21-50·41 29·56 54·60 ·22 --·01 -;--05 23·9S 
15 : 16-90·9 i 21 ·84-7 29·50 54-55 -- ·28 -r-·03 __: ·05 23·S5 
23. 17"49'2 22-49·1 29·68 55·97 -- ·91 -·09: ·I I 24·76 
25 I 17·06-5 22·01·8 f 29·61 54·90 --- 1 ·05 ---·01 -~--04 i 23·49 
26 \ 16·61·1 21·66-1 I 29·58 55·76 --1·41 -j-·03 i -;-·05 [ 24·01 
28 1 17·03·5 22·00·6 29·54 55·32 ·--1 ·IO --.-·03. -~- ·05 23-S4 
29' 17·16·0 l 22·14·5 29·56 55·64 --1-59 ~- ~03 ! -;--05 23·69 
30/ ,6·88·012•·82"2 29·57 54·65 -39 -·01 -i ·04 23·86 

1892. 
29-761 +·03f Jan. 5) 16-91·8 21-79·0 53-02 + ·54 --:--05 23-40 

6 17·12·5,22·06-9 29·74 54·69 ·43 +·03! +·05 24·0S 
IO 117·60·8 \ 22·50·8 · 29·64 53·67 + ·38 ~-·03; T·o5 23·77 
12 16-55·2 ! 21·49·2 i 29·66 54·60 ·45 -T- ·03 ' -,--· ·05 23. 8-() 

ls I 16-35-6 121-29-0 29·88. 54·46 ·45 ··--·01 -~ ·05 23 ·93 
19 16·54·4 i 21 -49-6 29-88'. 54·88 -1·39 -j-- ·03 -J--05 23·45 
20 J 16-20·2 ! 21-18·3 29·87. 55·55 -1-20 +-·03 -~- ·05 24·30 
21 I 16-36-3 i 21·27·9 29·84 54-04 + · 17 +·03 --:--·05 24· 13 
23 ! 16·83·9 ! 21 -68·8 29·78 52·49 +1-61 -r·o3 -r-·05 23·q(> 
24 \ 16·20·6 !"'2l"l7"7 29·78 55·32 -1·37 +·03 +- ·05 2_:;-81 
25; 16·53-5. 2r·51·6 29-78 55·55 -1·19 +·03 +·05 24·22 
27: 16·o6-3: 21·11·0 29·84 57·08 -2·54 +·03 -vo5 24·4(1 

Feb. 3 i 16·75-9 21 -65-8 30·02 53·65 + ·27 +·03 +·05 24·02 
4 i 16-60·1 2I ·50·0 I 29·98 53"651 + -50 +·03 +-05 24·21 

! 
6; 16-01 ·7 20·90·6' 29·94 53·42 + ·30 +·03 +·05 23·74 
8 16·96·5 21·86·81 29·92 53·74 + ·37 +·03 +·05 24·1 I 

12 16·50·7 21 ·48·7 30·10 55·531-1·17 +·03 +·05 24·54 
13 16·57·8 21 ·50·0 i 30·13 54·18 - ·84 +·03 +·05 23'55 
14 16·61·6 21·54·8j 30·16 54·41 - ·97 +·03 +·05 23·6S 
20 16·63·2 21·6o·4 30·04 55·341- ·70 +·11 +·o<S 24·~5 

22 16-18-8 21-11-5 r 30-05 54-30 - ·45 ---01 +-05 2_,-q.,i 
23 16-10-8 21·037! 3o·o8' 54-35:--- ·65 +·03, --+- ·05 23-;-;l1 

I I ! 
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Results froni obserm.ttions for the variation of latitude at lVaikl~ki, 
Hawaiian Islands. 

Date. [ :Micrometer. 

---! 
! N. 

_ 189r. !' t. d. 
- Nov. 19 IJ 23-11-5 

21 2y71·4 
30 24·51 ·9 

Dec. I 23-77·2 
12 23-28·0 
15 23·48·8 
23 23·63·0 
25 23·017 
26 ' 23·57·0 
28 I 23·33-0 
29123·94·2 
30 24·26-6 

s. 
t. d. 

14·62-2 
15-20·3 
16·01 ·21 
I 5-27-9 
14·84·3 
I 5 ·06·4 
15·22·5 
14·62·8 
15-20·7 
14-·97·9 
15·55·7 
I 5 ·85·7 

1892. 
Jan. 5 ! 23·05·5 14·57·2 

6 23·67·7 15-26-1 
IO 23"88·7 15-44-0 
II 23·56·8 15·14·2 
12 22-49·7 14·07·0 
18 23·06·2 14·64·1 
20 23·30·6 14·90·7 
21 22·40·1 13·93·81 
24 22·74•8 14·36-6 I 
25 22·81·6 14·42·9/ 
27 22·06·9 14·77·3; 

' Feb. 3 22·78·2 14·29·9 j 
6 22·90·3 14·46-1 l 
8 22·84·0 14·39·0 

12 22·09·5 13·67·3' 
13 22·72·4 14-29·9 i 
14 22·70·7 14·28·8 
20 21·76·5 14·30·4 
21 23·35·5 14·97·7 
22 22·61·0 14·17·5 
23 22·86·4 14·47·4 I 

I 

GROUP VI, PAIR 8. 

Dec. J\lean app. 1· Corrections. 

------
1 j 

l .llfic. I Len·!. • R if. 
0 , ,, I / ,, ,,, I // 

21 19 40·28 i -3 17·02 I -+- ·88, - -·os 
40·32 17·44 ! +1 ·04 J --·05 
40·08 17"35 +1·82! --·05 
40·06 17·02 +1·02; -·05 
40·00 15·73 + ·27 ! --·05 
39·90 15·42 - ·06 --·05 
40·04 14·98 -- ·20 -·03 
39·96 14·61 -1·09 --·05 
39·92 14·01 --- ·88 -·05 
39·86' 13'73 i -- ·98' 
J9·88 i 14·52I-I"18 ! 
39·88 15·08 l - ·86 ( 

l I 
f t 

40·06 
40·04 
39·92 
39·93 
39·94 
40•16 I 

40·16 
40·14 
40·08 
40·08 
40·14 
40·34 
40·28 
40·28 
40·46' 
40·50 I 
40·55 
40·48 
40·48 
40·50 
40·52 

16-79 i +1·31 ! -·05 
15·24 i - ·42 ! 
15·96 / + ·53 I 
15-47. -- ·22 ! 
15·49 I - ·34 i 
15·351- ·53 \ 
14·84 i - ·85 \ 
16·33 l - ·14 
14·45 ! -1 ·80 

14-56 /-1 ·34 ! 
12·45 1-2·55 !.' 

16-79 + ·67 ! 
15·84 - ·341 
16·03 + ·21 
15·38 - ·28 l 
15·45 - ·73 
15-31 j-1·05 I 
16·28 - ·041 
14·36 -1·56 

I 

15·68 - ·24' 
14·63 -1·15 i 

I 

-·05 
-·13 
-·03 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
--·05 

Mer. 
/I 

+·05 
+·05 
~-·05 

-: -05 
+·05 

·05 
+·05 
-~- ·05 
_:.--02 
j-·06 

,-·05 
+ ·05 

+·05 
-;-·05 
+·06 
+-05 
+·05 
-+- ·05 
:J-·05 
~--05 
+·05 
+·05 
+·05 
,-05 
+·05 
·+ ·05 
+.05 
+·05 
+·05 
+·os 
-~--·05 

+-05 
-:- ·05 

Latitude. 

0 , ,, 

21 16 24·14 
23-92 
24·55 
24·06 
24·54 
24·42 
24·88 
24·26 
25·00 
25·08 
24·18 
23·94 

24·58 
24·38 
24·42 
24·26 
24·1 I 
24·28 
24·47 
23·67 
23·83 
24·18 
25·14 
24·22 
24·10 
24·46 
24·80 
24·32 
24·19 
24·16 
24·56 
24·58 
24·74 
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GROUP VII, PAIR I. 

Date. I Micrometer. Mean app. Corrections. Latitude. 
Dec. 

+ N 
s. Mic. I Level. Ref. i 

fifer. i 
1891. t. d. t. d. 0 , ,, / // // // ,,,, I 0 / // 

Dec. 29 i I 2·06·9 23·94·4 21 II 50-28 i +4 35·48 l - ·70 -j- ·I 0 -+-·04 . 21 16 25·20 
1892. i 

50·.B J 32"40 I 
' I 

Jan. 5, 12-36·8 24·1 I ·0 +1·71 +·11 -L·o6 I 24·61 
' 

10 I 13-88·2 25·70·4 50-12 34·25 / + ·73 +·15 +·05 25·30 
I I 12•71 ·4 24·49·9 50·11 33·39 I +1·43 +·08 +·05 25·06 
12 i 12.58·2 24·40-4 50-08 34·25' + ·47 +·08 +·05 24·93 
20 l 13-38·7 2 5·17·7 50·26 33·51 I _j_ ·44 +·08 +·05 24·34 I 

23 12·77·3 24·50·2 50-18 32·10 ! + 1 ·94 +·08 +·08 24·38 
24 13-08·4 24·97-5 50-18 35·85 j -1·08 +·08 -l-·06 25-09 
25) 12·33·2 24·18·3 I 50-16 34·92 l - ·01 I +·1 I +·06 25·24 
27 I 12·64·6 24·49·3 i 50-20 34·83 ! -1- ·09 I +·08 +·05 I 25·25 

Feb. 2 I 12·75·8 24·51-9 ! 50·44 32·84 I +1·171 +·11 +·06 25·22 
3 : 12-81 ·1 24·56·7: 5o-44 32·721 + 1 ·53 l +·08 +·05 24·82 
4 ! 12-82·2 24·61·7: 50-43 33·63 -+1·06 -'-·08 +·05 25·25 
6 12-93·7 24·67·0 I 50·40 ! 32·19 ! +1·58 -}- ·08 +·05 24·30 
8 13·03·5 24·79·0 ! 50-40 ! 32·70 I +1·27 +·08 -+·05 24·50 

12 12·90·6 24·67·21 50-60 1 32·95 ' ·50 +·08 +·os I 24·18 -;-

13 12·46·0 24·26·9 50-661 33·9s I _j_ ·10 +·08 +·os [ 24·84 
14 12-63·3 24·46·1 I 50-61 34·39 \ + ·06 +·08. +·06 25·20 
19 12-85·2 24·63·5 50-78 33·35: _L ·48 j +·JI! +·06 24·78 
20 12·26·9 24·04·6 5o·79 ! ~ ~-21 I ·67 i +·08; +·06 24·81 .,,..:> 
21 12·97·3 24 75·5 50·79; 33·32 ·59 r +·o8i +·05 24·S3 
23 I 2•92·0 24·7 3·0 50·86 ! 33·971 ' ·55 +·19: ~-·08 25·65 
24 14·08·8 +s·80·9 50·42 j 31 ·91 -"- 2·46 ' +·o81 +·05 24·92 
26 14·08·2 25-82·9 I 51·05: 32·51 +1·85 +·14 l +·03 25·5S 
27 12·99·2 24·92·8 51·10 I 36·90 --2·98 +·08; +·o,+ 25·14 
28 12·57·2 24·1 i'9 51 ·16 l 29·26 I -! 4·01 +·oS! +·05 24·56 
29 13·92·3 25·74·1 51·20 ! 34·16 I - ·37 +·osr +·05 25· 12 

Mar. I 12·69·5 24·47·5 51 ·22 f r·2sj + ·31 _;__ ·08 r +·05 24·94 
' ·' -i-·08 2 13·62·7 25 ·35·5 51·23 32·07 +1·55 +·05 24·98 

4 13·14·1 24·90·9 51·221 33·00 + ·95 i -'-·08 I +·05 25·30 
5 13·96·6 25·78·4 51·22 34·16 - ·27 I -l-·08 i -+-·05 25·24 
9 12·56·3. 24·25·6 51 ·36 I 31·26 _, 

i · i4 I +·o8j +·05 23·89 
IO 12·32·4 i 24·12·6 51·44 i 33·791 + ·23 +·081 -+- ·05 25·59 
13 13·47·3: z5·22·0 51 ·62 I 32·51 + ·66 +·081 +·05 24·92 
16 12·93·4. 24·68·4 51·68 32·58 + ·63 +·08 +·05 25·02 
19 13·50·7 25·31·8 51·66 34·00 - ·31 +·II I +·06 25·52 
20 12·80·2 24·61 ·6 51·69 34·07 -1·14 +·08 +·05 24·75 
24 12·48·1 24·22·9 51·89 32·54 +1·02 +·08! +·05 25·58 
30 13·18·0 24·87·5 52·06 31·31 +1·91 +·10\ +·04 25·42 

I i 
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Res'ults from obseri•atfons for the 'l'ltn·atfon of latitude at lraikiki, 
Hawaiian It>lands. 

GROUP \'II, I'A1R 2. 

Date. 1\1 icrometer. 11-lean app. 
Dec. Corrections. 

N. I s. \ .llfi,·. 
1891. t. d. I t. d. I 0 

/ // / // '' 

Dec. 29 21·39·5 i 19·28·8 21 17 14·62 -o 48·88. -1·2S 
1892. i 

Jan. 5 20·40·9 i 18·14·3 
6 20· 9 r6 ! 18- 76-4 

11 19-42·8 I 7" 19·7 
12 21 ·41-0 19·24-5 I 

18 21·05·r 18·88·8 f 
20 l 21 "7J"O 19·49-2 I 

21 I 22·65·9 20·4 6·(1 ! 
23 I 22·29·2, 2o·cxy7 I 
24 i 22·57-3; 20·45 ·6 
25 22·32·2i20·17·91 
27 22·-4·6'20·~--81 

re'-. :;, I .:>:J < 1 
r u 2 22·64·7 i 20-38-8 j 

3 22·98·8: 20·77·71 
4 22·40·0i20·16·9 
6 22'7 3·6 I 20·52·6: 
8 22·74·3 i 20·51·3: 

52·57; -'--I ·91 
51·32 i --- ·82 
51·75' -i--1·28 
50·22; -- ·oS 
50·18' ·52 
51·92! -1·50 
50·88 -- . 32 
53·or 3' 1 5 
49· 1 I ·8.+ 
49·72: -21 
50'J6: ·58 

-·01 

-1-~ ·03 
-'01 
-·01 
----·01 
----01 

----·01 
----·01 
-·or 
--"OI 

----·01 

--·01 
--·03' 
--- "O I 

-- ·01 
--- ·01 
-·01 
-·01 
--·11 

A:Ier. 
// ' c 

-:- ·05; 21 

-~- ·05 i 

-:- ·05 
+·04 
--;-·05 
+·05 
l.·05 

.. '..-05 
·o-

:;, ' 
·05 i 

__;_ ·05 
-+ ·05 
-; ·05 
-~- ·05 
-····05 

·05 
-· ·05 
.:.-05 

+-05 
+·05 
_L ·08 

12 22-66·3 20·+5·8 [ 
13 22·46·1120·21·4• 
19 22·69·0 I 20·47·7 
20 22.25-5 l 20·71 ·9 
21 22·62·2 f 20·43·8 
23 22·12·7 19·96·2 
24 22·45·7 20·20·5 
26 22'73"7120·51·41 
27 22·66-6 i 20·54·51 
28 22·31·1 I 20·14·3 
29 22. 27. 7 20·06·6 ! 

14·62 
14·59 
14·36 
14·34 
i4·50 
14·50 
14·48 
14·42 
14·38 
14·38 
14-42 
14·66 
14·66 
i4·66 
14·62 
14·62 
i4·82 
14·88 
15·04 
15·04 
15·04 
15 ·10 
15·16 
1~·30 
15·37 
15·44 
15·47 

52'41: - 2·40 
51-29 ~ --;-1·54 
51·76 ~-1·47 
51·27 -'--1·23 
51·73 ->1·53 
51·15 ·~5 
52-13 I 2-12 
51·34 i _,_ ·70 
50-48 i -;-- ·43 
50-67: + -75 
50· 22 ! --+- ·08 
52·24 j +1-82 
51·57 i - ·39 
49·20: ---I '44 
50·30; - ·67 
5 l '29 ' -;-- · I 8 

--·01 ' --,--05 

Mar. I 22-50·3 20·32·4 \ 
2 22"23'3 20"00'2 I 

4 22·74-6 20·51·0 I 
5 22-68-5 20-51 ·9 
9 22·92·0 20·70·6 

IO I 22·54·0 20·28·8 
13' 22·48·9 20·27·6 
14

1
122·86·2120·66·5 

16 22·60·7 20·34·9 
19 22·19·5 19·98·4 
20 I 22·38·5 I 20·22·9. 
21 j 2251·0 j 20·33·2 [' 
24 22·58·8 20·34·8 
29 I 24·05·2 • 21·85·2 
30 22·35·2 20·17·4 
31 122 ·65·7 20·35·9 

J 5'50 I 

15·52 
15 ·51 
15·50 
15·67 
15·74 
15·96 
16-00 

16-02 
16·02 
16·06 
16·08 
16·28 \ 
16-48 
16·48 
16·48 

-·01 
-·01 
--'OJ 

-·01 
--·01 
-·01 

50·55 ·01 --·01 
51·76 ·67 
50·48 ·21 

--·01 
-·01 i 

50·25 -72 -·01 
---·01 
-·01 
-·01 

51·36 + ·56 
52·29 i + ·76 
51·34 ! + ·18 
5o·971 -- ·07 
52·38 +1·02 
51·29!- ·41 
50·021' - I ·08 
50·53' - ·70 
51·96 l + ·17 
51·041 - ·53 I 
50·53 ( - ·89 l 
s3·31 I +1 ·63 

1 

-·01 I -·01 
-·01 

J -·01 
j .-·01 
' -·01 

-·01 

-·01 
-·01 

+·05 
+·05 
---·05 
~-05 

~~-:~~ I 
-,- ·05 
-~--05 

+·05 
-,·05 
-t- ·05 j 
~-·05 I 

+·os1 
+·05 \ 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 

Latitude. 

24·00 
24·13 
23·96 
24·08 
24·88 
24·12 
23·96 
24·60 
2+·+7 
24-49 
24·28 
24·(>9 
24·95 
24·39 
24·62 
2+·-t-6 
2-i.·56 
24·9r 
24·44 
24·96 
25·16 
25·00 
24·78 
24·16 
24·77 
24-51 
24·40 
24·98 
24·47 
24·86 
24·57 
24·91 
24·25 
24·84 
25·00 
24·70 
24·36 
25·00 
24·89 
24·53 
24·95 
25·10 
24.84 



 

120 U. S. CO.A.ST AND GEODETIC SURVEY. 

GROUP YII, PAIR 3. 

Date. :\1icro1neter. l\lean app. 
Dec. 

--'V. .')·. 
t891. t. d. t. d. 0 

Dec. 29 
t892. 

18·44·7: 18·28·0 21 

Jan. 5 18·24·4; 17·92·2 ! 
6 18·01 ·8: 17·74·2 

I I 17"77"9. 17·54·2 
I 2 I 7·80·2 J I 7·57·5 
18 17·61·1 l 17·40·4 
20 17·66·2 i 17·38·2 
21 18·16·8 18·12·2 

23 I J"Z8·9 i 16·99·7 
24 1r73·5 : 17·57·3 
25 17·32·6. 17·16·0 
27 17·38·6 lj"I6·8 

Feb. 2 17·72·9 17·44·6: 
3 17"45"4 17·22·2. 
4 1 7 ·SS ·o - 17·63 · 1 ~ 
6 1r69 -2 I 11"44·s J 

s 17·99·s I 11·11·81 
12 17·30·5 l 17·10·4 
13 18·08·0 i 17·83·0 
19 18·29·6 i 18·04·0 
20 17·83·5 ! 17·59·3 
24 16·92·1 i 16·67·8 
26 17·82·91· 17-60·5 
27 17·60·8. 17·47·1 
2s 17·95·8 ! 17·56·6 
29 18·40·2 l 18·24·1 

Mar. I 17·62·5117·38·6 
2 18·05·5 17·84·6 
4 17·61·11 17--45·1 I 
5 17·8o·5; 17·64·8; 
9 17•71·7 i 17·46-611 

10 17·99·7 i 17·76·7 
13 17·51 ·3 i I 7·23·8 I 
14 17·y5·1 I 11·1s·6 / 
16 17·99·6 j 17·78·4 i 
19 I 7·79·9 l 17·6o·3 I 
20 18-lj'O 17·96·9: 
21 t8·02·9 · I 7·84·5 I 
24 16·94·1 l 16·73·0 ! 
29 17·76·0 l 17·55·8 l 
30 18· 18·2 l 18·01 ·5 I 
31 18·30·9 ! 18·03·9 I 

I I 

29·10 i 
29·07 i 
28·83 i 
28·80 i 
28·94 i 
28·95 ! 
28·92: 
28·86 ! 
28·84 j 
28·82 l 
28·S5 I 
29·08 
29·07 
29·06 
29·03 
29·02 
29·21 
29·28 
29·42 
29·41 
29·53 
29·67 
29·73 
29·80 
29·83 
29·86 
29·87 
29·86 
29·86 
30·00 
30·08 
30·29 
30·32 
30·36 
30·36 I 
30·39 \ 
30·41 
30·58 
30·79 
30·74 
30·78 

Corrections:.. Latitude. 

i 
! Level. 
I // 

07·47, +2·08 
06-40. +1·36 
05·50 ! + ·88 
05·27 i + ·88 
04·80; _ _;.., ·17 
06·50. -t-1·91 
01 ·07 -3·40 
06-77 +z·82 
03·76 - ·58 
03·85 ·-- ·50 
05·06 + ·23 
06·57 ---t-1 ·7 I 
05·38i-f· ·84 
05·78 +1·13 
05·66 + ·88 
05·03 + ·58 
04·66 ·+· . 14 
05·so I+ ·fis 
05·94 + 1·02 
05·61 +0·55 
05·64 + ·67 
05·20 + ·33 
03·18 -1·91 
09·09 +T84 
03·74 -1·46 
05 ·54 -t-- ·24 
04·85 - ·21 
oy71 -1·30 
03·64 ·-1'20 
05·82 + ·41 
05·34· - ·09 
06·38 + ·27 
04·52 -1·39 
04·921- ·55 
04·55 -1·19 
03·74 \ --2·22 
04·27 -1·54 
04·90 -1·02 
04·69 ! -1·17 
03·87 -1·85 
06·26 + ·47 

.Ref i Mer. 1 

/1 // 0 , // 

+·02 i +·07 ~ 21 16 24·58 

·oo' 
·oo ! 

·oo: 

·oo r 

·oo' 
·ool 
·oo 
·oo 
·oo 
·oo 
·oo i 

"00 I 

·oo 
·oo 
·oo: 
·oo 

+·08! 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·oo 
·ooi 

--·04 
·oo 
·oo 

+·04 
·oo, 

-;· ·02 
·oo 
·oo 

+·07: 

=t::~~ I: 

-,-·07 
+·07 

+:~~1 
+·07 
+·07 l 
+·07 
-+-·07 ! 

-+-·07 l 
. ~ ·07 ; 
+·07; 
~--07 

+·07 
+·07 
-j· ·IO 

-+-·07 
+·07 
+·07 

+·07\ ·+··07 
+·07 
+·07 
+·07 
+·07 
+·07 
+·..17 
-j-·07 
+·07 
+·07 
+·07 
~-05 

·oo 
+·07 
+·05 
+·07 
·+··07 
+·07 
+·07 

23·78 
24·10 
24·28 
24·52 
24·38 
24·43 
24·52 
24·98 
24·57 
24·54 
24·09 
24·29 
24·60 
24"48 
24·32 
24·64 
24·76 
24·31 
24·57 
24"42 
24.63 
24·87 
24·71 
24·62 
24·70 
24·63 
24·88 
24·92 
25·09 
24·66 
24·72 
24·24 
24·48 
24·90 
24·62 
24·50 
24·69 
24·73 
25·02 
25·09 
2yo6 
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Results from obser'oa.tions fo'· the rariaNon of latitttde at lf"aikiki, 
Hawaiian Islafldx. 

GROUP YII, PAIR 4. 

Date. i l\Iicrometer. i Corrections. Latitude. 

i---7-- -------. 
_Mean app. I 

Dec. 
,. __ ---··---,------------:------- -------

I 1M··r. A. s. I 

0 1891. I I. d. t. d. 
Dec. 29 22·37·0 1r39·8 21 
1892. i 

Tan. 5 I 22·67·9 17·55·4 • 
. 6 i 22·71·5 17·6o·9 

11'21·51·2 16·42·5. 
12 21 ·34·2 16-28·9. 
20 19·86·9 14·75·5 
21 21 "32°4 16·22· I 
23 2 I ·60·6 16· 5 7"8 
24 i 22·02·6 I ]"OJ'O 
25 21 · "'2·8 16-34·7 • 
27 / 22-to-7 17·07·7 

Feh. 21· 21·74·3 16·67·3 
3 21·95·7 16·88·8 
4121 ·69·3 16·63·7 
6 21 ·43·7 16·38·5 
812 I ·88·2 16·8.rS 

12 21·50·9 16·50·3 j 
13 21 -57·2 16-52·2 
19 21·49·0 16·44·1. 
20 2 I . 44. 2 : 16. 40. I I 
21 22·03·0. 17·0<»5 i 
23 22·or4; 17·05·0 ! 
24 20·90·1: 15·89·2 
26 21·94 ·1 16·92·1 I 
27 I 21 ·72·4 16·79·5 
28 21 ·37·7 16·41 ·2 
29 22·28·0 11·26·4 

.'.\lar. I 21·44·0: 16·40·7 
2 21-19·8. 16·14·1 
4 I 21 ·47·7 16·46·0 
5 i 21 ·86·4 16·85·5 
9 21-05-1 t5·96-1 

10 22·o6·4 17·01 ·8 
13 21 ·88·2 16-78-5 
14 21 ·79·5 16-72·0 
16 21 ·52·5 16·45·5 
21 21 ·89·8 16·87·7 
24 21·64·8 i6·58·1 
29 21 ·86·4 16·76·2 
31 21·79·5 16·66·9 

2072 
20-68 
20·42 
20·39 
20-50 
20'4S 
20·41 
20·38 
20·36 
20·38 
20·62 
20·61 
20·6o 
20-56 
20·56 
20·74 
20·82 
20·98 
20·48! 
20·991 
21·05 i 
21·11 I 
21·26 ! 
21·25 / 
21·39 i 
21·43 j 
21·481 
21·49 
21·50 l 
21·50 i 
21·66 I 
21·74; 
21·98 I 
22·031 
22·08 i 
22·16: 
22·36 ! 
22·62 i 
22·62j 

.11Iic. Level. ' L\'l'f. 
/ 

---1 

// // // 

--·03 

I 58·89 _;__I ·82 -·03 
58'45 -- 1 ·05 --·03 
58·01 ("It} -·03 
5 7. 2 2 . · 5 8 - -- ·o I 
58-64' ~ I ·42 --·03 
58·38 I ·(_)6 • --- ·03 
56·64 ·IO ·03 
55·90' ·40 -- ·03 

55 ·55 '47 --·07 
56-69;-+- ·62 ~·03 
57-62 • ~ ·t;o . --- ·03 

57·59 --'--I ·06 t -·03 
57·29 .. ;. ·64 - - ·03 
57'20. _;__ ·61 --·03 
57·01 • +1·00 ·--- ·03 
56·13. -'-- ·01 -·03 
57·15: I ·42 ---·03 
57·13 ! -L ·31 ; --- ·03 
56·94 : -t- . 16 ; ----03 
56·57: --r- ·26 ! -·03 
56·55 \ + ·26 i -·03 
56-20 j - "l I 1---·03 
56·46 i - ·40 .' ---03 
54-35 ,- -2·08 i --·03 
55·18 -1·65 . --·03 
56·36 - ·69 --·03 
56-76 I - ·11 -·03 
57'31 i + ·08 I --·03 
56·39 - ·46 i ---·03 
56-20. - ·56 ! -·03 
58·08 ! + ·43 1-·03 
57·06 1 - ·14 -·03 
58·24 i + ·59 I --·11 
57·73 ! + ·23 i ---·03 
57·62 ! + ·27 -·03 
56·48 ! - ·87 -·03 
57·551- ·19 -·03 
58·36 -1 ·02 --·03 
58·92 I + '74 -·03 

I 

. 
// i 0 

' 

__:_ ·05 
--+-'05 
---:-· ·05 ; 
__;__ ·04 . 

·05. 
- ·05 
-- ·05' 

.05: 
·05 
·05 

~·05 
_._ ·05 

·05 
+·05 
+·05 
-r·o5 
_J ·05 
-+-·05 
--'-·05 
,--·05 
-:-· ·05 
--;-- ·05 
-;-·'05 
+·05 
--j-- ·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 

' +·05 
+·08 
+·05 
+·05' 
-I- ·05 ; 
+·05 i 
__L ·05 I 
+·os[ 

21 

, /, 

16 24·58 

23·67 
2J"JO 
23·62 
23·8o 
23·30 
23·78 
23·69 
24·10 

24·32 
24·33 
24. 5'2 
24·10 

23·97 
23·99 
24·57 
24·64 
24·1 I 

24·18 
2_r72 
24-70 

24·78 
24·82 
24·42 
24-84 
24·58 
24·40 
24·63 
24·28 
24·67 
24·76 
24·03 
24·56 
24·30 
24·55 
2475 
24·83 
24·64 
23·26 

24·46 
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GROUP VII, T'AIR 5. 

Date. l\1icron1eter. Mean app. i 
Dec. i 

Corrections. I Latitude. 

! I 
i-----------;----------1------

Level. ji Rd .lifer. ) 
0 l N. ! S. 

1891. t. d. i t. d. 
Dec. 29I16·71·111 22·10-6 21 

1892. j 
Jan. 5: 16·30·4121·52·8 

61 16·54·5 21·82-6 
II I 16·40·1, 21·72·0 
12 I 15·93·6 21·24·4 
20 ! 16·24·7 21 ·5 I ·7 
21 16·20·7 21 ·48·4 
23 I 15·42·0 20·78·0 
24 ! 16·48·7 21 ·90·3 
25 i 15·2b·7 20·65·9 
27 / 16·45·2 21 ·80·0 

FeL. 2116·30·1 21·6o·2 
3 15·68·0 20·98·2 
4 ! 15·94·7 21·28·0 
8 i 15·33·0 21·63·8 

12 16·46·5 21·79·8 
13 16·45·8 21·78·5 
19 15·91·5 21·23·2 
21 16·65·0 21-99·8 
23 15·22·2 20·58·3 
24 16·23·2 21 ·58·0 
26 15·69·8 21·04·0 
27 16·27·0 21·70·1 

28 15·50·3 20·93·21 
29 16-00·3 21·20·2 

Mar. 1 16-56·3 21 ·91 ·7 
2 16·22·2 21 ·56·0 
4 15·55·2 20·94·2 
5 15·74·4 21·14·7 
9 16·76·6 22·06-4 

IO 16·12·5 21•42·9 
13. 16·16·3 21·50·7 
14 i 16-36·6 21·67·7 
16: 15·85·7 21·17·1 
1911 

16·41·5 21·77·5 
20' 15·81·4 21·19·0 
21 \ 16·18·0 21·54·2 
241 15·43·0 20·76·6 
30 ', 16·08·5 21·49·3 
31 l 15·71·3 20·94·31 

i !IIic. , ,, I , ,, 
14 20·60: -T-2 05· 16 

20·461· 
20·43 
20·14 
20·10 
20·18 I 
20·16 
20·08 
20·06 

20·03 

20·04 
20·25 
20·24 
20·24 
20·18 
20·36 
20'44 l 
20·61 
20·62 i 
20·68 I 
20·73 
:w-88, 
20·94 I 
21·02 i 
21·06 I 
21 ·IO 

21 ·12 

21·13 
21. 13 
21·30 
21·38 r 
21·62 
21·68 
21·74 
21·76 
21·80 
21·82 
22·02 
22·31 
22·32 

01 ·I9 
02·5 I 
03·39 
03-14 
02-26 
02·42 
04·34 
05·64 
05·09 
04·07 
02·98 
03·00 

03·72 
03·14 
oy72 
03·58 
03·35 
04·07 
04·37 
04·07 
o3·93 
o5·99 
o5·94 
00·61 
04·20 
03·83 
05·04 
05·34 
02·91 
03·04 
03·97 
OJ"21 
03·28 
04·34 
04·72 
04·39 
03·79 
05·46 
01·33 

,,. I, ,,-;, ,,,. i 0 

-1·71 +·04: -+-·o6j2I 

I 
l 

....:..1·05

1 

+·04 l -L·o6 
+ ·25 +·04' +·06 
- ·19 I +·04 I -i--·o6 
-- ·10 i -+-·04 i -+·06 
+ ·86 1

1

• +·04 i -+ ·06 
--!- I. 19 ! -.I.- ·04 : -i ·06 
- ·69 ) - \ ·04 __;_ ·06 
--2·24 : + ·04 .. : ·06 
--1 ·So i +·04 ·· ·06 
- ·28 i ·+ ·04 - . ·06 
+ ·45 ! ·+ ·04: -··06 + . 34 ' ·04 • .-;..-06 i 
_ ·2 [ -t- ·04 -~- -o(~ I + ·10 ...:_ ·04 -~-·ob 

- ·85 + ·04 -+-·06 
- ·32 -t-·04 +·06 
-·67 +·14:-f·14 
--- I ·02 ·t- ·04 ! -.;. ·06 
--1·25 +·04 i -+ ·06 
--o· So + ·04 I -+- ·06 

- ·99 i ++ :0044 l --1-·06 
--3·27 I +·ofi 
-3·22 I +·04 l +·06 
+1·76 +·04 +·06 
---1 ·40 + ·04 I -J __ ·06 
-1 · 2 I + ·04 --i- ·06 
-2·20 +·04 +·06 
-2·35 +·04 +·06 

-70 I +·04 +·06 = ·69 +·04 +·o6 
-1·12 +·09 +·06 

=~ :~~ =r~1 l1 

t:~~ 
- 2 ·33 --r·o4 +·o6 
-2·44 +·04, +·06 
-1·87 +·04 +·06 
-1·63 +·04 +·06 
-3·35 --·04 +·IO 
- ·23 +·04 +·06 

I 

' 

22·80 
23·29 
23·44 
23·24 
23·40 

a-3·87 
23"83 
23·56 
2J"42 
23"93 
2J'7X 
2~rt>S 
23·85 
2y52 
23'33 
23·80 
23·57 
23·77 
2y90 
24·10 

23·q2 
23·76 
23·84 
23'53 
::q ·oo 
23-84 : 
24·07 ' 
24·22 
2yh1 
2~·8:; 
24·62 
2_)'8iJ 

23·90 
23·87 
24·18 
24·44 
24·2S 
24'4S 
23·52 
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Re.<Jults from obseri-ations for the 'tiariation of latifttde at ll'aikiki, 
Hawa,fian Islands. 

GROUP VII, PAIR 6. 

Date. I l\licrometer. Mean app. Corrections. I Latitude. I Dec. I 
I I ! 

N. s. I i i Mic. Level. 
RY,: I "1::· 1 0 

I 
1891. I '- a'. t. d. i 0 

/ // 1 / // ,•/ / // 
'1 Dec. 29 'ZI ·07·3 18'48·7: 21 17 26·23 i -0 59·99 -1·37 -·oz: +·07 21 16 24·92 

1892. 1 ! I 
Jan. 5 '21 ·09·4 ! 18·4r·7 26·00 -I 02·10 + ·7 I -·021 +·071 24·66 

6) 21 ·02·4 ! 18·31 ·6 t 25·95 02·82 -~1-00 -·oz +·07 24·18 
l I f 20·03·9 j 17·43·7 25·6o 00·36 - ·71 -·02 +·07 24·58 
18 I 19·76.5 j 17·14·6 25·56 00·76 - . I 3 -·02 +·071 24·7z 
201 •9·92·8 •7·25·61 2 5'54 i 01 ·99 +1·08 -·02 +·07 24·68 
21 20·23·0 ! 17·54·2 I 25·52: 02·36 +1·49 -·oz +·07 24·70 
23 20·•3·11 •ns·61 25·441-0 59·88 -1·09 -·02 +·08 24·53 
24 z9·59·6 17·06·7 z5·40 ! 58·67 ~-2·06 -·oz +·011 24·7z 

I 27 \ z1 ·64·0 19·05·8 25·34 j 59·90 ·69 -·021 +·07 i ;,q·8o 
Feb. 2 i 22·22·6 I 19·58·2 25·52 I --I or·34 -1- ·59 -·02, +·071 z4·8z 

3: 23·86·z i 21 ·25·6 I ' 25·52 00·46 ·31 -·oz[ +·07 24·80 
4123·94·7 i 21·3r·31 25·01 OI 'JO + ·60 -·02 -1-·o~ I 24·56 

-·021 ' ' 6 z3·96·8 zr36·61 25·46 00·36 ·23 +·07 24·92 
s 24·26·0 I 21 ·68·5 25·44 -0 59·74 ·58 --·02 i +·07 25· I 7 

'2 I 23·4,-6120·9.-. 25·60 59·z7 - 1 ·59 -·02J +·07 24·79 
13 23·6r·3 21·047 25·67 ! 59·53 -1·19 --·oz! +·07 25·00 
20 23·51·7 zo·92·5 25·87 i ---I 00·13 - ·73 --·02 ! .J.. ·07 25·o6 
21 I z 3 ·1s·3 I 21 ·20-8 25·88 J-I 59·74 -r·27 -·02: +·07 z4·92 
23 I z3·55·61 20.96·1 2 5'93 '-r 00·20 - ·68 ----·02 i +·07 25·10 
24 i 23·45·6 I 20·91·4 25·98 l-o 58·97 -1·94 -·021 +·07 25· 12 
27124·02'6 I ZI ·39·1 26·21 1-I or ·13 - ·43 --·oz! +·07 24·70 
28 23·74·5 I 21·14·4 26·32 -I 00·34 - ·96 -·02! +·07 25·07 
29 z4·29·3 I 21 ·74·1 I 26·35 I --0 59·20 -2·22 -·02! +·07 24·98 

:\for. I 23·86·7 i 21 ·32·0 I 26·38 j-o 5~fo9 --·I ·qS -·021 +·07 25·36 
2 23·s5·0 1 2n9·5 I 26·401 59·27 - 1·81 -·02 +·07 25·37 
4. 23·79·4 2rz3·2 26·43 • 59·43 --1 ·45 -·oz +·07 25·60 
5123·90·2 21·33·5 26·44 I 59·55 -1·54 -·ozl +·07 25·40 
9 23·94·7 21·30·7 t 26'62 ! -I or ·24 ·34 -·oz/ +·07 25·09 

IQ 23·64"0 21'01°9 I 26·70 I oo·So - ·99 --·02 I +·07 24·96 
13 j 24·26·1 .zr64·4 z6·97 I 00·71 ·ss I 

25·36 -
=:~~1 

·oo 
14 2 3 ·9 5·6 21·31 ·s 27·04 l 01·20 - ·61 : +·07 25·28 
16 ! 24·06'2 21·46·9 27·12 I 00·15 --1·6z --·oz +·07 25·40 
19 I 23'77·2 21·1s·s 27'18' -0 59·04 -1·83, ~ ... ~~I -l ·05 25·48 
20 I 23·86°3 21 ·29'6 27·22 59·55: -2·54 -+- ·05 25·1G 
21 24·31 ·4 21 ·73·1 27·z6 59·9z !-2·04 -·02 +·07 25·35 
24 2375·1 21'14·4 27"48 -I 00°48 f -I '69 -·oo +·07 25-38 
29123·44·3 20"83"9 27"81 00·41 1-2·r3 -·ozl +·07 1 25·32 
31 23·09·2 j 21 ·39·31 27"86 02·61 1 - ·02 -·021 +·071 25·28 

i l 

. 
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GROUP VII, PAIR 7. 

Date. 1':1 icrorn eter. Corrections. Latitude. Mean app. I 
Dec. 

------------: --------1 ---------.- ---------- ------

i I I j\,r. .ci. I l Mfr. Level. 
1891. t. d. t. d. ! 0 .I ,,, I / // I // 

Dec. 29 24·95-9 14·42·5 / 21 20 29·27 \-4 04-37 I - ·60 
1892 I I ! 

Jan. 5 24 ·65 ·6 ; 14 ·00·6 I 28·94 ! 07 ·06 j +I ·82 
6 24·74·6 14·08·5 I 28·90: 07·32 +1·89 

JI i 23·67·0 i. 13·08·7 !' 28·48
1
1· 05-51 I +1·51 

20 · 24-09-5: 1:r48·2 28-38 i 06-21 +2·07 
24 23·73-7' 13·24·9 28·18 1 03·31 -- ·28 
25 2J'80·8 I 13·27·0 1 28· 16 ! 04·47 ! __ L ·27 

·Feb. z 23·44·0' 12·85-s j 28·30 I 05·49) +2·15 
J 24-33·8 / 13"]7" l I 28·291 05' 14 i --f-1 ·61 
4 2j'96·3 ! lj'J7·6 ! 28·28 05·60: --f- I ·74 
8 24·35·4 i 1378·2 28·20 i 05 ·25 _;_ 1·19 

12 24-03·6 i 13·48·8; 28-35 i 04·70 -- ·73 
13 24·15·2 ! 13·61·0 i 28"42 i 04·56 ·47 
19 23·88·9; 13·30·3 '! 28·64 l' 05-58: --:---1·24 
20 23·82·4 13·27·7 ' 28·64 04·67 i --+- ·25 
23 23·52·9 13·02·71 28·70 '1 03·631- ·15 
24 23·46·7 12·96-4 28·76 I 03·65 I - ·19 
27 23·86·6 13·23·4 28·98 06·65 \ -t-2·41 
28 24·02·.:z 13·47·41 29·06 04·70 l + ·39 
29 23·81·2 13·28·0: 29·12 04·33 I -- ·24 

Mar. 1 23·66·3 13·12·3) 29·18 04·51 j- ·10 
2 24·02·0 13·49·1 II 29·22 I 04·26 l -- ·49 
4 24·02·2' 13·53·3 29·251 03·331-1 ·28 
5 24·04·4 I 13·54·7 29·26 oy51, -- ·97 
9 23·94·1 ! 13·39·4 29·45 04-67 ' - ·32 

IO 24·08·1 13·54·5 29·54 l 04·42 i- ·16 
13 24·07·4 13·47·9 29-83 05·79) + ·17 
T4 24·02·7 I 13·47·3 29·91 04·84 I - ·32 
16 24·20·7

1

13·63·1 l 30·02 05·3 5 I_ ·21 

20 23·87·3 13·35·0 I 30·14 • 04·12 j-1·39 
21 23·83·2 Ij"30·31 30·18 04·26 -1·1:z 
24 24·09·1 I J 3·52·9 30"42 05"02 i - "2~ 

29 24'44"1 / IJ"91 "I \ 30·8o 04·28 j' --1 ·47 
JI 23·82·5 ! IJ"20"9: 30·87 06·28 l + ·67 

Ref. 
// 

-·07 

-·07 
---·07 
--07 
--07 
-·07 
-·07 
--07 
--071 
-·'"07 ! 
--·07; 
---·07 \ 
--07 
---10 
--·07 
----·07 ! 

-·07 
·---·07 
--·07 
--·07 
-·07 
-·07 
-·07 
-·0 1 i 
---·07; 
-----·07 ' 
-·03. 
~~07 

--·07 
+·04 
-·(I 

-·07 
-·07 
-·07 

fifer. 
// 

+·05 

-t ·05 
-t ·05 
+·05 
-t··o5 
' -05 
' ·05 

-.J.--.-05 
+·05 
+·05 
+·05 
-T--05 
+·05 
_;_ ·06 
+·05 
+·05 
+·05 
+·05 
+·05 
--!- ·05 
+~05 

+·05 
+·05 
+·05 
+·05 
+-05 
+·04 
+·05 
+·as 
--+--·08 
-+-·04 
--+-·05 

+·051 
+·05 

a .I .I.I 

21 16 24·28 

23·68 
23·45 
24·46 
24·22 
24·57 
23·94 
24·94 
24·74 
24·40 

. 24· 12 
24·36 
24·31 
24·26 
24·20 
24·90 
24·90 
24·7 2 i 
24·73 
24·53 
24·55 
24·45 
24-62 
24·7(1 
24·44 
24·94 
24·22 
24·73 
24·44 
24·75 
24-73 
25·13 
25·03 
25-24 
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Results from observation.~ for the ·utriatfon of la,titude at l'Vaikiki, 
Hawaifo.n Islands. 

GROUP VII, PAIR 8. 

I I l\lean app. Date. 
I 

l\I icrom eter. I Dec. Corrections. Latitude. 

--------i---,~- .--. - ---~-~~--- ---··---· 

.-\. . .5. .:liic. Lc-;,·cl . Ret: ~lier_ 

1891. /. d. ' t. d. c , ,, , ,, ,, // ,, 0 , ,, 
lkc. 29 17·21·9' 20·46·2 21 15 13·18 +1 15-23 :---3·91 -i-·04 ' -~· ·04: 21 16 24·58 

1892. ' 
Jan. 5 19-17·2 22·12·4 12·80 08-48 i ., .2· 14 -"-·OZ : -:- ·05 i 23·49 ' ' 6! 19·44·6 ! 22·40·4 12·74 '. o8·b2 -~2-18 ---·02 i -i-·o5 i 23·61 

I I ! 18·82· 1 '21·89·1 12·301 I I ·22 ·89 ·02: -,·os j 24·48 
18: 1S·35·4 21-46·6 12· 14' 12-19 ·48 ·-·02 -,·os \ 24·88 
20 18-..+5·1 21·46·6 12 · 11 o9-94 ., I ·75 ~-·02 +·051 23·87 
23; 18·c7·7 21-17·3 I I ·9~' 1 I -82 r2 I ~-·02 -T- ·05 l 24·08 
24' 18·34·7 21·47·3 I I ·G2 J 2-52: ·38 -.,--·OZ ' 051 24·13 
25 18·16·1 21-29·8 1 i ·87 IZ·77 ·04 -:·02 --;- ·05 24·75 

Feb. 2 18-19·6 21-20·3 I l ·95 09-76 --,-2·49 -C-·02 +·05 24·27 
17·90·8 20-96-2 I I ·94 

: 10-85 _j __ I ·70 _;.-oz -~--05 I 24·56 3 
4 18·45·6: 21-52·6 I I ·94 I I ·22 + 1-23 +·oz +·05[ 24·46 
8 18·34·6' 21·41·4 I I·84 ll ·I 7 -+-1·31 --;- ·oz -:-- ·05 . 24·39 

12 I 8 · I I · 7 . 2 I · 20 · 3 I 1 ·98: I I ·59 + ·44 -+- ~02 +·05 24·08 
13 18·9q·4: 22-07·4 1z·o4' I I·45 ·5 I -+- ·02 +·05 24·07 
zo 18·80·6' 21 ·88·0 12·28' 11·31 -60 ... ·02 -:- ·05 24·26 
23 18·62·1 i 21-71·2 I 2·33 I I·] I ·63 -· ·02' -•-·05 24·74 
24 18·25·2 21 ·32-7 12·38 I I ·34. ·78 ! --i-·02 --i·o5 24·57 
27 18·55·9. 21·56-0 12·61 09·62' -~-z-30 

I 
_j_ ·02; -i--·05 24·6o 

28 17·97·4. 21·04·1 12·69 ! I I· I 5 ! -i- ·52 --4-·02 '. +·05 24"43 
29 18·15·3: 21·27·3 12·75: 12·38 i - ·36 ...;_.oz: +·05 24·84 

Mar. I 18·4 2·6. 21- 50·0 I 12·82 j 11·31 ! ~t- ·33 I ~-·02' + ·05 24·53 
2 18·49·1 '21-58·9 I 12·85 I II ·87 - ·33 I _;. ·02 ,-05 24·46 
5 17-62·6 20·76-3 I 12-90 I 12·77 ·90 I -+- ·02: +·05 24·84 
9 18·33·9 21·41·51 13·10 I I ·36 ·26 I -·02: +·04 24·22 

IO 17·99·0 ZI ·06·1 13·20 i I J ·24 + ·z6 -! .. ·02: .. ;.·05 24·77 
13 18·33-3: 21 ·36·81 r3·60 I 10·41 •+ -32 _j__ ~02 j +·05 24·40 
14 17·92·2: 20·99·8 13·75 1I·36 •JZ -f-02 ! +·05 2yo6 
16 18·11·2 I 21·16·31 13·70 10·78 + ·02 +·02'. +·05 24·57 
21 18-55·6 21 -65·b I 13·90 I 1·92 -1·11 +·oz +·05 24·78 
24 18·22·9 21 ·27·4 14·14 10·64 - ·37 -+-·02 +-05 24·48 

t 29 18·27·0 21-33·7 14·56 I I· 15 -1·08 ·+·oz +·05 z4·70 

31 I 18·53·8 21·50-6 I 14·64 08·85' + ·85 -·06 +·07 24·35 I . l i I I 
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I 

I 

Date. Micrometer. 

,,v: \ s. 
1892. t. d. \ t. d. 

Feb. 3 2y34·0 j 24·64·3 
s 23"80·5 1 25·18·2 

12 2y87·9 \ 25·25·4 
21 24·77·6 i 26·17·5 
23 23·70·7 ! 25·09·7 
27 23·967 '. 25·25·8 
28 2]"76·8: 25·16·7 
29 23"49"1 i 24·90"4 

Mar. 2 23'97·6 ! 25_ ·36·71 
s 22·99·7' 24·4.s-3 
8 ~ z2·87·2 • 24"20"0 I 

9 23·97·9 ! 25·34·4 

Apr. 

IO 23·45 ·8 24·80· I 
13 23·53·4 24·91·6 
14 23·68·7 25·05·0 
16 23·59·0 24·92·8 
21 23·5~-2 24·94·6 \ 
23 23·5tr1 24·91·5 ! 
24 23·.p ·2 24 74·9 
29 24·1 6 ·2 25·52·3 
30 237rs 25·15·4 
31 23·66·5 24·94·5 

6 24·39·2 25·65·3 
9 24-04·5 25·29·8 

IO 24-27·7 25·55·3 
15 23·79·0 25·04·8 
16 24·60·4 25·80·1 
17 24·37·1 25·44·7 
19 24·68·3 25·88·2 
20 24·69·7 25·91·1 
21 25·08·9 26·31 ·7 
23 23·81·6 25·00·8 
24 23·75·4 24·9o·9 
25 24· 16-7 25-38·0 
29 24·34·0 25·47·3 

May 2 \ 24·6o·9 25·81·0 
4 24·63·4 25·86·6 
5 24·79·5 25·98·0 
6 23·48·0 24·58·9 
9 24·60·8 25·71·9 

10 24·77·7 25·89·7 
II 25·20·7 26·35· I 
15 24·48·0 25·65·2 

GROUP VIII, PAIR 1. 

J\lcan app. \ Corrections. I 
D=. I I Aiic. I Leve!. ---,--R-e_if. __ ---c\--1-ifi._e_r_- i------

,,, I / // i // // ! // I 0 

21 15 52·92 I +o 30-23 \ + ·65 +·01 : :·05 1l 21 
52·74 i 31·941- ·80 +·01 1 ·-:-·05 
52·77 ~ 31 ·90 ! - ·74 ---"01 I -+·05 I 

53·04 I 32·45: - ·47 +·01: +·05 I 
53·07 '1 32·25 I -.-1·~6 +·01: +·05 
53·30 • 29·95: T ·81 -,-·01 --j-·05 
53·38 '1 32·45 ! --1·27 -+-·01 +·05 
53·46 I 32·78: ·---2'0J +-01 _;_-05 
53·57 \ 32·27 - ·98 +·or j -7 ·05 i 
53·64 i 33·78 -2·58 i +·01 i +·05 i 
53·75 i 30·81 ·1 I . ,·01 : -:- ·07 I 
53·84 I 31·67 -- S5 ,-01; -+-·051· 
53·92 ! 31·16 -~ ·82 --~-·OI; ·o~ 
54·24 I 32·06 -1 ·63 -1-·04. -, -o~ \ 
54"35 I\ 31·62 i -1·45 -:-·01: =::.05 
54·50 31 ·04: -I ·57 - -·O..+' -;-·06 I 

54·761 31·64 -1·70 -T-·01: -~--05 1 
54·91 I 31·41 --1 ·68 +·01 : ,--·07 \ 
55-~1 i 31·~; -1·3S +·01' +·051 

Latitude. 

, ,, 
16 23·86 

23·94 
23·99 
25·08 
24·22 
24.12 
24·62 
24·27 
24·92 
24·90 
24·53 
24·72 
24·32 
24·77 
24·58 
24·07 
24·76 
24·72 
24·71 

0 

55· 4 31. --2· 1 I --·07: -,-·07 2s-oo 
55-60 I 31 ·92 ·---2·79 -+- ·01 i -,:~~I 24·79 
55·66 29·69 i - ·65 ! --;- ·01 ' 24·76 
56·04 I, 29·25: ·~-- ·90 I -+·03 :.-06 \ 24·48 

56-421 29·07 - ·17 

\ 
-T-

4 01' +·05 25·38 
56·54 29·60 -1·06 +·01 i +·05 25·14 
56·92 29·18 -2·16 -·07 j +·07 23·94 
56-97 ! 

I 
+·05 24·38 27·77 - ·42 +·01 i 

57·02 24·96 +2·27 -·031 +·04! 24·26 
57·18 27·81 - ·62 +·01 I +·05 24·43 
57·28 28·16 -1·12 +·01 l +·05 24·38 
57·38 28·49 - ·97 +·01 I +·05 24·96 
57·6o 27·65 - ·72 +·01 +·05 24·59 
57·70 26-79 + · 17 +·01 +·05 24·72 
57·80 28·14 -1·57 +·01 +·05 24"43 
57·98 26·28 ' ·04 +·01 +·05 24·36 :-
58·13 27·86 -1·20 +·01 +·05 24·85 
58·31 28·58 -2·49 +·01 +·05 24·46 
58·42 27·49 -1·63 +·01 I +·05 24·34 
58·53 25·73 + ·24 +·01 +·05 24·56 
58·80 I 25·77 +·01 +·05 24·63 ·oo 
58·86 25·98 - ·40 +·01 +·05 24·50 
58·90 26·54 - ·31 

\ 

+·01 +·071 
25-21 

59·03 27·19 - ·40 +·01 +·01 25·84 

! 

I 
; 

' 
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Results from observations for the rariation of latitude at li.aikiki, 
Hawa,iian Islands. 

GROUP VIII, PAIR 2. 

Date. :Micrometer. Dec. l 1\Iean app. Corrections. j Latitude. 

-----1--~---- ------- ------0--------.,.-~~ 1-------
Mi~. I Lez•,.Z. \ Re/:

1 

I N. s. 
I 892. I. d. I. d. 

Feb. 3 7·10·3 28·86·5 

:\far. 

; Apr. 
l 
! 
: 

May 

12 
21 

8 7·10·2 28·9~-7 
6·92·7 28·80·0 
7·09·2 28·92·9 

23 6·81 ·8 28·65·7 
27 7·17·2 28·94·6 
28 7·11·3 28·96·4 
29 7-24·1 I 29·15·1 

2 7·14·2 ! 29·or8 
5 7·18·5129·.10·1 
8 6·94·9 28-79·1 
9 6-72·2' 28·53·5 

IO 7·09·7 28·94·7 
1 3 1·69·0 28·4r2 
14 7·65·5 29·4r2 
23 
24 
29 
30 
31 

6 
9 

14 
17 
19 
23 
24 
25 
29 

2 

4 
5 
6 

6·81.2 28·58·0 
6·94·5 28·76·4 
7'00" I 28·71 "6 
roo·6 28·71·3 
7·39·5 29·11·7 
8·50·9 29·23·7 
7 ·23·1 28·9 r2 
TII ·8 28·84·9 
7·03·1 28·77·4 
7·61·8 29·31·7 
7·40·0 29·05·& 
7·277 28·9r8 
7·29·7 28·97·6 
7·32·9 28·96·3 
7·50·6 29·12·4 
7·48·1 29·20·0 
7·28·2 28·93·0 
r61·0 29·21· 1 

9 7·12·9 28·71·0 
IO 7·53·6 29·11"3 
I I 7·25·8 28·80·9 
14 7·53·2 29-13·2 
15 7·40·8 28·96·2 
18 7·55·2 29·09·5 

0 ,, I/ 

21 07 58·23 
58·02 
58·03 
58·26 
58-28 
58·50 
58·57 
58·65 
58·76 
58·83 
58·94 
59·02 
59·09 
59-42 
59-52 
OO·lO 

00·20 
<X>-74 
00-80 

00·87 
01·28 
01·66 
02·14 
02·3:1 
02·48 
02·92 
03·02 
03·12 
o3·34 
03·50 
03·70 
03·80 
03·92 
04·221' 
04·28 
04·34 I 
04·46 
04·50 
04·70 

/ // . /I fl 
I , 

+8 24·84 1 + ·91 : : · 1 s 
1 26-541 + ·13 J -,-·15 1 

27·421 -1·47' +·151 
26·58 - ·49 i ·191 
26·63 - ·76: ·15 
2 5 · I 2 ' -1- . 5 0 ' -'. · · I 5 ,1 

26·91 I ~ ·92: ,·is 
28·28 -1·99' +·15 
27·49 I -1·66 +·15 
28·42 -2·65 +·15 
26·70 -1·04 +·15 
26·03 - ·67 +·15 
26·89 -1·50 7·15 

. 25·31 I - ·74 --:-·04 
26·12 -1·16 -+-·15 
25·12 -1·36' -+-·15 
26·17 -1·71 i +·15 
23·75 - ·111 +·15 
23·51 - ·11 I +·15 
23·92 - ·33 \ +·15 
24·06 - ·78 i -+·15 I 
24•36 -J·43 Ji +·15 I 

24·12 --1·68 +·15 I 
24-40 -2·48 j +·rs 1 
23 ·38 -1·15 I +·15 i 
22·43 -1·00 I +·15 i 
22"04 -- ·78 I +·15 j 
22 ·92 - I · 38 i + · I 5 ,, 
21·88 - ·88 j +·15 

~;:~~ -3:~~ f t:!~ I 
22·20 -1·64 __;__-15 ! 

! I 
21·11 - ·45 t +·15 ! 
20·65 i - ·20 I -l--·15 i 
20·55 i - ·46 i +·is I 
19·95: + ·04 i +·151 
21·09 j - ·73 j +·15 
20"02 \ - '22' +·15 I 

19·77 + ·17 +·15 

II 0 ,, .Ver. J 

--~- ·05 21 16 
-+-·05 ! 
+·05 
-~·04 

+·05 
+·05 
-..:~ ·05' 
+·05 
+·05 
+·05 
+·05 
+·05] 
+·05 

t:~~I 
+·05 
+·05 
+·05 
+·05 
+·05 
+·07 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 

24·18 
24·89 
24·18 
24·58 
24·35 
24·32 
24·76 
25·14 ! 
24·79 j 
24·80 ! 
24·80 I 
24·58 
24·68 
24· I I l 
24·68 ,l 
24·06 
24·86 l 
24·58 1 
24"46 
24·66 
24·78 
24·79 
2478 
24·44 
24·91 
24·55 
24·48 
24·86 
24·54 
25·02 
24·38 
24·56 
24·78 
24·87 
24·57 
2 4'53 
25·02 

24·50 
24·84 
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Date. 

1892. 
Feb. J 

12 
2I 

23 
27 
28 
29 

!\far. 2 

5 
8 
9 

IO 

13 
23 
24 
29 
30 
JI 

Apr. 9 
14 
17 
18 
19 
20 

21 
23 
24 
25 
29 

May 1 
2 

4 
5 
6 

IO 

II 

14 
15 
18 

U. S. COAST :A.ND GEODETIC SURVEY. 

<3ROl'P VIII, PAIR 3. 

Micrometer. !\lean a1)1~. l c· · · Dec. I .. nrrect1ons. Latitude. 
------------- !------~-~--~,------:;-----~.~---~~ : _____ _ 

1 I ' 1 I . l 
.1V. / S. J J~h<- i Le;:·el. : .Ref: i .il·fer. I 

I. d. I t. d. .. ..., ; I' l'I' i // ! /I' i //' 0 / 

20·54·9 14·9r5 21 18 3J'06; -2 09·31, i- 1·19; --·04 ! -l-·05 I 21 16 
21·64·4; 16-14·2 i 32·82 i 07"64 • - ·19 ( -·04 I -t-·051 
21·70·4' 16-19·7 i 33"04. 07·75 ·. 00 -·04 -;-·05 l 
21·67·7. 16-15·3) 33·04 08·15: - ·13 i ---·04. +·05) 
21·64·1 16-04 ·2 · 33·24 09·89. + i·so 1 -·04 +·05 i 
22·25·4; 16-7y5 33·32 07·57 - - ·47 ... -·04 --t-·05 i 
22·26-7. 16-Sso 33·39 06·13 J ---1·73 ·oo +·06 !' 
21·42·2 ! 15·90·7 33·50 0/"94 • -- ·60 · ---·04, -·FOS 
21·55·4 f 16·09·8 33·57 06·57 ! -- 1·44; --·04 ! +·05 
21·62·5 16-10·1 33·66: 08·15 :, ·16. ---'04 \ +·05 '. 
21·76·9 16-23·2 33"74 i 0S·45 + ·13 • ·-·oo; +·06 j 
21 ·46-0 15·94·4 33·82. or96 ·--- ·49 --·04: +·05 i 
22·21·7 16-64·5 34·14 09·26 ! + ·16 ---·04 l +·061 
21·88·4 16-34·5 34·81 08·50 !. --1·06 --·04 j +·05' 

, 21·9 1·9 16-,6-9 i 34-9 1 os·i5 - --1·08. ---·04 · +·05 I 
22·06-1, 16-~5·0 35·44 10·17 · + ·19 l -·o4 +-·05 l 

\ 21·53·2' 15·91·5 35·5 I 10·31 ·II 1 -·01 +·06 J 

. 22·24·5 16-65·0 35·58 09·80 . - ·24 ~ 04 +·05 j 

21·64·6 16·01·4 36·36 10·65 ·35 ! --·06 +·04' 
21·50·6 15·85·6 36·85 I 1·07 ·42, ·--·04. +·05 I 
22·28·1 16·55·0 37·02 12·95 + 1·15. -·04 i +·05 
21·50·1 15·77·0 37·10 12·95 + ·75: ·or 1 +·06 
22·13·3 16·45·2 37·18 11·79 ·06 i =·04 l! +·05 
22·85·5 1r1 9 ·2 3 1·28 11·37 ·18 -·12 +·07 
21·71·0 16·01·5 37·39 12·12 ·26 -·og +·09 
21·5r4 15·87·7 37·62 12·16 ·35 -·04 I +·05 
21·74·8 16·01·9 27·73 12·90 + ·oS -·04 I + ·05 
22·05·6 lfr37·ti 37·83 I 1·77 ·89 -·04 j +·05 
21·82·7 16-07·0 38·06 13·55 + ·21 -·04 I +·oo 
22·03 ·1 16-3 0·6 3 8·15 I 12·81 ·15 -·o4 \ +·05 
22·24·8 16-45·7 38·22 I 14·34 + ·59 -·01 j +·o6 
21·63 ·2 16-99·41 3 8·40 10·19 --2·26 -·04 +·os I 
22"22"4 16-52·5 38·52 12"21 "97 -·04 I +·051 
22·20·3 16·45·3, 3S·63 13·39 + ·17 --·04 f +·05 
22•26·0 16•48·21 39"01 14"04 + "25 -· "04 I +·05 ! 

21·50·2 15·71·0 39·06 14·36 + ·17 -·02 -t--·05 
21·85·6 16-05·9 I 39·18 14·48 + ·26 -·04 +·05 
22·08·0 16·29·511 39·22 14·20 + ·51 -·04 +·05 
22·82·7 16·98·9 ! 39·42 15·43 +1·44 -·04 +·05 

·I I 
l 

l'I' 

24·95 
25·00 
25·30 
24·77 
24·86 
25·29 
25·59 
24·97 
25·57 
25·->6 
25·~8 
25·38 
25·06 
25·26 
25·09 
25'47 
25·14 I 

25·55 
25'34 
25·37 
25·23 
24·S5 
2s·"4 i 

2.5·68 
25·01 
25· 12 

24·92 
25· 18 
24·68 
25·20 
24·52 
25·36 
25·35 
25·42 
25·23 
24·90 
24·97 
25·54 
25·44 
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Results from observations for the variation of latitude at lVaikiki, 
Hawaiian Islands. 

Date. l\! 1crorneter. 

N. s. 
i 

1892. I. d. t. d. 
' Feb. 3 8·23·3 24·88·0 

8 9·20·9 2 5·90·3 
12 8·66·8 25·3r3 
21 8·47·6 2y21·9 
27 8·38·8 25·04·8 
28 8·91·6 25·62·4 
29 8·51·6 25·28·7 

' !\I:ir. 2 7"95"5 24·66-9 
5 8·59·5 2s-36·9 
8 9·53·7 26-29·5 
9 8·31·8 25·05·0 

IO 8·98·8 25·69·· I 
13 9·29·7 25·96·0 
21 8·41·1 25·18·7 
23 8·16·0 24·86·9 
24 8·01·5 24·70·5 
29 8·18·4 24·8o·1 
30 8·09·8 24·73·7 
31 9·91·1 26·50·5 

Apr. 6 8·49·5 25·10·7 
9 9·17·0 25·79·0 

13 8·55.8 25·11"5 
14 8·39·7 24·98·8 
17 874·9 25·29·6 
18 8·83·1 25·38·1 
19 8·92·3 25·46·6 
20 9·45·4 26-03·9 
23 8·97·6 25·50·7 
24 8·29·8 24·81·0 
25 8·50·8 25·05·5 

May l 9·18·6 2570·2 
2 8·94·4 25·42·2 
4 9·00·3 25·46-5 
5 9·48·9 26·03·9 
6 9·20·6 25·65·6 
7 8·50·5 25·01·0 
9 8·27·7 24·73·7 
II 9·01·0 25·45·5 
14 8·38·7 24·84·0 
IS 9·05·7 25·49·7 
18 8·50·9 24·89·6 
22 B·5r1 24·97·7 
23 9·25·1 25·74·0 

~---~-~ --~·-··---- '~-·~ 

S. Ex. 37-9 

GROUP VIII, PAIR 4. 

!\lean app. 
Dec. 

0 I' ,,,, 

21 09 56·68 
56-43 
56·36 
56·53 
56·70 
56·76 
56·84 
56·94 
57·00 
5ro8 
57·13 
57·22 
57·54 
57·57 
58·2r 
58·31 
58·86 
58·93 
59·00 
59·42 
59·80 

IO 00·26 
00·33 
00·52 
oo·6o 
00·68 
00·78 
01·15 
01·27 
01·37 
01·74 
01 81 
02·00 
02·11 
02·24 
02·37 
02·58 
02·73 
02·86 
02·90 
03·13 
03·50 
03·58 

/IIi<. , // 

+6 26·18; 
27·28 
27·53 
28·41 
26·49 
27·6o 
29·06 I 
27·74 i 
29·13 
28·76 
28·16 
27·48 
26·56 
29·18 
27·62 
2r1s j 
25·49 
26·00 
24·96 
25·37 
25·56 
24·10 
24·89 
23·86 
23·93 
23·77 
24·75 
23·49 
23·05 
23·98 
23·15 
..,2·26 -
2r89 
23"93 
21"61 
22·89 
21·85 
21·50 
21·68 
21·38 
20·15 
20·59 
22·52 

l'I 

,-1·50 
+ ·84 
+ ·31 
- ·30 
+1·67 
+ ·17 
-1·41 
- ·46 
-1·26 

·95 
- ·32 
- ·28/ 
+ ·101 
-2·11 ! 
-1·2ol 
- ·9ol 
+ "40/ 
- " 1 91 
+ ·671 

·25 
·48 I 

+ ·12 j 

+:~~I 
+ ·33 
+ ·19 \ 
- ·40 

·19 
·05 
·74 
·12 

+ ·70 
+ ·6o 
-1·11 
+ ·84 
- ·37 
-- ·02 

+ ·39 
- ·18 
+ ·07 
+1·35 
+ ·76 
- ·69 

--t-· I 2 

+·12 
+·12 
+·12 
+·12 
+·12 
--j-· 12 
+~12 

+·12 
+·12 
+·12 
+·12 
_J_ ·I 2 

+·08 
+·12 
-+--12 

+·12 
-t-·12 
+·12 
,.~·06 
-+-· 12 
+·12 
-+-·12 
+··12 
+·12 
+·12 
+·12 
+·12 
+·12 

_L·12 I 
I 

-+·121 
+·12 
+·12 1 

+·14 
+·12 
+·12 
+·10 
+·12 
+·12 
+·12 
+·12 
+·12 
-t-· I 2 

Latitude. 

.l~~r. i o 
/ l'I' 

: -r-·05 21 16 24·53 
24·72 
2 4"37 
24·81 
25·03 
24·70 
24·66 
24·39 
25·04 
25·06 
25·t4 
2 4·59 
24·37 
24·77 
24·8o 
24·76 
24·92 
24·91 
24·8o 
24·68 
25·05 
24·65 
25·08 
24·65 
25·03 
24·81 
25·30 
24·62 
24·44 
24·78 
24·94 
24·94 

+·05 
+·05 
+·05 
+·05 
+·05 
-,-·05 
+·05 
-r-·05 
+·05! 
+·05l 
-<-·05 I 
-i--·os\ 
-+-"05 
+·05! 
+·05 
+·05 
+·05 
+·05 
+·08 
+·05 
+-05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 

I ·05 ,-
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 

24·66 
25·12 
z4·86 
25·o6 
24·56 
2479 
24·53 
24·52 
24·8o 
25·02 
25·58 
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GROUP VIII, PAIR 5. 

Dat:e. Micrometer. Meanapp. 
Dec. Con-ections. I Latitude. 

I 
N. s. Mic. Level. Ref. .frfer. 

1892. t. d. t. d. 0 , ,, / ,, ,, ,, ,, .. / // 

Feb. 3 23·34·2 13·70·3 21 20 07·75 -3 43·61 + ·96 -·07 +·05 21 16 25·08 
8 23·86-3 14·18·0 07·46 44·63 +1·71 -·07 +·05 24·52 

12 2j"58·1 13·93·9 07·37 43·68 +1·02 -·07 +·05 24·69 
21 23·84·0 14·23·7 07·51 42·78 + ·14 -·09 +·05 24·83 
23 23·5rs 13·97·6 07"48 42·75 - ·29 -·05 +·05 24·44 
27 123·78·2 14·11·1 07-64 44·35 +1·49 -·07 +·05 24·76 I 28 23·66-0 14·10.5 07·70 41·66 --0·96 -·a7 +·05 25·06 r 
29 2 3·6r 3 14·11·7 07·78 41·68 -1·13 -· 1s 1 +·08 24·90 ' 

Mar. 2 23·38·3 13·81 ·3 07·89 42·01 - ·75 -·07· +·05 25·1 I ! 
5 24·05·4 14·48·1 07·96 42·08 -1·04 -·07 +·05· 24·82 
9 22·68·4 13·05·9 08·08 43· 2 9 + ·19 -·07 +·0 sl 24·96 

10 24·57·5 14·94·6 08·17 43·38 - ·41 -·07 +·051 24·36 
13 23·52·8 13·91·1 08·49 43·10 - ·24 -·og +·05 ! 25·11 
21 23·36-0 13·81·6 09·051 41·41 -2·38 -·11 +·04 25·19 
23 23·68·9 14·o8·2 09·20 42·87 -1·39 -·07 +·05 24·92 ! 
24 23·82·3 14·22·1 09·29 42·75 1 "75 -·07 +·05 24·77 j 

29 24·33·7 13·59·3 og·86 46·05 + ·62 -·07 +·05 24·41 ' 
30 23·8o·8 14·06·6 09·95 46-00 + ·43 -·oj +·05 24-36 i 

31 23·31·0 13·6o·o 10·03 45·26 + ·45 -·07 +·05 2y20 
Apr. 6 2]"44·6 14·72·4 10·47 45·53 - "I I -·11 +·04 24·7<) ' 

9 23·6o·4 1]"89·0 10·87 45·35 - ·31 -·09 +·05 25·17 i 
14 23·87·1 14·10·1 11·45 46·65 - ·32 -·07 +·05 24·46 I 
15 23·36·0 13·59·7 11·52 46-49 + ·04 -·12 +·og 25·04 l 

16 23·31·7 13·57·2 11·58 46·07 - ·70 -·07 +·05 24·79 I 
18 23·06·2 13·27·0 u·74 47"16 + ·65 -·15 +·08 25·16 1 
19 23·75·5 13·95·4 11·83 47·37 - ·06 -·07 +·05 24·38 1 
23 23·70·2 IJ"9J"9 12·32 46·49 - ·27 -·07 +·05 25"54 
24 23·35·2 13·54·0 12·46 47·62 - ·07 -·07 +·05 24·75 
25 23·46-7 13·68·5 12·56 46-93 - ·6o -·07 +·05 25·01 

May 2 2 3·56-9 x371·8 IJ"o6 48·53 + ·15 -·07 +·05 24·66 
4 23·48·2 13·54·4 13·26 50·55 +1·99 -·07 +·05 24·68 
5 23·83·9 14·04·2 13·39 47;27 -1·24 -·07 +·05 24·86 
9 23·71·6 13·8o·3 14·07 51·08 +1·24 -·07 +·05 24·21 j 

14 23·58·4 :rj"66·5 14·23 50·11 + ·32 -·04 +·o6 24·46 I 18 23·36-6 13·39·8 14·53 51·24 +1·59 -·07 +·05 24·86 i 
22 123"59"0 13·70·2 14·94 49·39 -097] -·07 +·05 24·56 ' 
23 23·33·4 13·46-7 15·02 48·90 ~-1 ·07 l -·07 +·05 25·03 i 

I 

l 



 

i 
I 

i 
I 

I 
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Results from observations for the 1.'ariation of latitude at TVaikiki, 
Hawaiian Isla.nds. 

GROUP VIII, PAIR 6. 

Micromc~er. 
l\Iean app. I Corrections. 

I I Date. Dec. I Latitude. 
I 

Ref. i .;Ver. / 
I 

I 
I 

.A?; s. llfic . Ln·el. 
1892. t. d. t. d. 0 , ,, , ,, // // i /"/ j 0 / // 

Feb. 3 22·78·3 14·19·6 21 19 43·28 1--3 19·20 - ·19 -·07 11 +·06 21 16 23·88 
8 22·44·8 13·82·2 42·98 20·1 I I +1·02 ·-- ·07 ! +·06 23·88 

12 22·o8·5 13·57·2 42·86 17·49 -1·14 --07: +·06 24·22 ' 
23 22·35·2 13·85·1 42·95 17"21 -1·57 -·07 j +·06 24·16 ; 

: 
27 22·59·6 13·98·9 43·08 19·67 + ·55 -·07 +·06 23·95 
28 22·35·3 13·86·5 43"14 16-91 -r66 -·071 +·06 24·56 

I\'1ar. 2 22·23·5 13·72·3 43"31 17·46 -1·28, -·07 I +·06 24·56 
5 22·40·5 13·93·9 43·37 16·40 -1·94 -·07 i+·o6 25·02 
8 22·32·1 13·81·2 43·44 IJ-40 -1·29 +·01 I +·06 24·82 
9 21·93·9 13·42·2 43·47 17·58 -1"68 -·071 +·o6 24·20 

IO 22·08·4 13·55·0 43·57 17·98 - ·84 -·071 +o6 24·74 
13 22·50·7 13·94·6 43·87 18·60 -1·26 -·07 +·o6j 24·00 
21 22·46·0 13·92·0 44·41 18·1 I -1·88 -·os +·06 24·43 
23 22·76-1 14·24·2 44·55 17·63 -2·38 -·071 +·06 24·53 
24 22·23·8 13·69·5 44·64 18·18 l -1"73 l -·07. -l-·o6 24·72 
29 22·42·3 13·78·0 45·20 20·50 + ·09 -·05 j +·06 24-8o 
30 22·27·5 13·63·4 45·29 20·461 - ·46 -·071 +·06 24·36 
31 22·31·0 13·69·0 45·36 19·97 -·go -·07 ! +·06 24·46 

Apr. 46·18 I 
9 22·57·7 13"95"2 20·09 -1·37 =:~~ ! t~~~ l 24·71 

15 I 22·22·2 13·54·8 46-83 21·22 -1·42 24·14 
16 I 

22·68·2 14·01·6 46-89 21·04 -1.·90 -·07. +·06 23·94 
19 23·06·4 14·35·8 . 47·13 21·97 - ·81 -·07 +·06 24·34 
21 21·84·6 13·17·1 47·35 21·25 -1·56 -·07 +·06 24·53 
23 22·37·8 13·67·3 47·61 21·94 - ·96 -·07 +·06 24·70 
24 23·04·3 14·31·0 47·75 22·59 - ·77 -·07 +·o6 24·38 
25 22·5,-s 13·87·9 47·85 21·80 -1·40 -·07 +·o6 24·64 

May 2 22·93·6 14·17·3 48·35 23·29 - ·63 -·07 +·06 24·42 
5 21·9,-8 13·25·0 48·67 22·48 -2·o6 -·07 +·o6 24·12 
9 22·65·6 13·86·2 49·18 24·01 - ·26 -·04 +·o6 24·93 

14 22·05·3 13·24·3 49·52 24·38 -1·02 -·07 +·o6 24·11 
15 22·55·4 13·76·2 49·57 23·96 - ·74 -·15 +·10 24·82 
18 22·33·7 13·44·5 49·82 26-28 + ·44 -·07 +·o6 23·97 
22 22·91·0 I 14·09·2 50·23 24·56 -1·23 -·07 +·o6 24·43 
23 22·01·9 13·24·1 50·31 23·64J -2·301 -·07 +·o6 24·36 

1 
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GROUP VIII, PAIR 7. 

Date. Micrometer. Mean app. 
Dec. 

Correct.ions. Latitude. 

N. s. Jl[ic. Level. Ref. _il[er. 

1892. r. d. ~- d. 0 / // / rr // // // 0 / // 

Feb. 3 23·05·0 14·03·8 21 19 52·77 -3 29·06 + ·90 -·06 +·06 21 16 24·61 
8 22·22·2 13·22·7 52·43 28·67 + ·39 -·06 +·06 24·15 

12 22·62·8 13·70·8 52·28 26-93 -1·05 -·06 -+-·06 24·30 
21 21·86·2 12"93"5 52·37 27·09 -1·21 -·06 -+-·o6 24·07 

23 22·33·1 13·42·5 52·33 26-61 -1·36 -·06 +·06 24·36 
27 22·3rs· 13·37·5 52·45 28·79 + ·57 -·o6 +·06 24·23 
28 21·97·0 13·05·4 52·50 26·84 -1·14 -·06 +·o6 24·52 

29 22·16·2 13·29·4 52·57 25·72 -2·11 -·06 +·06 24·74 
Mar. 2 22·29·9' 13·42·9 52·68 2 5·77 - 1 ·77 -·06 +·06 25·14 ! 

5 21·85·2 1 13·01·9 52·76 24·91 -2·52 -·o6 +·06 25"33 I 
I 

8 21·82·1 I 2·82·1 52·83 28·79 + ·06 -·04 +·o6 24·12 I 

9 22·57·6 13·67·3 52·87 26·54 -1·69 -·06 +·06 24·64 I 
IO 22·64·9 13·75·0 52·94 26-44 -1·38 -·o6 +·06 25·12 

I 13 22·91·7 13·9r5 53·25 27"44 -1·50 -·06 +·06 24·31 
21 22·2y7 1 3·33·3 53·85 2ro2 -2·08 -·06 +·o6 24·75 

23 22·06-1 13· 13·4 54·00 27'09 -2·23 -·06! +·o6 24·68 

I 24 22·24·2 13·30·0 54·10 27'44 -2·20 -·o6 +·06 24·46 

29 2J"09'5 14·os-5 54·70 29·71 - ·19 -·06 +·06 24·80 

I 
30 22·98·1 13·93·7 54·80 29·81 - ·37 -·o6 +·o6 24·62 I 

JI 22·79·1 13·74·4 54·88 29·88 - ·62 -·06 +·o6 24·38 I 
Apr. 6 22·72·4 13·68·2 55·36 29·76 -1·04 -·:o +·04 24·50 

I 9 23·23·7 14·21·9 55·78 29·20 -1·82 -·o6 +·06 24·76 
16 22"93"0 I 3·86-1 56-59 30·39 -2·08 -·10 +·04 24·06 

17 22·99·2 13·82·6 56·68 32·64 - ·14 -·06 +·o6 23·90 
18 22·89·7 13·78·7 56-76 31·34 - ·78 -·06 +·o6 24·64 

19 22·76-6 13·66·6 56·86 31· f I -1·17 -·o6 +·06 24·58 

21 22·66-6 13·55·2 57·10 31·43 -1·18 -·03 +·o6 24·52 

24 22.53·1 13·39·3 57·53 31·99 - ·54 -·o6 +·o6 25·00 ! 
i 

May I 22·6o·7 13·44·2 58·18 32·61 -1·03 -·o6 +·06 24·54 ! 
2 22·85·7 13·6~·3 58·27 32·S2 - ·58 -·06 +·06 24·87 I 
4 22·76·7 13·47·5 58·49 35·56 + ·65 -·06 +·06 23·58 j 

5 2273·1 13·6o· .[ 58·62 3i-80 -2·02 -·06 +·o6 24·80 I 

IO 22·93·0 13-70·1 59·31 34·10 - ·63 -·o6 +·o6 24·58 I 
15 22·72·5 13·47·5 59·68 34·59 - ·91 ·-·o6 +·o6 24·18 ! 

18 22·39·5 13·o8·3 59·96 36-02 + ·66 -·o6 +·o6 24·60 

22 22·13·4 12·89·5 20 00 00·43 34·33 -1·37 -·o6 +·o6 24·73 

23 22·17·0 12·95·9 00·53 33·68 -2·34 -·o6 +·06 24·51 
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Results from obserl:a#ons for tlte 'l'arfo.tion of latitude at TVaikiki, 
Hawaiian Isla.nds. 

Date. 

1892. 
Feb. 3 

;\far. 

-~pr. 

),fay 

8 
12 
21 
23 
27 
2S 
29 

2 
5 
8 
9 

IO 

21 

23 
24 
29 
30 
31 

6 
9 

13 
14 
16 
18 
19 
20 

21 
24 
25 

I 
2 
4 
5 
9 

IO 

14 
22 
23 

I 
I 
i 

GROUP VIII, PAIR 8. 

1\1 icrom.eter. l\lean app. I 
Dec. i Corrections. Latitude. 

-------!·~--------------

~'>'. 
1

1 .il.hr. j' .l\T. 
t. d. 

24·63·I 
24.72.5 
24-69-8 ! 
23-44-8 II 

24.32-4 
25.38-1 
24-06·2 
23-85-7 
23·93·9 
23-94·3 
24-o5-5 
24-30-5 
23.85-5 
24-o3-5 
24-11·5 
24-38-1 
24-03-6 
24-32-4 
24-63.1 
23-So·o 
24-18-9 
23-52-0 
24·6o-5 
24·36·1 
23·93·5 
24·21·8 
23·95·1 
24·03·3 
23·73·3 
23·95·5 
24·48·1 
24·22·1 
24·33·0 
23·97·7 
23·74·4 
23·95·0 
24·00·0 
24·31·8 
23·74·2 

.t. d. 0 / // / / / 

11·53·3 21 21 27·661~s 03·85' 
I I·6I ·5 27·29 04·13 
11·62·6 27'12 03-25 
10·41·1 27'17 02·44 
I 1·28·3 27·13 02·53 
I 1·30·0 27'23 03·46 
l 1·02·8 27·28 02·37 
10·85·0 27'35 01·74 
10·92·1 27·45 02·00 
I 1·00·4 27·53 00·17 
I 1·01·8 27·6o 02·44 
l 1·29·5 27·65 01·81 
10·80·7 27·72 02·69 
I l·OJ•J 28·67 02·14 
11·08·6 28·82 02·25 
II·31·5 28·91 03·1 l l 
10·86-9 29·55 05·45 
I 1·22·5 29·65 03·88 
I 1·47·2 29·74 05·271 
10·63·8 30·26 05·34 
J 1·01·5 30·70 05·62 
10·29·7 31·29 06-75 
I 1·41·7 31·40 05·94 
11·15·2 31·58 o6·43 
10·67·3 31·77 07·66 
10·98·6 31·89 06-96 
10·72· 1 32·00 o6·92 
10·82·4 32·13 06-43 
10·46·8 32·59 07·73 
10·71·0 32·73 or26 
11·20·2 33"33 o8·05 
10·92·5 33·42 08·45 
10"93"8 33·67 10·67 
10·69·2 33·81 8·19 
10·40·8 34·43 09·37 
10·6o·o 34·56 9·70 

10·64"2 l 34·92 9-89 
10·93·5 35·82 10·47 
10·40·8 35·94 9·33 

Level. 
// 

+1·07 
+1·10 
+·6o 

·29 
- ·31 
+1·44 
- ·24 
- ·83 
-1·08 
-2·23 
- ·45 
-1·22 
- ·94 
-1·96 
-1·52 
-1·34 
+ ·03 
- ·7 I 

' ·24 --' - ·05 
- ·45 
- ·32 
- ·59 
- ·So 
+ ·85 
- ·22 
- ·79 
- ·711 - ·24 
- ·42 
- ·69 
- ·24 
+1·57 
-1·09 
- ·62 

·oo 
- ·13 
- ·92 
-2·26 

-·o8 
-·08 
-·08 
-·08 
-·08 
-·06 
-·08 
-·08 
-·08 
-·08 
-·08 
-·08 
-·08 
-·08 
-·08 
-·08 
-·08 
-·o8i 
-·08! 
-·08) 

=:~~1 
-·08 
-·081 
-·o8 1 

-·08 
-·05 
-·08 
-·o8 
-·08 
-·10 
-·08 
-·08 
-·08 
-·08 
-·08 
-·12 
-·o8 
-·08 

11fer. 
,'/ 0 / /0 

+·05 21 
+·05 
+·05 
+·05 
-l-·05 
+·04 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
-+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·03 
+·05 
+·06 
+·05 
+·05 
+·03 
+·04 
+·05 
+·05 
+·05 
+·05 
+·05 
+·04 
+·05 
+·05 

16 24·85 
24·23 
24·44 
24·41 
24·26 
25·19 
24·64 
24·76 
24·34 
25·10 
24-68 
24·59 
24·06 
24·34 
25·02 
24·43 
24·10 
25·03 
24·68 
24·84 
24·60 
24·19 
24·84 
24·32 
24·91 
24·68 
24·30 
24·96 
24·59 
25·00 
24·53 
24·70 
24·54 
24·50 
24·40 
24·83 
24·82 
24·40 
24·32 

I 
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GROUP I, PAIR I. 

i 

I 
Mean app. I 

Date. I 1\-Iicrometer. Dec. Corrections. I Latitude. 

-

I ! 
N. s. Mic. Level. Ref. Mer. 

1892. t. d. ,_ d. I o ,, // ,, // ,,, // // 0 / // 

Apr. 9 10·52·2 14·54·8 21 14 52·41 +1 33·40 - ·61 +·05 +·07 21 16 25·32 
19 13·76·8 17"75"0 53·59 32·38 -1·19 +·03 +·07 24·~8 
24 i3·62·2 17·56-9 54·28 31·56 - ·82 +·03 +·07 25·12 
25 13·88·2 1r86·3 54·43 32·351 -1·49 +·01 +·04 25·34 

May I 13·70·5 17-65·9 55·1 I 3173 -1·86 +·03 +·07 25·0S 
4 14·28·5 18·04·4 55·44 2r2ol +1·48 +·03 +·07 24·22 
5 14·1r2 18·08·7 55·58 30·82 -1·43 +·03 +·07 25·07 
9 13·60·7 17·42·1 56·24 28-48 I - ·26 +·03 +·07 24·56 

10 13·69·8 17·54·0 56·40 29·13 I - "79, +·03 +·07 24-84 
l.J 13·25·0 17·03·8 56-76 27·88 - ·101 +·03 +-07 24·64 
14 13·92·5 17·74·6 I 56·86 28·64 -1·08 +·03 +·07 24·52 
15 15·09·0 18·89·21 56-95 28·20 - ·38 +·03 +·07 24·Si 
18 13·6o·9 1r42·3 sr26 28·48 - ·54! +·03 +·07 25·30 
21 13·42·1 17-23·81 57·70 28·55 -1·49 +·03 +·07 24·86 
22 14·01·3 1r85·7 57-84 29·18 -2·09\ +·03 +·07 25·03 
24 14·45·9 .s-.5·41 58·1 I 25·72 + ·851 +·03j +·07 24·78 
25 13·69· l 17·48·1 58·23 .27"92 -1·551 +·03 +·07 24·70 
26 13·65·3 17"39"5 58·32 26·81 - ·84 -·01 +·05 24·34 
28 14·43·6 18· 17·5 58-48 26-74 - ·68 +·03 +·07 24·64 
29 15·18·2 19·03"6 58·56 29·41 -2·971 +·03 +·07 25·10 

l 
June 3 13·82·5 17·41·7 59· 14 23·33 +1·95 l +·03 ·+·07 24·52 

4 14·60·5 18-40·3 59·28 28· 11 - 2 ·591 +·03 +·07 24·90 
5 15·07·4 18·80·5 59·42 26·55 

+::;~1 
+·03 +·07 24·82 

7 14·36·3 17·9y9 59·68 23·42 +·03 +·07 24·42 
II 14·44·8 18-06·9 59·98 24·00 + ·82 +·03 +·07 24·90 
13 13·89·2 17·51·0 IS 00·10 23·93 - ·06 +·03 +·07 24·07 
17 

I 
14·57·0 18·16-7 00·49 23"44 + ·63! +·01 +·05 24·621 

18 14·40·0 18·09·0 oo·6o 25·60 -1·121 +·03 +·07 25·18 ! 
19 13·81·9 17·5r8 00·71 27·20 -2·87 ~ +·03 +·07 25·14: 
22 14·25·4 17·81·4 00·941 22-59 -+1·02 i +·031 +·07 24·65 ! 
24 13·5 1·3 17·11·6 01·02 23·58 - ·18 1 +·03j +·07 24·52: 
25 15·07·1 j 18·7 I ·3 01·04 J 24·49 - ·89/ +·031 +·011 24·74' 

I ' ' ! 
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Results from observat-ions for the var·iatfon of latitude at Waikiki, 
Hawaiian IslandJ>. 

GROUP I, PAIR 2. 

I 
' I I ' Date. Micrometer. MD~~pp. ) Conections. · ! Latitude. 

!--··-~-: -----, ---:~~1-I 
I 

J\T. 5". / 1Ui~» 1 Ln·d. i Ref. J Mer. / 
1892. t. d. t. d. o / r/ . / /' : // ; // : // I 0 , // 

Apr. 9 13·74·3 15•75·3 21 I'"' 09·70 :-o 4fr65; --I- I ·23 i -·021 +·05' 21 16 24·31 I 

w-16 I 48·0• 1 
16 14·58·5 J6·65·6 +1·921 -·02 +·05 24·67 
19 14·38·3 16·43·4 i1·1ol 47·58 + ·631 -·02 +·05 24·18 
23 14·76·8 16·79·3 11·72 46-98 - ·13 -·02 +·05 24·64 

I 24 14· 16·3 16·22·6 I 1·90 47·861 + ·66 -·02 +·05 24·73 
I 25 I ~-80·1 16·84·1 12·08 47·32 - ·21 -·02 +·05 24·58 -~ i May 4 14·31·3 16·56·6 13·34 52·27' +3·42 -·02 +·05 24·52 

5 14·64·5 16·76·1 13·51 49·09 - ·13 -·02 +·05 24·32 
; 9 14·27·3 16·49·8 14·28 51·62 +1·191 -·02 +·05 23·88 

' IO 14·34·6 16·54·8 14·47 i 51·08 + ·68 -·02 +·05 24·10 
13 14·13·7 16·38·8 14·92. 52·22 +2·06 -·02 +·05 24·79 
14 l4"46- 5 16·68·1 15·04 51·41 + ·90 -·02 +·05 24·56 
15 13·99·1 16·23·7 15·16 52·10 +1·23 -·02 +·05 24·32 
18 13·91·5 16·17·7 15·57 52·48 +1-52 -·02 +·05 24·64 

I 
21 14-39·9 16-62·1 16·08 51·55 J... ·16 -·02 +·05 24·72 I 

22 15·68·3 17·87·1 16-26 50·76 - ·73 -·02 +·05 24·80 
l 23 14·16-2 16-34·7 16·44 50·69 -1·21 -·02 +·05 24·57 

\ 
24 13·94·4 16·30·3 16-59 54·72 +2·13 -·02 +·05 24·03 
25 14·42·9 16·75·0 16-74 53·84 +1·54 -·02 +·05 24·47 

l 26 13·06-0 15-36·2 16·86 53·4o +1·28 -·10 +·07 24·71 
28 14-40·3 16·73-7 17·0<) 54·14 +1·14 -·oz +·05 24·12 
29 13·87·8 16·23·3 17·20 54·63 +2·16 -·02 +·05 24·76 

[ June 
30 13·76·6 16·12·0 17"31 54·61 +1·47 +·02 +·04 24·23 

3 14-03·6 16-43·9 17-90 55-75 +2·81 -·02 +·05 24·99 
4 14·09·1 16-38·4 18·08 52·36 -1·12 -·oo +·04 24·64 
5 14·32·2 16-66-0 18·25 54-24 + ·10 -·02 +·05 24·14 
6 14·54·4 16·89·4 18· .. p 54·52 __L ·so -·02 +·05 24·42 I 

7 14·14·3 16·66·6 18·56 58·53 +3·62 -·02 +·05 23·68 
II 14·59·9 17·05·8 18-98 57-04 +2·14 -·02 +·04 24·10 
13 14·37·9 16·8o·1 19·16 56·19 +1·50 -·02 +·05 24·50 
14 14·50·2 16·90·7 19·26 55·79 + ·76 -·02 +·os 24·26 
17 13·8j"4 16-33·8 19·65 58·09 +z-86 -·02 +·05 24·45 
18 13·89·6 16-27·7 19·8o 55'24 + ·12 -·02 +·05 24·71 
22 14-83·0 x7·34·4 20·24 58·32 +2·33 -·02 +·05 24·28 
24 13·79·5 16-36-9 20·38 59-71 +z·92 -·02 +·05 23·62 
25 14·6g·8 17·13·5 20·43 56-53 + ·361 -·02 +·05 24·29 
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GROUP I, PAIR 3. 

Date. I Micrometer. l\iean app. 

! Corrections. Latitude. Dec . . 
·-

I L=-l· 1 Ref I 
~-

N. s. Mic. J'der. 
1892. t. d. t. d. 0 / // / // ,,. ,, I ,,, 0 / ,,. 

Apr. 9 19·26-6 15·45·3 21 17 52·96 -1 28·46 i + ·29 -·03 +·06 21 16 24·82 
16 20·70·1 17·81·1 53·97 30"24 + ·99 / -·03 I +·o6 24·75 
19 21·01·7 17·11 ·9 54·27 30·43 + ·78 ! -·03 +·06 24·65 
23 20·51·8 16-61·7 54·83 30·50 + ·34 I -·03 +·06 24·70 
24 20·52·8 16-59·1 55·oo 31·33 + ·86 -·03 +·o6 24·56 
25 21·10·7 17·17·7 55·18 31·17 + ·42 -·03 +·06 24·46 

May I 21-66-6 l7·6g·1 56·00 32·21 - ·23 -·23 +·29 23·62 
4 21·07·1 16-97·4 56·37 35·04 +3"52 -·03 +·06 24·88 
5 20·84·3 16-88·6 56-52 31·8o + • l I -·03 +·o6 24·86 
9 2 1·39·7 17·38·6 5r26 33·05 + ·14 -·03 +·o6 24·38 

13 20·89·1 16-85·9 5rss 33·54 - ·35 -·03 +·o6 24·02 
14 21·15·7 17·o6·0 58·00 35·04 +1·52 -·03 +·06 24·51 
15 20·73·0 16-67·3 58·11 34·12 + ·19 -·03 +·06 24·21 
18 20·78·5 16-69·1 58·48 34·97 +r26 -·03 +·o6 24·8o 
21 20·79·1 16-76-3 58·96 33·44 - ·88 -·03 +·06 24·67 
22 21·13·7 17· I 2·0 59·14 33·19 - ·go -·03 +·o6 2yo8 
23 20·75·2 16-72·1 59·31 33·51 -1·41 -·03 +·06 24·42 
24 20·89·3 16-82·7 59·46 34·32 - ·42 -·03• +·06 24·75 
25 20·51·61 ifr3r6 59·62 36-04 + ·77 -·03 +·o6 24·38 
26 20·04·9 J 5·91·2 59·74 35·97 + ·59 +·o! +·05 24·42 
27 21·13·6 IJ'OJ"I 59·86 35·23 - ·36 -·03 +-06 24·30 
28 20·55·5 16·39·1 59·96 36-6o +1·18 -·03 +·o6 24·57 
29 20-76·1 16-55·5 18 oo·o6 37·57 +2·28 -·03 +·o6 24·8o 

June 3 21·68·7 17·44·5 00·72 38·41 +2·06 -·03 +·06 24·40 
4 21·01·7 16-92·3 00·89 34·98 -1·49 -·03 +·o6 24·45 
5 21·64·0 17·54·4 01·o6 35·02 -1·15 -·03 +·o6 24·92 
7 21·20·5 16-90·6 01·38 39'73 +2·61 -·03 +·o6 24·29 

II 21·80·2 17·53·6 01·79 38·96 +1·46 -·03 +·06 24·32 I 
12 21·18·5 16-96·6 01·88 37·88 + ·44 -·03 +·06 24·47 i 
13 21·38·4 17·27·8 01·96 37"57 + ·64 -·03 +·06 25·06' 
14 .21·02·3 16-80·2 02·o6 37·92 + ·38 -·03 +·o6 24·55 
17 22·02·7 17·7r9 02·42 39·94 +1·97 -·03 +·06 24·48 
18 .20·99·2 16-81·3 02·56 36-95 - ·84 -·03 +·o6 24·80 
22 20·5s-7 16-22·2 03·02 40·56 +1·30 +·05 +·10 23·9 [ J 

24 2073·4 16-46-1 03·16 39·13 + ·o6 -·03 +·06 24·12 ' 
25 z1·u·3 16·84·0 03·20 39·13 + ·16 -·03 +·o6 24·26 I 
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Results from obsercationN for the 'l'ariation of latitude a.t Waikiki, 
Hawaiian Islands. 

GROUP I, PAIR 4. 

:!11ean app. 
! 

Date. Micrometer. Corrections. i Latitude. Dec. 
.. .. -------.. ~~-----~---~-' 

! i 
JIIn-. I N. / s. Afic. Ln,ef.: Ref'-

' /..,, i 1892. t. d. t. d. 0 / I'/ / I'/ i // u 0 / /I' 

Apr. 9 13"99"4' 22·18·5 21 r3 14·39 ·+ 3 10·02: --:- ~ 21 ~ -!-·05' +·05 '21 16 24·;2 
16 14·19-3 22-27·0 15·50 07·37. 

~1:~~) ,-051 

j_~~ I 
24·68 

19 13·83·4 21·98·0 15·85 08-98 +·05 24·80 
23 1]'58·2 21·69·8 16·48 -08·28 - ·18 +·05 +·05 24·68 
24 13·81·8 21·91·9 16·66 07·93 + ·07[ +·05 -+--·05 24·76 

May I 14·03·5 22·11·6 17·80 07·46 - ·32 +·05 --:--·05 25·04 
4 13·44·7 21·53·5 18-22 07-63 -1·26, +·05: ,·05 24·69 
5 13·73·5 21·78·6 18·45 o677 ·50: +·05 i +·05 24·82 
9 13·95·3 21·93·4 19·22 05·15 ·181 +·051 +·05 24·29 

13 ! 13·85·2 21·77·5 19·94 OJ"8o + ·47 -+-·05 1 +·05 [ 24·31 
14 14·29·0 22·22·7 20·08 04·13 + "20 I -f-·05 / +·05 i 24·51 
15 13·51·7 21·44·0 20·22 03·80 + "J8 I +·051 +·05 24-30 
18 13·88·7 21·77·5 20·661 02·99 +1·01 I +·05 +·05 24·76 
21 13·42·5 21·39·8 21·22 04·96 ' --1"28 ) +·05[ +·05 25·o0 
22 13·99·4 21·91·7 21·41 OJ"801--X-16 +·05 +·05 24·15 
23 !.3'75'7 21·71·9 21·61 04·71 l -1·56 +·05_ +·05 24·86 
24 1 3·50·3 2 1·39·9 ~1·79 ! Oj'I8 ·49 +·05 ! +·05 24·58 
25 13·47·9 21·35·0 21·97 02·60 + ·15 +·05 i +·as 24·82 
26 13·60·8 21·45·7 22·12 02·08 _J_ ·16 +·05 +·05 24·46 

' 27 13·94·9 21·78·7 22·26 01·83 + ·52 +·05 +·o6 24·72 
28 14·32·0 22·17·7 22·39 02-27 - ·04 +·05 +·05 24·72 
29 13'69·9 22·48·7 22·52 00·67 +1·13 +·0 5! +·05 24·42 

June 3 14·56· I 22·28·5 23·30 +2 59·18 +r89 +·05 +·05 24·47 
4 14·34·6 22·22·2 23·50 +3 02·71 -r37 +·05 +·05 24·94 
5 14·19·3 22·04·8 23·69 02·22 -1·05 +·05 +·05 24·96 
7 14·36·9 22·18·4 24·06 01·30 - ·55 +·05 +·05 24·91 

II 14·51·6 22·17·9 24·59 +2 57·77 +1·18 +·05 +·05 23·64 
12 14·o6·2 21·79·7 24·70 59·44 + ·28 +·05 +·05 24·52 
13 14·69·1 22·42·2 24·81 59·35 + ·67 +·05 +·05 24·93 
14 14·o8·8 21 ·81·0 24·94 59·14 + ·36 +·05 +·05 24·54 
17 14·12·3 21·91·8 25·38 +3 00·83 -1·26 +·05 +·05 25·05 
18 13·89·2 21 ·66-7 25·54 00·37 -1·42 +·05 +·05 24·59 
22 14·58·3 22·22·0 26-11 +2 57· 17 +1·12 +·05 +·05 24·50 
24 13·96-4 21·67·8 26-30 58·95 ·55 +·05 +·05 24·80 
25 14·26-8 21·96-8 26·38 58-63 - ·28 +·05 +·05 24·83 
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Date. 

1892. 
Apr. 9 

16 
19 
23 
24 
25 

May I 

4 
5 
9 

13 
14 
15 
18 

I 21 
22 
23 
24 
25 l 26 I 

27 j 
28 I 29 

June 3 1 
I 

4 
l 5 
I 7 
I 

II I 12 
13 
14 
17 
18 
22 
24 
25 

U. S. COAST AND GEODETIC SURVEY. 

2\ficrou-1eter. 

N. s. 
t. d. t. d. 
8·79·8 2y36-1 
9·05·7 25·50·3 
9·66-6 26-10·8 
8·77·0 25·22·9 
9·32·7 25·79·1 
9·23·5 25·69·1 
9·24·4 25·66·3 
9"33"4 25·75·9 
9·08·9 25·49·8 
8·57·8 24·93·8 
9·11·4 25·41·6 
8·90·4 25·21·6 
8·27·1 24·56·0 
9·38·1 2y62·4 
9·09·9 25·2I·I 
9·42·8 25·76·8 
8·54·1 24·90-7 
9·63·1 25·89·2 
8·98·9 25·20·8 
9·16·8 25·39·6 J 
8·78·3 25·00·0 
9·09· 2 25·32·0 
9·15·8 25·35·0 
9·45·0 25·59·7 
9-go-2 26-02-9 
9"53"3 2576-0 
9·61·5 25·78·3 
9·31·2 25·40·6 
9"33"9 2y49·2 
9·78·7 25·87·5 
9·12·5 25·24·7 
9·62·1 25·78·3 
8·95·6 25·10·4 
9·61·7 25·65·9 
9·4o·9 25·46·0 
9·23·2 25·30·1 

GROUP 1, PAIR 5. 

1\!ean app. 
Dec. Corrections. Latitude. 

jJffr. Level. Rej. Mer. 
0 / ,, / // /, r/ _,, o , ,, 

21 to 00·33 +6 
01·43 
01·78 
12"39 I 

02·58 I 
12·77 I 
OJ"71 
04·14 
04·3oj 
05·121 
05-851 
05·98 
o6·12 
06-56 
07·09 
07·30 
07·52 
07·70 
07·88 
08·03 
08·18 
08·30 
08·43 
09·22 
09·41 
09·61 
09·98 
10·52 
10·63 
10·74 
10·86 
l 1·30 
11·48 
12·05 
12·24 

12·33 
I 

24·24 + ·72 
21·52 .

1 

+2·22 
2r43 +z·o4 
21·82 l + ·68 
21·94 + ·61. ·1 

21·75 + ·15 
20·90 + ·27 I 
21·04 ·41 I 
20·66 + ·20. 
19·53 + ·26 ! 
18·1s + ·61 I 
J8·41 + ·10 
17·88 + ·48 
16-81 +1·44 
13·77 +3"89 
19·06 -1·47 
19·67 -1·98 
17·23 + ·14 
16·26 + ·76 
16-47 I ·31 ,-· 
16-21 - ·03 
16-47 + ·40 
15·63 + ·93 
14·59 +1·02 
16-44 -1"10 
16·44 - ·96 
15·07 + ·06 
13·36 +1·01 
14·73 - ·05 
1]"22 + ·74 
14·01 ·oo 
14·93 -1·28 
14·61 -1·04 
12·15 + ·77 
12·36 + ·01 
12·78 - ·o6 

+·10 
+·10 
+·1c 
+·10 
+·10 

+·101 +·06 
+·10 
+·o6 
+·rn[ 
+·101 
+·10 

+·06/ 
+·101 
+·101 
+·10, 
+·101 
+·10! 
+.~10 J 

+·101 
+·101 
+·10. 
+-101 
+·101 
+·10 
+·10! ::::: :~I 
+·10 
+·10 
+·10 
+·10 
+·10 
+·10 
+·10 
+·10 

+·05 21 16 
+·05 
+·051 
+·05 
+·05 
+·05 
+·04 
+·05 
+·06 
+·05 
+·05 
+·05 
+·04 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·05 
+·os 
+·05 

I 

25·44 
25·32 
25"40 
25·04 
25·28 
24·82 
24·9S 
24·92 
25·28 
25·06 
24·85 
24·64 
24·58 ! 

24·96 
24·90 
25·04 
25·36 
25·22 
25·05 
24·9() 
24·51 
25·32 

25" 14-
24·9S 
24·go 
25·24 
25·2(> 

25·04 
25-.,ttJ 
24·S5 
25·02 
25·10 
25·20 

25·12 
24·76 
2s-20 
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Results from obser-iY1tions for the 1Ja.riation of latitude at lVaikiki, 
Hawaiian Islands. 

GROUP I, PAIR 6. 

, Dec. ! Latitude. Date. I Microrneter. ! JI.lean app. II. Corrections. \ 

-------- ------------ -------------------c--·-- -·------

LV: II S. I _,_tffr. Level. I .Ref. 
1 

1Ver. 
1892. 1. d. 1. d. 0 , // I , // ,, ,, ,,. 

April 9 
19 
23 
24 
25 

25·50·6 13·06-4 21 21 12·44 -4 48·641 + ·77 -·09 +·06 
25·20·9 12·70·7 IJ"86 50·03 + ·56 -·og +·06· 
26-10·2 13·59·9 14·46 50·05 + ·29 -·09 +·06 
25·33·6 12·77·9 14·64 51·30 +1·10 -·09 +·06 
25·33·5 12·83·9 14·84 49·89 - ·07 -·07 +·05 

:\fay I 25·81·5 13·27·0 15·78 51·02 - ·30. -·13 +·05 

June 

4 
5 
9 

13 
14 
15 
18 
21 
22 

23 
24 
25 
26 

26·16-5 13·65·0 16-19 50·33 - ·89 -·og +·06 

) 
25·50·1 12·94·3 16-36 51·33 - ·22 -·og +·o6 
25·31·9. 12·70·0 17·16 52·74 + ·15 -·og +·06 

. 25'53"7 i 12·85·3 17·go 54·25 + ·82 -·og ! +·06 
25· 34·1 ! 12·66-4 18·04 54·09 + ·3s -·09 I +·06 
25·44~0 12·77·1 18·18 53·90 + ·38 -·091 +·06 
25·66·6 12'94'9 18·61 I 55"02 +1·12 -·09 +·o6 
25·6o·1 i 12·94·8 19·161· 53·53 --- ·77 -·09 ! +·o6 

J
I 2s-56•1 \ 12·91·6 19·36 53".34 ---J·33 -•09) +·06 

25·15·6: 12·51·3 19·56 53"30 -_1.·
4
4

9
9 _-.·~,I.' ++··o6o6 j( 

25·13·8 I 12·43·5 19-75 54·69 -':::' 
2576-9 13·02·2 19·93 55·11 + ·5s -·09 I +·o6 
25·54·7 1278·6 20·08 56-04 + ·58 -·091 +·o6 
24·95·0 12·18·6 20·24 56·1 I + ·13 --·09 ! +·01 
25·42·7 12·67·8 20·36 55·76 ·oo -·og j' +·06 

29 i 25·27·6 12·47·4 20·49 56-99 -+-1·151-·og +·06 
3 1

1 
26·03·8 13·25·9 21·28 56-45 - ·14 -·091 +·06 

4 25·78·4 13·03·2 21·48 55·83 - ·93 -·09 +·o6 
5 I 26-06-7 13·29·5 21·68 56·29 I -- ·65: -·09 I +·06 

II 1· 26-74·3 13·84·8 22·61 59·141-~1·04! --·091 -t-·06 
13 25·81·2 12·93·7 22·84 58·68 i + ·451 --09. +·06 
I"' 26·17·0 13·29·7 22·96 58·64 j -4- ·12 _.,.,,...I ....L.·o6 11 25·88·2 13-02·4 23·41 I 58·29 _ _'.__ ·92 1 _.;;51 +·05 
18 25·69·3 12·84·9 23·58 -4 57"96 J - ·89 -·091 ....L.·06 
22 zs·ss·o 12·90-7 24·18 _ 5 oo·96 + 1·56 --09 +·06 
24 25·99·5 13·11·3 24·38 -4 58·84 - ·78 -·091 +·0 6 
25 25·47·4 12·56-2 24·48 59·54 - ·13 -·09 +·o6 

I 

0 / // 

21 16 24·54 
24·36 
24·67 
24·41 
24·86 
24·38 
24·94 
24·78 
24·54 
24'44 
24·30 
24·63 
24·68 
24·83 
24·66 
24·74 
24·54 
24·74 
24·59 
24·18 
24·57 
24·62 
24·66 
24·69 
24·71 
24·48 
24·58 
24·41 
24·20 
24·70 
24·75 
24·73 
24·78 



 

"140 

I 

l 
I 
I 
i 

Date. 

1892. 
April 9 

19 
23 
24 
25 

May 1 

June 

4 
5 
9 

13 
14 
15 
18 
21 
22 
23 
24 
25 
26 
27 
28 
29 

3 
4 
5 
7 

II 

13 
17 
18 
22 
24 
25 

1892. 
May 22 

25 
28 

June 7 
II 

13 
14 
18 
23 
25 

I 

I 
I 

U. S. COAST AND GEODETIC SUHVEY. 

:Micrometer. 

)\,'; 

t. d. 
15·49·8 
14·83"8 
15·27·4 
14·95·5 
14·9rs 1 

15·~2·0 

15-51·7, 
14-87·1 ' 
15·03·0' 
14·65·6 i 
14·65·0. 

I 15·42·9 
14·90·2 J 

14·62·1 I 

15·31 ·1 I 
14·78·9 I 
15-8o·4 I 
15·31·2 
15·07·0 
l 5'31 ·1 
15·28·4 
15· 19·9 
15·56·2 
14·99·3 
15·83·2 
15"30'7 
15·32·3 
15·4r5 
15·70·8 
15·47·0 
15·27· 1 
15·30·1 
15·80·5 

~- d. 
7·38·6 
7·65·5 
8·13·5 
9·42·4 
8·69·9 
7·74·4 
7·32·1 
7·64·0 
7·76·4 
r67·9 

s. 
t. d. 

18·22·5 
17·50·4 
17·91·9 
17·55·7 
1 7·59· 1 
18·44·8 
18·12'4 
17·45·7 
17·5r3 
17·12AI 
17·10·41 
1r90·3 
17·31·7 
1ro9·7 
1 r33·1 
17·27·2 
18·26·3 j 

17·66·0 l 
17·44·8' 
17"70°6 
17·63·3 
17'53'2 
17"91" I 
17·33·1 
I 8· 16-3 
17·60·5 
17·53·3 
17·66-2 
17·98·1 
17·69·0 
17·38·8 
17·44·7 
17·95·4 

t. d. 
28·52·8 
28·64·9 
29·08·8 
30·35·9 
29·52·6 
28·61·0 
28·18·4 
28·53·7 
28·51·7 
28·45·4 

GROUP I, PAIR 7. 

:Mean app. I! 
Dec. Co1-rcctions. Latitude. 

n l~Afi~> r
1 

Le::e·l. 
21 15 20·28 1+1 03·26 + ·54 

21·74 01·85 + ·85 
22·36 01·36 I + ·65 

0 / 

22·56 00·36 +I· 191 
22·75 [ 00·62 + ·45 
23·76 00·97 ·09 
24·20 00·48 ·13 
24·37 59·99 ·15 
25·22 58·99 ·12 

26-02 57·25 ·+ ·63 
26·17 56-93 i + ·92 ! 

6 I I 2 ·32 57"39' + · 11 

26-78 l 56-02 +1·62 
27·38 I 57·44 - ·27 
27·6o I 58·32 -1·23 
27·81 l 57·6o -1·13 
28·02 57·04 - ·78 
28·221 54·47 +1·26 
28·39 55·171 + ·77 
28·56 1 55·56 + ·14 
28·71 54·49 +1·10 
28·86 54·12 +1·28 
29·70 54·49 + ·31 
29·92 54·24 - ·10 
30·14 54·08 - ·07 
30·56 53·31 + ·22 
31·20 51·27 +1·80 
31·46 52·13 + ·87 
32·10 52·73 - ·531 32·28 + ·18 51·50 
32·98 49·11 +1·85 
33·22 49·78 + ·241 
33·34 49·85 + ·37 

GROUP IT, PAIR 1. 

0 .I .I .I .I .I .I .I/ 

21 08 14·84 +s 10·46 - ·63 
15·57 oro3 + ·85 
16·19 06·08 +1·81 
18·33 05·66 + ·o6 
19·16 03·16 +1·00 
19·51 04·o6 + ·64 
19·68 o3·99 +·44 
20·52 04·78 -1·02 
21·62 01·44 + ·54 
21·96 01·95 - ·01 

~------1-----~ 

Ref. 
// 

--+- ·02 i 
+·02i 
-1-·02. 
--~- ·02 ~ 

I 
-,-·021 
+·02! 
+·02j 
+·021 
+·021 
+·021 
+·021 
+·021 
+·02 
+·02 
+·02/ 
+·021 
+·02 
+·021 
+·02] 
+·09 
+·02 
+~02 

+·02 
+·02 
+·02 
+·02 
+·02 
+·02 
+·02 
+·02 
+·02 
+·02 
+·02 

+·14 
+·14 
+·14 
+·14 
+·14 
+·14 
+·14 
+·14 
+·14 
+·14 

.lifer. [ 
// I 0 

+·06 I 21 
+·o6I 
-L-·06 
-+-·o6 
+·o6 
+·o6 
+·06 
-t-·06 
+·o6\ 
-l--·06 i +·o6: 

61 +·o 
+·o6 
+·o6 
+·06 
+·06 
+·06 
+·06 
+·o6 
+·05 
+·06 
+·o6 
+·06 
+·06 
+·o6 
+·06 
+·o6 
+·06 
+·o6 
+·04 
+·o6 
+·06 
+·o6 

// 

+·05 
+·05 
+·05 
+·05 
+·05 
+·os 
+·05 
+·05 
+·os 
+·os 

0 

21 

/ // 

16 24·16 
24·52 
24·45 
24·19 
23·90 
24·72 I 

24·63 . 

/ 

16 

24·29 
24·17 
23·9,S 
24·10 
23·90 
24·50 
24·b3 
24·77 
24·36 
24·3b 
24·03 
24·4r 
24·40 
24·38 
24·34 
24·58 
24·14 
24·23 
24·17 
24·35 

! 

j 

: 

i 

I 24·54 
24-38 r 

24·02 : 
; 

24·02 
23'32 
23'64 

/~ 

.. l 
I 

I 
24·86 i 
23·64 
24·27 
24·24 
23"51 
24·4o 
24·30 
24·47 
23·79 
24·09 
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Results fro1n observations for the variation of latitude at Waikiki, 
Hawaiian Islands. 

GROUP II, PAIR 2. 

Date. I Micrometer. Mean "'-PP· I Correction~- I 
Dec. I Latitude. 

I 892. t. ~- t. sd. 0 / / / l--,~-7.1i-· i--~-.,-,.-1-L-ev-, ,-e-!.-1··-R-1--1---:--JJ-~-e:---!-o--,--, ,-1 

May 22 16·93·3 17·95·0 21 16 00·981+0 23·59 - ·24 i +·01 +·05 I 21 16 24·39 
25 16·5 I "2 I 7·41·4 01 ·74 j 20·92 +I ·41 l +·01 + ·05 l 24· I 3 
28 16-77·4 17·62·6 02·38 19·76 +1·94 I +·or +·05 I 24·14 

7 17·21·6 18·02·7 04·58 18·81 + ·6s I +·01 -!-·os I 24·13 June 

:~ ~r~~:~ ~r~::~ ~r~ ~~::~I +~:~~ 11 +:~~ t:~~ ~::~~ 
14 1r77 ·1 18-50·6 05·99 11·05 + ·96 +·03 +·05 24·08 
17 , 16-83·9 17·64·0 06·61 18-58 -- ·65 I ·-+-·01 +·03 24·58 
18 \ 17·02·0 17·77·6 06·82 17-54 - ·13 I ~-or +·05 24-29 
25 I 17·00·5 1r61·0 08·36 15·43 + ·11 +·01 I +·05 23·96 

I i 
-----~--~---~--- ·----------------------'-----"'--------

; 

- ·881 1892. 
\lay 22 27-87·9 9·II·9 21 23 41·53 -7 15·20 -·13 +·05 21 16 25·37 

25 27-12·3 8·20·1 42·29 18·96 +1·991 --13 +·05 25·24 
28 27·34·6 8·44·5 42·96 18·48 + ·78/ -·13 +·05 25·18 

June 7 2r24·7 8·30·4 45·17 19·45 - ·32: -·13 +·05 25·32 
I I 27·51·1 8·44·8 46-08 22·23 + ·85\ -·13 +·05 24·62 
13 27·49·5 8·48·0 46-44 21·12 + ·58. -·13 I +·05 25·82 
18 27·79·5 8·76-5 47·50 21·47 -0·56] -·13\ +·05 25·39 
25 27·70·2 8·58·3 49·06 23·53 - ·33 -·13/ +·05 25·12 

I 
GROUP II, PAIR 4. 

--
I l 09·6ol 

1 I l 
1892. 

~ 

-•·19 I :\Iay 22 18·88·7 15·88·7 26 17 35·30 -1 -·02 +·05 21 16 24·54 
25 18·22·8 15·10·3 36·06 12·50 l + ·s0 1 -·02 +·05 24·09 
28 18·16·1 14·97·3 36·72 13·96 -+-1·17 l -·02 +·05 23·96 

June 7 18·14·5 14·92·7 38·98 14·65 I - ·04 \ -·02 +·05 24·32 
II 18·15·8 14·81·7 39·89 11·51 I +1·25 t -·02 +·05 23·66 
13 18·68·6 15·39·9 40·26 16-25 + ·21 : --·02 +·05 24·25 
18 18·59·7 15·31·8 41·34 16-071- ·91 I -·02 +·05 24·39 
25 18·45·0 15·16-8 42·95 18·46 ·- ·441 -·02 +·05 24·08 

I 

GROUP II, PAIR 5. 

; 

I t·o8·8' IO 28·401+5 
1892. 

May 22 26-47·8 21 57·02 -·77 +-wl +-05 21 16 24·8o 
' 25 26-19·5 53·08 +1·69 +·10. +·05 24·09 
i 10·97·5 29·17 
I 28 10·77·0 25·95·9 29·85 52·36 +1·25 +·10 +·05 23·61 
I June 7 10·91·1 26-o6·8 32·12 51·62 + ·38 +·10 +·05 24·27 

I 
II I 1·20·7 26-26-8 33"06 49·39 +1·54 +·10 +·05 24·14 
13 11·6<>-7 26·66·5 33·45 49·32 +1·20 +·.10 +·os 24·12 
18 111·55·1 26-65·2 34·04 50·32 --0·61 +·10 +·05 23·90 
25 11·39·4 26·33·2 36·24 46-54 +1·38 +-oS +·04 24·28 
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GROUP II, PAIR 6. 

Date. I :!\Hero meter. Mean a.pp. Corrections. I Latitude. Dec. 
-----

N s. it.fie. Level. Ref. ~'ffer. 

1892. I. d. t. d. 0 ,. ,.,. ,. ,.,. ,. ,. ,.,. ,.,. 0 , ,. ,. 
J\fay 22 12·88·4 23·6o·o 21 12 1r1s +4 o8·6o - ·58 +·07 +·05 21 16 25·32 

25 12·74·6 23·29·2 17·96 04·65 +1·85 +·07 +·05 24·58 
28 12·22·8 22·80·8 18·65 05·44 + ·70 +·07 +·05 24·91 

June 7 I3·49·7 23·95·2 20·92 02·541 +1·08 +071 +·05 24·66 
I I 1y33·3 23·75·1 21·88 01·68 -f-1·18 +·07 +·05 24·86 
18 I 2·85·9 , 23·32·0 23"38 02·68 \ =---1·06 +·07 +·05 25·12 
25 12·75·91 23·09·2 25·08 +3 59·71 + ·20 +·03. +·04 25·06 ; 

l ' : 

GROUP II, PAIR 7. 

1892. I -1·621 

i 
May 22 22·67·1 13·61 ·3 21 19 57·05 -3 30·13 -·o6 +·06 21 16 25·30 ! 

25 22·90·6 13·70·5 57"84 33·45 + ·27 -·o6 +·06 24·66 
28 23·00·9 13·73·9 58·54 35·05 + ·86 -·06 +·o6 24·35 

: 

June 7 23·31·7 14·02·1 60·82 35·65 - ·31 -·06 +·06 24·86 i: 

II 23·35·7 13·97·7 20 01·82 37·60 I + ·53 -·06 +·o6 24·75 ! 

18 22·39·1 13·07·2 03·35 36-19 -1·89 -·o6 +·o6 25·:!7 ! 

25 23·08·6 13·64·1 05·1 I 39·11 I -1·04 -·o6 +·06 24·96 
i 

GROUP II, PAIR 8. 

1892. 
May 22 15·53·4 20·50·1 21 14 30·50 +1 55·23 -1·44 +·03 +·05 21 16 24·37 

25 13·79·9 18·63·5 31·29 52·19 + ·74 +·03 +·05 24·30 
28 12·32·1 17·06·4 32·01 50·03 +1·83 +·03 +·05 2J"95 

June 7 12·69·4 1r39·5 34·32 49·06 I ·22 +·03 +·05 23·68 I 
I I 12·42·9 17·05·2 35·32 47·25 + ·64 +·03 +·05 2J"29 
J8 12·58·2 17·30·7 36-88 49·61 -1·79 +·03 +·05 24·78 
25 12·9y8 17·45·2 38·68 44·72 + ·40 +·03 +·05 23·88 

From the preceding individual values, all those nights were chosen 
on which complete series were obtained. These complete nights were 
collated for each group, and the daily means taken as furnished by 
ea.ch group. This made it posaible to redl6Ce each pair to a mean 
declination system by subtracting each separate, value of the latitude 
on any one night from the mean of all the pairs in the group for that 
night. Every night being treated in this way, and the mean bein~ 
taken, we have a. syst.em of corrections which, being applied to the1r 
appropriate pairs, reduce the individual values of the group to ~:me 
homogeneous syst.em. 
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Results from observations for the var1~ation of latitude at lVailiiki, 
Hawaiian Islands. 

These reductions are given in the following tables: 

Reduction ·to mea,n declination system. 

CROUP I. 

----~--- ----------·----

I. 
! 

i· I -,.-,.-1-· -~-:---'---~a~:- 6. 2. 3. 4. 

···- --------·--, ----·- -~-"-- i~ ---~~-

8. Sum. 

--,.-,-1 
1 

J 

! 
' ' I 

June 7 1--0·08 j -j-0·09 +0·07 
8 1-l- ·49 I+ ·15 - ·04 

I I + · 36 I + ·92 - • 5 2 

13 1-- ·23 + -03 + ·I I 
17 - ·10 + ·31 + ·27 
I 8 + · 5 8 + "12 + · 32 

+0·13 I --0·76 
+ ·08 - ·77 
- -36 - ·86 
+ ·09 - ·69 
- ·33 - ·47 
- ·65 - ·57 

- ·Io + ·o6 - ·40 
+ -14 - ·22 - ·55 

i +0·39 
1- ·03 + ·36 
+ ·51 
+ ·03 
+ ·08 
+ ·24 
- ·02 

I ,,. ) 

+0·13 

+ ·11 + ·12 

+ ·17 + ·36 + ·10 

+ ·42 + ·24 
22 - ·371· + ·16 
26 + ·14 +. ·28 

1892. 
Ap1·. 9 i - ·56 I:, :4505 - ·o6 + ·04 - ·68 + ·22 + -6o 

19 1- ·20 -- + -03 - -12 - ·72 + -32 + ·16 
24 ,- ·40 - ·01 + ·16 - ·04 - ·56 + ·31 + ·53 

May 4 + ·47 + ·17 - ·19 ·oo - ·23 - ·25 + ·06 
5 1· - ·30 + ·45 - ·09 - ·05 - ·51 - '01 + ·48 
9 1--:- ·15 + ·53 + ·03 + ·12 - ·65 - -13 + ·24 

13 1-- ·21 - ·36 + ·41· I+ ·12 - ·42 - ·01 + -45 
14 I - ·07 - - I I - ·06 1- ·o6 - · 19 + "I 5 + "35 
15 1- ·47 + ·08 + ··00191 ++ ··0104 - ·18 + ··2132 + ·50 
I 8 i - · 50 + . 16 - · 16 + • 30 
21 - ·06 + ·08 + ·13 - "20 - ·IO "OJ + ·17 
22 -

24 --
25 -
26 1+ 
28 --

·10 
-22 

·02 

+·OJ 
- ·02 

+ ·01 

+ ·or 

+ ·01 
- ·03 
- ·01 

I 
I 

+ ·03 
- ·03 I 
- ·q1 
- ·02 

+•QI 

- ·OI 

- ·04 
- ·01 

•<X) 

+ ·01 
+ ·OI 

+ ·03 

+ ·02 

·oo 
J June 

I 

29 - ·36 
3 + ·14 
4 - ·24 
5 - -10 

·or - ·29 + ·64 - ·25 + ·13 + ·02 

+ ·58 - ·14 + ·03 - -6r + ·07 + ·25 + ·13 + -22 - ·22 - ·45 - ·14 + ·57 
- ·15 + ·14 + -10 - ·40 - ·03 + ·15 
+ ·50 + ·05 ·10 - ·70 + ·05 + ·24 
- ·02 - ·o6 + -32 - ·40 + ·12 + ·40 
- ·33 + ·26 + ·19 - ·32 ·oo + ·08 + ·02 

- ·04 + ·02 + -21 - ·28 - -24 -- ·03 + -52 
+ ·58 ·20 - -24 - ·52 + ·01 + ·49 + ·02 

+ . 30 + ·o8 + 76 - ·64 - ·08 + ·05 - ·03 + ·15 - ·41 - ·28 - ·20 + ·07 + •JI + ·02 
- '01 + ·16 + ·13 - ·44 - ·49 + ·41 + ·23 - ·01 

II - ·50 
13 + ·58 

- ·44 + ·03 - ·o6 + -15 - ·46 + ·04 + ·72 - ·02 
22 - ·~9 + ·18 + -55 - ·04 - ·66 - ·29 + ·44 - ·01 ! 
24 - ·25 + ·65 + ·15 - ·53 - ·49 - ·46 + ·95 + ·02 1 

17 
18 

25 - ·21 + ·24 + ·21 - ·30 - ·61 - ·25 + -s9 - ·03 I 
---~-1-~~-1-----~~--1----1----1~~~-1--~--l - -~-. 

Means - .103 + .200 + .049 -· .043 - .485 + .047 + .331 ! - ·O<l4 I 
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Reduction, to mean declination system. 

GROUP II. 

Date. I. 2. 3. 4· 5. ! 6. I 7. 8. Sum. I • 

----·-- ---•m~~ 

_' ______ \ 

I 
189i. // /.; // // // // I // // 1'/ 

June 18 -0·25 -o·oo -0·30 +o-44 ~-0· 18 -0·52 -0-16 +0·58 -0·03 
26 ___L ·30 ·17 ·19 ' ·69 ·24 - ·58 I ·04 + ·21 ·02 I ...'.. __ -r-
27 ·09 + ·41 ·29 + ·09 ·17 - ·53 ·33 + ·60 + ·03 
28 !- ·47 + ·25 + ·03 ... L ·19 ·26 -1·02 + ·41 + ·go + ·03 

' 
I 

30 ·63 + ·54 ·13 ~ ·69 ,+ . I 3 ·81 ·09 ....L ·32 + ·02 

July 18 

I+ ·43 + ·71 ·60 

If 
·87 I+ ·04 ·36 ·37 I ~- ·25 + ·03 

26 ·86 + ·20 ·~8 ·46 ·10 ·42 ·16 +1·00 ·oo .> 
29 ·34 ___L ·45 ·10 ·30 l --+-- ·18 ·94 ·56 + ·34 + ·01 

I 

Aug. 5 1= ·56 + ·51 ·18 ·39 I ·06 ·96 + ·12 + ·64 + ·02 -r-
6 ·21 ·23 ·49 + ·89 + ·43 ·09 ·54 + ·25 + ·01 

IO ·41 !+ ·27 ·37 + ·19 + ·25 l= ·52 + ·I I + "46 ·oz 
13 ·27 

/t 
·36 

l 
·18 + ·64 + ·24 ·88 1+ ·12 ·06 ·03 

14 ·53 ·35 ·45 + ·73 + ·37 ·55 ·04 J+ ·09 ·03 

16 ·57 ·69 ·07 ;+ ·17 + "I I ·88 I ·05 I I ·60 ·co 1- 1.-1892. l i 
I 

! -1- l May 22 + ·01 + ·48 ·so l+ ·33 + ·07 ·45 ·43 ·50 + ·01 

I+ I+ ' 25 ·+ ·70 + ·21 ·go ·25 + ·25 ·24 ·32 ·04 - ·01 I 
I 28 I+ ·03 + ·16 ·88 I+ ·34 I ·69 ·61 ·05 '+ ·35 + ·03 I I+ 

--r 
I+ June 7 ·19 + ·30 ·89 If 

· 1 I + ·16 ·23 ·43 75 ·04 
I ___L 

I 

II _ _J_ ·6o + ·05 ·5 I ·45 ·03 ·75 ·64 ·82 ·01 1 I I __ .:____ 18 + ·23 T ·41 ·69 ·31 + ·So ·42 - ·57 ·08 ·01 I 

:::~= 
I 

I 

25 + 
:~:.\: 

·47 ·69 1+ ·3.s + 
::~1= 

·53 ! + ·55 + ·01 : ____ , 
1Vleans 

I ·3091- ·4171 + + ·2171 + 1 1- ·423 ·434 I 
I 

GROUP III. 

1891. // 
,, 

// // \ // , .; I // /' // 

I July 8 -0·19 +0·32 -0·35 -0·85 I +0·95 -0·03 1--0·19 + 0 ·33 -0·01 

17 - ·41 + ·09 + ·45 - ·27 + ·61 - ·49 -l-. ·07 - ·07 - ·02 

18 - ·44 - ·09 - ·40 - ·78 + ·82 + ·04 I+ ·12 + ·I I - ·02 

23 - ·34 - ·43 - ·75 - ·49 + ·So I ·I I /+ ·52 + ·56 - ·02 
I 

26 - ·21 + ·37 - ·77 - ·19 + ·83 - ·7 [ + ·40 + ·27 - ·01 

27 - ·19 + ·05 - ·03 - ·43 -1- ·31 - ·05 + ·52 - ·15 + ·03 
I 

Aug. 5 - ·42 + ·36 -- ·60 - ·18 + ·So - ·26 + ·20 + ·07 - ·03 

13 + ·23 + ·19 - ·05 - ·41 + ·79 - ·53 + ·13 - ·34 + ·oI 
14 - ·58 + ·39 - ·25 - ·14 + ·28 - ·32 + ·60 + ·02 ·oo 
15 + ·03 + ·39 - ·41 - ·54 + ·59 + ·16 + ·47 - ·67 + ·02 
16 - ·19 - ·05 - ·29 - ·15 + ·40 - ·27 + ·66 - ·09 + ·02 

26 - ·55 - ·01 - ·02 + ·07 + ·so - ·15 + ·49 - ·35 - ·02 

29 - ·03 - ·24 - ·19 + ·50 - ·24 + ·09 + ·53 - ·39 + ·03 

Sept. 2 - ·84 - ·10 + ·30 - ·12 + ·10 + ·07 + ·96 - ·38 - ·01 

9 - ·o6 - ·27 - ·01 - ·08 - ·15 + ·30 + ·52 - ·24 + ·OI 

18 - ·51 - ·22 + ·18 + ·24 + ·20 + ·02 + ·28 - ·18 + ·ol 

19 - ·6o - ·04 - ·20 + ·38 + ·42 + ·29 + ·33 - ·56 + ·02 
26 - ·So + ·18 + ·23 + ·25 + ·55 - ·28 + ·03 - ·12 + ·04 
28 - ·33 ·oo + ·o6 - ·24 + ·10 + ·14 + ·36 - ·12 - ·03 

---
Means 1- ·338 + ·047 - ·163 - ·181 + ·456 -·098 +·400 -·120 
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Rt:1t·ults from observations for the radation of latUude at lVaikiki, 
H awaiiml· Islands. 

Reductions to mean declination system. 

GROUP I\'. 

Date. • 1. 2. 3. I 4. I 5. . 6. 7. 8. Sum. j 
----·--- ---- -----1---1-----,----- ---· ·-.---- ,-·---· 

1891. I // l/ /, I // l // ii // ·. // // // 

Aug. 20 ' -0·24 { +0·74 + 1·17 i -0·19 1--0·70 i -0·09 i ~-0·26 !-0·47 ·04 
23 ·70 I -+- ·87 + ·50 ' ·26 ! -- ·66 + · 16 ·29 ! + ·39 I ·01 
25 ·63 + "22 --~-I ·40 j + ·04 ·50 : - ·06 ·77 ; + ·29 .01 
29 ·oo -+- ·29 __;_1·13 1-- ·41 j_ ·76 + ·08 ·58 ! · ·22 ·03 

Sevt 2 - ·52 i + ·52 -~ ·94 ! - ·of I - ·qo ·36 -- ·68 + ·32 + ·03 
. 9 - ·77 + ·33 +1·59 - ·08 - ·78 1

1 
--;- ·II - ·81 + 40 i - ·01 I 

IZ - ·46 -L ·76 +1·o6 - ·22 -1·02 ·04 - ·24 + :16 j ·oo \! 

15 - ·40 + ·35 + ·77 - ·13 - ·43 I+ ·07 - ·6i; + ·42 ·oo 
23 - ·18 + ·79 +1·23 - ·18 - ·49 ·zs - ·69 - ·21 \ + ·02 
26 - ·46 + ·10 + ·64 - ·19 - ·31 I+ ·30 - ·53 + ·49 - ·02 
2s - ·31 + ·21 + ·16 + ·09 - ·93 + ·69 - ·15 + ·21 + ·03 I 

Oct. 4 - ·z6 + ·53 + ·58 - ·04 - ·94 + ·37 - ·42 + ·171' - ·o1 
5 - ·34 + ·64 +1·14 - ·o6 - ·84 - ·35 - ·46 + ·24 - ·03 
8 - ·23 + ·16 + ·86 + ·06 - ·69 -; ·35 - ·74 + ·22 - ·01 

28 j- ·68 + ·88 - ·07 - ·28 -r20 +1·03 - ·oo + ·32 ·oo 
30 - ·49 + ·23 + ·71 - ·25 ! - ·51 + ·17 - ·51 + ·63 - ·02 

31 - ·20 - ·04 + ·99 - ·15 J- ·41 + ·:n - ·19 - ·30 - ·03 
Nov. 1 - ·32 + ·17 +1·05 + ·08 - ·79 --r ·39 - ·80 + ·24 +- ·02 

4 - ·37 + ·27 + ·53 - ·09 \_ ·53 + ·51 - ·99 + ·63 - ·04 
6 - ·47 + ·73 + ·84 - ·641- ·38 + ·30 - ·64 + ·26 ·oo I 

14 + ·01 - ·31 + ·52 --1-- ·45 - ·55 - ·03 - ·58 + ·45 - ·04 t 
17 - ·38 + ·22 + ·83 + ·04 I - ·81 --!..- ·58 - ·57 + ·08 - ·01 I 

Means r- ·382 + ·3961 + ·871 - ·uoi- ·690 + ·224\- ·552 + ·235: ____ '. 

GROUP V. 

j 1891. // n // I // // I I/ I // 11 I 
Oct. 4 o·oo --0·12 -0·58 +0·13 +0·50 '+0·2611 

-0·13 -0·06 
s + ·19 + ·11 - ·61 + ·25 + ·31 + ·30 - ·53 ·oo I 
8 - ·10 - ·23 - ·44 - ·02 + ·18 + ·24 . - ·22 ---l- ·55 I 

30 + ·74 - ·03 -1-18 + ·34 - ·13 + ·61 1- ·6s + ·29 
31 - ·12 -· ·28 - ·61 + ·32 + ·04 + ·66 I - ·46 + ·43 

Xov. I + ·31 - ·09 - ·75 - ·59 + ·19 + ·51 I+ ·13 + ·31 
6 + ·02 + ·27 - ·63 - ·08 + ·26 + ·69 - ·57 + ·07 

14 + . 16 + ·20 - ·77 - ·01 + · 19 + ·40 - ·48 + ·30 
11 - ·10 + ·31 - ·61 + ·09 + ·04 j + ·35 I+ ·01 ·11 
19 + "IO + '2[ - •63 + "IO + ·03. + '25 1' - ·27 + ·21 
21 - ·34 + ·36 - ·61 ·10 - ·15 + ·42 '+ ·29 + •JO 

/, 

0.00 

- .04 
- ·04 
- ·OI 
- ·02 
+ ·02 

+ ·03 
- ·01 

- ·oz 
·oo 

- ·03 

: l!ec. 
23 + ·31 + ·36 -1·.rs + ·35 - ·o5 + ·29 1 - ·01 ·14 
10 + ·05 + ·o6 - ·58 - ·3.:z + ·33 + ·26 + "03 + ·14 
12 + ·36 + ·53 -1·10 - ·14 + ·04 + ·62 - ·16 - ·16 

- ·04 
- ·03 

I 
' 

I 
\ 

- ·or 
- ·03 + ·02 

+ ·02 

- ·01 

15 ·oo + ·30 -1·o6 + ·12 + ·17 + ·34 - ·18 + ·28 
21 - ·22 + •13 - ·57 + ·48 -t- ·28 - ·03 - ·32 + ·27 
23 + ·51 - "03 -1·05 + "33 + ·65 - •II - "23 - ·05 
25 + ·31 + '09 - ·85 -t- ·31 - ·17 + ·42 - ·40 + ·28 
26 + ·21 + ·n - ·93 - ·03 ·oo + ·72 + ·20 - ·16 + ·02 

29 + ·14 + ·57 - ·62 - ·22 - ·22 + ·51 + ·13 - ·27 + ·02) 
JO + ·35 + '17 - ·57 - ·40 + ·78 + "02 - "49 + •JO - ·04 

Means + ·137 + ·146 ·- ·7&;+ ·04J + ·156 + ·368 - ·205 + ·110 j 

, _______ _ 

S. Ex.31-10 
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I 

I 

I 

Reductions tu 1nean declination systmn. 

GROUP VI. 

! 
5. 6. 7. 8. Sum. __ n_a_t_e_._1 __ 1~ ___ ! __ 2 __ ·_~ ·---~-

--- ·-·--- --- ---- ----
1891. 

Nov. 21 
Dec. 12 

I5 
23 
26 
29 

1892. 
Jan.. 5 

6 

// ,, 1 // 
-1·20 ! -0·26 +0·54 i +0·18 

·25 + ·55 ·26 ; + ·15 
·81 + ·60 ' + ·60 . ·01 
·47 + ·91 t + "I I + "20 
•I 8 + ·42 j + ·40 + ·46 

I 
·99 + ·35 l + ·17 + ·37 

I I 

' ,, 
i +0·02 
I+ ·59 1 + ·04 
I+ ·77 I+ ·26 
1- ·27 

ll + ·19 
- ·17 = :~~ ,. + :~~ I t :~ ~ :~ 

1~ 1- ·i1 + ·55 I+ ·17 + ·06 't ·09 
I - . 7 + ·37 ·20 ,- ·I I I ·09 
20 - ·42 I+ ·84 + ·42 - ·03 + ·31 
21 - ·55 - .09 !+ ·44 - ·05 + ·38 

l! 24 - ·99 + ·12 :+ ·05 ·39 + ·37 
27 - ·67 + • 1 I :+ ·39 ·54 - ·09 

Feb. 3 - ·92 + ·18 i+ ·19 ·58 + ·16 
6 - ·46 + ·06 i+ ·12 + ·05 + ·14 
8 -1·17 - ·07 t+ ·21 + ·77 + ·04 

12 -1'01 - ·17 i+ ·50 -t- ·50 + ·93 
13 -- ·64 + ·48 i+ ·39 l+ ·17 --r- ·10 

Means - ·701j+ ·303:+ ·2671 + ·2691+ ·208 
I 

GROUP VIL 

,, ,, // I ,, 1891. 
,, 

Dec. 29 -o·6o +0·10 +0·02 +0·02 +0·45 
1892. 

Jan. 5 - ·77 - ·16 + ·06 + ·17 +L·o4 
I I - ·83 + ·27 - ·05 + ·61 + ·79 
20 - ·30 - ·08 - ·39 + ·74 + ·64 
24 - ·69 - ·07 - ·17 + ·30 + ·84 

Feb. 2 -- ·65 - ·12 + ·28 + ·05 + ·79 
3 - ·29 - ·42 - ·07 + ·43 + ·85 
4 - ·83 + ·03 - ·o6 + ·45 + ·57 
8 - ·08 - ·04 - ·22 - . 15 + ·90 

12 + ·16 - ·22 - ·42 - ·30 +1·01 
:u - ·42 - ·49 + ·11 + ·31 -- ·62 

' 24 - ·19 - ·05 + ·10 -- ·09 + ·63 
27 - ·49 - ·12 - ·06 - ·19 + ·89 
28 - ·02 + ·03 - ·08 - ·04 + ·70 
29 - ·56 + ·16 - ·14 + ·16 +1·03 

Mar. I - ·24 - ·28 + ·07 + ·07 + ·70 
2 - ·39 + ·12 - ·29 + .31 + ·75 
5 - ·38 + ·29 - ·23 + ·10 + ·64 
9 + ·47 - ·55 - ·30 + ·33 + ·75 

IO - ·89 + ·45 - ·oz + ·14 + ·87 
13 - ·31 - ·23 + ·37 + ·31 - ·01 
16 - ·31 + ·01 - ·19 - ·04 + ·81 
24 - ·74 + ·3'1 + ·11 + ·20 + ·56 

·4o61-
I 

·o68 Means f- ·0461- + ·169 + ·731 
' 

// 

-o·oo 
·58 
·24 
·30 
·76 
·15 

- ·5 I 
- ·58 
- ·36 
- ·26 
- ·22 
- ·19 
- ·52 
+ ·39 
- ·42 
- ·67 

! // 

i +0·53 

I
'+ ·17 
+ ·19 
- ·56 
+ ·21 
+ ·50 

. --t- ·3 
- ·18 
- ·13 
+ ·16 
+ ·30 
+ ·10 
+ ·50 
+ ·08 
- ·03 
+ ·45 

,, 
+0·20 

·39 
·38 
·68 

.+ 
\_ 
l-
1 + 
+ -
+ + 
-
-
+ 
-

1-
1-

·78 
·01 

·66 
·40 
·32 
·01 
·35 
·33 
·14 
·38 
·10 
·14 
·27 
·29 
·32 

I 

,, 
+0·01 

·02 
·01 
-02 

+ ·03 
·01 

·oo 
·03 

+ ·02 
- ·04 I 

+ ·01 
I - -o~ .l i - ·02 I - ·02 i 

·oo ! + ·03 ! 
- ·02 l 

+ ·01 i 
- ·04 I 

- ·342 + ·190!-
·2031 ___ 

' i 

/I I ,, // ,, 
-0·32 +0·32 +0·02 +0·01 

- ·82 + ·16 + ·35 + ·03 

- ·35 - ·23 - ·25 - ·04 I 
- ·64 - ·18 + ·17 - ·04 
- ·32 - ·17 + ·27 - ·01 

- ·25 - ·37 + ·30 + ·03 
- ·27 - ·21 - ·03 - ·01 I 
- ·14 + ·02 - ·04 ·oo 
- ·1> + -30 + ·03 - ·01 

- ·45 - ·02 + ·26 + ·02 
- .58 + ·11 + ·35 + ·01 
- ·39 - ·17 + ·16 •()() 

- ·05 - ·07 + .05 - ·04 
- ·53 - ·19 + • 11 - ·02 

- ·42 + ·63 - ·28 - ·02 

.- ·66 + .15 + ·17 - ·oz 
- 78 + ·14 + ·13 - ·01 
- ·54 + ·10 + ·02 •()() 

- "73 - ·08 + ·14 + ·03 
- ·26 - ·24 - ·07 - ·02 

- ·75 + ·39 + ·21 - •OZ 

- ·69 + ·27 + ·14 -oo I 
- ·54 - ·29 + ·36 - ·03 I --1 

·4881-- ·010 ;- ·1i:2 
I 
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Results froni observa.tions for the variation of latitude at lVaikiki, 
Hawaiian, Islands. 

Ileductious to 'mean declhuction s.lf8icm. 

, GROCP VIJL 

Date. I. 2. 3· 5. 6. 7. s. Sum. 
; 

~ ' ; 

I 
-------·----1-----;----,----i~~---;~--, 

I 1892. 
Feb. 3 

/, /, ,, I // i ,, // : u I // I ,, 
+0·63 +0·31 -0·46 I -0·04 '--0·59 +0·61 ! --0"12 i -0·36 -0"02 
+·41 +·22 -·6oj+·o3J-·29 +·18:;-·10'-·04 +·01 i 12 

i 

I 

i 

~lar. 

Apr. 

:\lay 

27 
28 + ·15 + ·01 ·52 + ·07 - ·29 + ·21 j + ·25 + ·13 + ·01 

+ ·441+ ·24 ·30 - ·471- ·20 + ·61 ! + ·33 ·63 + ·02 

2 - ·14 - ·01 ·19 + ·39 - ·33 + ·22 -- ·36 + ·44 + ·02 
5 + ·17 + ·27 ·50 + ·03 + ·25 + ·05 ·26 ·03 ·02 
9 + ·07 + ·21 ·69 - ·35 ·17 + ·59 + ·15 + ·20 + ·or 

IO 

23 
24 
29 
30 
31 

9 
19 
24 

2 

+ ·34 ·02 ·72 + ·07 + ·30 ·08 ·46 + ·6o + ·03 
+ ·03 + ·69 ·51 ·05 ·17 + ·22 + •07 ·27 + ·01 + ·01 ·14 ·37 .04 ·05 ·oo j + ·26 + ·29 ·04 

l
- ·24 + ·18 I ·71 ·161 ++ '35 - ·041- ·04 + ·66 ·oo 
- ·08 + ·2 51 ·43 ·20 ·35 + ·35 + ·og ·32 + ·or + ·05 + ·15 "74 + ·01 ·39 + ·35 + ·43 + ·13 ·01 
i- ·41 + ·18 ·37 ·08 1- '20 + ·26 \ + ·21 + ·37 ·04 
! + '25 '23 ·66 ·13 I+ '30 + ·34 i + ·JO ·OO •03 

·06 + ·18 ·26 + ·22 1- ·09 + ·28 1- ·34 + ·07 ·oo 

5 
I ·10 ·27 + ·23 ·19 II+ ·09 + ·33 1- ·12 1.t ·05 + ·02 I+ ·31 + ·1s ·64 ·41 - ·15 + ·59 r - ·09 • -21 + ·03 

! + ·1 III-+· ·1321- ·469 ·0721-- ·07; + ·282\ + ·ou j + ·083 ----1 Means 

The preceding tables give the following summary: 

Reductions to ·nieaii declination. system. 
-

Pair- ! 
<_;roup. ---~-~-

j 

I \ ! I I 
, 
! .. 2. i 3· I 4 5· 6. ! 7 . 8. i 

! I ! 
-~-~ 

! 
-----·-- - --- --- - - -- ---··-~-- ---~~-·---~· ,. ----i 

I ' I 

I /'/ // I 
~/ i // j // //' ,, 

I /'/ 
' I -·10 + ·20 + ·05 -·04 -·48 +·05 +·33 

II -·12 +·31 -·42 + ·42 +·18 -·59 -·22 + ·43 I III -·34 +·05 -·16 -·18 +·46 -·10 +·40 - ·12 

IV -·38 +·40 +·87 -·11 -·69 +·22 -·55 +·24 
v +·14 + ·15 -·76 +·04 +·16 +·37 -·20 + ·11 

VI -·70 + ·30 + ·27 +·27 + ·21 -·34 + ·19 -·20 
VII -- ·41 -·05 -·07 +·17 +·13 -·49 ·-·01 + ·11 

VIII +·11 +·13, -·47 -·07 -·07 +·28 + ·01 +·08 
I 

The foregoing mean corrections being applied to the iudividual 
values for each da:.y, and the daily means being taken, we have the fol
lowing reduced values for each group and date of observation: 
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Corrected daily niea·ns. 

I !No iNo I iN 
1 

N I N N ~ 
i Date. Group' of. Groupi of. Groupl 0~· I Date. Group 

0
• Group 0

• Group 0
• 

: I. pairs. II. )pairs. III. pairs.j 1· p~~s. II. pai~. III. pai~s 

J1-J-u1-I~-.;/-I-.-67-i--:-:2_0_ 6

7 

---;;- -- --;;- __ I _J_u_~_8_!_1-~-7- ::35 -6- -4-,.:-4_3_ --8- l'I' -- , 

4·59 28 4·70 6 4·23 8 
8 4·33 7 30 4·54 6 4·45 8 

4·52 6 July 4 / 4·22 7 4·21 
IO 4·37 6 4·26 5 7 4·73 3 
11 4·50 7 4·29 4 8 14·24 7 4·41 
12 ;4·43 5 !, 17 4·08 I 5 4·09 
13 i 4·59 1 4·56 1 ! .. :·:f. 18 '· 

4
4·.0

3
5
2 1

1 s 4·20 
I 5 4·35 6 4·14 I i 22 I l 6 4·26 
16 : 4·68 I 6 ll I 23 / 4·241 5 4·34 
17 ] 4·59 Ji 7 ! 4·54 7 .! 24 14·08 4 4·43 
18 :4·70 714·6o 8 jli 25 1375 2 

19 1 4·23 I 6 4·56 6 11 26 
1

4-22 s 4·11 
22 4·44 7 14·45 7 ! 27 4·32 7 4·05 I 
24 4·47 6 4·45 4 I' 29 4·04 8 3"91 
25 4·62 21 30 4·12 2 4·27 
26 4·40 7 4·56 8 31 3·93 3 4·~3 

9 7 

8 
8 
8 
5 
8 
I 

8i 

;1 
21 

Date. Group 
II. of I 1 of IV of Date. 1 of 1 of of 

pairs. 1 · pairs. · pairs. I. pairs. Ill. pairS. IV· pairs. 
No. [Group No. Group! No. I Group' No. :Group No. Group I""o. ! 

1--1-8_9_1 __ -1-,.-,--1----;;-----;;-- __ 1 __ 1_8_9_1_. - --,.-,.~ ---,.-,-

Aug. 2 4·24 7 4·21 7 , Aug. 25 4·34 
3 4·20 7 4·26 6 1 26 4·21 
4 4·08 7 I 29 4·03 
5 4·16 I 8 4·12 8 I JI 4·24 
6 4

3
_·
99
1 I j' 8 4·23 5 j Sept. 2 4·06 

7 7 4 · 2 I 7 6 4 · 20 
IO 4·15 8 4"12 7 i 9 ) 4·24 

11 4·281 2 \ 12 14·00 
12 3·87 I I 15 4·09 
13 4·02 8 4·07 8 18 4·08 
14 4·03 8 3·78 8 19 4·10 
15 4·02 7 4·21 8 . 23 3·87 
16 3·99 8 4·19 8 26 4·08 
20 4·10 7 3·94 8 27 3·98 
22 4·21 1 3·80 2 28 4· 18 
23 4·14 7 4·10 8 

7 
8 
8 
7 
8 
6 
8 
7 
6 
8 
8 
3 
8 
7 
8 

I' I' 

4·02 

3·66 
4·19 
4·14 
4·12 
)"89 
3·88 
3·79 

8 

8 

ii 

~I 
8 

7 
8 
8, 
7 I sl 

1 
==========i====.=======i=========~============i===~========~====!====4===: 

/
~· I N N N N I N No I 

Date. Group 0 f.· GVup 0 ¥· Group 0 {" Date. GToup 0 t Group 0~· Group of· i 
IV. pairs. · pairs.. VI. pairs. IV. pairs. V. pairs. VI. pairs.! 

---- --- --- ----------- ----- --- ----- ------ --·· 
1891. 

Oct. 4 
5 
8 

IO 
14 
.i:6 
17 
22 

( 

28 
30 
31 

f Nov. I 
I 4 

/
! 11 

12 

/I' 

4·o6 
3·84 
3·86 
4·00 
3·79 
3·72 
3·56 
3·83 
3·86 
4·19 
3·92 
3·91 
3·82 
4·04 
3·54 
3·48 
3·6o 

8 
8 
8 
6 
2 

7 
2 

"6 
8 
8 
8 
8 
8 
8 
7 
4 
5 

/I' 

3·92 
4·01 
4·04 

3·98 

4·o6 
3·94 
4·01 
3·g6 
3·99 
3·99 
4·03 

4·22 

8 
8 
8 

7 

I 

3 
8 
8 

~1 s, 

2 I 

I' I' 1891. 
Nov. 13 

14 
15 
16 
17 
19 
21 

23 
30 

.I Dec. 1 

ii 5 
:~1 6 

I .~ 

I 
12 

13 

/I' 

4·09 
3·92 

3·63 
3·20 
4·02 

I' I' 

4 4·07 
8 4·o8 
2 
I 
8 4·16 

4·07 
4·10 
4·15 
3·89 
4·07 
3·87 
3·99 
4·31 
4·28 
4·30 
4·13 

7 
8 

8 
8 
8 
8 
7 
3 
5 
6 
7 
8 
8 
3 

// 

3·94 
4·12 

4·00 
4-07 
3·91 

3•98 
4·18 
4·15 

7 
8 

I 
l 
t 

~ I 
~ ) 

I 
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Results from, observatioru; for th~ 1Yrrfotion nf latitude at Wafkiki, 
Hwwa ii an Island.-.:. 

Corrected daily means. 
-····------------ ·- ------

I 
i No, of) Date. Group No: of 1 Group I No. of Group Group No. of 

v. pans. VI. pairs. 1 YII. pa.us. ! VIII. pairs. 

I i---1 I ! 
1891. I // // 

I • ! 
// 

I I 
// 

Dec. 15 

I 
4·00 8 4·04 

17 4·21 5 i 
I 

I 

19 4·14 6 4·21 I 5 ; I 

I 4·r2 8 

I 
I 21 r 

I I ! j 

23 4·21 8 4·20 

I 
8 I 

\ 
I 

- l 

I 
24 I 3·93 7 3·92 I I I 

25 4·17 8 4·15 5 
26 4·20 8 4·22 

I 
8 I . 

i 
27 3"59 2 

I I 28 3·99 I 4·27 7 
I 

l 
29 4·03 8 4·19 I 8 4·60 I 8 

i 30 4·12 8 4·04 I 7 ' -1892. I 

! Jan. I 3·87 2 I 
2 4·69 J 

I 5 4·65 7 3·92 8 3·84 8 
6 3·98 8 3·78 7 

IO 3·96 7 4·89 I 
I 

I r 
I I 4·20 6 4·24 8 I 

12 4·43 8 4· 1 9 
! I . 5 ' 

\ 15 4·33 3 
' 

I 

16 3·94 2 

18 4·10 .) 8 4·59 4 
19 3·88 5 ~ 

20 4·12 8 4·04 .s i 
21 4·00 8 4·23 5 ! 

23 4·20 7 4.30 7 ! I i 24 3·97 8 4·40 8 I 
I 

I 25 4·16 7 4·46 7 I 

l i 

27 4·76 8 4·43 6 I 
I 

Feb. 2 4·36 I 4·57 s I 
3 4·12 8 4·53 8 

I 4·49 ! s 

I 4 4·40 7 4·42 ~ 

l 6 4·24 8 4·26 5 l 8 4·19 8 4·42 8 4·40 7 

-
Group No. Group No. Group No. Group No. IGroup/ No. Group No. 

Date. VI. of VII. of VIII. of Date. VI. ~f VII. ~f VIII. of 
pairs. pa.irs. palt"S. paus. pairs. pairs. 

----I- --------
1892. ,, ,, ,, 1892. ,, /.F ,,, 

. Feb. 11 4·25 3 Mar. S 4·86 8 5·07 8 
12 4·51 8 4·34 8 4·40 8 8 4·78 7 

! 13 4·00 8 4·42 8 9 4·36 8 4·79 8 
' 14 6 4·79 4·70 8 4·66 8 4·23 I I IO 

I 19 4·36 6 13 4·61 8 4·52 7 

I 
20 4·39 6 4·38 7 14 4·77 7 4·75 2 
21 4·22 6 4.67 5 4·69 7 16 4·71 8 4·18 I 
22 4·34 7 19 4·72 5 
23 4·10 7 4·88 7 4·38 7 

I 
20 4·68 6 

24 4·73 8 21 4·87 7 4·8o 6 

I 26 4·67 5 23 4·75 8 
I 27 4·66 8 4·56 8 24 4·84 814·72 8 
I 28 4·54 8 4·77 8 29 4·66 6 4·76 8 
' 29 4·56 8 4·83 7 30 5·o8 4 4·71 8 
! Mar. I 4·70 8 31 4·74 7 4·8:r 8 
' i 2 4·59 8 4·78 8 Apr. 6 4·70 6 
I 

i 4 4·85 7 
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Corrected daily means. 

I I I Grov.I No. lGroupl No. Group No. \ Group No: Group ~{· Group No. 
: Date. VII . ~f ! I. ".f IL ·' ~f I Date. 

VIII. p~~s. of 

I __ i pairs.I __ ; pairs. __ pairs.
1
• l. pairs. 1 l. pairs., 

I i I . i' ----------! 
i892. n i n n IJ 1892. l'I' ,, /I' 

1 Apr. 9 4·98 8 I 4·76 7 ,I May 2 4·75 8 
i IO 5" 2 5 l I j 

4 4·4S 7 4·69 7 
i 13 4·42 2 5 4·71 8 4·77 7 l 

I 

I 
14 4·83 5 ! 6 4·83 4 

! 15 4·48 3 I :1 7 4·99 I 
i 16 4·38 5 I 4·78 4 

'! 
9 478 5 I 4·41 7 I I 

I 
17 4·44 I 5 ! IO 4·72 5 4·52 2 
18 4·81 5 i 

f I II 4·65 5 I 1 19 4·68 8 4·68 7 13 4·43 7 
J 20 4·83 4 14 4·63 6 4·45 7 I 21 4·80 5 p; 4·69 5 4·40 7 

I 
23 4·84 6 4-71 6 18 4·72 6 4·80 7 
24 4·66 8 4·72 7 21 4·80 7 
25 4·84 7 4·67 6 22 4·68 5 4·79 7 4.87 8 

I May 
29 4·45 3 23 4·81 5 4·73 6 

I 4·69 I 4 4·6o 6 
I ' 

l 
Group No. of Group 1 No: of 

I Group I No. of Group No. of Date. I. pairs. II. pairs. Date. 

t 
I. pairs. II. pairs. 

i I I ~ 1892. // // i892. I'/ /I' 
I 
I May 24 4·61 7 

II 
June II 4-40 7 4·1 I 8 

! 

I i 25 4·6o 7 4·34 8 12 4·66 3 

i 26 

I 4·56 7 13 4·65 7 4·68 5 
27 4·40 5 ... 14 4·51 5 4·28 2 

I 28 4·62 7 4·30 8 17 4·61 7 4·89 I 

29 4·74 7 18 4·74 7 4·7o 8 
1 30 4·43 I 19 5·04 I I June 3 4·66 7 22 4·46 7 

4 4·66 l 7 23 3·67 I 

5 4·7 2 7 24 4·27 7 
6 4·62 

f 

I 25 4·53 7 4·43 8 
7 4·45 6 4·44 8 

In order now to connect the groups and reduce each one to the first 
taken as a basis of coillparison, the weighted means a.re taken for 
those parts of the preceding table wbich overlap, and we thus get the 
following group connections with their respective weights. The num
bers of pairs indicate the weight, and are placed to the right of the 
quantities to which they apply. 



 

- ·--·-~- -------- -- -----·. --

GROUPS-

II. III. IV. v. VI. VI'I. VIII. 

4·17 (146) 
J88 (nS) 

4·02 ! 99l 
4'09(119) 

4·22 ( 16) 

4·13 (128) 
3'87 (134) 

4·13 158 
4·24 26) 

4·21 (176) 4'38 ( 145) 
4·25 ( 82) 

4·63 (221) 
4·47 ( 37) 
4·68 (161) 
4·71 (149) 
4·74 ( IO) 

, 
- ---

From the above group connections the following conclitional ef1uations ariso: 
" 

v +v +v +v tv +v tv +v =+·or 
2'I 3'2 4·3 5·4 6'5 7'6 8·7 I ·8 
v _, ::::: + ·08 
2·1 2·1 

f v +v +v =+ ·15 
6·5 t6 . 7'5 

f v f v -v - ·oo 
t6 8·7 8·6 ,. f v ~v =-·32 

2'( r·S 2·8 

Where v is correction to be applied to the connectic1n between Group II and Gronp I~ 
2'1 

and so on 

-

1. 

4·65 (114) 
4·87 ( 8) 

4·59 (140) 4·46 (65) 

~ 
t:rj 
~ 
0 
~ 

"" "rj 

0 
~ 

""' ~ 

~ 
8 

""" 1-1 • 

""'"" C..,'1 
!--'-
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The correlative equations are-

v k1 k2 k3 k_. k,, 

----- --~--· 

2·1 +1 +1 
3·2 +1 
4·3 +1 
5·4 +1 
6-5 +1 +1 
7·6 --f- I +1 +1 
8·7 +.1 -i I 
i:·S +.1 +1 
2·1 -1 
7·5 -1 
8·6 -I 

2·8 -I 

From wl1ich the -following norinal equations are derived: 

k, 
r 

k2 
r 
I 

1 I 

I +1·23 +0·23 
+0·45 . 

-The solution gives-

k3 k. 

+0·27 +0·23 
·oo I 

+1·28 I + 
+ 

I 
k1 =-0·0193 
k2 = + ·257 
k:-.=+ ·119 
k .. =- ·0192 
k5 = --· ·140 

·oo 
·13 
·62 

I k6 

I 
) 

+0·38 
+0·23 

·oo 
·oo 

+2·63 

I 

p 

0·226 
·131 
·163 
·175 
·147 
·126 

·107 
• J 55 
·225 

l"OIO 

·392 
2·250 

I 
i 

// 

=+·01 
=+·08 
=+·15 
- ·oo -
=-·32 

The adjustment of the outstanding differences brings out the follow· 
ing equations: 

II - I= - ·05 (1891) 
Ill - II = + ·04 
IV- Ill=-·25 
V- IV=+·15 
VI- V=-·04 

VII- VI=+·i:7 
VIII - VII= + ·05 

I-VIII =-·o6 

I =+·01 

II- I= - ·13 (18g2) 

VII- V=-»02 

VIII- VI=+·22 

II - VIII = + ·I J 

The error of closing may result from errors of observation or :from a 
slight error in the constant of aberration. If the accepted constant 
(20"·445) is too small, as seems to be indicated by other observations, 
then there m.nst have been some compensation in the observing~ be
cause the outstanding error, +-01, is practically insignificant. 

As several determinations of the constant of aberration give a valne 
not far from 20"·50. it is worth while "to RAA whn.t Aff'Mt. this value would 
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Results from observations for the 1-'arfaUon of latitude at Wa,ikiki, 
Hau:ai·ian Islands. · 

have if introduced in the computation of the apparent places of the 
stars. 

To this end all those values of the terms involving the constant of 
aberration for the dates of observation common to two successive groups 
were tabulated. Taking a inea.n for the two stars of each. pair and the 
difference between the corresponding pairs of successive groups, the 
final mean values gave the following e:ffec.t of those terms on the group 
connections : 

I II III IV V VI VII VIII I II 
4"''5 3"·6 4°·3 4"·0 4"·9 4"·5 4""·3 31'1'·5 5//·2 

Had we used a value of 20''·50 in the reduction of ~he star places the 
effect on the group connections would have been-

d A . -om:; --- multiplied by the above numbers, or -- x 4"·5, ~tc., as follows: 
A 20·45 

I II III IV v VI VII VIII I II 
"'"012 '"·010 "'·012 "'·01 I ''·013 ''·012 

The sum of these is +"·10, so that if we accept the supposed value of 
the aberration constant there would remain an outsta.nding error of 
+"·11 from observation arising from the uncertainty of the group con
nections. If we admit a certain compensation in the errors of observa
tfon then the above investigation would rather confirm the value 
20"·445, or at least indicate that it should not be changed more than 
one or two hundredths. 

The values ofk1, k 2 , k 31 k 4, and k5, being substituted in the correlatives, 
give the following values for V: 

v ,, 
2·1 = +·022 
3·2 =-·003 
4·3 = -·003 
5·4 =- -·003 
6-5 = +·0•5 
7·6 = +·010 

v ,, 
8·7 = -·004 
1·8 =-·025 

(2·1)= ;-·058 
7·5 =-·120 
8·6 = +·008 
2·8 = +·314 

and the corrected reductions between the groups are-

l 
. I 

R + I -
---~--~-' ----·-~----

I i 
! I'/ \ '' 

2•1 0·072 i 

3·2 
! 

0·043 
4·3 -247 

5·4 ·153 
6-5 ·o55 
7·6 ·16o 
8·7 ·054 
1·8 ·035 

Sum 0·409 ( 
0·410 
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The final corrections therefore to reduce the different groups to one 
homogeneous system are- ,, ,, 

I = o·oo V = + o· 1 a 
II = + ·07 VI = + · 18 

III = + ·03 VII = + ·02 
IV=+ ·28 VIII=- ·04 

App1ying t~ese to the daily means of the groups, each one of which 
ha.s been reduced to its own mean declination system, we get the fol
lowing table. Each individual value is introduced with its appropriate 
weight. 

I Date. l Lat. Pairs.11 Date. I Lat. l Pairs.ii Date. Lat. ip. I 
I j a1rs.

1 
--1 ; -I· --1 

\ 

! I i \ 1891. ,, l 1891. 
,, 

1891. 
,, 

June 6 4·20 6 Aug. 20 4·18 15 I Dec. IO 4·39 I I I 7 4·59 7 22 4·20 9 12 4·38 14 
8 4·33 7 23 4·28 15 13 4·25 3 I 9 4·52 6 25 4·33 15 15 4·17 16 

IO 4·35 I I 26 4·24 8 17 4·33 5 
II 4·45 11 29 4·00 16 19 4·32 11 
I2 4·43 5 31 4·37 14 21 4·24 8 
13 4·61 14 Sept. 2 4·26 I6 23 4·36 16 
15 4·33 7 

i '6 4·32 13 24 4·06 8 i 
16 4·68 6 9 4·2:z 16 25 4·31 13 
17 4·60 14 12 4"}0 15 26 4·36 16 
18 4·68 15 15 4·09 14 27 3·71 2 
19 4·43 12 18 4·11 8 28 4·41 8 
22 4·48 14 I9 4·07 15 29 4·38 24 
24 4·49 IO 23 3·91 II 30 4·23 15 

J 
25 4·62 2 26 4·10 16 1892. 
26 4·52 15 27 4·o3 14 Jan. I 3·99 21 
27 4·44 14 28 4·07 16 2 4·8I I 

I 28 4·47 14 Oct. 4 4·19 16 5 4·22 23 
30 4·53 14 5 4·13 16 6 3·99 15 

July 4 4·27 14 8 4·15 16 10 4·24 8 j 

' 7 4·8o 3 10 4·28 6 II 4·31 I4 l 
8 4·38 15 14 4·07 2 I2 4·46 13 

17 4·I3 13 16 4·05 14 I5 4·51 3 
18 4·18 16 17 3·84 2 I6 4·12 2 
22 4·34 11 22 4·12 7 t8 4·52 12 
23 4·35 13 28 4·12 II 19 4•o6 5 
24 4·2I 5 30 4·30 I6 20 4·18 16 
25 3·82 2 31 4·14 16 

I 
21 4·21 13 

26 4·25 16 Nov. I 4·15 16 23 4·35 14 
27 4·23 15 4 4·10 

I 
15 24 4·29 16 

29 4·05 12 6 4·24 16 25. 4·41 14 
30 4·28 9 7 3·82 7 j 

"f I 
4·73 14 

31 4·10 5 10 3:76 4 l Feb. 4·58 9 
Aug. 2 4·28 I4 12 4·01 7 4·43 24 

3 4·28 13 13 4·26 II 4•51 15 
4 1 4·15 7 14 4·20 16 6 4·37 13 

\ 15 3·91 2 8 4·39 23 I 
5 4·19 16 I 16 3·48 I II 4·43 3 
6 4·21 IJ I7 4·29 16 I2 4·47 24 
7 4·15 14 19 4·16 15 13 4·31 16 

10 4·I9 15 21 4·26 16 14 4·47 7 
II 4·35 2 23 4·27 8 I9 4·38 6 
12 3·94 I 30 4·10 14 20 4·48 . 13 
IJ ;::; j 16 Dec. I 4·23 IO 21 4·58 18 
14 16 5 4·05 1:2 22 4·52 7 
15 4•17 15 6 4·11 6 23 4·51 ::u 
16 4·I4 16 9 4·30 1'4 24 4·75 8 
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Results from obsen_,ations for the i~a.riatfon of lat-it-uile at Wa.ikiki, 
HamJaiian Islands. 

__ n_a_t_e_. --i~-La~t_._ 1!_ P_a_i_rs_. \ __ n_a_t_e_. _ 1 __ La_t. __ i_•a_i_rs_.1

1

. 

1 

__ o_a_t_e. __ (, 

1892. ,,, 1892. : u I 1892. 
Feb. 26 4·69 5 Apr. 14 ' 4·79 5 Ii May 22 

~~ I ::~ ~~ !l I ::~ ~ Ii 23 
29 4·68 158 I 17 . 4·40 5 l ~; I 

;\far. ~ I ::~~ 16 ~: l ::~~ I~ I ~~ I 

4 4·81 7 20 4·79 4 I 2s 
1 

5 4·96 16 21 4·76 5 29 ! 
8 4·74 7 23 4·76 12 I 30 
9 I 4·57 16 \ 24 4·67 15 I June 3 

IO 4·67 16 25 l 4·74 13 4 
13 I 4·56 15 29 4·41 3 s 
14 1 4·77 

9
9 

1
! May 1 4·62 10 6 

16 4·66 2 I 4·71 8 7 
19 4·74 5 4 4·57 14 
20 4·70 6 5 4·72 15 
2I 4·83 13 6 4·79 4 
23 4·71 8 7 4'95 I i· 
24 I 4·77 I6 9 4·55 I 2

7 
j 

29 I 4·70 14 IO ii 4·63 
JO) 4·81 12 II l 4·61 5 
~1 4'77 15 13 I 4'43 7 

Apr. ·' 6 4·66 6 14 4·51 13 
9 4·86 15 I5 4·50 12 

IO 5·21 I I8 4·74 13 
IJ 4·38 2 21 I 4·80 7 

I 

II 
I2 

13 
I4 
17 
18 
19 
22 

23 
24 
25 

: I 
Lt 'p. I 
a. 1_:::: I 
nl 

4·81 
4·75 
4·61 
4·50 
4·56 
4·40 
4·49 
4·74 
4·43 
4·66 
4·66 
4·72 I 
4·62 
4·48 i 
4·28 
4·66 
4·69 
4·46 
4·65 
4·76 
5·04 
4·46 
3·74 
4·27 
4·51 

20 

II 

7 
15 

7 

·~ I 
7 
7 
7 
I 

14 
15 

3 
12 

7 
8 

1s I 
i I 
7 

r5 

These being collected for short intervals in such a way as to give 
about equal weights for each period as regards nights and pairs, we 
have the following table for the variation of the lat.itude of Waikiki 
from June 8, 1891, to June 21, 1892. 

From the preceding method of reduction it will be seen that these 
Yalues, as far as concerns the changes of latitude, are entirely free 
from errors of declination. 

. 

Date. La.t. Prs. 'Nts. / Date. Lat. ~i~I Date. Lat. 1~ Nts. 
' ---1 I 1891. n• 1891. 

,, 1892. ,, I June 8 4·41 48 6 Oct. 24 4·17 l 52 I 5 Feb. 25 4·59 57 5 
14 4·55 t 46 5 Nov. 3 4·16 I 47 l 3 29 4·68 55 4 
21 4·53 51 4 Io 4·09 45 ! 5 Mar. 7 4·78 46 4 

'• 

I July 
27 4·48 45 4 I 18 4·21 50 5 12 4·65 40 3 

8 4·36 59 5 I 30 4·14 50 5 20 4·74 41 5 
' 2I 4·28 40 3 Dec. 13 4·30 58 5 27 4·76 42 3 I 
I 26 -4·21 38 4 21 4·28 61 6 Apr. 7 4·76 47 7 I 
I Aug. I 4·21 53 5 27 4·35 50 4 18 4·64 43 6 
i 6 4·18 50 4 1892. 26 4·70 43 4 
I 12 4·09 50 5 Jan. 2 4·23 41 4 May 3 4·65 47 4 
l 18 4·16 46 3 .. I 4·25 55 6 

IO \ 
4·57 49 1 7 

I 24 4·27 47 4 ! 20 4·26 46 4 18 4·72 52 1 \ I 
l Sept. 2 4·23 59 4 \ 24 4·35 :; I 3 25 4·58 451 ! 13 4·14 53 4 3I 4·55 3 June 

.i I 4·62 45 7 
23 4·04 56 4 Feb. 61 4·42 

s· I 3 4·48 
5• I 5 

I Oct. l 4·13 48 3 12 4·41 43 3 21 4·56 54 7 
12 4·13 38 4 18 4·51 44 4 ·-
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The. preceding values a.re shown graphically in il~ustration No. 15. 
It is evident that a sine curve follows in a geueral way the law of 

the variation of the latitude. Coefficients for this equation were first 
determined assuming a period of 415 days for the complete revolution 
of t,he axis of rotation about that of the earth's figure. This brought 
out the fact that the period chosen was entirely too long, and, mo1·eover, 
that· a second periodic term, depending on the cosine, would materially 
improve the agreement between the empirical formula and the actual 
observations. This change being made, revealed the necessity of 
another slight change in the period, and one of 378 days was used. 

The equation of the curve is: 

<p=<p0 -0"·3llsin. nt+0''·037 cos. nt. 

This was deduced by a method of approximation devised t,o suit thi:;; 
particular case, and very similar in its application to Cauchy's method. 
It was hardly thought worth while to make a rigorous adjustment of 
the 49 conditional equations involved, because this curve fits the 
observations passably well. There are 22 above, 25 below, and 2 on 
the line. 

In order to apply the method of least squareE;, and to test whether 
there are periodic terms depending on the sineK and cosines of multiplf• 
angles of sufficient magnitude to influence the curve within the limit 
of errors of observation, a still further contraction of the above. values 
was made. Taking the means of successive groups of four a.nd 
allowing them equal weight we have the following mean dates and 
values of the latitude: 

I 

1 
I! 

Date. Latitude. I Date. Latitude. 

----------1 

189r II 1892 II 

June I8 24·492 Jan. 7 24·272 

July 22 ·265 Feb. 3 ·432 

Aug. 15 ·175 Feb. 27 ·640 
Sept. 17 · 135 Mar. 24 ·728 
Oct. 28 ·138 May 3 ·656 
Dec. 5 ·232 June 7 ·560 

According to Fourier's theorem 

f ( <p) = X + h1 sin ( a 1 + <p) + 1"2 sin ( a2 + 2 <p) + li:i sin ( a3 + 3 q>) + etc. 

Substituting the above values of the latitude for f( <p), the mean 
value plus a. small correction (a:) for X, a.nd putting the angular value 
of cp in degrees for <pat the different dates counted from July o, 1891, 
on the supposition of a period of 381 days, we have 12 conditional 
equations, of which the :ft.rst is: 

,, 
+ .098 = .:c + h1 sin al cos 349° + h1 cos a, sin 349° + h11 sin as cos 338° + k. c:os as sin 338° 

+As sin aa. cos 327° +As COS OS sin 321° 
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Resnlts from observations for the variation of latitude at n: aikiki, 
Hawaiian Islands. 

\.Vbeu the numerical values for the trigouometrical functions are 
employed and we use y for h sin a and z for h cos a the equations take 
the following form: 

+ ·098 =x + ·982_v1 - "I91Z1 + 
-·129==x+ ·934 + ·358 + 

·927y2 - ·375z~ + ·839y3 - ·545z3 
743 + ·669 + ·454 + ·891 

- ·219 -=x+ ·731 + ·682 + ·070 + ·998 ·629 + ·777 
-·259c.==X-f-- ·259 +·966 
-·256 _=::X- "391 +·920 
-·162=x--- ·857 +·515 
- · 122 -= x --- r·ooo ·ooo 
+ -038 = x -- ·899 - ·438 
-t- ·246 =.A" -- ·656 - ·755 
+ ·334 =x- ·292 - ·956 
+·262=x+ ·358 -·914 

·866 + ·500 ·707 - ·707 
·695 -·719 + ·934 -·358 

+ ·469 - ·883 + ·052 + ·999 + I ·ooo ·ooo - 1 ·ooo 
+ ·616 +·788 ·208 

·139 + ·990 + ·839 
·829 + ·559 + ·777 
·743 - ·669 ·891 

·uoo 
--- ·978 
-- ·545 

+ ·166 =x+ ·809 -·588 + ·309 - ·951 ·309 

+ ·629 

+ ·454 
- ·951 

From these the following normal eq\lations are derived: 

.r )'1 Z1 Yz z~ Y:i .Z3 - I 

+12 - ·022 ·421 -r- ·826 + ·907 + ·151 ·334 -0·003 
+fr43 + ·451 + ·064 ·374 + ·036 + ·413 +0·045 

+5·s1 + ·043 ·082 - ·494 + ·828 -1·648 
+s.6o ·040 - ·264 - ·137 -0·248 

+6-40 + ·280 + ·237 -0·017 
+s·92 - ·199 +0·393 

+6·08 -0·225 

The diagonal coefficients are so much superior to any of the side 
j iues that the indirect method of elimination* can be readily applied, 
and we have, accurately enough for our purpose, the following values: 

.x =-...·oo8 
y1=+ ·028 
ZJ =- "295 
Y2=- ·039 

,'>ubstitutiug these we get 
0 , 

al= 174 35 
42= 81 I5 
a:s= 88 34 

Z,i =- ·oo6 
y3=+ ·040 
Za=+ "001 

A1 =+ ·297 
h'l=- ·039 
ha=+ ·040 

~rhe substitution of the above quantities in the 13 conditional equa
tions gives the following residuals: 

0·024 
·027 
·003 
·022 

·032 
·032 

Ifni = the number of equations and 

o·<:XJ7 
·020 

·017 
·007 
·013 
·003 

µ = the number of constants to be determined, 

•Pie .A.UBgleichun$'srechnungen, etc., von Gerling, p. 386. 
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the probable error of one determination is 

0·675J]vvf 
'JJt. -µ 

from the above residuals we get r = ± 0."021 
Substituting the values of the constants in Fourier's theorem 

II " 0 

f ( <p) = 24·386 +0·~>97 sin (174 35 + cp) 
·039 sin ( 81 15 + 2 cp) 

+ •040 sin ( 88 34 + 3 <p) 
and the formula becoIDes 

II II II 

Latitude=24·38G+0·028 cos <p -0·297 sin cp. 
- ·039 cos 2 <p - ·006 sin 2 <p. 

+ ·040 cos 3 <p + .001 sin 3 <p. 

This equation is shown graphically in illustration No. 16 as well as 
the observational values from which it was derived. 

The first differential coefficient becomes zero at 71.40 and at 261.::Fo 
Hence there is a minimum ,at Sept.:,mber 14, 1891, and a maximum at 
April 2, 1892. The amplitude is 0. "62i. 

Of course a still closer agreement could be made by using the quad
ruple angle and so on until we should arrive at the number of cmuli
tional equations. Just how far this approximation :must be carried in 
order to bring out the real facts of the case can only be determined by 
appealing to the observations themselves. Some light is thrown on th(· 
subject by noting the concordance between theory and observation for 
successive •'applications of multiple angles. To this end are shown in 
illustrations No. 17 and No. 18 the curves for equations de1}ending 011 

the single and ·double angles, and also a superposition of one over 
tlle other for the sake of direct comparison. 

In the adjustment by least squares, when we have arrived at sucb. ~ 1 

point that the probable error of one of the conditional equations is 
practically equaJ to that calculated in.dependently from the errors of 
observation and declination, we may safely conclude that a sufficient 
number of constants have been employed, and that all facts have been 
brought out which the accuracy of th~ observ.ation warrants. 

In the present case we have the following criterion. From the 63 
pairs of stars used, the average probable error of a. declination is 
0. 11257 and that of the mean of two declinations would be 0."181. The 
probable error of observation as already given is 0."155, so that the 
result of one determination of latitude would be subject to an error 
of v0.1812 +0.2155 or 0."238. Ea.eh one of the latitudes used in forming 
the conditional equations is the result of combining about 200 individual 
determinations, so that we should expee~ since the precision increases 
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Results from obs(}rvation~ for the variation of latit,ude at Waikiki, 
Hawaiia-n Islands. 

as the square root of the number of observations, a probable error of 
0."017 for each one of these collective results. As a matter of fact the 
least square work gives 0."021 for this quantity, so that we may con-
8ider that the corn~tants employed are sufficient and neces~mry to ex
press the observations. The use of the triple angle is therefore justi
fied, and the introduction of constants terminates here. 

Before closing, it should be added that the difference of about 0."5 
between the determinations of Dr. :1\-'Iarcuse and my own is due to two 
eauses: the position of the observatories and the adopted star places. 
The Coast and Geodetic Survey observatory was 0."i> south of that 
of the International Associatio11 (see illustration No. 11), and the dec
li11ations deduced by Mr. Farquhar fo1· the ll1·adley-Auwers stars 
account for the remainder. 
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APPENDIX No. 3-1892. 

OX THE RESULTS OF ~PIHIT LEVELING OF Pf{ECl.SIOX BET"TEE.N OKO
LONA, .M18K, AXD ODIN, ILL .• FROM 0138EllVATIONS MADE BY J. B. 
'VEIR, A8SI8TANT; ISAAC "-INHTON A...~D P. A. '\VELKER, SUBAS8IST
ANTS, AND F. A. YOCNG, A 10. 

A report by CHAHLJ';s A. ~CHOTT, ARsista11t, and «hiPf of the Computing Hi~ision. 

Snbmitted for puhlieatiou 1 )e<'•·mher 20. 18~12. 

I have the honor to ...-ul>mit herewith a revort on the results of spirit 
It~veling of precision between Okolona. :\lis1'., and Odin, 111. This is in 
c·ontinuation of the exact leveling between tlu· Gulf of l\Iexico (at Biloxi 
and M·obile) and St. r_..oui:.;, l\lo. The latter plaee is reached from Odin 
by the Jeyels along the the thirty-ninth parallel. Re~pecting the start
ing point, Okolona, ~ee my report of September 28, 1888, aud for Odin 
a 11d St. Louis, see .A.ppendix :No. 8, ( '. and G. S. Rep. for 1882, p. 555. 

Route line.-From Okolona the linP fo1low:.; tlle l\fobiJe and Ohio 
J-:,a,iJroad to Corinth~ ~Iis:-;., arnl Jackson, Te1111.: t.hettce by the Illinois 
''entral Hailroad to Cairo, Ill.. and Villa Ridge, Ill. (close to it); from 
here it continues by the same road to Odin, Ill.; thence "to St. IJOuis, 
'lo., along the Ohio and l\lissis8ippi Uailroad. See accompanying dia
gram (iJJustra.t.ion No. IH). 

The distai1ces are ai'I follows: 

Biloxi (Tidal mark) to Mobile ~A) 
Mobile (A) to Okolona (K) 
Okolona ( K) to Greenfield ( :".: \r) 
Greenfield (XV) to Villa Ridge (Zoo) 
Villa Ridge (Za) to O<li11 (1'-l:, ot· V) 

94·3 km. or 58·6 st. mile>'. 
423·5 26J" f 
265·4 164·9 
.128·1 :;96 
176·0 109·+ 

Total from Biloxi 1o Odin, I 087·3 675·6 

Obsert'Crs a,-n,d ilat./'-&.-Section I, from Okolona, l\Iiss., to .J aekson, 
Tenn.: forward measure by Aubassistant J. 'Vinston, backward meas
ure by Mr. F. A. Young, and from Jaekson, Tenn., to Greenfield, Tenn.~ 
backward by Winston and forward by Youug; between October, 1889, 
and 1\iarch, 1890. Section II. from Greenfield to Villa Ridge, IJl.: for
ward and backward measures by Snbassista.nts. Winston and P.A. 

S. Ex. 37--11 161 
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¥Velker, between October, 1888, and January, 1889. Section I II. from 
v-illa Ridge to Odin, Ill., b;tween April and .June, 1885, .. A_-i-:;,sistant .1. 
B. "'~eir, observer. 

Instrument.<? and method of obxPn7iU[J.-Seetiou l was ruu independ
ently forward aud backward, tt.e observers changing direction at 
Jackson. '-Yinston u:->ed geodetic 1nicrometer level No. 5 and Young 
m~ed No. G; these levels were made at the Survey Office in 1888. Sec
tion II was run twice, iudepentlently, once forward and once backward, 
the observers changing directions frequently; the observers used geo
detic mierometer levels No. 2 and No. 3. ~ection III was the last line 
run by the old method of two paralJel and simulta11eous lines, alternate 
stretches (of 5 to 10 m_iles) being run in opposite directions; microm
eter level No. 1 wa8 employed. rl'he rods were generally 200 metres 
apart, with the instru1nent 1nounted 111idway betweeu them. 

The instrumental constants are as follows: 
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------- _, _____________ _..______._ ·- -~---·-·---~ --------~-~-~--· -- ~·~"---- --··-···-- .. - -- •"' - ~ -- ~· .. -- - --------.. ----~-------, 

Spirlt leveling instruments No. 1. Xo. i. Xo. 3, I No. 5. I No. 6. 
I 

··-~ -~-----~·-~-- -~ ~--"-+-• -·-----~-----··-~___.__.__ -- ·~-

Aperture of telescope 3·5cm 4·3cn, 4·3cm 2·9cm 2·9cm 
Focal length of telescope 40•7cin 4J•QCm 41·ocm 34·8<:m 34·8Cm 
Magnifying power of telescope 26 24 25 28 28 
Low·power eyepiece inserted • Sept., 1887 Sept., 1887 

II II II II II // II II 

Value of I division of striding lc•el { 5·6o 
3·37 2·73 { 2·I1 

2'10 r 2·44 2·53 5·79 s-7o 2·08 \ 2·62 
when detennined { July 23, 1883 

Apr. 2, 1887 June 2, 1887 i { 
Sept. 26, t 888 May 23, 1888 

Nov, 21, 1885 Apr. S, 1890 Apr. S, 1890 
/I Ii II II II II Ii II II Inequality of collars (a± sign { -2·47 +0·12 -0·11 -0·25 +0·18 

indicates object end largllr ) (-~0·2) (+0·1) (-0·42) (-f-0·10) 
sma er -1·17 +0·28 +0·22 -0·48 \ 0·07 

when detennined { Apr. 4, 1885 
1 Oct. 4, 1888 Oct. I I, 1888 July 24, 1889 Aug. w, 1889 

June 12, 25, 1885 1 Dec. 8, 1888 Dec. 12, 1888 I Mar. 5, 1890 Mar. I 5, r890 
II ,, II fl " II II 

Value of 100 div. of micrometer screw I 443·1 257·5* 257'5* '{ 3IJ I ( ~10-6 312·0 l ' ~12·0 

I Aug. and Sept., 1877 
311·6 312·0 J 

when determined Apr., 1887 June, 1880 { Sept. r9, 22, 1888 June 24, 25, 1889 
" July 22, 23, 1889 July 221 2J. 1889 

I II I /I I II I II I II Angular value of telemeter threads 17 01·0 r6 39·3 14 00'7 18 58·5 
I 

18 5o·b , 
when determined Nov. 17, 188+ Jan. 19, 1887 Jan. 19, 1887 July 22, 1889 July .'.2. 1889 i 

mm mm mm mm lll Ill 
Index corrections to metric rods t ' E 62·4 c 6o·o D 59·8 L { o·o N { o·o 

61·2 61 ·2 -- -0·5 -- 05 
(projection beyond zero line) F 59"9 (60·6) (60·5) M { o·o 0 { o·o 

--0·5 
I 

--0·6 
a • • ~ 

I 
0 Temperature of rod when of standard length 16·7C 20·3C 14·4C 21·7C 2qC 

18·9C 21·7 21"7 
Correction, when determined June 5, 1885 Oct. 41 1888 Oct. 4, '888 July 23 1 1889 July 231 1889 

Jan. 5,1889 Jan. 51 1889 Mar. 14, 1890 Mar. 14. 1890 

*See Appendix No.14, C. and G., Survey Report for 1887. t Previous to 1889 the graduated brass rod supporting the sliding target was fastened to the wooden rod 
Oftly at its middle part1 a.llowing expansion and contraction of the sc&le up as well as down; at the bottom of the rod there was sufficient space left to permit of the greatest 
expected upansion unaer hi_gh temperature. The Index correction became thus large and variable. In July, 1889, this construction was changed, the brass scale and wooden 
rod were Screwed fast at theu bottom ends and the former was bent under the latter and in close connection with the contact knob which stands for the zero of the graduation; 
hence, there is no index correction to begin with, but wear will produce a small negative one. 
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164 U. S. COAST AND GEODETIC :SURVEY. 

Instruments Nos. 5 and() are of the same pattern as :No. 1; see plate 
No. 46 in C. and G. Survey Report for 1880. Coefficient of expansion of 
brass scale of rods 0·000018 for centigrade scale. 

A description of the permanent beuch marks is a1)pended to this 
report. 

Computation and results.-Field computations were made by the 
respective observers; the seeo11d or independent office computation 
were made by the following computers under the general supervision 
of Mr. L. A. Bauer, viz: Section I by Subassistant J. Nelson, aided 
by A. Bonnot, .J. B. 13oute11e, and H.F. Fly11n (< )ctober, 1892); Sectiou 
II by F. A. Young, while temporarily attached to the computing 
Division, aided by J. Page; Section III by F. l\L Little (September, 
1888). Special tables of cotTections for curvature, refraction, collar 
i&equality, and temperature were coui-;trueted for each instrument to 
facilitate their applicatiou. The two computations were collated and 
the final results are as follows: 



 

H1~s11ff8 ~!',qcoddir· .~11ir1t frrdi11,11 i11 .1/is8is.<;ij!pi. 1't11t1t'sscc, lfr11t11d,1J, awl ll/Inoi.~. 18":i-'YO. 

SECTIOr\ 1.-FRUJI OKOLO\A, J1!SS., TO (;J{EE\FIELD, TE\N., OCTOBEI\, 1889, TU l-1:\RC!f. 1890. 

·-·----
Benchmark. tDi,tance. Difference of height bdwcen marks. D. I 1screpa11cy. I 

II eight of 
!'artiai. Total. ' mark ab(~Ve 

· R\'erage bulf 
1 Ht-tween ,,. · . . ! J • 1 t 11·1 .· 

F• I : .· rrom in1t1al , ·--··-·-·-···--· · -···-· - .. -. e1e a 11 ox1, 
rom-- To- . succe~s1 re mark · • : Mean. I , ! Miss. 

marks. · 1

1 

Fon1ard (north-: ll1Hk1rar1l (south·, , F H A1Tumu- · 
ward1. ' 11"ard1. ' - lated. I 

i L ! . : 
----· ---: . .--...---1----- ·---··-~·--~~--,-·-·-·· -·-··------·- ·-----------·· ··-·~··· ,,,._ ~~·~·-"·. ··-·····--·-··· -------.. ~~-~· 

. I 
' I I 1889- 90. km. h11. m. m. m. : 111m. 111111. m. 

Date. Direction oi measure. 

Dec. K o·ooo · +94·6137t 
4 K L 0·058 0·05S --1·5472 ... ___ _______ ___ _ __ :

1 
·; 9J'0665t 

4 7 K 52 0·921 0·921 - 5-9169 - 5·9164 5·9166 -0-5 - 0·5 · 88·6971 
4 7 52 53 1·074 1·995 ···4'7158 ---4·7rn7 ----47132 .... s·r - 5'6 83·9839 
4,7,6, 7 53 54 1·075 J'O]O ·:f·-J80i2 *--3'8043 -y8058 2·9 -8·5 80·1781 
4 6 54 55 ] 1·054 4·124 '1 -qo82 --1'7080 -1·7081 -0·2 ~ 8·7 78·4700 
4 6 55 56 1·08o 5·204 -0)046 --0·7071 -··0']059 -j-2·5 - 6'2 77·7641 
4 6 56 57 1·166 I 6·370 ---0·4843 -0·4828 -0·4836 -1·5 - 7'7 77·2805 
4,5,5, 6 57 58 1·347 7'717 -f-4·0848 J--4·0890 'i' -:-4·0869 -4·2 --·11·9 8q674 
5 5 58 M 0·832 8·549 --5'3555 -s-J586 , ---5'3570 +J·I - 8·8 76·0104 
5 5 M 59 1·100 ~r649 ·r 3'5479 -f-3'5437 ·t3'5458 -f-4·2 - 4·6 79·5562 
5,9, 13, 12, 13 59 6o 1·222 10·871 *----Jo834 *--j'o874 -]'0854 -f-4'0 - o·6 76·4708 
9, 13, 12, 13 6o 61 1·270 12-141 * -3'7395 *--3·7444 -3'7420 -+-4·9 + 4·3 72·7288 
9, 13, 12, 13 I 61 I 62 . 0·801 ' 12·942 I * +-1·8380 ' *+1·8340 +1·8360 I +4'0. + 8·3 ' 74·5648 
-----1--i----1-""··--.---!----,-------i----,------
12 12 i 62 ! ~ I 0·084 I IJ026 ! r 2·5265 ; +2·5270 +2·5268 I . -0·5 ! + ]'8 I f-77·0916 
------··'----1---·- ·-1---------.-------1--·---:------
9 12 62 I 63 : 1·253 ; 14·195 I :-2·2186 -~2·2183 -f-2'2184 --;-0·3 I + 8·6 I 76-7832 
9 12 63 64 1·238 15·433 -2·6445 -2·6433 -2·6439 ----1'2 . :- 7·4 74·1393 
9 II 64 65 1·283 16·716 +2·4139 -j-2·4083 -t-2·4111 +5-6 ·f-IJO 76·5504 
9, to, I-4 1 11, 14 65 66 1·287 18·003 *+3'4014 * ~3'4008 +J4011 I +o·6 f-13'6 79·9515 
10, 14, 11, 14 66 67 1·290 19·293 *+4·6888 *-!'4·6816 +4·6852 +7'2 -t-zo·S I 8f6367 

t Taken from Appendix No. xo, C. and G. Survey Report for 1888, p. •22. 
•An asterisk attached to any number indicates that it is a mean value of lll'O determinations; a double asterisk denotes a mean of three or more values, 
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Date. 

Results of geodetic spirit lei1eling in J.lfis.~issippi, 11enncssce, Kentucky, and Illinois, 1885-'90. 

SECTION !.-FROM OKOLONA, MISS.t TO GREENFIELD, TENN., OCTOBER, 18891 TO MARCH .. 1890 . 
.. 

Benchmark. 

From- To-

Distance. 

. Between 
i successi re 

marks. 

From iuitial 
mark. 

·---

Difference of height lwhreen marks. 

Direction of me;lsure. 

)le;in. . I . 
Forward \north· Hark ward tsouth-

wartl). ward/. 

Di-;cre1)ancy. 

Parlial. 

F-B 

I I eight ol 
TP!:1L I mirk ahrm· 

. arcrafe (;ull 
-----' h'l't'I at Biloxi, 

AlTUIUll· 

lated. 
\1 iss. 

------ ______ , --------I 1-----·,----
1889-'90. I ! I 

Dec. f im1. b11. m. m. m 111111. : mm. 1 111. 
10 II 67 68 I 1·282 20·575 +1·6234 1 1·6248 i +1·li241 ···1'4 ;·19·4 • 86·2&08 
10, 14 11, 14 68 69 / 1·w4 21·679 . *+s·Si42 "-+-5·8796: +1·s769 ---5"4 ; : 14·0 92·1 377 ____ ..____ --.--.--------------- -·- ----·-- ----·-·--·---~ 
14 14 69 \ 0 \ 0·169 1

1 
21·848 j -\-3'9708 ·i 3·9707 , ;-J9708 : ·.o·r i \-14·1 -~96'1085 

---i--·----.----~-----~-----------1--,------
JO 

JO, 19 
JO, 19 
10, 16, 19 
16 
16 

18 6911 70 1·295 22·9~4 ,i -l-4'7445 -t 4'7477 ! +4'7461 - ·.P I -po·8 96·8838 
18, 19 70 71 1·289 24·2b3 1 *-t3977 *--·-n9b7 , ---?"3972 To i + 9·8 89·4866 
t8, 19 71 I 72 1·265 25·528 I ·:t-7)938 c 7'3907 ·--·7'3922 .)'I l + 6-7 82·0944 
18, 19 72 I 73 1·312 2b·840 II *-3·h463 *·--3·6376 ---J6420 ..... 8) i -- 2·0 78·4524 

17 73 i 74 1·3r3 28·153 I -t-2·0135 +2·0100 1 2·0118 · 3'5 i + 1·5 80·4642 
17 74 1 75 I 0)65 , 28·918 i +2·s269 ', +2·5380 , +1·5374 ; --1·1 : -,- 0·4 83·0016 --------------------------------· ~--- ·--·,----·-----

~--~l_.2_: _ _:_, __ 0·144 • __ 29·062 .--+ 1·9040 :~+-1·9040 ._·_!-r·904~i __ _:~--!-.;- 0·4. ~84·9056 
16 17 75 i 76 1·196 I 3o·u4 --2'1084 -no57 ~·2·1070 -2·7 - 2·3 80·8946 
16,20 17,20 76 · 77 1·204 31·318 *+0·4379 *+0·4416 +0·4398 -3'7 - fro 81·3344 
16 17 77 78 1·068 J2'386 -0·9050 -0·9030 -0·9040 -2·0 - 8·c 80·4304 
16, 20 23 78 79 1·296 3]'682 +1·3687 +1·3723 +1·3705 -3'6 -11·6 81·8009 
20 23 79 So 1·017 34·699 *to·6890 *to·6929 +0·6910 -3'9 -15·5 82·4919 
20 23 80 81 0·917 35·616 to·6953 to·6992 to·6972 --]'9 --19·4 8JI891 
20 23 81 82 0·923 36·539 +0·5114 +0·5175 +0·5144 --6·1 --25·5 8J7035 
20 23 82 83 \ 0·968 3i'S07 +1·9064 +1·8993 +1·9028 -j-7·1 ---18·4 85·6063 
20, 21 21 831 84 ; 0·976 38·483 + 1·5304 . +1·5336 +1.5320 -·-3'2 . 21·6 8p383 
21,28 21,27 84 85' 1·014 ! 39'497 *+r·o296 ! ·:++1·0258, -~-1·0277 -+-:r8 -rt8 88·r66o 
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21 21 s5 s6 1·000 I 40·497 1 +1·9659 +1·96q +1·9636 -H·s -1n ,

1

. 90·1296 
21 27 86 87 0·944 41·441 J +r·2j53 +1·2745 +1·2749 +o·8 -12·5 9qo45 
21 27 87 88 0·987 42·428 I +3'5592 +3'5562 +3'5577 +Jo -- 9'5 94'9622 
______ . _______ 1 ____ !------·------'----------1-----
27 27 88 Q 0·072 • 42·500 ! -j-0·5042 j +0·5042 i --t-0·5042 I o'.o · - 9·5 I t95·4664 

-24-, 2-8 ~~2-8,-3-0 --8-8 ---8-9 --t·-34-0 --4-3·-76-8 :--*-*-t-o-·7-27-9 j-;-+-o-7-33-4 j_+_o-·7-30-61-:_.-5·-5 --~-5-·o- --95·6928 

24 26, 27 89 90 1·321 45·089 +2·1319 I +2·1293 +2·1306 I +2·6 --12·4 9j'8234 
24 26 90 91 1·229 46·318 +3'1698 I -f-J'i686 ·+3·1692 i +1·21 -·-11'2 100·9926 
24 26 91 92 1·160 47·478 +5·2634 I +s·z627 +5·2630 1 +a·7 -w·s 106'2556 
24 26 92 93 r·123 48·601 +0·6343 , -t 0·6371 -~0·6357 1 -2·8 . -13'3 , 106-8913 
24 26 93 I 94 1·166 49·767 *+n6oo ! *tn6J<i ! +no18 I ---3'6 I -16·9 I 114·4531 

·-----:1--1----:----,----:------:--·---.----·--;----'----
24 

30 
30,J. 4, 
30,JI, J. 4, 
31 
31 
31 

24 I 941 R 0·259 ! 50·0261 +6·9860 I f6-9848 I -t-6·9854 i +1·2 I --15'7 I + 121·4385 

J
Dec. 26~·---9-411 ___ 9_5 --o·-98-5 ,--5-o·-75-2 l----0-'700_6_J :--_-o-{ig(_j_3 !----0--6-98-41------4·-1 1 --~2-1·-2 :--lr-J'-75-4i 
an. 4, I r c 

Jan.4 95 I 96 1·o15 5q67 j1 *-5·9547 *--5·9554: ---5·9548 · +1·2 -20·0 !07'7999 
Jan. 3, 4 96 I 97 1·020 52'787 *-5·0448 *-so.p5 : ··· 5·0432 --·-3'3 ---23'3 102.7567 

3 97 I 98 1·012 53'799 -0·7431 --0)4+9 I -0)440 +1·8 I -21·5 102·0127 
3 98 ,. 99 1·014 S4'813 -1·0366 ---1·03921 -1·0379 +2·61 -18·9 100·9748 
3 99 l 100 1•032 55·845 +1·3272 +1·3230 +1·3251 ! -j-4·2 I -14'7 102•2999 

-D-ec-. --J-an-.
1 
_____ ; ____ ! ____ l __________ l ____ i __ T ___ , ____ _ 

31 3 100 IOI i 1·0421 56-887 ! +7'8915 t7·8930 + 7·8922 I --1·51 --16·21 110·1921 
31 3 . 101 

1 

102 I 1·247 58·1 34 ! +3'47s8 +3'4736 +J+162 I +s·2 -u·o 11J66s3 
-J.-8------8 ·l,--10-2 l ___ S l--0--15-6 l--s-8·-290-i--· ----1-o--5-3f-i6-'l1----f-o-·5-36-21---f-o--5-36-4 l_+_a·4--~,-o·-6 _+_11_4.-20-47 

, I . I -----·-----,---;------·--------------------
D. 31 3 102 103 

1
1 1·005 59·139 -6·2119 -6·2150 --6·2134 +JI - 7'9 rn7·4549 

D. 31 2 w3 104 0·996 60·135 -3·8562 -3'8564 -J8563 +0·2 - 7'7 IOJ'5986 
D. JI 7 104 105 1·001 • 61·136 +0·7974 +0·7998 +0·7986 ---2·4 --10·1 I 104"3972 
D. 31,J. 7 6 105 106 1'725 62·861 -0·5222 -0·5127 ---0·5224 -f-0·5 - 9·6 103·8748 

Jan, 
7 6 106 107 1·230 6ro91 . +0·8983 +0·8981 +0·8982 +0·2 - 9·4 104·7730 
7,8 6,8 107 108

1 

1·101 65·192 I *to·3100 *+0·3146 fo·3123 --4·6 --14·0 105·0853 
7 6 108 109 1·226 66·4181 -t-3·6314 fJ6375 +J'6344 -frl -20'1 !08)197 
7 6 109 110 ! 0·781 07'199 -03184 -0·3160 -0·3172 ---2·4 ---225 I08'4C25 

• An asterisk attached to any number indicates that it is a mean value of 'two determinations; a double asterisk denotes a mean of three or four values. 
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Res1tlts of geodetic spirit leveling in M·iss·issippi, Tennes8ee, Kentucky, mid 1 lfrn.ois, 1885-'90. 

SECTI0N 1.-FRO)f OKOLONA, MISS., TO GREENFIELD, TENN., OCTOBER, 1889, TO MARCH, 1890. 

_.,._ ··-------~·-···-· --- ---------------· ----------·-----·- ·------------
Difference of height between marks. • / Discrepancy, Benchmark. Di;tanee. 

____ , ...... I 

Date. 
I I Height of 
I Partial. Total, , mark above 
' 

1 
• HVerage Gulf 

Me11n. I ___ .. ______ !______ - level a~ Biloxi, 

! F--H ; Accunrn- ;\llss. 
' lated. 

• Direction of mra~ure. 
Between From mitial 

To- : successive mark 
llllrks I ' . Forward {north- Backward (s011th-

I • ward). wardl. ; 
---·-·---- ·---. ----------··' !!. ____ .. _____ . ______ _. .... _ .. ___ ... ------ ··-·--·---------- -----· _ .. 

: I I 
1889-'90· I - : I 

fan, km. km. I m. m m,, 111111, 1 mm, m. 
1 . IO 110 Ill 1·272' 68·471 ! +2·5165 +z·5171 +-2·5168 o·6: -- 2JI 110·9193 
8 IO III 112 1'220 6<)·691 -f-1·5695 +1·5746 -t-1·5720 --5·1 - 2lb 112·4913 
8, 16 10, 16 112 113 1·047 w138 *+5·3678 *+5·3742 +5·3710 - 6·4 -- 34·6 11t8623 
8, 14 10, 14 113 114 1·040 71·778 *-~4·3813 *+4·3836 +4·3824 -2·3 ' - 36-9 122·2447 
8 JO 114 Il5 1·28o 7J'058 -t·9'3433 +9·3463 -j-9·3448 -JO ! ...... 39'9 131·5895 
9 9 115 116 1·200 74·258 +9'3547 +g·3550 +9·3548 ' --0·3 - 40·2 140·9443 
9, 16 9, 16 II6 l 1 r7 1·098 75·356 '1· i 8·3130 *+8·3150 +8·3140 ; --2·0 ·-- 42·2 149·2583 
9, 16 9, 14, 16 117 118 \ 0·886 76·242 ' *+6·2470 *-f-6·2522 +6-2496 I - 5'2 --- 47·4 155·5079 

-ll-----;;- 1,-~:-r1·-~i- 76-384 ,--i-6·9047 :--+-6·9055 '1-+6·9051 ;- o·8 i--=-·48·2_ '1+.62·4130 
' ~ ~ I I i ~ I -------·,-----------.------------------------

11 14 ·1 118 J 19 0·890 I' 77'132 --7'0490 ' --7·0484 I --7·0487 l -0·6 i ·-- 48·0 i 148·4592 
II 14 119 120 0·977 78·109 t-1·0110 +1·0141 -1-1·0126 --JI ' -- 51·1 14g.·4718 
II 14 I 120 121 1·305 79·414 +0·9798 +0·9824 +0·9811 --·2·61- 53-71 150·4529 
11, 17 13, 14, 17 ·1 121 122 1·279 I 80·693 ·* -ro708 *--7'0726 --7·0717 11·8 - 51·9 14]'3812 
11 13 122 123 1 ·301 1 81·994 --4·3645 -4·3612 ---4·3628 . -3'3 I --- 55·2 139·0184 
Il,17 13,17 123 124 0·970 82·964 *i-4·9489 •-t-4·9473 +4·9481 ·i-l'O I --- 53·6. I4f9665 
II IJ 124 125 1·172 84·136 -J9849 ·--J9878 --J9864 -i-2·9 I -· 50·7 139·98o1 
11 13 125 126 ' 1·145 .85·281 ·--4·1770 --4·1751 --4·1760 ----1·9 --- 52·6 135·8o41 
ll, 17 23 126 127 0·986 86·267 -3'7575 -3·7540 -3'7558 --3'5 --- 56-1 132·0483 
17 22, 23 127 128 0.983 87'250 --o·o649 --0·0624 -0·0636 --2·5 - 58·6 131·9847 
17 22 128 129 0·981 88·231 l +1·7627 t1·7633 +1'7630 --0·6 I - 59·2 133·7477 
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~----~i_2 ___ ~;0 ___ 1·H19 '- S9'400 j_~·--0·9090 '----~105 :_~0981_-: 1·5 1~~~.1_132·8379 
:!_ __ _2/ __ 130 : ___ l_: _0·254 ·_ 89·654 l _ _:+-5·7252 i ___ +s-7284 i_+5·7268 \~J2 1-=_ 6o·9 __ ~'..~~_38·5647 
17, 18 22 . 130 ! r31 ! 0·973 90·373 -J1784 I -JI8j9 --JI812 +s·s -- 52·2 129·6567 
18 22 IJI !J2 I'QOO 91·373 -1·0759 -1·0756 -1·0758 -0·3 - 52·5 128·5809 
t8 22 132 r 33 1·033 92·406 --0·9033 --0·9087 -0·9o6o +5'4 - 47'1 127'6749 
18 21 133 134 0·973 93'379 +0·1574 +0·1579 +0·1576 --0·5 - 47'6 127·8325 
18 2J J34 IJ5 0·984 94·363 +0·0889 -0·0874 +o·0882 I i--1·5 - 4frI 127'9207 
18 21 135 136. 0·990 95·353 -1·1058 -no88 -1·1073 · .;-Jo - 43'1 126·8134 
J8 21 136 13i 1'105 96·458 -0·0470 ----0·0423 ---0·0446 -4·7 - 47'8 126.7688 
18, 23 21, 23 137 qll • 0·717 97'175 * ~0·0040 *-+-0·0028 +0·0034 ; 1·2 - 46-6 126-7722 
18 20 138 139 0·954 98·129 -0·1358 - 0·1386 - 0·1372 -: 2·8 - 43·8 126·6350 
23 20 139 140 i·110 99·239 +1·3019 -1-1·301 7 +1·3018 !0·2 - 43'6 12n36s 
24 20 140 141 ' 1·288 100·527 -t-2·9675 j-2·9705 ·f-2·9690 JO -- 46·6 130·9058 
24 27 '41 142 1·130 IOI·657 -t-2·7087 \-2·7133 2'i1JO ---4·6 - 51·2 13J'6168 
24 25, 27 142 143 ' 1·073 I02'7JO I -f-3·8868 +J8914 . J8891 --4·6 . --- 55·8 137·5059 
24 25 143 144 \ 1·081 IOJ'811 t1·8698 +1·8iSJ -l-1·8724 --5'3 - 61·1 139·3783 
24 25 f44 145 1 1·182 J04'993 I --6-8448 --6·8457 -6·8452 : f 0·9 - 60·2 132·5331 
24 25 145 146 0'999 105'992 I ·-J'6295 ·-J'6JOJ ---)'6299 ·f o·8 -- 59·4 128·9032 
24 25 I 146 147 0·996 1o6·988 +0·9565 -f-0·9526 :-0·9546 .l.J9 --- 55·5 129·8578 
24, 27 25 : 147 148 , 1·079 108·067 +0·3503 -f-0·3497 · :_0·3500 -1 o·6 - 54·9 130·2078 
27 25 ! 148 r49 · 1·005 109·072 +2·0512 +2·0550 -+ 2·0531 --JS 1 

·--· 58'] 132·26og 
-------______________ • ___________ 1 ______ • __ ~----

31 JI I 149 . \' ' 0·384 109·456 -t-4·9679 I -+-4·9664 i L-4·9672 I .: 1·5 5P : -+ 13p281 
31 JI \' \\' 0·041 109·497 +0·0568 I +0·0567 l -f 0·0568 '.-0·1 •... 57·1 1 -!·-137'2849 

-;;----~~ --149 --I;-1-0·968i--;-;;,0401--_;~;0261-+1~078 !-~052 ,----5·2 -. 6J9 --134·1661 
27, 28 31 lso 151 I 0·990 111·030 +2'1269 -r-2·1323 1 

- 2·1296 , 5'4 - . 69·3 136·2951 
f cb. ; I 

28,JI I. 3 151 152 i 0'994 112'024 *+1·8222 **+1·8268 ~-1·8245 ; ---4·6 --- 73'9 
Jan. i I 

28, 31 30, 31 152 153 I 0·976 IIJ'OOO "+2·4148 * /-2'4192 +2·4170 . -4·4 - 78·3 
31 31 153 154 0·973 . 113'973 +4·1856 +4·1878 -j-4·1867 -2·2 -·- 80·5 
28 30 i 154 155 1·26o 115·233 -t-6-5890 -16·5941 -j-6-5916 --5·1 -- 85·6 
28 30 1 155 • 156 1·265 n6·498 -1·3296 ·--1·3304 --1·3300 +o·8 - 84·8 
28, F. I 30, F. I : 156 i 157 1·272 117'770 *-7'4133 ·:!- - no98 -7'4116 ! -3·5 -- 88·3 
28, F. I 30, F. I • 157 ~ I 58 0·985 118·755 • -)·4414 * 5'4346 -5·4380 : --6·8 - 95' I 

•An asterisk attud:ed to anr number indicates that it is a mean value of two deteminations; a double asterisk denotes a mtan of three or more valnes. 
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Results of geodetic' .'lpirit lereling in Jfi.1;sissippi, .Te11neRsee1 Kentucky, and Tllhwi.1;, 1885-'90. 

8ECTIOX I.-FRO\l OKOLONA. \USS .. TO c;REE~FIELD, TENN., OCTOBER, 1889, TO ~l:\RCH, 1890. 

Date. 

·-------- ~------- ...... -------·--··-----

Benchmark. 

From- To-

Distance. 

Het11 et·n 
~urce,~ilT 

111arks. 

From initi:d 
lllRr~. 

Difference of height bct1l'een marks. 

"-· ~--~-·-,. --

Dire ·thn 1>1 measure. 

Mean. 
Forward !11orth- Barkwml 1,outh-

wanl\. wa rrl 1. 

-------- ----·------.... ----!-- .. --,-- ... ---- ------- --"- ..... 

1889-'90. I 

Disncpaney. 

Partial. 

!,'_jl 

TotaL 

Acl'urn11. 
latl'd. 

I l eig-ht of 
111ark aln1Ye 
:irerag-t· < ;u\f 

b·vr at fliio .. xi. 
~l is:;. · 

Jan. km. km. m. 111. m. mm. mm. m. 
28 29 158 159 1·164 r19·919 -3'1102 -j'III2 -3·1107 +1·0 - 94·1 134·0252 
i8,F. I 29, F. 1 159 16o 1·182 121·ro1 *-2·0511 *-2·0458 --2·0484 -5·3 - 99'4 131·9768 
F. 3 29, F. 5 160 161 t·153 122·254 +0·2026 +0·2052 +0·2039 -2·6 -102·0 Ij2'I807 
3 5 t6I 162 1'126 I2J'380 * -5·9732 *-5·9765 -5·9748 +3'3 - 98·7 126·2059 
3 5 162 163 1'257 124·637 -1·5643 -1·5676 -1·5660 +3'3 - 95·4 124·6399 
3 4 163 164 0·958 125 595 to·44ro +-0·4423 fo·4416 I -1·3 - 96·7 125·0815 
3 4 164 165 I 0·964 I26·559 '1 +0·9545 +0·9535 +0·9540 +l'O - 95·7 I 126.0355 
3 4 165 166 j 0·903 127"462 -1·2348 -1·2359 -1·2354 +1·1 I -- 94·6 I 124·8001 
6 4 166 -~!~360 ,~27·822 l_~·op2 -~·0733 !--=.°·0728 _±~ -=-_'.)3'51___:24·7273 

I 
I I I I I 

6 6 167 x 0·302 I 128·124 I +1·2938 +1·2937 I +1·2938 +0·1 I - 93'4 l +126·0211 
..,___.____ --------------------1---1--1-------
6 4, 6 167 1681 1·187 129·009 ;, --0·2015 * -0·19681 -0·1992 -4'7 - 98·2 124·5281 
618,13 4,8,13 r68 169 0·992 130·001 **-0·2102 **- -0·2073 -0·2088 -2·9 -101·1 124·3193 
6, 8, 13 4, 8, IJ 169 170 I 1·306 13t·307 I ** fo·5630 ** +0·56951 +0·5662 -6·5 -107·6 124·8855 
6,8, 13 12, 13 170 171 i·o48 132·355 * -j-0·6272 * +0·6328 1 +0·6300 -5.6 -· 113·2 125·5155 
8 12 171 172 1·305 133'600 tn270 +2·2312 -t2·2291 -4'2 -1rt4 12n446 
8, 13 12, 13 172 173 1·143 I 134·803 * +0·7940 * -]-O'i888 +0·7914 +5·2 -I 12·2 128·5360 
8, 14 12, 14 173 174 1·090 135·89,~ * -+-0·7816 * +0·7783 +0·7800 +3'3 -108·9 129·3160 
8, IO 12 174 175 . 0·935 ! 136·S281 +0·5154 ' +0·5137 I +c.5146 . +1·7 -~-107'2 129·8306 

14 --~---175 [ Y 1_0·042 \ __ 13687°_[ +,.m;[ +1·4752 I +1~7531 +02 [ 0101-f131·3059 
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JO 11, 12 175 ! 176 0·971 IJ7'799 t1·1858 -f-1·1898 +1·1878 ---4·0 --IIl'2 131·0184 
10,14 11,14 176 177 0·974 138·773 *+0·8127 *+0·8152 +0·8140 -2·5 --113·7 131·8324 
IO JI 177 178 1·341 140·114 +0·9444 +0·9422 -f-0·9433 t2'2 --II 1·5 132·7757 
10 II 178 179 1·172 141·286 to·3799 to·3746 fo·3772 t5'3 --106·2 I 13Jl529 
10,14 IJ,14 179 180 1·061 142·347 *+1·9102 *+1·9155 +1·9128 --5·3 ---111·51f q5·0657 
IO 15 I I8o 181 1·076 14J423 +0·8231 to·8243 to·8237 --1·2 I -112) 135·8894 
IO 15 ! 181 • 182 1·138 144·561 fo·4572 +0·4524 +0·4548 -i-4·8 ; --!07'9 I 136-3442 
IO 15 182 I 183 0·975 t45·536 +0·2146 -.l-0·2J18 +0·21321 -t-2·8 I --105·1 I 136·5574 
IO, 14 15 183 I 184 0·987 146·523 +0·0176 +0·0134 +0·0155 -H"2 -100·91 136·5729. 
14 15 184 I 185 0·926 147·449 +2·7822 +2·7802 

1 

+2·7812 I -1-2·0 - 98·9 139·3541 
---·----1-----i----~- ______ _, __ 

20 20 ! 18s 1 z i 0·062 t47·511 I +2·9278 +2·928o I +2·92791- ---0·2 1 q9·1 1 1-142·2820 
----------------------------·--~--~·--------

' I I 14, 15, 20 20 185 r86 0·991 148·440 * +1·3787 * +1")785 +1·3786 ·: 0·2 ·-- ()8·7 140']327 
15 20 186 187 0·961 149·401 +1·8633 +1·86o1 +1·8617 _;·J2 - 95·5 142·5944 
15, 17 19, 20 187 188 0·957 150·358 +2'2057 +2·2065 +2'2061 o·S - 96'.) L.1-4"8005 
17 19 188 189 0·970 151·328 +2·9576 +2·9576 +2·9576 o·o -- 96'3 14;·7581 
17,21 19,21 189 190 

1 

0·965 152·293 *-H·392s *+5·3976 +5·3952 4·8 ---101·1 I 153·1533 
17 19 190 191 i 0·957 r5J250 -2·1143 -2·1107 -2·n25 --3'6 --- 10n, 151·0408 
17 19 191 192 : o·94s 154·1 9s -s·3693 -5·3664 --s-3678 -2·9 , --!07'6 : 14s·6730 
17, 21, 26 19J 21, 26 192 193 i 1·190 ISS'J88 **--6-7367 ** -6·7314 ----6·7340 . 5·3 i -I 12·9, 1' 138·9390 
17, 21, 26 19, 21, 26 193 194 : 1·572 I 156·96o **-1·6523 **-1·6452 I -1·6468 I - 7'' i -·120'0 1 13p902 
_________ 1_~.--1-------~--------~----·--------
18 18 1941 XXVJI , 0·105 . 157'065 +q863 : +q866 I +q864 I --0·3 i 120·3 , '. 1yro766 

-17------18 ____ 194 ·--;;·--1·291 ---;s8·251 - -3~j- -3·1683 .---~3'1698 1-=-JO 11~---1-;3·0- -----;;;.1-204 

17 18 195 196 0·967 159·218 -1·2685 ! -1·2646 -1·2666 ! -3'9 - 126·9 132·8538 
17 221 
25

: 26 ! 18,25 196 197 0·971 160·189 *-1·3256 *-1·3196 -1·3226 -fro --132·9 131·5312 

22, 26 18, 25, 26 197 198 0·995 161·184 **-1·1027 ** --1·0954 -1·0990 -7'3 -140·2 130·4322 
22 18 198 199 1·115 162·299 +0·1508 +0·1553 +0·1530 -4·5 -144"7 130·5852 
22 18 199 200 1·008 16no7 -1·4508 -1·4505 -1·4506 -0·3 -145·0 129·1346 
22 25 200 ZOI 1·158 I6f465 -0·8289 -0·8304 -0·8296 tr·s -143·5 . 128·3050 
22 25 201 202 1·159 165·624 -1·8641 -1·8633 -1·8637 -o·s -14r3 126·4413 
22 24 202 203 1·150 166·774 -0·9547 -0·9539 I --0·9543 --o·S -145·1 125·4870 
22 24 203 204 1·156 16t930 -0·0736 -0·0751 -0·0744 -1--1·5 -143'6 125'4126 
22, 28 24, 28 204 zos 1·140 169·070 * -2·4561 * -2·46.)04 -2·4582 I +n -139·31 • 122·9544 
22 24 205 206 1·143 170·213 -1·1269 -1·1318 ·--1·1294 f4·9 -134·4 121·8250 

• An &>terbk attached to any numbet Indicates that it is a mean value of two denominations; a donble asterisk denotes a mean of three or more rnlues. 
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Results of geotletic spirit lerelhtf/ i11 1lli.~x·i8sippi, Tennes.~ee, J( enfllcky, and llli11ois, 188.5-',90. 

SECTION !.-FROM OKOLONA. :\1ISS., TO (~REENFIELD, TENX., OCTOBER, 1889, TO MARCH, 1890. • 

Benchmark Distance Difference of height between marks. Discrepancy. 

' -- Dir~::t~:n <~ 1~e-~~~~~---- - Partial. , Total. I ~!~~g:~;:e 
Het\1 een : ~ . . . 1 a' erage ~1ul~ 

To- : successive From ~~tt1al . . :\lean. , i lere\a~ B1lux1, 
. . : marks. ma · Forward \north- Barkward (south- F B Acrumu- J dtss. 

Date. 
From-

I \ . wanl). 
1 

\lard). \ - lated. I 
--------1--.. --~i-·---~-:---:-·- -.. ------ .. ,. .. · 1-----1 --~--_, ___ _ 

I I 
1889-'90· 

Jan. I km. I h11. I vi. m. J m. mm. mm. m. 
22 24 206 207 1•166 171·379 -0'7595 ·--0•7583 I -0•7589 ·-1'2 --135•6 121•0661 
22, 28 24 207 208 1·0141 172·393 -0·0244 -0·0239 ! --0·0242 --0·5 ·--136·1 121·0419 
28, :M. 3 24, M. 3 208 209 I 1·026 17]'4191 * t7'546o ! '* +7'5496 I t7'5478 -3·6 -139·7 128·5897 

I ' ' I 

. M. t M. I =•091 XXVI I 0·055 I 17l474 I- +2·3755 j +2·3)561 12·375<> -0-1 1}9·81 + 130-9653 

28, M. 3 241 M. 3 209 
1 

210 0·761 I 174·18o * +4·0981 * t4·1014 tfo998 ---3·3 - 14JO J 132·6895 
28 M. I 210 211 0·928 175·108 -5·2792 -5·2756 -5·2774 ---J6 -146·6 127'4121 
28,M.3 M.1,3 211 212 0·941 176'049 *-3'8215 *-3·8272 --J8244 +5'7 -140·9 123'5877 
281 M. 3 M. 1, 3 212 213 0·944 176·993 *-2·8371 *..;. 2·8424 -2·8398 t5·3 -135·6 120·7479 
28,M.3 M.1,3 213 214 1·130 178·123 *-2·2343 *-2·2349 -2·2346 +o·6 -13fo n8·5133 
28, M. 4 M. I 214 215 0·804 178·927 -3·0059 -J0089 -3'0074 +3·0 -132·0 115·5059 

Mar. 
4t7 7 I 215 216 0•965 179·892 *-0'0145 *-0'Ql6o -0'0152 +I'S -130'5 115:4907 
4 1 216 21 7 1·270 181·162 +1·9980 + 1·992s +1·9954 +5·2 -125·3 11r4861 
4 7 217 218 1·272 182·434 -1·6141 --1·6094 -1·6u8 -4·7 -130·0 115·8743 
4 7 218 219 0·392 I 182·826 -0·2619 -0·2619 I -0·2619 o·o -130·0 . 115·6124 

, I I I . 

5--51-219-xxv-~0651~82·891 1- +1·8802 l--+1·8805 \fr·88041-=0·31-=;30·3 l~7·4928 
---------------------1--------------------
4 6 219 220 1·290 184·116 -0·9765 I -0·9815 \ -0·9790 I +5·0 j ---125·0 

1 

114·6334 
4 6 220 221 0·950 185·066 +1·1314 \ +1·1358 i_ +1·1336 / -4·4 

1 
-129·4 u5·7670 

4 6 221 222 1·130 i 186-196 - 2'2181 -- 2·2189 l - 2·2185 I +0·81 --128·6 IIJ.5485 
4 6 222 223 1·116 i 187·312 - 0.2805 - 0·2809 i -- 0.2807 ! +0·4 -128·2 IIJ2678 
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4 6 223 224 1·130 188·442 : - 0·9523 --- o·95n o·955o · : 5'4 -122·8 
8 6, II 224 225 1·146 189·588 + 0·6578 -j- 0·6584 -f- 0·6581 -0·6 . ---123'4 
8, 11 II, 12 225 226 1·156 190"744 *- 0·9324 ' *··- 0·9266 - 0·9295 -5·8 i -129·2 
8, U II, 12 226 227 1·143 191·887 *+ 0·1016 *j- 0·1090 -+- 0·1053 -7'4 : -136-6 
8 II 227 228 1·159 193'046 - 0·7416 ··- 0·7419 .. 0·7418 +0·3 . -136·3 I 
8 IO 228 229 1'27I 194·317 - J2715 --- J'27J2 · 3'2724 +1'7 --134·61· 
8 IO 229 230 0·956 195·273 - 0·8452 --· 0·8456 ·-- 0·8454 +0·4 -~ 134·2 
8, 12 IO 230 231 0·96o 196-233 ·-- 0·3909 ---· 0·3953 ; --- 0·3931 -f-4'4 I - I 29 8 I 

121 IJ 10, 13 231 XXIV 1·041 197'274 *+ 0·2519 *+ 0·2556 i ;- 0·2538 --3'7 : --133'5 . 
12 IO XXIV 232 0·831 198·105 ~- 0·3639 -- 0·3617 : ····· 0·3628 --2'2 : . 135·7 
IJ 10 2J2 2JJ 1'045 199·150 I + 6-6199 -t- 6.6250 i ;- 6-6224 -5·1 , -140·8 
13, 14 JO, 13, 14 233 234 1·056 200·206 ! ** 1- 9·3970 **+ 9·3997 i ·;-- 9·3984 -2·7 I -143'5 
13 10 234 XXIII I 0·776 200·982 . ··- 2·5679 -- 2·51J75 2·5677 -0·4 . - 143'9 ! 

1I2·3128 
112·9709 
112·0414 
112.1467 
111·4049 
108·1325 
IOp8j I 
106-8940 
1op478 
106-7850 
IIJ'4074 
122·8058 
120·2381 

1889. Nov. · , i 
27 27 XXIII XXII 0·342 201']24 - 0·9770; -- 0·9772 --· 0·9771 -t-0·2 -143'7 i 119·2610 
27 27 XXII 51 1·478 202·8o2 • +-14·6219 +14·6234 -f-14·6226 ---1·5 . · 145·2 • 133·8836 
27,29 26,27 51 50 I 1·541 204·343: + 9·2887 + 9·2853 ·. 9·2870 -t-3'4 I " 141·8 143'1706 
29 26 50 49 I 1·208 205·551 : + 7·o615 + to678 .. 7'0646 ---6·3 -148·1 150·2352 
29 26 49 48 I 1·325 206·876 ' - 4·3386 - 4·3365 I " 4·3376 --2'1 .. 150·2 145·8976 
30 26 48 47 ! r·548 I 208·424 - 3'56TI - 3'5678 : -- ]'5674 f-0·7 - 149·5 142·3302 
30 26 I 47 46 I 1·259 I 209·683 -10·7991 -·· 10·7956 ---10·7974 -·JS I5JO 131·5328 
30 261' 46 • 45 I 1'222 ! 210·905 -- 6·5313 -- 6·5289 6·5301 --2·4 155·4 I 125·0027 
30, D. 2 25, 26 I 45 44 ! 1·294 . 212·199 ! i- 3'9502 __ ,_ 3'9479 : 3'9490 ! +2"3 ISJ'I i 128·9517 
D. 2 25 I 44 ' 43 ! 1·220 213'419 : -1- 5·0773 L 5·0799 5·0786 j --2·6 ' -155'7 : 134·0303 
----,--,---,--------------1------.---·-------~-1--

i : , • . I 
25 Nov. 25 : 43 i XX! I 0.038 , 21_r457 ; 0·3940 i + 0·39381 + 0·3939 I /-0·2 I -155·5 +134·4242 
-----------,---'---1~-------,---1---
20 25 43 42 1·172 214·591 - ro8o8 - ]"0835 ·- ]"0822 i·2'7 I --ISJO 126-9481 
20 25 42 41 1·107 215·6981 --11·8862 ~n·8844 -u·8853 I --1·8 I -154·8 , 115·0628 
20 19 41 40 1·418 2I7'1I6 ! - 3'5437 -- 3'5466 - 3'54521 +2·91 -151·9 II1·5176 
21 19 40 39 1·313 218·429 I + 6-1414 + 6-1359 1- 6·13s6 J_5·s 1 -146-4 117'6562 
21, 22, 23 191 23 39 . 38 1·351 219·780 I ** j- 11 ·9723 ** f- 11 ·9723 ··f · 11 ·9723 I o·o I ---146-4 129·6285 
21 1 22, 2J 19, 2J 38 37 1·334 :?21'114 i *-1--11·9760 *+11·9736 j-II·9748 I l-2·41 ---144·0 141-6033 
22 19 37 36 1·355 I 222·469 I ··- 1·4279 -·- 1·4307 - 1·4293 j-2·8 --141·2 140·1740 
22 19 36 35 1·349 22J'8t8 i + 9·4356 ·+- 9·4336 : 9·4346 I L2·0 I -139·2 I 149·6086 
_____________ ! ___ ,_ ····--.-·-.. ------·-----i---
23 __ _2,_~,- XX 1~261 1_224·0791 __ 1 l7447 j-~~454 ~~ 3'74501~-0·7 l-=-~~1~·I5J'3536 

"An asterigk attachecl to any number indicates that il is a mean ralue of two cletermin11.tions; a double asterisk denotes a mean of three or more ,-alues. 
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Date. 

1889-'90. 

Re.rnlts of geodetic spirit lei1elfog fo Mississippi, Tennessee, Kentucky, and Illinois, 1885-'90. 

SECTION L-FROM OKOLONA, MISS., TO GREENFIELD, TENN,, OCTOBER, 1889, TO MARCH, 1890. 

~-----.----.. ··~------

Benchmark. 

From- To-

Distance. 

Between 
., successiYe 

war ks. 
! 

From initial 
mark. 

Difference of height between marks. 

Direction of measure. 

Forward lnorth-1 Backward (south-
11ard). ward), 

Mean. 

1·-----·---·· 

Discrep:rncy. 

I Height of 
Partial. I Total. mark above 

I average Gulf ______ ,__ level at Biloxi, 

F-ll 

1-

Accumu
lated. 

Miss. 

i\ov. km. km. m. I 111. m. mm. mm. m. 
16123 15, 18 35 34 1·308 225·126 - 0·926I I ·--- 0·9299 - 0·9280 t3'8 -135'4 148·68o6 
18 15 34 33 1·289 226·415 t10·9223 j -Lrn-9183 t10·9203 t4·0 -131·4 159·6009 
is 1s 33 32 1·104 22t519 - 4·5693! 1 - 4·si26 - 4·57rn I t3'3 -128·1 1s5·0299 
18 I I, 15 32 31 1·155 228·674 - 5·2154 -- 5·2142 - 5·2148 -1·2 -129·3 149·8151 
12, 15 II, 15 31 JO 1·262 229·936 *- 6'24381 *- {r2464 - 6-2451 t2·6 -126·7 143·5700 
12 II JO 29 1·170 231·106 ~ :n280 - 2·1293 -- 2'1286 t1·3 -125·4 141·4414 
12 II 29 28 

1 

1'054 232·160 - 4·2961 j - 4·3001 - 4·2981 t4·0 -121·4 137'1433 
12 II 28 27 : 1·050 2JJ2IO - 0·33221· - 0·3331 - 0·3326 to·9 -120·5 136·8107 
13 II 27 26 1·132 234·342 t 1·3711 . t 1·3702 t 1·3706 -f-0·9 -119·6 138·1813 
13 lJ I 26 25 I 1·190 235·532 - 1·5239 I - 1·5242 - 1·5240 +0·3 -119·3 136·6573 
13, 14 9, 14 , 25 24 l 1·082 236'614 1 *+ 1·1199 I *t 1·11 7s + 1·1189 +2·1 -11t2 13n762 
13 9 ' 24 23 ~ 1·161 23t 775 -10·2227 1 ~-w·2236 -10·2232 +0·9 -116·3 12rss3o 

I I 

;----~-~!-XIX 1-:519 ~8·294 -+ 3·0949 j-t 3·095,1 f3·095~~·7 -=1-1to 'f,~0·64So 
~--__2..-~_xv111I_0·161 -~936 _-+- 1·2976 I_+ 1·2963 ~-~970 _!~-=:'~s·o ~28·8500 
8, IJ 7 23 22 1·450 239·225 + 0·7772 + 0·7803 t 0·7788 -3'1 -I 19·4 128·3318 
g 6, 7 22 21 1·063 240·288 - 6·6335 - 6'6326 - 6-6330 -0·9 -120·3 121·6988 
8 6 21 20 1•132 241•420 + 1•0800 I + 1•0788 + 1•0794 +1•2 -119•1 122•7782 
8, li 6, 14 20 19 1·387 242·807 *- 1·3666

1

1
• *- 1·3714 - 1·3690 +4·8 -I 14·3 121·4092 

8, 9 I, 6 19 18 l'l 11 243·918 -10·3079 -10·3103 -10·3091 f 2'4 -I II'9 II 1'1001 
9 I 18 17 0·961 244·879 - 1·0912 - 1·0887 - 1·0900 -2·5 - -114'4 l IO'OIOl 

9 I 17 16 1·291 246'170 - j'6419 -· 3·6381 - J6400 -]'8 -I 18·2 106·3701 
2 I 16 15 \ 1'315 247'485 t I·41q4 I + 1·4249 -f- 1'4222 -5·5 -123'7 I IOj'792J 
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2, 6 I, 6 15 14 ' 1·294 248'779 *+ 5·909I *t 5·9128 t 5'9I IO -3'7 --127'4 IIJ'70JJ 
2 I 14 13 1·286 250·065 + 2)948 + 2'j996 + 2·7972 -4·8 -132·2 IIfr5005 
:t r, 0. 29 13 12 1·440 251·505 - 5·9967 - 5·9933 - 5·9950 -H -r35·6 110·5055 
0. 30 0. 29 12 II 1'295 252·8oo + 7'7842 + 7'7798 + 7'7820 +4'4 -I]l'2 I18·2875 
0.30,N.50.29,N.5 II 10 1. 1·111 253'911 *t11·o664 *+11·0588

1

. +11·0626 t7·6 --I2J6 129·3501 
o. 30. 0. 29 IO 9 : 1·088 I 254·999 -10'6850 -10·6838 --10·6844 -1·21 -124·8 118·6657 
o. 30 o. 29 91 8 I 1·146 I 256·145 - 8·8715 ! - 8·8746 : -- 8·8730 ' ~-JI i -121·7 109·7927 
------------,--:--:------------i---i------1-------
~--_N~--~J-~i __ o.083 i_ 256'228 __±~363 )__±_1_2356 1_-i_f'7J60 ~-~1_-=_1_21·0 ~~5287 

30, 31 
31 
31 
3i,N. 4 
N.4,5 
26 
28,26 
26 

0 i i ! 

ct. I 
29 8 7 1·1841 25i'329 -- 5'7fJ19 I -- q8c;R i ,,_ 5'7914 --3·1 --12.f'S 
28 7 6 1·265 258·594 -- 2·5tllJ I - 2·5656: --- 2'j(i()() i ···07 ·125'5 

28 6 5 1·185 259·779 -·- 4·0804 -- 4·07ci8 ! - 4·0):)01 , -·--tl'6 -- -12fr1 
28,N.4 S 4 0·998 260·777 *-- 3·1184 *-~ .ri226 I --···· 11205: l..p -121·9 
28,N.4 4 J 1'084 261·861 * L 6'7903 *-L 6']843 ! J .. fri873' :vo -115'9 

25 3 2 l ·050 262·91 I • -!- 10·3394 -t· I0·,)3811 . •-IO' 3390 _: ·0·8 - -115·1 
25,28 21 I 1·27811 264·189. * '-12'i624 *1-t2·j645; • !2)634. --2·1 - llj'2 

25 1 j XV 1·163 265'352 + 8·6540 -; S·65r3 l - 8·6526 ; +2 j --114·5 
' ' ---------···· 

•An asterisk attached to any number indicates that it is a mean ralue of two determi1wl111ns. 
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176 U. 8. COAST AND GEODETIC SURVEY . 

. Supplementary heights (approxintate) of noints along the .iliobile a,nd Ohio 
and Illinois Central Railroad. 

j 

Location. 

Shannon, l\liss., 

Verona, 1\1 iss .• 

Tupelo, I'\liss., 

Saltillo, l\.Iiss., 

Guntown, Ivliss., 

Baldwyn, l\Iiss., 
'\Vheeler, Miss., 
Boonesvillc, Miss., 

Rienzi, Miss., 

Corinth, l\liss., 

State line, 

Corinth, -:\I iss., 
Ran1er. ·renn., 

Falcon, Tenn., 

Seln1a, Tenn., 
Bethel Springs, Tenn., 

J\JcNairy. Tenn., 

llen<lerson, Tenn., 
Pinson, Tenn., 

'l Jackson, Tenn., 

. Oakfield, Tenn., 

I 
l 

Medina. Tenn.,. 

Description. 

County road crossing, 2 miles south of, gr?und 
Opposite Mobile and Ohio R.R. station, oo. 
County road crossing, at Clarke's sawmill, mid-

dle of track, ground 
Opposite Mobile and Ohio R. R. station, middle 

of track, gnHlnd 
Crossing of Mobile and Ohio and Kansas City 

Belt k. R., g1·ound 
In front of Mobile and Ohio R. R. freight de-

pot, ground 
County road crossing, 1~ miles south of, middle 

of track, ground 
Opposite I\fobile and Ohio R. R. station, <lo. 
County road crossing, 3 miles north of, middle of 

track, ground 
Opposite Mobile and ()hio R.R. station, middle 

of track, ground 
do., <lo. 

County road crossing, middle of track, do. 
County road crossing, 3 miles south of, middle of 

track, ground 
Ground on line with north end of Mobile and 

Ohio R·. R. station, 
County road crossing, 2-i- miles south of, ground 
Opposite north end of Mobile antl Ohio R. R. 

station, ground 
County road crossing, 5~ miles south of, do. 
County road crossing, 4 miles south of. <lo. 
Crossing Mobile and Ohio and 1\Iassillon and 

Cleveland R.R., ground 
County road crossing, 3 miles north of, do. 
Crossing Mobile and Ohio R. R. an<l State 

line, ground 
County road crossing, 5 miles north of, do. 
County road crossing, 1 mile south of, do. 
Opposite Mobile and Ohio R. R. station, do. 
County road crossing, 3 miles south of, do. 
Opposite Mobile and Ohio R.R. station, do. 
County road crossing, do. 
Opposite Mobile and Ohio R. R. station, do. 
County road crossing, 1t miles north of, do. 
County road crossing, 4 miles north of, do. 
Opposite Mobile and Ohio R. R. station, do. 
County road crossing, 3-i" miles north of. do. 
Opposite Mobile and Ohio R.R. station, do. 
County road crossing, 2 miles south of, do. 
County road <':rossing, I mile south of, do. 
Opposite Mobile and Ohio R. R. station, do. 
Crossing Illinois Central and Mobile and Ohio 

R.R. ground 
County road crossing, Illinois Central R.R., 1+ 

miles south of, ground 
Opposite mail stand, Illinois Central R. R., do. 
County road crossing, i mile north of, do. 
County road crossing, 4 Jniles south of, do. 
County road crossing, 1-t miles south of, do. 
Opposite Illinois Central R.R. station. do. 

i Height , 
I above a,·er-: 

I age GuH ' 
. Jere! . 

.:'IIetro·. 
80·1 I 

73·95 

90.o6 
95·24 

1o6·34 

I 16-10 

I 14·04 
109·25 

118·14 

153·60 
136·68 

I 32·73 
131·39 
140-36 

132·88 
146-31 

154·01 
142·23 
126·42 
125·56 
125·59 
1:;0·32 

132·95 
139·76 
144·30 
155·68 i 
136-85 i 
129·65 I 
128·49 I 
116·02 j 
I 17"65 
I 15·96 I 

! 
129·57 \ 

126-76 l 
134·3

1 I 
131·04 
I 10·16 

143·47 ! 
x50·09 I 
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Bupplementtiry heights (approximate) l!l point1r along tlte Mobile a,11rl Ohio 
aud Illinoi8 Central Railroad. 

Location. 

:Medina, Tenn., 
l\1ilan, Tenn., 

Cadis :MiJI. Tenn., 
Idlewild, Tenn., 

Bradford, Tenn., 

S. Ex. 37--12 

Description. l
l Height . 
above a~·er- ; 

I age Gulf j 

~~~--~~~~~~~~~~~~~~~~~~~~-i' level.-~! 
Metres. \ 

162·09 

149·03 
143·03 
1 37"90 
137·50 

County road crossing, 2 miles north of, ground 
County road crossing, 5 miles south of, do. 
County road crossing, Jf miles south of, do. 
County road crossing, 2-t miles south of. do. 
County road crossing, Ii miles south of, do. 
Crossing of Illinois Central and Loui,,ville and 

NashYille R. R., ground 
County road crossing, 2 miles north of, cio. 
County road crossing, 3 miles north of, do. 
County road crossing, do. 
County road crossing, 2 n1iles south of, do. 
County road crossing, I n1ile south of, do. 
County road crossing, just north of. do. 
Opposite Illinois Central R.R. mail stand, do. 
County road crossing, 2 miles south of, do. 
County road crossing, 1 mile south of. do. 
In front of Illinois Central R. R. station, do. 
County road crossing, 2 miles north of. · do. 

128·44 

I 20·87 
120·68 
I I 2· I I 

108·46 
I 19·29 
I JI ·98 
I 12· 5 2 

I 19·64 
126·98 
J10·17 

99·93 



 

Date. 

Results of geodetic 8]Jirit lei1eling in jlississippi, Tnmessee, lfrnt1wk.~, and Illinois, 1885-'90. 

SECTION IL-FROM GREENFIELD, TENN., TO VILLA RIDGE, ILL., OCTOBER, 1888
1 

TO JANUARY, 1889. 

Benchmark 

I 

From- To-

Distance 

IM ween 
successive 

marks. 

From initial 
mark, 

K. 

Difference of height betwton marks. 
I .__. I 

Direction of measure. 

Discrepancy. 

Partial. Total. 

Height of 
mark above 

. average Gujf 
1 I I Jere! at Biloxi, 

Miss. Mean • 
. Forward (north- 1

1 

Backwarrl (south-

-----i \1ard). : ward). ! --i--------i-----i------

Accumu
lated. F-B 

18S8-'89. km. ~m. 111. m. m. mm. mm. m. 
Dec. ____ XV ----- 265·352 ------ ------ ------ ____ -114.5 +132·7770 

31 31 XV 102 0·094 265·446 - 2·0392 - 2·0396 - 2·0394 +0·4 -114·1 f r30-r376 
29 28 102 IOI 0·870 z66jI6 - 0·1617 - 0·1583 - 0·16oo -3'4 -117'5 f130·5776 
29 28 IOI 100 1·225 267'541 - 9·2622 - 9·2588 - 9·2605 I -3'4 -120·9 +121·3171 
29 28 100 99 1·199 268·740 -12·2485 I -r2·2435 -12·2460 -yo -125·9 + 109·0711 

J
2
9, i J 29. i 99 98 i·259 269·999 I **--10·9921 II **---10·9889 -10·9905 -3·2 -129·1 + 98·0806 .. J.4~ . 314i I 

29 28 • 98 97 1·526 271·525 - 0·04521· -- o.o.p3 - 0·0438 -2·9 -132.0 + 98·0368 
29 27 97 96 1·054 272·579 +10·5991 fw.6004 . +10·5998 -I'3 --133'3 +108·6366 
29 27 96 95 1·061 2n&40 +10·7461 [' +10·7447 +10·7454 +1'4 J -131·9 +r1 9.,3s20 

31 21 I 95 94 I 1·o64 274"704 + S'9J8o + 5·9373 + 5·9376 +0·1 -131·2 +125·3196 
I ' ' I I 

;-----;:-- 94 --XIV i--0·096 --274·800 l--+ 1·3966 !~--;-;970 f1.39681--=-0·4 I -1-3~1~6-7164 
··------.----·---------------,------.---1--·---1----
Jl,J.z 27,J.2 94 93 1·399 276.103 *- 3'7ss1 *- J7537 I - 3'7559 -4·4 -135·6 l +121·5631 
JI 27 93 92 1.292 277·395 -1I·8435 -11·8383 -II·8409 -·-5·2 -140·8 I +109·7228 
21 20, 11 92 91 0·982 278·377 - t6315 - t6z9o - t6302 -2·5 -143'3 I +102·0926 
21 20 91 90 0·608 278·985 + 5·2189 + 5·2147 + 5·2168 +4·2 -139·1 I +10no94 
2.J 20 90 89 0·726 279'711 + t6193 + 7'6180 + t6186 +1·3 -13t8 I +114•9280 
.21 19 89 88 r210 280·921 + 1·9326 + 1·9337 + 1·9332 -1·1 -138·9 tnfr8612 
21 19 88 87 1·285 282'206 t 2·7597 + 2·7573 t 2·7585 f2·4 -136-5 fII9·6197 
22 19 87 86 1·252 283-458 + 0·9764 + 0·9807 + 0·9786 -4'3 -140·8 +120·5983 
.22 19 86 85 1·244 284·702 - 6.0779 - 6-0752 - 6-0766 -2·7 -I43-5 +u4'5217 
:22 18 85 84 1·218 285·920 + 2·7758 t 2·7715 I + 2·7736 t4·3 -139·2 t11rz953 

i..i 
....-: 
00 

~ 
(/). 

(") 

0 
~ 
(fJ 

~ 

llaoz 
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24 ~;--~'-- 83 __ 1.2ss 1~_287-17S ! __ + to8.p , __ +~837 '-~~-to840 j_20·5 ]-=~y8·71'~~ 
.17 17 / 83 XIII 0·056, 1 287·234. + 2'2669 ! + 2'2669 · + 2'2669 

1 
o·o i ~-138·7 t126-6462 ------:·-----------------1 ______ 1 __ 1--~------

.. 17 18 83 82 0·729 287'907 - 3'5476 - 3·5462 I -- 3'5469 I -1·4 -140·1 +120·8324 
8 17 82 8I 1·204 289·111 t 0·2447 + 0·2443 ' + 0·2445 fo·4 -139·7 f121·0769 
S 12 81 8o 1.272 290·383 + 2·0620 + 2·0628 + 2·0624 -0·8 -140·5 t12J.1393 
8, 17 12, 17 8o 79 1·024 291·407 *-10·8oo2 *-rn·8022 -w8012 +2·0 -138·5 +n2·3381 
8 I2 79 78 1·287 292·6o4 - 6·7615 _. 6'7583 - 6'7599 -3·2 -141·7 +105·5782 
8 12 78 11 1·114 29r8os - 6·1164 - 6·1108 - 6'11 36 - 5·6 -147·3 + 99·4646 

110 II, 12 77 76 1·315 295·123 + 2·0876 f 2·0879 + 2·0878 -0·3 -I4/'6 +101·5524 
10 II 76 XII 0·990 296·n3 + 6-6337 + 6-6375 + 6'63561 -3'8 -151·4 t108·188o 

• Jo, 14 II, 14 xn 75 0·990 297·103 *- 5·0130 *- 5·0100 - 5·0115 -J.O -154·4 f IOJ'l765 
,JO II 75 74 1·291 298·394 t11·0746 t11·076o +u.0753 ! -I.4 -155.8 fl 14.2518 
10, 14 5, II, 14 74 73 1·629 300·023 *+ 5·7382 *t 5·7538 t 5-7410 -5·6 -161.4 t119·9928 
6 5 73 72 1.228 301·251 t 2·6o30 t 2·6o47 t 2·6038 -q -I6JI f 122·5966 
6 5 72 71 1'247 302·498 + 3·1957 + J1978 t Jl968 -2'1 -165·2 +125·7934 
6 5 71 70 1·115 303·613 - 4·1472 - 4·1443 - 4·1458 -2·9 -168·1 +121·6476 
6 s 70 69 1·093 304·706 -10·8645 -10·86471 -10'8646 -j-0·2 1

1 -167'9 +110·7830 
::_ 5 !_~ --~ __ 1·067 1 __ 305·773 __ - 2·5208 i __ - 2·5184 1_=._2·5196 1_-2·4 1-~=-'!0'3 1~08.2634 

4 41 68-1 xr I 0·088 · 305·861 j + 0·9090 I + o·~o96 + 0·9093 f -0·6 i --1 70·9 
1 

+io9·1 727 
6----4 .---68 ____ 6_7 ,--0·9_3_7.--30-6--71-01--t-9-·8-41-31-+-9-·83_8_1 -t-9-·8-39-711_+_3'_2 

1
--16-7.-1 --01-8·-10-31 

\ 7, 15 4, 15 67 66 1·026 : JOti36 ' *+ 4·3100 I *+ 4·3147 + 4·3124 -4-7 ---171.8 +122·4155 
1 4 66 65 0·900 308·636 i ()·4161 + 6·4154 + 6-4158 i +0·7 -171·1 + 128·8313 
·7 3 65 64 1.046 309·682 --- 0·1425 i - 0·1382 -- 0·14041' --4'.) -175'4 -j-128·6909 
1 3 64 63 1'232 310·914 + 1·6i54 ! -i 1·6783 + 1·t1768 -2.9 -178.3 +130·3677 
1 3 63 62 1·248 312·162 3"7712 I Ji753 Tn62 i -1·9 ---180·2 +126-5915 
7, 18 3, 18 62 61 1·248 .)lJ.410 . * - 9·0300 I * [i\J25h 9·027S i -4·4 -184·6 +117'5637 
7, IJ 3 61 60 1·230 31f640 -- 5·9950 I -- 5·1)91S 5·9934 i -3'2 -187·8 +111·5703 

.13 31 N. 28 60 X 1·146 31nSG ' -i 0·6530 i .j. o·li551 + 0«1540 ; -2·1 -189·9 f 112·2243 
1J N. 28 X 59 1'468 31p54 - ()'2j22 i q·2743 -·· CJ'2j32 i :-2·1 --187'8 t102·95II 

.JO 
JO 
JO 
JO 

Nov. , 
28 59 58 1·178 318·432 -j 1·6766 ~ -i l'b79i. -i· 1·6782 --,)"! i -190·91 
28 5s 57 1·254 319·686 - .rsr57 I - J·81y1 -- .~·8156 ~ 0·1 1 ---1 91·0 
27 57 56 1·221 320·907 - J9769 ;I -- 3'9i5~ ·-- ]'9760 I --1'7 -192·71 
2] 56 55 1·084 i 321·991 ··-- 0·5039 : - - 0'4<J9~ · 0·5018 1 

-A'I --196·8 I 

+104·6293 
+100·8137 
+ 96-8377 
+ 96-3359 

*An asterisk attache,l to any number tndinites that it is'a mean ~alue of two de:enninations; a double ;1stni~k 1knot1•, a mean qf three or more values. 
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Results of geodetic 11pirit wveUng in 1llississipp·i, Tennessee, Kentucky, and Illinois, 1885-'.90. 

SECTION IL-FROM GREENFIELD, TENN., TO VILLA RIDGE, ILL., OCTOBER, 1888, TO JANUARY, 1889. 

--------------
Benchmark Distance Dift'erence of height between marks. Discrepancy. 

Date. 
From-

-- · ---- i , I l!eightof 
Direction of measure. 

1
1. ! Partial. : Total. n:ark above 

Between 1• · .. 1 1 , I a' ernge Gulf 
f rom ll11t1a I 1 . _, ---~-- 1 J t Blloil To- \ st1ccessive k , ..... , · · · -- eve a: , 

ma; , , 1 ,.,ean. I I 1 ~!1s8. 
1 marks. K. l•orward (11orth- Hackward (south-: I F-R Accumu- 1 

I warrl,;. ward). i • latecl. \ 

------1----l - - -· - ! 1-----·t-~----! ~~--
1888 '89. ! ' I I 

Nov. km. km. m. m. ' m. 111111, 1 mm. . m. 
30 27 SS 54 1·036 323·027 t 1·6990 + 1·6971 + 1·6980 +1·9: -194.9 i f- 98·0339 
D. I 27 I 54 53 1·040 324·o67 + 8·5400 + 8·5446 + 8·5423 --4·6 i -199·5 I -! 1o6·5762 
D. I 27 I 53 52 1·18o 325·247 +12·0295 +12·0340 +12·0318 -4·5 I --204·0 +118·6080 
D. 1 26 52· 51 1·u4 326'361 + 4·4968 + 4·5017 + 4·4992 ·-4'9 , -208·9 +12J1072 
D. l, 15 26, D. 15) SI 1 50 i 1·125 327·486 *~11·3033 *-11·2999 : --u·3m6 : - -3'4 ! ---212·3 +111·8056 
.......----.--. ---·----i-----------------,--.------
17 19 I ' 50 I IX l 0·339 327·825 + 6·;436 -+-6-7462 : +- 6'7449 : - 2·6 '1 --214·9 +118·5505 
----~------t------1-----'...---._ -----------·----'~-·-------
i19 17 50 I 49 ! 1·266 328·752 - 6·6867 - 6-6839 . - 6-6853 l -- 2·8 : --21$'1 +rofI203 
ZO 17 49 48 1·286 330·038 - 0·9042 - 0·8997 --- 0·9020 I ·- 4·5 ---219·6 -t-104·2183 
20 17 48 47 1'228 331·266 - 2·4216 - 2·4185 - 2·4200 -- JI -222·7 t101·7983 
ZO 17 47 46 1·122 332·388 +u·2851 +11·2848 tu·2850 + 0·3 ---222·4 *tIIJo833 
20 16 46 45 1'150 333•538 + O•oo6J + 0•0018 + 0•0040 + 4'3 ! -218•1 I *+113•0873 
20,24 16,24 45 44 n56 334·694 *- 9·2772 *- 9·2704 -9.2738 - 6·8 -224'9' *t10J8r35 
211 26 16, 24 44 43 1·211 335·905 *- 5·7004 *- 5·6958 . - 5·6981 - 4·6 -229·5 + 98·1154 
:ii 16 43 42 1·16s 331·073 - o·6us -- 0·6097 I - 0·6108 - 2·r -231·6 + 97'5046 
:u, 24 to, 16, 23, 24 42 41 0·942 338·015 *- 0·0566 *- o 0522 - 0·0544 - 4·4 ---236-0 + 97·4502 
12, 21 IO, 23 41 40 1·352 339·367 *+ 3·2287 *+ 3·2334 + 3'2310 - 4·7 --240'7 I +100·6812 
1:2, 21 10,23 40 391 1·336 340703 *+ 1·4845 *t 1·4892 + 1·4868 - 4'7 ---245"4 +to2'168o 
n, 22 10, 23 39 \'III 1·030 341·733 *+ 8·5105 *+ 8·5148 + 8·5126 - 4·3 --249·7 +110·68o6 
12, 22 9, 10, 23 VIII J8 1·176 342·909 *- 3·0522 *- 3·0462 -· yo492 - fro -255'7 t 107·6314 
u 9 3s 37 1·270 344·119 + 3·7275 + J7263 + n269 + 1·2 ~254·5 +111·3583 

, J3, 22 9, 22 37 36 / [•28o 345'459 *+ 5'4424 i If+ 5'4444 I + 5·4434 - 2'0 -256'5 +116'8017 

I-lo 
00 
0 

~ 
rn 

0 
0 
~ 
(fl 

~ 

~ 
0 

0 

~ 
t1 
t;i:j 

~ 
~ 
~ 
~ • 



 

13 9 36 35 1·332 346·791 +13·6762 +13·6738 f 13·6750 + 2·4 -254·1 +130·4167 
13 9 35 34 1·255 348·046 + 2·2478 + 2·2488 + 2·2483 - 1·0 - ~255·1 +132·7250 
13 3, 9 34 33 1·260 349·3o6 -12·7028 -12·7042 -12·7035 + 1·4 -253'7 +120·0215 
5 3 33 32 1'144 350·450 -10·2894 ·-10·2928 -I0'291I t 3·4 -250·3 tI09'7J04 - -----1--------------,------------
~--~--3~-~~~342 _350'792 _ + 9·2417 _ + 9·~417 ,~·2417 o·o -=:!o·.31_2-118·9721 

5 3 ' 32 31 1·108 351·558 - 2·4o61 - 2·40541' - 2·4058 - 0·7 -251·0 +107·3246 
5 2, 3 31 30 1·134 352·692 - 2·8359 - 2·8314 - 2·8336 - 4'5 -255·5 +104·4910 
5 2 JO 29 1'24J 353'935 + 8·7552 + 8·7590 j + 8']571 - J'8 -259·3 tIIJ2481 
s 2 29 28 ' 1·224 355·159 - 3·5202 - 3·5224 ! - J5213 + 2'2 -257'1 f 109'7268 
8 2 28 27 1·264 356·423 -10·3898 -10·3919 -10·3908 + 2·1 ---255·0 + 99·336o pj 
8, 0 30 2 27 26 1·250 35]'673 - 2·5325 - 2·5293 - 2·5309 - 3'2 -258·2 I t 96·8051 tij 

Oct. I ~ 

jO 29 26 VI 0·984 358·657 - 0·1615 - 0·1590 - 0·16021 - 2·5 · 260·7 t 96·6449 ~ 
30 29 VI 25 1·466 36o·123 - 0·2761 - 0·2714 - 0·2738 - 4·7 ---265·4 + 96·3711 8 
30 29 25 24 1·040 361·163 + 0·2333 + 0·236y + 0·2349 - 3'2 -268·6 + 96·6060 ~ 
30 27 24 v 0·882 362·045 + 1·2848 + 1·2844 + 1·2846 + 0·4 -268·2 + 9]'8906 0 
30,JI 27 V 23 1·304 36J349 -t- 1·2002 t 1·2045 t 1•2024 - 4·3 -272·5 f 99·0930 ~ 
31 27 23 IV 0·998 364·347 + 2·1o63 + 2·1113 + 2'1088 - 5·0 --277'5 +101·2018 
24 27 IV 22 0·830 365·177 - 2·9262 - 2·9227 - 2·9244 ·- .rs -281-0 + 98·2774 i 
24 23 22 21 0·436 365·613 - 5'5295 1· - 5'5J02 -- 5'5298 + 0·7 I ----280·3 + 92·7476 ~ 
24t31, N. 14 31,N.14 21 20 1·366 366'979 **+ s-5095 . *+ 5·5124 + 5·5uo ··· 2·9 1 28j°2 + 98·2586 I 
24, 25 23 20 19 1·226 368·205 + 0·3019 + 0·3015 + 0·3017 + 0·4 ·-282·8 + 98·56o3 'it 
is 23 19 18 1·191 369·396 - 0·2420 - 0·2401 - 0·2410 -- 1·9 ·--284·7 + 98·3193 >--
zs, N. I, 14 20, N. I 18 16 ' 2·492 371·888 **- 6'6283 • *- 6-6181 - 6·6232 --10·2 --294·9 + 91·6961 . ~ 
-----------------1-----------,-----------
25 25 16 I III I 0·296 

1 
37n84 + 6·5645 I + 6-5642 + 6-5644 + 0·3 [ --294·6 + 98·26o5 ~ 

I , , ........-.-------. -------1-------------1---------1----------
JO 10 16 I 15 I 0·856 372·744 **+ 0·7628 **+ 0']602 + 0·7615 + 2·6 I --292·3 + 92·4576 
10, 12 16, 19 15 1tl.I. S. E. 3 q22 374·166 + 6'4818 + 6-4834 + 6·4826 - 1·61 293'9 + 98·9402 
12, 15 10, 19 U.S. E. 3 U.S. E. I 0·531 374·697 *- 2·8148 *·- 2·8141 -- 2·8144 ··· 0·7 : ·· 294·.6 + 96·1258 
12 16 u. s. E. I u. s. E. 2 0·325 375·022 + 0·4077 + 0·4074 + 0·4076 + 0·3 i 294·3 + 96·533.4 
12 16 U.S. E. 2 14 1·030 376-052 - 2·5539 - 2·5505 - 2·5522 - 3'4 \ ----29i'7 + 9J9812 
12 16 14 13 1·164 377·216 + 2·9716 + 2·9714 + 2·9715 + 0·2 ·297'5 + 96-9527 
12 16 13 12 1·151 378·367 - 0·0003 - 0·0017 - 0·0010 + 1·4 --296-1 + 96-9517 
J2 ti, J6 12 JI 0·890 379·257 + 0·3086 + 0'JIJ3 + 0'3100 , - 2'7 -298·8 I + 97'26J7 

•.An asterisk attached to any number indicates that it 111 a mean value of two determinations; a double asterisk denotes a mean of three or more values. 
t Crossini the Ohio River; observation ma1le simultaneously. 
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Reattltl of geodetic apirit leveling in Mis1iaaippi, Tennessee, Kentucky, and lllinois, 1885-'90. 

SECTION 11.-FROM GREENFIELD, TENN., TO VILLA RIDGE, ILL., OCTOBER, 1888, TO JANUARY, 1889. 

--------~--~~-;--------·~~~~~.,..-~~--:--~· 

l3encbmuk Distal\te 

1 
Date. I 

Between I From initial 
, succellsive i mark, From- To-

DiHerence of height between marks. 

Direction of measure. 

Mea.n. 

Discrepancy, 

I Partial. 1-LTotal. 

F B I Accumu-

Height of 
mark above 

average (~ulf 
level at Biloxi, 

Miss. 

- i lated. 

-'-----1~-

I marks. ! K. 

-------1 I 1-----1---~I , _____ _ 
Forward (notth- j Backward (south· 

ward). ward). 

13 
13 
13,18 
13 
13 
JS 
81 15 

1888-'89. 
Oct. km. lm. m. m. I m, mm. mm. m, 

JJ 1

1 

~ 11 to 1·304 380·561 + 0·0761 + 0·0802 + 0·0782 - 4·1 -302·9 + 91'3399 
1I JO 9 1·318 381·879 t 0·1317 t 0·1336 t 0·1326 -- 1·9 -304·8 t 97'4725 

II, 18 9 8 0·941 382·820 *- JIJOO *- 3'1260 - JI28o - 4·0 -308·8 + 94·3445 
II 8 7 1·196 384·016 t 2·8838 t 2·8815 + 2·8826 t 2·3 -306·5 t 9p271 
If 7 II 1·307 385'323 + J•6853 + J•6891 + 1·6872 - JS I -310·3 I + 98·9143 
9 II 6 0·996 386'319 - 1·2644 - 1·2667 - 1·2656 + 2',) I -308·0 I + 97'6487 

6, 15 6 s 1·os4 38t403 *-- o·oo3s *- 0·0061 - 0·0050 
1 
+ 2·3 : - 305·7 I + 9r6431 

-----·--:_...._ ______ --------_____ , ______ ------------i----·---,---
9 9 i 5 i I 0·298 38no1 I - 0·2903 - 0·2914 -- 0·2908 i + 1·1 

1 
-·-304·6 I + 9n529 

I ' j I I ! 

------:----~ -----1----1---------'----------·· 
,8 6 5 4 1·317 j 388·720 + 3'76o3 + J'76o7 I + 3'1605 - 0·4 --306·1 +101·4042 
8 6 4 3 1·326 390·046 + 5·6361 + 5·6386 + 5·6374 - 2·5 -308·6 +10ro416 
8, 17 6, 17 3 2 1·251 J91'297 ·+ 8·1297 *+ 8·1302 + 8·1300 - 0·5 -309·1 +115·1_716 
9 5 2 I 1'210 392·507 + 8·3399 t 8·3407 t 8·3403 - o·8 -309·9 +123·5119 

91 17 51 17 I 7;a 0:989 393'496 t *-'-- 6:7200 *- 6:r203 - 6:7202 f 0:3 I -309·6 fI16)9I7 
5 9 Z3 \3 O 124 •••• ·-------1 - I 6770 - I 6778 - I 6774 t 08 ----- ---- -----.··-----

_____ __:_.--~--- _ _. ________ ··- _1 ___ _ 

• .Ac asterisk •lt•ched to any number indicates that it is a mean value of two dtterminations; IL double asterisk denotes a mean of three or more nlues. 
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Date. 

.Results of geodetic spirit lei·eling in A:fississippii Tennessfr, Kentuck.lf, and Illinois, 1885-'90. 

SECTION III.-FROM VILLA RIDGE, ILL., TO ODIN, ILL, APRIL AND JUNE, 1885. 

Bench mark 

From- To-

Distance 

Between 
successive 

marks. 

From initial 
mark K. 

Difference of height between marks. Discrepancy. 

Line run with Partial. I Total. 

Mean. 

Rod E. I Rod F. R-F. Accumu-

Height of 
mark above 

averaJ?e (~11lf 
level at Biloxi~ 

Miss. 

------1 I I I l I •----~ 
lated. '--~--

4 

1885. 
June. 

Mean. 
Z:i 
'4 

Z-J 
V3 
Y3 

km. 

0·130 
0·127 

km. 
39J496 

39J623 

m. 

- 1'6831 

m. m. 

- 1·6830 - 1·6830 
- 1·6802 

mm. 

~0·1 

mm. 
t o·o 

tll. 

tII6'7917 

+115·ru5 
June. 

4 \ Y3 I 146 1·322 394'9451 - 6-9017 - 6·9014 - 6·90161 -0·3 - 0·31 108·2099 
~--l-146 _145 ; 1·238 396·183 --=-4·0054 - - 4·0026 ---_4·0040 !-=-2·8 ~-JI ,---~04·2059 

4 I 145 XII, I 0·332 396·5151 - 0·4499 I --- 0·45031 --- 0·4501 I to'4 I - 2·7 i tro3·7558 
--------....-.. ~.-------------____ I ____ --------------·..........----.--·___.. 

3 . 145 144 1·009 397'192 _ 0·6936 _ 0·6926 _ 0·6931 I -t·o ___ 4·1 1 +103·5128 
3 144 143 0·956 398·148 + 1·4270 + 1·4258 + q264 + !'2 --· 2·9 +104·9392 
2 143 142 1·162 399·310 - 1·7729 -- 1·7732 - 1·7730 +0·3 -- 2·6 + 103·1662 
2 142 141 0·948 4ocr258 - 1·0033 - 1·0036 - 1·0034 ·t-0·3 - 2·3 +ron628 
2 141 140 0·796 401·054 - 0·4167 - 0·4155 - 0·4161 -1·2 - 3'5 +101·7467 
1 140 139 0·182 401·236 - 0·2007 - 0·2010 - 0·2008 to·3 - 3'2 f 101·5459 
I 1J9 Ij8 0·960 402·196 t 1·2218 + 1·2237 + 1·2228 ···1'9 - 5·1 tro2·7687 
I 138 137 0·970 40]'166 - 0·2911 - 0·2890 -- 0·2900 I -·2'1 ---· 7'2 +102·4787 
I 137 136 1'001 j 404·167 - 0'4939 - 0·4917 - 0·4928 -·-2'2 - 9·4 . +ro1·9859 

May. 
29 136 135 0·842 405·009 + 0·5375 + 0·5377 +· 0·5376 --0'2 - 9·6 +102·5235 

29 135 134 1·012 406·021 - 1·5279 ·- 1·5315 - 1'$297 tJ6 - 6-o +100·9938 

29 134 Xa 0·910 4o6·931 + 1·0339 + 1·032"1 + r·o.333 +1·2 - 4·8 +102·0271 

29 X3 133 0·56o 407'491 + 0·5119 + 0·5121 + 0·5120 -0·2 - 5·0 +102·5391 

t A new start occasioned by the change in method of ob~ervmg. 
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29 
28 
28 
2$ 
28" 
27 
27 
27 
27 
26 
25 
25 
25 
23 
23 
23 
22 

~ 22 
:12 
22 
22 
21 

Date. 

1885. 
May. 

Results of geodetic spfrit lmielfog in Mississ-ippi, .1'ennessee, Kentucky, and .Illi1io·i.~, 1885-190. 

SECTION III.-FROM VILLA RIDGE, ILL., TO ODIN, ILL., APRIL AND JUNE, 1885. 

Bench mark Distance Differenre of height between marks. 

From-

133 
132 
131 
130 
129 
128 
127 
126 
125 
124 
123 
122 

121 
120 

119 
118 
117 
116 
115 
114 
113 
112 

I 

Eetwe~n I 
success1 ve I 

--· ~~----~--------~·- ~-----··-·----

To-
marks, , 

From initial I 
mark K. I 

Line run with 

I Rod E. Rod F. 

---··· --·-·-------!--··---·~----·--------·· -·-I I I 

132 
131 
130 
129 
128 
127 
126 
125 . 
124 i 

123 I 
122 I 

i 

121 : 
120 
1I9 
118 
117 
116 
Il5 
114 
II3 
112 
ll l 

i 
I 

km. I! 

0·791 
1·323 I 

1·068 ! 
1·102 
1·087 
1·102 
1·116 

1·099 
1·127 
] ·281 

0·975 
0·968 
1·831 
0·874 
l'OII 

1·552 
1·028 
1·006 

0·978 
0·966 
1·029 
0·854 

km. 
4o8·282 
409·605 
410·673 
411·775 
412·862 
41J964 I 
415·08o 
416·179 
41j'306 
418·587 
419·562 
420·530 
422·361 
42J235 
424·246 
425·798 
426·826 
427'832 
428·810 
429·776 
430·8o5 
431·659 

m. 
-- 0·4613 
+ 0·906o 
+ 0·6246 
+ 2·0537 
+ 1·5932 + 1·0328 
+ 2·6794 
l J0.?93 
+ 2·4325 
+ no83 
+ 7'448o + 6·9255 
+14·3573 
- 4·2688 
- 4·3739 
+10·5299 
+ 6·9973 
+ 7'3985 
+ 5·4829 
+ 4·8503 + 6·7166 
+ 5·9285 

m. 
- 0·4574 + 0·9042 
+ 0·6256 + 2·0526 
+ 1·5950 + 1·0333 + 2·6827 
t JOJl2 
+ 2'4293 
+ J7073 
+ 7'4461 
+ 6-9268 
-j-14·3631 
- 4·2671 
- 4·3765 
+10·5279 
+ 6·9952 
+ 7·3958 

f4859 
+ 4·8517 
+ 6-71241 + 5·9290 

Mean. 

m. 
- 0·4594 
+ 09051 + 0·6251 
+ 2·0532 
+ 1·5941 
+ 1·0330 + 2·6810 
t JOJ02 
+ 2·4309 
+ J'7078 
+ 7·4470 + 6·9262 
+14·3602 1

1· 

- 4'2680 ' 
- 4·3752 
+10·5289 
+ 6'9962 
+ 7'3972 

+ 5'4844 
-+ 4·8510 + 6-7145 + 5·9288 

Discrepancy, 

Partial. [ Total. 
i 

--· .. -·---~·~ ----
E-F i Accumu-

. ! lated. 

mm. 
-3'9 
-+-1·8 
' 

-1·0 

+1·1 
-1·8 
--0~ 

-n 
-1·9 
+3·2 
+1·0 
+1·9 
-1·3 
-5·8 
--1·7 
+2·6 
+z·o 1 

+2'1 I 
t2'7 l 
---JO l 
-1'4 j 

t4.21 
-0·5 

111!11. 

- 8·9 
- 7'1 
- 8·1 
--- 7'0 
- 8·8 
- 9·3 
-12·61 
-14·5. 
-11·3 
--10·3 
-- 8·4 
-- 9·7 
-15·5 
-17'2 
-14'6 
-12·6 
-10·5 
- 7'8 
-10·8 
-12·2 
- 8·o 
- 8·5 

Height of 
mark above 

arerage Gulf 
lerel at Biloxi, 

Miss. 

m. 
f 102·0797 
tro2·9848 
tIOJ'6o<J9 
+w5·663~ 
+107·2572 
+108·2902 
tuo·9712 
tII4·0014 
+116·4323 
+120·1401 
+12ns11 
+134·5133 
t148·8735 
+144·6o55 
tr40·2303 
+150·7592 
tl57'7554 
+165·1526 
+170'6370 
+175·4880 
+182'2025 
+188·1313 

-00 
~ 

~ 
rJ;. . 
0 

~ 
00 
~ 

~ 
t1 

0 
~ 
0 
t1 
t:ij 
8 
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21 I ) II I 110 1·016 . 432·6751 + 2·4296 i + 2"4Jl2 I + 2·4304 1. --1·6 -10·1 I +190·5617 
' I I I 

26 ==1=-JJO =-Wa = 0·175 r 432·850 i= + 0·3688 := + 0·3689 I- +-0·3688 f 0·1 00·2 I +~0·9305 
21 110 109 0·956 433'631 - 2·0681 : - 2·0709 I - 2·0695 I +2·81 -- 7'3 I + 188·4922 
21 109 ro8 0·962 434·593 + 2·7438 + 2·i422 I + 2·7430 I +1·6 

1 
·-- 5·7 +191·2352 

21 Io8 xi. t·o68 435·661 - 0·1298 - 0·1305 I - 0.1302 I i-0·7 1 - 5·0 -1-191·ro50 
13 XI. 85 0·996 436·657 - 1·4454 - 1·447~ I ·-- 1·4466 I f 2·5 I - 2·5 +189·6584 
13 85 86 0·976 437·633 + 1·9838 + 1·9856 + 1·98471 -1·8 : - 4'3 +191·6431 
13 86 87 0·972 438{>05 - 1·3718 --- 1·3723 I - I·3720 +0·5 i - J'S +190·27JI 
13 s1 8s • 1·s23 440·128 - s·4779 - s-4730 I - s·4754 \ -4·9 - 8·1 +181·1951 
14 88 89 0·978 441·106 - 4·9997 - 4·9985 --- 4·9991 -1·2 - 9·9 +176·7966 
14 89 90 0·763 441·869 + 5·1913 ! + 5·1918 I .;. 5·1916 --0·5 -10·4 +181·9882 
14 90 91 0·963 442·832 - 5·8892 - s-8880 I --- 5·8886 -1'2 ---11·6 +1;fro996 
1+ 91 92 0·976 443'808 - r2045 - po41 - po43 -0·4 -12·0 +168·8953 
14 92 93 t·o38 444·846 - 6·9093 - 6·9056 - 6'9074 -3'7 --··15·7 +161·9879 
15 93 94 0·992 445·838 *- 6·8766 *-- 6·8767 - 6·8767 -j-0·2 -15·5 ttffl 112 
15 94 95 1·426 447·264 • - 9·7114 - 9·7130 - 9'7122 ·; 1·6 .. IJ9 t145·3990 
16 95 96 1·055 448·319 - 4·2316 - 4·2317 - 4·23161 ; 0·1 . -· 13'8 +141·1674 
16 96 97 0·978 449·297 - 1·8r70 - r·8r96 - i·8183 1 +z·6 / -11·2 I +139·3491 
16 97 98 0·952 450·249 - 4·4107 - 4•4101 - 4'4I04 ! -0·6 --11·8 +134·9387 
16 98 99 0·940 451·189 - 2'251I - 2·2535 -- 2·2523 -1-2·4 -- 9·4 +132·6864 
16 99 100 1·010 452·199 + 0·4421 + 0·4396 + 0·4408 -j-2·5 --- 6-9 t13y1272 
t8 100 IOI 1·356 453'555 - 2·0944 

1 
- 2·0900 - 2·0922 4·4 --11·3 -t-131·0350 

18 101 102 0·982 454·537 1 ·- 1·4565 - q6zo - r·4592 +5·5 -· 5·8 +129·5758 
18, 20 102 Va 0.402 454·939 **+ 0·9480 **t 0·9476 t 0·9478 +0·4 ·- H t130·5236 
18,20 V3 103 0·872 455·811 **-- 2·8131 **·- 2·8134 --- 2·8132; to·3 - 5·1 t12n104 
19 IOJ !04 1·029 456·840 - 0·6453 - 0·6437 -- 0·6445 1 -1·6 - 6-7 t12to659 
19 104 105 1·044 45t884 --- q617 -·- 1·4623 . - 1·4620 · +o·6 - 6-r t125·6o39 
19 105 w6 0·6551 458·539 1 0·3565 + 0·35~6 i + 0·3576 -2·r ~·· S·z tr2f9615 
20 106 107 0·944 459·483 : - 2·6150 -- 2·6136 -- 2.6143 ---1'4 ..... 9·6 -l-123'3472 
20 107 84 1·002 I 46oA8S : + 2·1777 I + 2·1750 + 2·1764 +2"7 - . 6·9 +125·5236 
12 84 83 1·114 461·599 1 + 0-1537 I + 6·1r23 + 6·1530 +1·4 .... - s-s +131·6766 
12 83 82 1·145 4&2)44 ; -1- 2·66,p I t 2·6666 + 2·6649 ·-·3·4 - 8·9 +134·3415 
12 82 x. 1·112 463·~56 i --- 4·3952 I ..... 4·3903 - 4·3928 ----4'9 ·--Ij'8 +129·9487 
6 x, 63 J'i12 464·968 : ·*~- 0·86061 * -· 0·8602 - 0·86o4 --0.4 ·---14·2 +129·0883 

41 6 63 64 0·652 465·620 ! *-- 4·1992 * - 4"20'.JO - 4·1996 
1 

-l-0·8 -IJ4 +124·8887 
6 64 T3 o.P72 466'292 I + 0·8121 t- 0·8146 I i 0·8134 I -2·5 -15·9 I +125·7021 

• Au asterisk atl.lcbed to any llUmber indicates that l! is a mean ralue Of two determinations; a douhlc asterisk denotes a mean of three or more rnlues. 
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Results of geodetfo spirit lerelrng in JI issis.~ippi, TenneRsee, Kentucky, and Illinois, 1885-'90. lo-
00 

SECTION III.-FROM VILLA RIDGE, ILL., TO ODIN, ILL., APRIL AND JDa~, 1885. 
O".) 

·--.-.. ... . 
Bench mark i Distance Difference of height between marks. Discrepancy. 

_____ , __ --------.. -· -I 
1 

I Height of 
Date. I I tine run with 

I 
I Partial Total mark abc'.ve 

I · average Gulf c:: Betl,een From initial ---- ------
1 

level at Biloxi, From- · To- succe~sh·e I I 
Mean. . 

mark K, I 
I 

I I I Mies. marks. 
RonE. I Rod F. , E-f, i Accumuw rt· 

·- . ____ _,_. .. ·--~; - i 
i lated. I 

Q ---1 ---~- --
-; .. ______ , __ )" 

i I 

I 
0 

1885. I ! I I I >-I I I 

I 
i'_fi May, km. lun. m. m. 11!. !/lf!l. Tl/ 11/. m. 8 6 T3 65 l'I 36 46]'428 - 6·3190 - 6·3192 - 6-3191 +0·2 -15·7 +119·3830 B 65 70 I 0 l18 468·546 - J0084 - J0085 - J0084 +0·1 -15·6 +1I6·3746 II--z 8 70 71 1· 127 469·673 + 2·5467 + 2·5481 + 2·5474 -1·4 -17'0 tn8·9220 t:! 8 71 72 0·962 470·635 - 1·6667 - 1·6660 - 1·6664 -0·7 -17'7 t11p556 

8 72 71 1·063 471·698 + J!b04 I + 3'1580 + 3·1592 +2·4 -15·3 +120·4148 'i.l 
r::1 8 73 U3 I 1·134 472·832 -- J8644 - J8666 - ]'8655 +2·2 -13·1 tIIfr5493 0 J1 U3 81 I 1·324 474·156 - 0'71 II - 0·7089 - 0·7100 -2·2 -15·3 +115·8393 t:l 

u 81 So 0·934 475·090 + 2·3475 + 2·3512 + 2·3494 -3'7 -19·0 tu8·1887 t?j 
~ It 8o 791 1·633 476-723 + 0·8702 + 0·8679 + 0·8690 +2·3 --16·7 tu9·0577 ~ 

11 79 78 1·136 477'859 - 0·8876 - 0·8849 - 0·8862 -2·7 -19·4 +118·1715 <'.":! 

'9 i8 77 I 0·940 478·799 + 3'6725 t J6716 I + ]'6720 +0·9 -18·5 +121·8435 (/) 

9 77 76 1·138 479·937 + 0'4596 + 0·4619 + 0·4608 -2·3 -20·8 t122·3c43 c: 
9 76 75 1·010 480·947 - 1·5828 - 1·5836 - 1·5832 +0·81 --20·0 +120·7211 l:tl 

< 9 75 74 1'456 482·403 - l'l6II - 1·1590 - 1·1600 -2'1 -22·1 f119·56II t_'rj 
9 74 69 I' 179 483'582 + 1·7745 + 1·7769 + 1·7757 -2·4 --24·5 +121·3368 ~ . 
7 69 68 1·406 484'988 I + 0·8582 + 0·8569 + 0·8576 +. 1·~ -23·2 +122·1944 j 

1 68 67 1·116 486·104 I - 1·6000 - 1·5975 - 1·5988 -2·5 -25·7 +120·5956 
1 67 66 1·136 48p40 + 0·7681 + 0·7708 + 0·7694 -2·7 -28'4 +121·3650 
1 66 62 i·166 488·406 + 0·9857 + 0·9832 + 0·9844 +2·5 -25·9 +122·3494 
j 62 61 0·937 489·343 -- 1 ·9184 - 1·9138 - 1·9161 --4·6 -30·5 +120·4333 
2 61 60 1'137 490·480 + 0·9144 + 0·9133 + 0·9138 +1·1 -29·4 +121·3471 
2 6o 59 1·081 491·561 + 1·8457 + 1·8479 + 1·8468 -2·2 -31·6 +123·1939 
t 59 58 1·149 492·710 I + 4·5999 + 4·5952 + 4·5976 j +4'7 -26·9 +12n915 



 

:I ·R . ~~ 1·r69 493-,1)79 -1·2550 -1·2544 -1·25471 -0·6 -27'5 + 126·5368 ) . I 
I 57 56 I.I14 494·993 +4·9279 +4·9250 +4·9264 +2'9 -24·6 +13q632 
I 56 55 1·106 496·~9 +1·8403 +2·8422 +2·8412 -1·9 -26·5 f 134·3044 

' 55 54 0·888 496-987 +2·2198 +2·2195 +n196 +0·3 -·26·2 +136·5240 
I 54 R~ 1·083 498·070 +3·3809 +3'3807 +3'3808 +0·2 -26·0 +139·9048 
May r, Apr. 22 R3 31 1·178 499·248 *-0·6763 *-0·6774 -0·6768 +1·1 -24·9 +139·2280 

Apr. 
22 31 32 1·909 501·157 -0·7163 -0·7172 -0·7168 +0·9 -24·0 +138·5112 
23 32 33 1·239 502·396 -3·2802 -3·2790 -j'2796 -1·2 -25·2 +135·2316 
23 33 34 1·390 50J786 +1·3167 +1·3132 +1·3150 tlS -21·7 +136·5466 
~ 34 35 I· I 71 504·957 +3·7370 +3'7355 -l-3'7362 +1·5 -20·2 +140·2828 
23 35 36 1·171 506·128 +1·6436 +2·6455 +2·6446 --l'9 -22·1 -f-142·9274 ~ 23 ' 36 37 1·244 507'372 +2·8710 +2·8695 +2·8702 +1·5 -20·6 +145·7976 M 
24 37 38 1·220 508·592 +3·5859 tJ5852 -l-3'5856 +0·7 -19·9 +149·3832 ~ 
24 38 39 1·140 509'732 +2·8122 +2·8147 +1~8134 -2·5 -22·4 +152·1966 0 

~ 24 39 40 1·o6o 510·792 -0·8240 -0·8239 -0·8240 -0·1 -22·5 +151·3726 "" 25 40 41 1·475 512·267 +1·1311 +1·1308 +r·r3ro +0·3 -22·2 +152·5036 
~ 25 41 42 1·220 51ns1 -1·7863 -1'7865 -1·7864 +0·2 ·-22'0 +150·7172 0 25 42 43 1·248 514·735 +2·8939 +2·8920 +z·8930 +1·9 --20'[ tr5J6I02 ~ 

25 43 44 1·883 516·618 +1·4003 +1·3987 + 1·3995 +1·6 -1~·5 + 155'0097 ~ 25 44 45 1·173 517'791 --0·3384 - 0'3329 -o·3356 -5·5 --24·0 -f-154·6741 00 
co 27 45 46 1·176 518·967 * +1·3358 * +1·3357 +1·3358 +0·1 -23'9 +156·0099 ~ 

27 46 47 1·149 5zo·u6 * +1·0702 * +1·0668 + 1·0085 t3'4 --20·5 +157·0784 I 27,29t28 47 48 0·914 521·030 ** +2·2300 ** +z·2278 +2'2289 +2'2 --18·3 +159·3073 "tt 
28 48 49 1·209 522·239 -1·5375 -1·5370 -1·5372 --0·5 -18·8 +157'7701 > 
28 49 50 1·163 52J402 -5·6b79 -5·6892 -5·6886 +1·3 -li'S +152·0815 ~ 

"" 28 50 51 1·198 524·600 +1·8255 +1·8211 tr·82,n I +4'4 --13·1 +153'9048 
28 51 S3 0·618 525'218 -2·6792 - 2·6793 -2·6792 +0·1 -fj·O ..j 151·2256 ;:: 
28 Ss 52 1·154 526·372 fJ3989 -t-3'3967 +3'3978 -j-2·2 --10'8 +154·6234 
29 52 53 1·66o 528·032 +2·5075 +2·5075 +z·5075 0.0 -- . wS +157'1309 
29 53 IX a 1·139 529·171 -0·1979 -0·1985 -0·1982 to·6 -10·2 +156-9327 
21 IXB 30 1·628 530·799 +s·s707 +s·5745 +5·5726 --·3·8 -14·0 + 162·5053 
21 30 :?9 1·180 531·979 -0·9260 -0·9256 -0·9258 -0·4 -14·4 +161·5795 
21 29 28 1·181 53J160 +3'5621 +3'5617 tJ5619 -f-0·41 -14·0 +165·1414 
20 28 ff-27 1·387 534'547 +3·1002 +3·1003 +J1002 -0·1 -14·1 fr68·24r6 

------i----------~---i------
21 _ _\ _ _2\_~[-~-~34·957 !~t-0·9339 _ +oy3201_+0·9330 !~1·9 -12·2 J__!~~9·1746 

~ 
• An asterisk attached to any nnrnher indicates that it is a mean n!lue of two cleterminations; a double asterisk denotes a mean of three or four ralues. 00 

-..) 



 

:Resiilts of geodetic Rpfrit leveling -in Jiississippi, .Tennessee, Kentucky, rmrl Illinois, 1885-'90. 

SECTION III.-FROM VILLA RIDGE, ItL., TO ODIN, ILL., APRIL AND JUNE, 1885. 

-- •>-••·---~-- --·-----.--..__ _______ , _______ ''-T---·----~~-----·--

Bench mark Di!!tance Difference of height between marks. I Discrepancy. 
:--... ____ ,_ ·~-! 

Date. 
From- To- ! s~~;~~l\~e ; F~~r~n~i.al ! ~[can. i. ·---- ----·· 1--·········-- ----

marks. ! i R <l E , R d F 1 E-F 1\ccumu-
1 ° · 0 · · · latecl 

Lint run with Partial. Total, 
Height of 

mark above 
arerage Gulf 
lerel atHiloxi, 

Miss. 

.___. __ , __ ••co,""r- ;-----

I I I I • 

I -1-------1·--------- ---· :-·-----···--·· -~---·-\------'·----- ··-··--- ·--------
2o 
20 

20 
18 
18 
18 
J8 
17 
17 
t7 
17 
•1 is 
15 
IS 
15 
14 
14 . 

1885. 
Apr. 

• 

131 16, If 
13 
13, 14 
13 
14 
14 

27 
26 
25 
24 
23 
P:i 
22 
21 

20 

19 
18 
17 
16 
15 
14 
13 
12 
II 

N3 
7 g 

03 
9 

IO 

I 

26 I 
I 

25 . 
24 
23 
p3 
22 
21 
20 
19 
18 
17 
16 
IS 
14 
13 
12 
II 

N:i 

7 
8 

Os 
9 

10 
6 

km. 
1·189 
1·182 
1·203 
1·888 
1·172 
1·136 
1·214 
1·662 
1·143 
1'155 
0·922 
1·149 
0·665 
1·346 
1·573 
0·921 
1·109 
1'16o 
0·989 
1·071 
1·438 
0·856 
1·142 
0·676 i 

1 : 
km. 
535·736 
536·918 
538·121 
540·009 
541·181 
542·~17 

543'531 
545·193 
546'336 
547·491 
548·413 
549·562 
550·227 
551·573 
553'146 
554·067 
555·176 
556-336 
557'325 
558·396 
559·814 
56o·690 
561·832 
5fi2·)0S l 

m. I m. ;11, mm. mm. 
-2·3288 / -2·3258 -2',1273 --JO --17'I 
+1·0936 +1·0950 +1·0943 -1·4 --18·5 
-4·0192 -4·0187 -4'01<)0 -·-0'5 --19·0 
-0·8823 --0·8827 -0.8825 +0·4 -18·6 
+2·6108 +2·6145 +2·6126 --3'7 -22·3 
t5·7136 -j- 5·7174 t5'7I55 -3'8 -26'1 
-2·66o5 -2·6643 -·2·6624 +3·8 - 22·3 
-4·0904 -4·0920 I -fo912 +1·6 -20·1 

-3·1655 -3·1671 -3'1663 +1·6 --19·1 
-2.2395 -2·2392 -2·2394 --0·3 - 19·4 
-2·0408 -2·0384 -2·0396 --2·4 --21·8 
-3'7282 _ 3.7293 -n288 +1·1 -20·7 
-1·2598 -1·2570 -1·2584 -2·81 -23'5 
-3'2658 -3'2618 -3·2638 -4·0 -27'5 
+1·2283 +r2294 +1·2288 -1·1 I -28·6 
+0·4924 +0·4929 +0·4926 --0·5 -29·1 
to·ou8 +0·0162 +0·0140 ·--4'4 -33'5 
-0·15II -0·1503 -0·1507 ·-o·S --34·3 

** +0·8354 ** +0·8401 +0·8377 --4·7 --39·0 
--2·1482 I -2·1465 --2·1474 -·-1·7 -40·7 

*-5·8040 * -5·8o35 -5·8038 --0·5 -41·2 
-+-2·5133 +z·5157 +2·5145 --2·4 ---4_r6 
-1 2"4235 +2·4242 +2·4238 --0·7 ---44.3 
+0·8138 -to·S124 +0·8131 '· +1·4 ---42·9 

m. 
-+ 165·9143 + r6too86 
+162·9896 
+162·1071 
+164·7197 
+1w4352 
+ 16t7728 
t16J6816 
t16o·5153 
+158·2759 
+156·2363 
+152·5075 
+151·2491 
t14r9S53 
+149·2t41 
+149·7067 
t149·7207 
+149·5700 
+150·4077 
t148·26o3 
+142·4565 
+144·9710 
+147·3948 
+148·2079 

~ 

00 
CfJ 

q 

00 

C'.l 
0 
> 
\}). 

~ 

> z 
0 

0 
trj 
0 
0 
trj 
8 
""" Q 

00 

~ 
~ 
t,!j 
~ . 



 

lf I> _) 
,., ,. I 5fi3·1q1 -f 1·0096 i -+ 1·0106 . t- 1·0101 1 _,_1·0 AJ9 J+12 49· ,l) 

lI 5 4 i 1·140 i 564)SI +0·9158 +0·9145 +0·9152 +1·3 ---42·6 +I 50· 1332 
II 4 .. 3 1·334 I 566·115 +z·9919 +z·9905 +2·9912 +1·4 -41·2 +153·1244 

I 

1·•0s I 56p20 +3'0323 +JOJ33 +Jo328 +156·1572 JI 3 i 21 -1·0 -42·2 
JO 2 I : 1·324 ! 568·544 +3'1463 +3·1462 +3'1462 +0·1 I -42•1 +159·3034 
IO I v 0·862 ! 569·406 +0·3148 +0·3116 +0·3132 t3'2 I -38·9 + 159·6166 

v M3 
I 

569·510 +0·36o7 ! +0·3596 +0·3602 +1·1 ! --,17'8 -t-159·9768 JI I 0·104 I 
' I I I ____________________ ! ~-------~-

-.. .... _i • ___ __,_ ..... ..._._ ____ ,~ ~---->-'-· ------ -----· .... 

• An asterisk attacked to any number indicates that it is a mean value of two dekrminations i a double asterisk denotes a mean of three or four ralue1. 
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190 U. S. COAST AND GEODETIC SURVEY. 

The probable errors of the resulting heights will have to depend on 
the discordauces of the forward and backward measures for Section~ I 
and II, and on the differences between results by rods E and F for t.lw 
simultaneous lines of Section III. Results thus obtained do 110t take 
into account systematic or constant errorR to which the observatious are 
known to be liable; this latter chts8 or uncertainty can only be recog
nized by the closing of loops of line~ of levels. The phenomenon of 
accurnulation of errors in the sa1ne direction is quite pron1inent in Section 
II, where, in a distance ofl.28km., and during about three months (October 
to .January), the discrepancy rises f'ro1n 11,.tn11

"· to 3l_Orom. in a surpris
ingly steady manner; the rate of divergence is J·[)3•urn. per kilometre (or 
in angular value 0·311

), and is apparently uninfluenced by the varying cir
cumstances during the measure of the line.• The serious part of thi8 
behavior is the fact that we have no assurance that the mean result of the 
two measures converges to or diverges fi·om the true value of the le,·el. 
Throughout the line the temporary marks are about equa.Ily distributed 
and not far from a kilomet.re apart; hence we use the formula for the 

probable error per km-for double leveling r 11 =0·675 ~~} and tor the 

tern1inal point at the distance S= [.o,; J the va1ue r=0·675 JE d:] 
Table of probahlc error.~ t~( rp,tm.Jtx. 

c ~-----~-- -~- -

Designation of line of level;-:. 

•Biloxi, Miss. (Tidal mark), to ~Io
bile, Ala. (A). 

:r.1obile, Ala. (A). to 1'.feridian, :\1 iss. 
(C). 

Meridian, Miss. (C), to Okolona, 
Miss. (K). 

Okolona, !\fiss. (K), to ( 'orinth, 
Miss. (V). 

Corinth, Miss. (V), to Grcentidd, 
Tenn. (XV). 

' 

Greenfield, Tenn. (XV), to \"ilia I 
Ridge, Ill. (b.J). 

Villa Ridge, Ill. (Za), to Odin, 111. (V) l 

knl. 
~14-3 

204·2 

109·5 

155·9 

128·2 

[ddj 

454 94 

138 

100 

2157 1 35 

1175 112 

16o 

IJl/ll. 

±0·74 

±0·83 

~:1::0·87 

:Lo·93 

±1·25 

::tl ·02 

-- --·--- ----

111111. 

+. 7·2 

::-1:1!·8 

:±12·5 

± 9·8 

,. Part of this distance consists of simultaneous parallel lines, i. e., the part from Mobile to Citronelle, 
Ala., for which [dd] = :;n5 and [s] = 53·66, here we substitute x·6 [dd] for (ddJ, and we likewise multiph· 
by r6 the [dd] of the other two marked ("')lines in order to allow (etnpirically) for the fact that such 
1ines do not develop the whole of the discrepancies. This amounts to increasing the probable error h\" 
25 per cent in order to give a more correct value and one mo;e comparable with independent lines. (Sec 
App. No. xo, Report for I838, p. 423.) 

Siuce the mean error m,1 0£ a single leveling of a kilo1netre is fre
quently used tor piuposes of com1Huisou, it is given below, computed 

-------------~-----"-~------------------

.. In the parallel simultaneous lines of 8ectiou III the discrepancy rises slowly bt:t 
more rapidly towards the end and always with the satne sign from 0 to 44':'

0
'· ~n 

176&111-, evidently part of the difference being coIIUQ.oU w the t~~o Unes; beu~ 11' dlll 

~~?eare iu the compaJ"iso:q. 
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by m 1 =J~d[~r For lines from Okoloua to Gr(•enfield m = ± 2·~~Smm., 
Greenfield to Villa Ridge m 1 = ± 2·14nirn., and from Yilla Hidge to Odin 
1n1 = ± 1·9omm., the last increased by one-fourth of it:-: amount. 

The total resulting probahfo error of leveling hetw(•eu Biloxi an<l 
Odin, a distance of 1 0871rn', sums up as fbllow~: 

v rr2] = ± 31·1tnm. for uncertainty in leveling, aud ± 2;'")-(1"'"'· for uncer
tainty in the tidal level, hence by combinatiou tl1e l1eight a11d probable 
error of tile Odin bench mark V becomes . 1i:'9·G17111. ± tHl40'"·. 

Closing of loop • .;;.-In the fin,;t place Wf' ha.ye the gTand loop: 

Sandy Book, N. J., Odin, Ill., and I-Nlo.ri, JiiN.'>., tcith Uu(f" and O<'ean • 

.. Appendix No. 11, l=teport for 1882, p. 5::J2, gives f01· ht.·ight of he11ch 
mark Vat Odin 161·3.J.Sm ± 0·047 111

, l1e11cc tlu_~ c..lisert>paiwy l·7:H 111
• 'rht• 

part of the line froru Hagersto\Yn, JHd., to Odin bas 110 elu•eks, 11or is 
the identity of the Gulf and Atlantic levels assu1·<·d; t lie a.ssig-Hell 
probable errors evidently do not repre~eut the trne statt· of tltt.• cai:;e. 

Second loop: Cairo, Odin, Nt. Loui:-;, Cairo. 

{

b.k Cairo (1) to Odin (V), 
I. 6h Odin (V) to St. Louis (.h or K'l), 

.6.h St. Louis (J3 or K 3) to Cairo (I), 

Closing error, 

! Distance. 
NJ. f..'Jli. 

+63·490S 
-34·4398 
-29·2737 

194·7 
10:;-6 
27 5 ·7 Rep<nt Mis>". l-?..iver 

C0111m·n, 1883. 

Third loop: Corinth, Ca.iro, M(~mplti.o.;~ Corinth. 

r.6.h Corinth (V) to Cairo (1), 
6h Cairo (1) to Memphis (U.S. B.l\L}, 

II. i 
I 6h Memphis (U. S. B. M.) to Cor
l inth (V), 

Closing error, 

vz. 
-41·1023 
-16·3222 

+ sr2160 (?) 

l..c:I{. 
26:;·2 
33(y8 Rq.•u1·t ;\Ji,,:;. Rin~r 

( ~nrnm·n, 1881-'83. 
153·1 \?)Field comp·n. * 

Fourth loop: Biloxi, Mobile, Corinth, ..i.l£emphis, Vicksbnr[J 1 Nno Orlc<ws, 
BUo.xl. 

r6k Biloxi (T. B. M.) to Corinth (V), 
!;,.k Co r i nth (V) t o M e m p h i s 

lII. l (U, S. B. M.), 
6.lz Memphis (U. S. B. M.) to Biloxi 

(T. B. M.), 

Closing error. 

fll. 

+ 137·2281 
-57·2160 (?) 

-80·3192 

-0-3071 

k:rn. 
627·3 
153·1 (?) l;icld comp·n.* 

I05T~) h.eports !\Ii:s». RiYer 
Co1nm'n. 

Making use of the conventional expression 5 v{ s 1 to indicate the 
greatest closing error that might be tolerated in a line, we have for the 

*'!he- offi~ C0".11Ftation was aearly complete<.l by ?-tr. Nels<ln when be ~as assigned to otJier dut.y. 
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above loops I, II, III, 0·120m·,0·137m·, and 0·214rn.; since the actual errors* 
are in excess of these numbers the above degree of standard accuracy is 
not attained, still the results n1ay be accepted 1>rovided, as is highly <}e
sirable, that the tie line ,~icksburg to Meridian (proposecl in 1887) be sup-

SC.Lou/.s 

Yi.1.1.a Rid e 
C 

. g 
LLirO 

Green.field 

• 
Ok.olona 

Jae k.s2!1-----· .Meridia..n,. ..... ---0--

Mo bi.Le 

·plied, to1·miug one inore 1001) and sustaining the Mississippi Uiver ()om
n1ission loop Vicksburg, Shreveport, Fort Adams. Indeed, from a let
ter of Capt. J. H. Willard to the Chief of Engineers (November 8, 1890), 
it appears that Vicksburg and Meridian have been connooted by. ordi-

"They correspond to a.bout 7 i/ ( '1 J 
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nary railroad leveling, antl are ~aid to show a tliscrepaucy of ahout 1 
foot as con1pared with our result. 

In consequence of the earth's rotatiou, the equipot.ential surfaces tllat 
may be passed through Biloxi and Odin will converge t.oward the 

'"-~ 

north; the con vergenee wHl amount to ~ = - 0·00514 h ...:.:::. <p siu 2cp, 
where ~ <p =difference in latitude (expressed in varts of the radius). 
For latitudes 300 24' and aso 38' and Ii= l:_!(Jrn "\Ve ha.ye L::. = - 0·087111 't a. 
quantity of the same order of magnitude as the observiug error. For 
uni:.forni slope of profile oue-half of this amount, or 0·044m~ would ha,~e 
to be subtracted fron1 the elevation of the uortberll station. The expres
sion f(n· 6 dependK on the n•lation h 1 g 1 = k.i fh, a constant, which must 
hold between any two adjacent equipotential surfaces, g representing 
gravity and Ti the corre8ponding distance between them, and this form8 
the basis of_ the so-called orthometric correction, now recognized as a 
necessity iu refined l•~veling. This will be attended to, together '\vith 
the adjustment of the loops, as soon as the nee(le(l data arc all on hand. 

I close this report with a stateinent of the several independent and 
unadjusted results for height of St. Lonh:;, J\lo. (B. l\f's. J:1 and K:i at 
Bridge.) 

1. By the Missbisippi lUver route, Biloxi, New Orleau:s, Yick:shnq~. etc. 
2. 13y the ~leridiana.l ront.e, Biloxi, l\lohile. Corinth, Odin, etc. 

(The differeu4tc of 1 antl 2 eqtnlls the s11ul of the closing errors of the 
3 loops.) 

:l."' B,Y the Great Lakci-;, ~muly Hook, Al hany, Chirn.i.go, ck. 
·t. By the 39tli. p:uallcl 1·onte, R:uul~· Hook, Cincinnati, (~t.e. 

Ill. 

12a·9I:'l 
125·177 

126·100 
126·~ 

Vor tl1e preKent we n1ay adopt the prelimiua.r~~ vnhw l!t:t•8 111. or 412·7 
t~·et. 

------· ----------- --

""\Vat er levels, in part. 
~. :E.x. 37-13 
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SECTION !.-Location anll. ile1un·iption of perma.nent bench marks bctt()ecn 
Okolona~ 1llis.'i., and. Greenfield, Tenn. 

K.-At Okolona, Chickasaw County, Miss. Center of bolt leaded 
horizontally into a. briek on the east front, and near the south end 
of cotton warehouse occupied by C. R. Smith. The brick is the 
thirteenth one south of the door and in the twenty-second course 
from the ground. 

L.-At Oko1011a, Miss. The center of a copper bolt leaded into a brick 
on the i::;outhwest pier of the J\Iobile and Ohio Railroad station. 
The brick is the middle one on t:,be west side of the pier, and is on 
the seventh course from the ground. 

l\L-On the Mobile and Ohio Railroad bridge over Tubby Lubby 
Creek. The bottom of a square cavity cut in the capstone of the 
pier on the north bank of the creek. It is west of the track an<l 
is roughly lettered: 

u. s. 
D 

B. M. 

N.-At Shannon, I"'ee County, Miss. The center of a cross cut on a. 
hra.ss bolt leaded horizontally into a brick in the east wall of 
R. B. Olark & Co.'s store. The brick is in the sixth row above the 
:foundation, and is the sixth one :from the north end of waU. 

0.-.At Verona, Lee County, Miss. The center of a cross cut on a 
brass bolt leaded horizontally into a brick in the south front of 
R. L. Trice & Son's store. The brick is in the sixth. row above 
the foundation and is the third one yom the west side. 

P.-At Tupulo, Lee County, Miss. The center of a cross cut on a brass 
bolt leaded horizont.c'llly into a brick in the front wall of Fulton 
Hotel. The brick is in the twenty-first course above the ground, 
and is the second one from the southeast corner. 

Q.-At Satillo, Lee County, Miss. The bottom of a square cavity cut 
in a limestone block ·set in the front yard of James R. Boling's 
house, near the north west corner of t.he brick :tlower pit on tbe 
south side of the house .. The block is 6 inches square, projects 6 
inches above the ground, and is marked thus: 

u. s. 
0 

B. M. 

R.-At Guntown, Lee County, Miss. The center o-F a cross cut on a. 
brass bolt leaded horizontally into a brick in the cbhnney on the 
uoi·tll ':-nd of J., W, Kernodle's house. The \>:riek. is in trhe V\V~4'\4 
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course above the ground, and is the second one from the outer 
face of chimney on the side toward the front of the house. 

S.-At Baldwyn, Lee County, 2\iiss. rl'he bottom of a square caYity 
cut in a limestone block set in the Routltwest corner ut· the yard 
to the Bucey Hotel. 'l'hc hJoek is 6 i11ches square, projects G 
inches fro1n the ground, aud is marked thus: 

u. s. 
0 

B. J\J. 

T.-~>\.._t Booneville, Prentiss County, Mit'l.s. The cent.er of a cross cut 
on a brass bolt leaded horizonta11y iuto a brick in the east front 
of the court-house. The brick is in the eighteenth conrioie below 
the window sill, and is the second one from the northeast corner 

F.-Ati Uienzi, Alcorn County, nfiss. The center of a cross cut on a 
copper bolt leaded horizontally into a brick in the outer face of 
the north chimney on the east side of Taylor's Hotel. The brick 
is in the fifteenth course above the ground, and is the third one 
from the north side of chimney. 

V.-At Corinth, Alcorn County, l\fisK. The center of a cross cut in a 
brass bolt leaded horizontally into a brick in the east wall of a 
store on Waldren street. The building is opposite tile court-house, 
and is used as the city hall. The brick is in the third course abo,-e 
the sill of the window, near the north end of building, and is tbe 
fourth one south of this ·window. 

W.-At Corinth, l\Iiss. The center of a cross cut in a brass bolt 
leaded horizontally into a brick in the west wan of court-house. 
The brick is in the fourteenth row below the line of wiudow sill~, 
and in the fifth one south of the fift.h cellar ventilator, countiug 
from the northwest corner of the building·. 

X.-At Ramer, McNairy t.::ounty, Tenn. The center of a cross cut in a 
brass bolt leaded horizontally into a brick in the pier under the 
southwest corner of the l\iobile and Ohio Uailroad station. The 
brick is in the fourth course fronl. the top of pier, and iR the one 
on the southeast corner. The end of the bolt is about one-fourth 
inch below the outer face of the brick. 

Y.-.At Falcon, McNairy County, Tenn. A brass bolt leaded hori
zontally into a brick in the chimney on the south end of a house, 
owned by the Mobile and Ohio Railroad Oompauy, standing a 
short distance north of the railroad station, on the west side of 
track. The brick is the second one from the southeast corner of 
the chimney, in tbe sixth course above the foundation, on the si.de 
fronting the railroad track. · 

Z.-At Bethel Springs, McNairy County, Tenn. Tl1e surface inclosed 
between two file mark"s, _about 1 inch apart, on one of the raised 
l10l·tions of the corrugated irou door sill of Stovall., Epps & Heud.ri~ 
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Co.'s brick storehouse. The mark is 5~ iI~ches fron1 the front edgP 
of" the sill and 5~ inches from the wall forming the south side of 
the building. 

XXVII.-At McNairy, McNairy County, Tenn. 'l'he bottom of a 
square cavity cut in the rock foundation of the chimney at the 
south e11d of E. "\V. Sheffield's house, near the southeast corner of 
the chimney. The house is on the west of and fronts the railroad, 
about one-fourth mile south of the station. 

XXVI.-.. .:\ .. t Henderson, Chester County, Tenn. The center of a, cros8 
cut on a brass bolt leaded horizontally into a brick in the ~outh 
wall of J. F. Hamlett's storehouse. The house is west a.1ul a short 
distance north of the railroad station, facing the railroad track. 
The brick is in the fifth course above the ground, and is the sixth 
one :fron1 the southwest corner of the building. 

XXV.-At Pinson, Madison County, Tenn. The center of a cross cnt 
in a brass bolt leaded horizontally into a brick in the front of ::\1. 
1\1. Ro1Jin'8 store. The house is west and a short distance north of 
the railroad station, facing the track. The brick is in the eleventh 
course above the sidewalk, and is the secoud one front the north
east corn.er of the building. 

XXIV.-About 2~ mileR south of Jackson, Tenn. The bottom of a 
square cavity cut in the stone coping of the brick pier at the north 
end of the Mobile and Ohio Railroad bridge over Forked Deer 
River. The mark is west of the track near the lower chord of 
bridge, and about 13 inches from the uorth edge of stone. 

XXIIL-At Jackson, Tenn. The bottom of a square cavity cnt in the 
capstone of the retaining wall in front of one of the basement 
windo-ws of the Federal Building, corner of Market and Baltimore 
streets. The window is just north or the Market-street entrance. 
The stone is marked thus: 

u. s. 
0 

B. M. 

XXII.-At Jackson, Tenn. The bottom of a square cavity cut in the 
capstone of the brick pier at the west end of the Il1inois CeutniI 
Hailroad bridge over 1\-larket 1:-;t.reet. It is south of the track, and 
marked thus: 

u. s. 
0 

B. M. 

XXI.-At Oakfield, Madison County, Tenn. The bottom of a sqnare 
cavity cut in a limestone block set in the southwest corner of thl' 
front yard of R. Daniel's house, which stands just north of th~ 
store and post-office. The b1ook is 6 inches ·square, projects 0 

inches from the ground, and is marked thus: 
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u. s. 
0 

B. l\f. 
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XX.-At Medina, Gibson County, Tenn. The bottom of a square 
cavity cut in a limestone block l?et in the northwe8t corner of "\V. 
A. Houi;;e's front yard. The block is 6 inches square, projects 6 
inches from the ground, and i~ marked thus: 

u. s. 
D 

B. 1\-1. 

XIX.-At Milan, Gibson County, Tenn. The bottom of a Rquarl' 
cavity cut in a limestone block set in the front yard of Dr. M. D. 
L. Gordo1i's house, on l\fain street, near the public school. The 
stone is north of the house, near the back fence. It is 6 inches 
square, and marked thus: 

u. s. 
0 

B. AL 

XVIII.-At Milan, Tenn. The center of a cross cut on a brass bolt 
leaded horizontally into a brick, in the uorth wa.11 of the building 
on the southwest corner of Front and l\fain streets. The brick is 
in the seventl1 course above the pavement, and js the i;;ixth oue 
east of the second doorway fro1n the west end of the building. 

XVII.-At Bradford, Gibson County, Tenn. T~e bottom of a square 
cavity cut in a granite block set in the southwest corner of the 
front yard of J. T. Cain's house, '\Ybich stands southeast of the 
railroad station, fronting on the track. The stone is 6 inches 
square, projects 6 inches from the ground, and is marked thus: 

• 
u. s. 

0 
B. J\f. 

XVI.-Near Greenfield, Tenn. Found uustable, abandoned. 
X V.-At Greenfield, Tenn. A Rmall hole in a brass bolt leaded hori

zontally into a brick in the front wall of Darling .Joues' store
house. The brick is in the eighth course abov-e the pavement, and 
is the third one from the northwest corner of the building. 
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SECTION IL-Location an<l description of permanent bench ;narks between 
Gree1~feeld, Tenn., and Villa Riage, Ill. 

XV.-~4.t GJ;eenfield, Tenn. Described in Section I. 
XIV.-~4.t Sharon, Weakly County, Tenn. Tbe center of a cross cut 

in a brass bolt leaded horizontally into a brick in the chimney at 
the north end of I_Jloyd Dodd's hou8e. The brick is in the twenty
fou.rth course above the ground, near the middle of the chimney. 
The mark is rougliJy lettered thus: 

u. s . 
• 

B. l\I. 

XIII.-At Martin, Weakly Connty, Tenn. A small hole in a braRs 
bolt leafled horizontally int-0 a brick in the west side of the bank 
building owned by .l. H.. l..1ovelace. The brick is in the teuth 
course above the ground, and is the fourth one from the north
west corner. 

XII.-At McConnell, Obion County, Tenn. The bottom of a square 
bole cut in a limestone block set in the northeast corner of thf' 
yard of vV. B. Smith, agent for the Illinois Central Railroad. '.r'he 
block is 6 inches square, prqjeets 4 inch.es above the grouud, and 
is lette1·ed thus: 

lT. S. 
D 

B. M. 

XI. -At Fulton, Fulton County, Ky. A 1wle in a brass bolt Jea<led 
hori.zontally into a brick in the east wall of E. C. Reed's livery 
stable. The brick is in the nineteenth course f"rom the grouud, 
and is the fifteenth one from the northeast corner of the staule. 
The wall is marked thus: 

u. s . 
• 

B. 1'1. 

X.-At Alexander, Fulton County, Ky. ·The bottom of' a square 
cavity cut in a lin1estone block set near the northwest corner of .L 
M. Cashon's frame house, on tlte east side of ti1e railroad track, 
near the station. The block is 6 inches square, projects 4 inches 
from the ground, and is lettered thus: 

u. s. 
D 

B. l\L 

IX.-At Clinton, Hickman County, Ky. The bottom of a square 
cavity cut in the stone doorsill at the south entrance of the court
house. It is lettered thu.s : 

u. s. 
0 

B. :M. 
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VIII.-At A .. rlington, (Jttrlisle County, Ky. The bottom of a square 
cavity cut in a limestone block set in the southwest corner of tbe 
back yard of Tbos. G-. Edward's house, near the railroad station. 
The block is 6 inches square, projects 4 inches from tlte ground, 
and is lettered thus: 

u. s. 
0 

B. J\1. 

Vll.-At Bardwell, Carlisle County, Ky. The bottom of a square 
cavity cut in the south end of the stone doorsill at the west 
entrance to the court-house. It is marked thus: 

u. s. 
0 

B. 1\f. 

VI.-On the Illinois Central Railroad bridge over Ma.yfield Creek, which 
is the boundary between Ballard and Carlisle counties, Ky• The 
bottom of a sqmtre cavity cut on the stone coping orthe brick pier 
on the north bank of creek. It is wesr; of the track, just outside 
of the bridge, a.nd lettenl thuH: 

lT. S. 
0 

B. l\I. 

V.-At Fort Jefferson, Ballard County, Ky. The bottom of a square 
cavity cut in a limestone block set in the northeast corner of J. l\1. 
Vance's yard, across the street from J. C. Depoyster's store. 'l~be 

block is 6 inches square, projects 4 iuches from the ground, and. is 
lettered thus: 

u. s. 
D 

B. l\I. 

IV.-· -At Wickliffe, Ballard County, Ky. The bottom of a square cavity 
cut in a limestone block set near the northwest corner of the Elli
ott House, close to the brick wall on the street. The block is 6 
inches -square, projects 3 inches from the ground, and is lettered 
thus: 

u. s. 
0 

B. M. 

TlI.-At East Oairo, Ballard County, Ky. The botrom of a square 
cavity cut in a limestone block. set in the top of the levee protect
ing the Mobile and Ohio Railroad yard, just back of the yardmas
ter's office. The block is 6 inches square, projects 2 inches from the 
ground, and is lettered thus: 

u. s .. 
c. CJ s. 
B. M. 
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lT. S. 1~. 3.-..... .\._t Cairo, Ill. Establh;hed by the lJ. S. Engineers, and 
described by the l\fiss. River Comm. as follows: " Is hole in copper 
bolt set in southeast end of Illinois Oentra.1 Railroad freight depot, 
at junction of Fourteenth street and Ohio River. It iH 0·49 metres 
southwest of the ea.st corner and is marked vtith the letters U. S. 
B. M. cut in stone near bolt.'' Wl1en visited in 1888 some of the 
lea(l had beeu picked fron1 around the bolt, but the bolt was still 
firm. The arches of the building were cracked, as if it had settled. 

U. H. E. 2.-At Cairo, Ill. Established by the U. S. Bngineers and 
described by the l\Iiss. Uiiver C01n1n. as follo,ys: "'Is hole in copper 
bolt set horizontal1y iu east side of building containing offices of 
the trur:;tees of Cairo City public property. It is 4·44 metres from 
southeast corner, and 1·12 1netrei-; below lower surface of ·water 
table. Marked with the letters U. H. B. M. cut in stone near bolt. 
rrbe building fronts on Washington avenue and iH between Eight
eenth and Nineteenth streets." The mark was found undisturbe<l 
id '!888. 

U. S. B. 1.-At Cairo, .IU. Estab1ished by the U. S. Engineers and 
'1escribed by the ::\liss. H.iver Comm. as follows: "Is small hole in 
center of eopper bolt set horizontally in northwest side of custom
house. It is 7·18 n1etres fron.1 northwest corner and 0·37 metres 
below the junction of the Randstone and limestone, and 0·93 metres 
above surface of cement walk. l\:farked with the letters TJ. S. B. M. 
cut in stone near bolt. The custo1n-house is in the square bounded 
by Fourteenth and Fifteeutlt and Poplar streets and '-" .. asbingtou 
avenue." It was found undisturbed in 1888. 

IT.-On one of the abutments of the Illinois Central Railroad bridge 
over Cash creek. The bottom of a square cavity cut in the abut
ment at the south bank of the creek, on the ea.st side of the track, 
au.d marked thus: 

u. s. 
0 

B. M. 

L-At l\foun<l City .Tnnetion, ~.\..1exander County, Ill. The bottom of a 
square cavity cut in a. limestone block set in the yard of the Illinoil" 
Central Railroad section house. It is near t11e front fence just north 
of the gate, near lone tree. The stone is 6 inches square, projects 
4 inches from the ground a,11f1 i~ lettered thus: 

u. s. 
D 

B. M. 

Z:1.-At ViJJa Ridge, Pulaski County, TH. Th.e center of a bra&$ bo1t 
leaded 110rizontaH~y into a. brick in the cl1imney at the east end of 
the Stoddard IlouKe. The brick is in the twenty-second course 
above the gl'ouud aud is the ft ~b one from the south end Gf chimney· 
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Y 3.-At Yilla Ridge, 111. Top of a raill'oa.cl spike driven in the root on 
tlu" ea:_;;t 8ide of a large beech tree which stantli-; ea.st of the railroad 
track and nearly opposite the l~-1nile post. It i8 lettered thu8: 

(
U. S. B. ::\f.j-. 

"y" 

SECTION ITT.-~oca,tion. and de.r;;('ription qf prrmnnrut be1u•f1 mco-ks be
tween Villa Ridge and Odin, Ill. 

Z 3.-At Yilla U,idge, PnlaRki County, Ill .• described in Section II. 
Y:1.-At Villa Hidge, Ill., descriued in Section If. 
XII3 .-South of tbe 14-mile post on the Illinoi:.-; Oeutral Railroad. The 

bottom of a square cavity eut near the center of south abutment of 
small railroad bridge No. 8, 1na.rke(l thus: 

0 

1.'39.-About 523 metres south of the 17-mi1e poRt on the Tilinois Central 
Railroad. The bottom of a. square cavity cut in the capstone of the 
middle pier of small railroad bridge, No. 1~. It is east of the track 
and is marked thus: 

{D) 

X:l.-Near UJiil1 Station, Pulaski County, Ill. Tlie bottom of a square 
cavity cnt on the northeast corner of the north abutment of bridge 
No. 15, over the Cache River. It is marked thus: 

D 
u. s. 
B. M. 

\V3.-At Anna, TJnion County, Ill. The bottom of a square cavity cut 
in the stone sill of window on southwest front of Otricb's drug 
store, nuder the Otrich House. It is about O·lOm from west end of 
iron jatnb and 0.06m from south edge of sill. It is marked thus: 

(0) 

V:~--About 1 n1ile north of Makancla, .Tackio;;on .County, Ill., and 50 
metreR ~nth of the 50-mite post on the Illinoi:;i. Central Railroad. 
The bott.om of a square cavity cut in the southeast capstone of 
south abutment of iron bridge No. 87, over Drury Creek. It is 
n1a.1·ked thus: 

(0) 

'r:i.-At Ca1'boudale, JackRon County, Ill. The bottom of a squn:re 
eavity cut in tbe st.one sill under the east front window of Jacob 
llt~"trd's brick store. The store is on the west side of the railroad 
traek at the north end of public }lark. The ca.Yity is marked thus: 

(o) 
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U 3.-In Jackson County, Ill., about ~ n1iles south of De Soto. The 
bottom of" a square cavity cut in the west end of the south abut
:ment of Illinois Central Railroad bridge over Big .l\'Iuddy Creek. 
It is about one metre w·est of track and o-3m fro111 north edge of 
abutn1ent, and is inarked thus: 

(D) 

R 3.-At Duqnoin, Perry County, Ill. The bottom of a square cavity 
cut in coruer of the stone sill at the 1nain door of the Du Quoin 
bank building, opposite the Illinois Central Railroad depot. The 
cavity is marked thus: 

(o) 

S 3.-About 2 n1iles south of Itadom Station, Washington County, 
Ill. The bottom of a square cavity cut in the northeast corner of 
the north abutment of the stone-arch bridg·e, over Little Muddy 
Creek, on the Illinois Central Railroad. It is marked thus: 

(D) 

Q 3.-Near Ashley, Washington County, Ill. The bottom of a square 
cayity cut in the capstone of the southeast wing wall of" small cul
vert, No. 212, on the Illinois Central Railroad, about 175 metres 
south of the 99-inile post. The cavity is about 2 1netres east of 
the track, and is n1arked thus: 

(D) 

P 3.-Abont 1 mile north of Richview Station, Washingt.on County, 
Ill. The bottom of a square cavity cut in the southeast corner of 
the capstone on the east end of a stone culvert on the Illinois Cen
tral Railroad, 409 metres south of the 103-mile post. The cavity 
is marked thus: 

(D) 

N 3.-.At Centralia, Marion County, Ill. The bottom of a square cavity 
cut in the stone sill of the south window of J. J. Pfaft· & Co.'s 
drug store, marked thus: 

(D) 

Oa--About 2 miles north of Centralia, Ill. The bottom of a square 
cavity cut in the capstone at the ea.st end of the north abutment 
of the Illinois Central Railroad bridge over Crooked Creek. The 
cavity is about 3 metres from the iron foot-plate of bridge, a.nd is 
marked thus: 

(0) 

M 3.-At Odin, Marion County, Ill. The bottom of a square cavity eut 
in a. rock in the top layer of the founclation, at tbe southeast oorner 
of Craig's brick store.. It is a.bout 1 foot above the ground, and 
is marked thus: 

(D) 
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V.-At Odin, Ill. The bottom of a square cavity cut in the southeast 
eud of a long arched culvert on the Ohio and l\'Iississippi Railroad, 
about 45 metres east of the junction of that road and the Illinois 
Central Railroad.* This bench is the iuter~ection of the trans
continental line of levels and the line from the Gulf of Mexico. It 
is marked thus: 

.. This bench mark V was estahlished by Assistant A. Braid in 1882. See Appendix 
No. 11, U. S. C. and G. Survey Report for 1882. 
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APPENDIX NO. 4-1892. 

ON THE RESGLTS OF SPIRIT LEVELING OF PRECISTO~ BET"'EEX COR
INTH, MISS., AND M.EMPHIS, TENK .. PROM OBSERYATIONI"' MAUE IN 
1890 AND 1891 BY ISAAC WINSTON, seBASSISTAXT, AND F. A. YOUNG, 
AID. 

A re1mrt by CnAr:LES A. Sc110TT, Assistant and Chi<'f of the Computing Division. 

Submitted for publication March 10-J 1893. 

The fo11owing report on the resultt-i. of 8pirit leveling between Cor
inth, Miss., and 1\-Iempbis, Tenu., is herewith re:spect,fully suhmitted. 
Coriuth is a station in the Jiue of levels from l\f obile to Odin, and 
l\fernphis is connected with the levels of the :Mississippi Biver from 
New Orleans to St. Louis; the present line therefore forms a tie be 
t'veen these liues. 

Route line.-The levels follow the track of the Memphis and Charles
tou Railroad. Distance between bench mark V at Corinth and bench 
mark of U. e. E. at Memphis is lf>l <J km., or ~4·0 statute miles. See 
illustration (inset) to the pH~ceding appe11tlix (No. 3 for 1892). 

Obsert'ers and da,frs.-The ohserve1:~ were SubasHi~tant I. Winston 
and Mr. F. A. Young. The work was accomplished het,veeu Novem
ber 7, 1890, and .January 23, 1891. 

In!<ltrnments and methods of olHwn:iing.-Two independent, lines were 
run, one forward (westerly), the other backward (easterly). Mr. Win
ston ran the 4(n"ward line from Corinth to La Grange, Tenn., ancl tl1e 
backward line from. Memphis to La. Grange, nsiug level No. 5. Mr. 
Young ran the backward line from I~a Grange to Co1·iutb, and tlae for
wanl Ii nc from J..;a (irangH to l\Iempbis, m~ing level No. 6. Metric rods 
1'" and 0 were employed. 

Instrnnumtal constants.-These are alS toJlows: 

l 11stru1nent. 
Aperture of telescope, 
Focal length of telescope, 
~Iagnifying powe1·, 
\i alue of one division of striding level, 
1\1 ean adopted, 
"'hen determined (E.G. F. aml l. \V .,observers), 

No. 5. 
2·9<'tn. 

34·8cm. 
28 

2//.1 I and 2"/·08 

2 11·10 
s~pt. 26. •ss, 

Apr. 8, '90 
-o"' 48 Mar. 15, '90 

No. 6. 
2·9rm. 
34·Sc1r1. 

28 
2n·44 and 2"·62 

20·53 
May 23, '88, 

Apr. 8, '90 + 0"'·07 Mar. 15, go 

{ 
·+- larg:er, l 

Inequality of collan; indicate,l> ohject en~!. J 
• - .:;ma.fer. -.01"/·89 l',t;b, 13, '91 -0,..,..·01 Fel•. 9, 13,'91 
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'Yeighted n1ean, the second value having double 
weight, 

Value of 100 divisions (r turn) of micrometer 
screw, 

Value adopted, 
When determined (A. B., I. \V. and J. I-I. G., 

observers), 
Angular value of telemeter threads, 
'\\'hen determined (I. ~r., observers), 

313n-1 and 311,..,..·6 
312""·0 

Sept. 19, 22, '88, 
July 22, 23, '89 

18" 58,..,..·5 
July 22, 1889 

-t-0'"·02 

310"'·6 and 312,.,.·o 
312''·0 

June 24, 25, '89, 
July 22, 23, '89 

18' 50°·6 
July 22, 1889 

Index corrections to metric rods: Nat beginning, -0·55mm_ at 12° C. J\far. 14, 18qo 
Feb. 1891 
Mar. 14, 1890 
Feb. 1891 

N at end, -0.35 
0 at beginning, -0·63 at 13° C. 
0 at end, ·-~0·40 

Temperature when ro(t graduations are of standard length, 21· 0 7 C. 

Computation and ,re.<.;;ults.-The field computation wa:-; made by tlw 
observers; the office computation by Snba.ssistant J. Nelson, te1npo
i-·arily attached to the Computing J)ivision. The two computations 
were collated, and the results are given in the following tabular form: 



 

Results of geodetic spirit leveling in Mississippi and Tennessee, 18.90-'91, from Corinth, Miss., to Mempkis, 1'enn, 

Difference of height between marks. I Discrepancy. 
___ Height of 

·1 Partial. I Total. mark abore 

B t 

I 
Direction of measure a\·erage Gulf 

T I e we~n From initial I ' lerel at Biloxi, 
Date. 

Bench mark Distance 

From- o- su~~e:k~ve mark. Forward (west. I Backward (east· Mean. , 1''-B Accumu* 1

1

' Miss. 
· erly). erly}. / lated. 

-------1 I J I______ ----·-~-:~----·--·--1----
v km. I ' 

31 
Dec. 
:2(J 

20 
.20 

:20 
:2Z 

:22 
22 

-24 

22 
22 
26 

1890-'91. 
Jan. 

km. 
o·ooo 

m. m. 

31 v \V 0·041 I I + 0·0568 I + 0·0567 
Dec. 

m. mm. mm. 
o·o 

Ill. 

t13]'2281* 

20 0·040 i I + 0·0567 I + 0·0566 I i : 

Mean 11·.--1--1~-0--0-40-j--o-~)-+ 0·0568 -_;:.-05-66-i +o-·05-67-i-+o-·2-1-+ --o· 2_i_+_l3_i·2-84_8_* 
I 1 I I i ' ----------------------1_...---,--1--·---·--

26 ( w 10 I 0·343 0·383 - 4·4635 - 4·4613 - 4·4624 1 -2·2 -- 2·0 i 132·8224 
26 I 70 71 1·106 1'489 + J9480 + 3·9471 + 3'9+76 1· +0·9 - 1·r 136·noo 
26 71 72 0·962 2·45r + 2·4790 + 2·4738 + 2"4/fj-t +s·2 + 4·1 139·2464 
24 72 73 0·990 3'441 + 4·8421 + 4·~404 + 4·8412 +1·7 + 5·8 144·0876 
24 73 74 0·966 4·407 + 8·6416 + 8·64r3 + 8·6414 I +0·3 + 6·1 152'72go 
23 74 75 1·280 5·687 -10·9292 

24 ·--'--1-1-·2~-----~9368 1 _ _::0·~~-~-~_1 ___ 1 __ 1 ____ . __ _ 

Mean i---24_[~_5 -~~) __ 5·68_8 _j_~9330 l---=10·93~·.~~,-=~j~_4·4 i--~~7968 
22 '___2_5 _f xRoad(1) ~~---~--~~-----: __ ! ____ ~5849 

23 I 75 76 I 1·153 6·84r I -- 5·9312 - 5·9339 

1

1 

- 5·9325 I +2'7 i + ]"I 135·8643 
23 76 77 I ··•10 + 9·1223 + 9·1130 
26 l'I68 I + 9·1183 + 9·117 j .1 

~6-77-~;---g.;o_I_+ 9·1203 -+ 9·;-;;-[~~ft~ffi~-;;9820 

--7=7 =1-x-Ro-ad-(2-) -1·0_2_6 -1=====1-~~734~ =====!==!---_-_-1==~==-t-14-9·716~ Mean 

22 

•See report of December :1.0, 1892. (App. No. 3, Report for 189~.) h 
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22 
.22 
26 
26,27 
27 
27 
27 

30 

27 
27 
27 
27 

Jan. 
2 

2· 

2 

• 

Resttlts of geodetic spir:it leueling i-n Misaiss·ippi and :tennessee, 18.90-'91,from Corinth, Miss., to Memphix, Tenn. 

__ ...... _...,_ -· 

I 

, Direction of measure. j 
Beh' een From initial I M 

Fr::im- j' To- successive mark Forward (west. Backward (east· I ean. 
marks. · erly). erlYJ. , 

1 i 

18;0-'91. ~ --1 ··-- ,~---·-·-· 1 

Jan, i km. km. m. m. I m. mm. m111. m. 
23 77 78 1·276 9·286 + 4·5100 + 4·5053 + 4·5076 t4·7 +16'9 --l--149·4896 
23 78 79 0·702 ' 9·988 - 2·0810 - 2·0831 I -- 2·0820 +2· 1 + 19·0 147'4076 
23 79 80 1·016 11·004 - 9·7686 -- 9·7667 1 - 9·76n --1·9 +1t1 137·6399 
30 8o I 81 0·984 11·988 - 5·7740 -- 5·7723 I - 5·7731 -1'7 +-15·4 131·8668 
30 81 . 82 0·96o 12·948 - 0·5979 - 0·5999 I _ 0·5989 +2·0 +1n 131·2679 
30 I 82 s3 0·986 13'934 - s·os2s - 5·os47 - s·os31 +1·9 -f-19·3 126'1842 
30 I 83 84 1·294 15·228 - 2'1891 - 2'1854 ' -- 2'1872 I --3'7 I +15·6 i 123·9970 

IS;-jx Road(J) l~;;-,---1-+ 0·;81---j---1--:-----. 12
4
'30

9
8 

l 
__________ , _____ .....__1---·---------

1 ' ' . I 

30 i 84 I L I 0·092 15·320 i + 1·546o I + 15·461 1, + 1·546o j +o·t , +15'7 I 125·5430 

301s:;- 11ss-1~;---;c;;--l-_:-;.~I-- 2·4465 ~~4921--=s.-; 1-+;;;;- 1~5478 
30, 31 85 86 1·234 17'696 - 1·8310 - 1·8284 - 1·8297 I -2·6 + 7'6 II9}181 

JI I 86 87 0·948 18·644 I - 1·6550 - 1·656S - 1·6559 I +1·8 I + 9·4 118·0622' 
JI 87 88 0·967 19·611 - 1·2996 - 1·2976 I -- 1·2986 ! ---2·0 I + 7'4 i 116-7636 

1

------i--'------·.--·--·---.--' I i ' I I 

D~ i 

31 1 88 M 1·307 j 20·918 + 0·0220 + 0·0216 ; + o·ous I -+ 0·4 
1 

+ t8 I 116-7854 

~18;--~;-sj--;~l---=-:.0419 -_ 0·0390 ·1
1 ~·0404 1

1'--:;.;!+-4·9 :M;;;-_______ 1 __________ 1________ ------

.. ~----··- -----·- ---;,:.,; .. ~.--1 · ll,~btol 
Partw.L ; 1 otal. 1 mark above 

---~-- · 1 ---- -- - , 1!~~,~~iiH;:!t 
I V- H I Accu1111- : ~is,;. 
1 1 lated. 
I 

Date. 
Bench mark Distance 

Difference of height between marks. 

27 

31 

89 
J 

29,Jl 
an • 

+10·0377 90 1·037 

2 
2 I I I 1·039 I +10·0383 I +10·0415 

--i--\~0~ __ i_tJ0·~,-+10'040_[-l--~l·--!---1---

t~ 
c 
C/J 

C"j . 
(/; . 
Q 

~ 
\fl 
~ 

p.. 
z 
0 
0 
~ 
0 
v 
trj 
~ 
loo! 
Cl 

(fl 

~ 
~ 
~ 
t?:j 

!'< 



 

Jan. 
912,3 

~ . 
r 
t3 

.:3 
3 

3 
J 
3 

5 

Jan. 
5 
5 
13 

5 
s 

s 

3 

Jan. 

5 

s 

12 

13 

;\lean I 89 I 90 / 1·038 I :!3.1llr j ·t 10·0388 : _J io-0408 I i to.0398 • -· 2·0 ! + 2·9 j-:-126)848 
Dec. ,--/---,--:----------.--,11---1--

29 90 I 91 0·971 - 5·9608 ,

1

· - 5·9692 
i 0·965 -- 5·9590 - 5·9566 I 

Mean 1-;-1--;-, - ~~1-;;;-- __ 5·9599 I-=- 5·96~ -:S·9614 i+3'o i:+-5·9 T-;;·8234 
; I 1 · I I 

---!--1--;---1
------------

1--1---1---
29 91 92 1·248 25·397 - 5·7634 - 5·7646 - 57640 +1·2 + 7'1 115·0594 
29 92 93 1·055 26-452 - 0·8390 - 0·8377 - 0·8384 -1·3 + 5·8 J 14·2210 
29 93 94 1·196 27'648 + 0·9230 + 0·9193 + 0·9211 t3'7 + 9·5 115·1421 

12 
12 
12 

94 95 0·949 28·597 + 0·4301 + 0·4283 + 0·429s +1·41 +10·9 I I15·5716 
95 96 •·105 29·702 - 0·9869 - 0·9823 - 0·9846 --4·6 + 6'3 I 114·5870 
96 97 0·858 30·560 + 5·1725 + 5·1741 + 5·1733 -~1·6 I + 4·7 119·76o3 

-----------1--------------1---1--
97 N 0·013 30·633 I + 1·9079 1 

+ 1·9082 -r 1·9080 --0·3 1 + 4·4 1 121·6683 ' I ' ! I --·-------------1----------1---·---
N jR.R.S.(4) 0·075 I - 1·6330 I ··- 1·6330 ! ! 120·0353 

10 

Mean 

-~!--9-8 -1~~!--i-+ 6·~11;+ 6·96;-:------·---

1·244 i i + 6·9562 + 6·9529 .1 : __ . ___ , ____________________ _ 

1·242 I 31·8o2 I + 6·9552 i ·;·- 6-9582 • + 6·9567 i -JO I + l'7 I 126-71707 
---1-

97 98 

Jan. 
IO 
IO 

13 

--:--,------~-----1------:-~.------

I
! I . i I I I 

98 99 1·351 33'153 -11·5391 I ---11·5355 -11·5373 1

1 -3·6 I -- 1·9 I 115·1797 
99 loo . 1·264 + 0·7862 

1

. + 0·7960 I 
' 1·259 + 0·7927 + 0·7924 I I ' 

Mean 

IO 
10 

~9-i--100-:~fu1-;~1~+ 0·7894 1-+ 0·7942 i7"·7918 -=4·8 1-=-6'7-!ey9715 
--i·------'--------·-------~-:--

100 101 1·298 35·713 + fr45r4 I + 6-4550 I + 6·4532 j -3'6 
1

1 --10·31· 122·424-7 
IOI 102 0·998 ··-- 5·3672 - 5·3611 i 1 

0·996 - 5·36o7 - 5·3601 I ! ! 
---1----1------------------:---·---

Mean l~-1 _! __ 102_1~~-J-~~1-- 5·3639 i_- 5·36o6 .~·3622 '.-=J3 i_:=~3·6 ~0625 
10 1~~--l~3-· _[_1_·1~-1~~1~_2·76~1~ 2·77~:~2721 !_4·8 !---~8·4 : tn9·8346 
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ttj 
"lj 
0 
~ 
"'3 

"I\! 
0 
~ 

.... 
00 
~ 
l~ 

I 
'tl 
> 
~ 
~ 

""" ~ 

l{/ 
0 
~ 



 

Besults of geodetic spirit leveling in Mississippi and Tennessee, 1890-'91, from Corinth, Miss., to Memphis, Tenn. 

Bench mark 
Date. 

From- I To-

Distance 

Between 
successi \'e 

marks. 
From Initial 

mark. 

Difference of height between marks. 

Direction of measure. 
Mean. 

erly). erly). 

Discrepancy. 

Partial. 
Height of 

Total. mark above 
average Gulf 1 1 
level at Biloxi, 

Accumu- Miss. 
lated, F-B Fonvard (west-1 Backward (east-

, I I~ I I , 1-----t I 1-----

Jan. 
6 

6 
6 
6 
6 
6 

' 

1890-'91. 
Jan. 

6 

8 

km. I km. I m. I m. I m. I mm \' mm. 'I m. 
-~ R. R_!·(5) l-~~1 ____ + 4·14~ ___ _±~489 ------ +123'98~ 

Jan. , I I 
9 103 104 1·030 38·920 I + J68o6 + 3·6836 + J6821 -JO -21·4 I 123·5167 ------!-------..-_ ___ -...-__________ _ 

104 o 0·091 39·011 I + 1·3123 + 1·3126 + 1·3124 -0·3 -21·1 124·829• 

s -~-~-0·98o 1-39·;---+ s·m5-+ s·4961 + s·49;-+o·s -:;o·6 -;-32·0138 
8 105 Jo6 1·267 41·167 + 2·6365 + 2·6394 + 2·6380 -2·9 -23'5 134·6518 

7t 8 1o6 107 1·282 42·449 -- 5·6788 - 5·6782 - 5·6785 -0·6 -24·1 128·9733 
7 107 108 1·322 43·771 + 5·7190 + 5·7247 + 5·7218 -5'7 -29·8 134·6g51 
1 108 tog 0·996 ' + 7'1268 + 7·1353 

IJ 0·992 t 7'12o6 + 7·1266 I 

M'll•· l~'._o8 I 1"9 I 0·994 1= #'765 I + 7·1237 + 7·1310 + 7'1274 i 7'3 I ~,., I 141·8225 

7 
13 

109 110 
I 

0·994 
0·992 

- 2·8901 - 2·88I1 
- 2·8894 - 2·8870 

---------1---1--1---.__..: 1-----1---1----1-----·-----

6 and 14 

Mean. \-~-~1 -0•993 _ 45·7~-= 2·88~__:. 2·8840 _:_:·886:_!_=~1-=~2·9 ~9356 

71_~-~~~~- 46·884 _+ 4·46~_+ 4·4685 -2: .. 4·4678 -=~1-=~4·4 ~~ 
14 

t4 
19 

Ill \xRoad(6) 0·183 I +0·5318 +0·5318 I t143·9352 --1---------1----------------7 II 111 112 1·o81 + 8·7684 + 8·7749 I 
1 ·085 + 8·7726 ' + 8·7634 . I . . -------1---:---:----1---,------:---1---

~ 
...... 
0 

~ 
ill . 
n 
0 
> 
IJJ 
~ 

Pio 

~ 
Q 
tr! 
g 
~ c 
UJ 

~ 
< 
~ 
:-< 



 

14 
14 
14 
14 
14 
14, 15 
15 

15 

is 

15 
15 
20 

.20 

20 
20 

Mean. 
1

1 III i 112 · 1·083 1 4?"967 + S·nos ; -+ 8·7692 + 8'7698 +1·3 -4y1 +152·1732 
I I --------------------------------

19 112 113 0·944 48·911 + 8·1018 + 8·103S + 8·1028 -2·0 -45·1 16o·2760 
19 IIJ II4 1·280 50·191 - 3'7915 - 3'7942 ··-· 3'7928 f2·7 -42·4 156·4832 
19 114 115 1·278 51·469 - 2·0418 - 2·0382 - 2·0400 -3'6 -46·0 154·4432 

17, 19 us 116 0•932 51·401 + 0·2744 + 0·2767 + 0·2756 -2·3 -48·3 r5n188 
17 116 Il7 0·978 53'379 + 9·0213 + 9·0191 + 9·0202 +2·2 t46·1 16J7390 
17 II7 II8 1·043 54'422 + 9·1038 + 9·1009 + 9·1023 t2·9 -43'2 172·8413 
17 II8 119 1·142 - 9·3487 - 9·3558 

20 1·140 - 9·3582 - 9·36o2 . .._.... _ __.:-------i--------------i-------
Mean. I 118 I 119 

1 

1·141 I 55'563 - 9·3534 - 9·3580 - 9·3557 f4·6 --38·6 I6J4856 ---·-------------1------------
111_~_9 _l_12~~·o~_J_s6·6_11_~ 9·~::__- 9·02~~·0269 ~6·o 1_:~·6 ~4587 

15 l-~0-jR.R~.(1) _o!~i _____ + 8·21~\ ____ 1~~,--'---~6698 
17 ·1 120 I 121 1·026 ! 57'637 + 9·2172 I + 9·2175 + 9·2173 --0·3 I -44·9 163·6760 -----------·---1----1-______ , _______ _ 

20 I 121 I p ; 0·378 I 58·015 + 1·3896 + 1·3889 + 1·3892 -l--0·7 -44·2 165·0652 
----------'---------------------

16, 17 121 122 0·997 ' 58·634 f 9·3888 + 9·3881 + 9.3884 to·7 -44'2 I7J'0644 
16 122 123 0·963 59·597 + 6·84o6 + 6'8456 + 6·8431 -5·0 -49·2 179·9075 
16 123 124 0·874 + 0·0069 + 0·0027 

23 0·863 I + 0·0024 + 0·0041 I . _______ , ___________ . ___ , _____ ! __ _ 

Mean, I 123 124 0·868 I 60·465 + 0·0046 + 0·0034 + 0·0040 I' +1·2 I -48·0 . 179·9115 
-------·-_.,__,,.,.,_-------~-----------------

16 I 124 125 1·032 61·497 -- 0·5980 - 0·5956 - 0·5968 I --2·4 I -50·4 179·3147 
I I 

20 l-~-5 - xRoad(8) ~;----1-+ 0·46~------~ 0·4664 1--i----;;~ 
-----------i-·-----------,--1-------

16 125 126 1·224 62·721 - 4·4270 - 4·4252 - 4·4261 I -1·8 I -52·2 174·8886 
16 126 127 1·007 -· 9·4517 - 9·4398 I 

22 1·011 - 9·4435 - 9·4454 I 

Mean. l_ 126 _ 127 ,= 1·009 l=·6J730 [ -- 9·4476 ~-- 9'-~426 I . 9·4451 I --5·0 I -~r2 I i 165·4435 
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Results of geodetic s1>frit lei1eling in .Missi9sippi and Tennessee, 1890-'91, from Corinth, Jliss., to Memph·is, Tenn. 

Bench mark 
I>ate. 

Difference of height between marks. 
Distance 

Direction of measure 
Between F ... 

Discrepancy. 

Partial. I Total. Height of 
mark above 

---1 a~·erage Gulf 

marks mark. erlv). erlv) I l•-B ' ccumu. 
lerel at Biloxi, 

Miss. From- I To- I successive rom llllttal Forward (west-1 Backward (east· l\lran. . . __ _ 
1 

\ , 

· · - · I lated. 
- I ' !---- ------- ' I 

-~~. -------1-i 
1890-'91. 

Jan. Jan. Jan. I km. km. m. m. m. mm. mm. m. 
16 I 127 128 1'060 64·790 + 6·5350 + 6'5320 + 6'5335 +JO -54·2 +171·9770 20 

2J, 21 
21 

21 

21 
21 

21 

~I 

19 

'. t6 

11 
17 
17 
17 

21 

21 

23 

Dec. 

16 

,22 I 128 129 0·993 65·1s3 + 0·3981 + 0.3973 + 0·3977 +o·s -sJ4 112·3747 
22 f 129 130 0·132 66·515 + 2·4904 . + 2·4s59 I + 2·4882 +4·5 -4s·9 174·8629 
·---------------------,-----1---·---
l-130 --~l--0~33 - 66-5~1~~~1~~~1~~67 i_~l-=~8·9 ;_176'9596_ 

I~~ R.R.x(9) ~59 __ 66·674 l_= 0·01~l ___ l-=~·01491 __ _j ___ '~8480 
22 I 130 131 . 1·112 67'627 I . -3'4512 - 3·4437 I 

! ____ __:~, ___ 1_:_ 3'44!__:. 3~~1--1---i----,---
Mean J~o_!~:_ ~~j~~ _=. 3'44~;-=~~-!~~·4445 --7'~1 -55~!~·4184 

22 131 ' 132 1·090 68·719 + 9·9455 I + 9·9434 ' + 9·9444 +2·1 I -53'8 181·3628 
22 132 133 1·040 69·759 - 8·6010 - 8·6036 - 8fo3S --0·4 -54·2 172·7590 
22 133 134 0·950 70·709 - 6·5675 - 6·5639 -- 6·5657 -3·6 --57'8 166'1933 

19 I 134 I I I 1·002 71·711 - 4·0401 ! - 4·0368 i - 4·0384 -3'3 --61·1 I 162'1549 

19 \----1 -1-K--~:~µ-11'163 -:~ 0·03;-!+~;-1----=: 0·03-;;--o·o r-:6~l-162'1s;-
--:---------i----I------------

I 69 0·538 72·249 - 0·1246 I - 0·1275 - 0·1260 +2·9 --58•2 162·0289 
69 68 1·016 73·265 - 6'9467 - 6·9461 - 6·9464 --0·6 -58·8 155'0825 
68 67 0·978 74·243 + 1·3614 + 1·3600 - 1 ·3607 . .L1·4 - 57'4 156'4432 
67 66 0·996 75·239 -- 4·1521 - 4·1533 + 4·1527 ; 1"2 -56·2 152·29()5 
66 65 1·004 , 76·243 I .. : .. 1·0775 + 1·0781 -f- 1·0778 --0·6 -56·8 t15n683 
(15 he\ (J'I)()'\ \ :I' ~iH)q 1 

--· 4·_;(1S5 

16 

16 
16 
16 

15, \f, I 

l'-!J -NI 

~ 

11' 

0 
0 
> 
lj'}. 
1-j 

> z 
t1 

0 
l'.!j 
c 
Cl 
ti:l 
..; 
lo-4 
0 

rJJ c 
~ 
<l 
~ 
~ . 



 

•7 
• 17 

17.18 

18 
18 
Dec. 
18 
18 
18 
18 

6 
6 
6 

6 

8 

19 
19 

rs 

s 
s 

8 

8 

4 

8 

I 0·9q8 J -- 4·3614 ! I 

I ['(JOO I i ... -('355·1 i -- 4']6Jq I I ' I 
___ : ______ . _i ____ '------1-------·---i-.....~ 

Mean I 65 . 64 0·9981 77'241 I - 4·3592 - 4·3652 -- 4·3622 I -t-6·0 : -50·8 ! + 149·0061 
-------·.......---.-1-------·---,--·------~~---

15 
15 
15 

15 
15 

Dec. 
15 
15 
13 
13 

s 
4,5 

4 

64 63 1·008 78·249 ' + 0·3464 - 0·3450 - 0·3457 -1·4 ' -52·2 148·66o4 
63 62 1·253 79·502 - 2·4429 - 2·4422 - 2·4426 -0·7 -52·9 146·2178 
62 61 1·259 8o·761 I - p864 - 7·2900 - 7·2882 t3·6 --49·3 138·9296 ________________ , _____ , _______ _ 
61 lxRoad(1o)I 0·176 I 

1 
+ 0·8151 J -+ 0·8r51 I 139·7447 

~;- --6o-j1
--;.rss jS.·949 [:-_-_ 8·125s -1-=-s~~i-=8·1250 l~1-I --50::;-~8046 

6o 59 1·176 I 83·125 -10·0920 -10·0933 I -10·0926 I +1·3 I -49·1 120·7120 

59 
58 
57 
56 
H 
G 
55 
54 
53 

58 
57 
56 
H 
G 

55 
54 
53 
52 

1·060 84·185 - 8·0044 - 7·9979 
1'126 8S'JII - 5·1168 - 5·1107 
0·956 86·267 + 1'7642 + 1'7658 
1·168 87'435 - 1·9477 + 1·9445 
1·190 88·625 - 4·8566 - 4·8593 
0·454 89·079 + 0·2748 + 0·2724 
0·979 90·058 - 1·9955 - 1·9948 
1·055 91·113 + 0·1366 + 0·1355 
1·115 + 2·9207 + 2·9269 

- 8·0012 

- 5·1138 
+ 1"7650 
- 1·9461 
- 4·8580 
- 0·2736 
- 1·9952 + 0·1360 

-6·5 
-6·1 
--1·6 
-3'2 
+2·7 
+1·4 
--0·7 
+ 1·1 

I 
F 

i -- 55·6 
- liq 
- 6JJ 
-- 66·5 
- 63·8 
-- 61·4 
- 62·1 
- 61·0 

I 12·7108 
107'5970 
109·3620 
I07'4159 
102·5579 
102·8315 
100·8363 
100·9723 

1·108 + 2·9255 I + 2·9245 

Mean !53-!--5-2 - --1-· 1 ;;- - 92·2~5\+ 2·92;-,+:.9257-1-+ ~:;2~;l--.-;r;-1--=--6.,.61--;-os890 
4 1-Sz---5-1 - ~;----i--~;-,-=-;;~-: f ___ f ____ I _____ _ 
__ , ____ ~~---1~~~1-=~76 ______ 1 ____ 1_~----'-----

:Mean I 52 51 1·251 93·476 I 1·8690 I - 1·8646 - 1·8668 I ---4·4 i - 68·0 · 102·0299 ---------___ , ___ , ____ __....____________ ------
51 R.R.S.(r1) 0·338 1·4186 + r·4186 I / 103·4485 

4 ,-Si-1--;-~86-----= 2·34-;;--=--;:3381----!---i----·--
1·291 - 2·3458 - 2·3457 

----·---·1~·--·--------------------------·--

Mean l_~J-~--~S8 ,_94·7~_::_ 2·3468 -=-~34r8-l-=~~j-=5·0 1- 7JO !-~9·6856--
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Resulu of geodetie 1pirit le'Veling in JJ.fississippi and Tennessee, 1890-'91., from Corinth, JJ!is.~., to Memphis, Tenn. 

Bench mark 
Date. 

f 
From- I To-

Distance I 
Discrepancy. 

1------------;-

1

----

1 

Partial. I Total. 

Direction of measure. --.---

Difference of' height between marks. 

I Between 

1 

F 1 .. 1 
1 

Menn. suct<SSin .om mtlt Forw"d (west- , Bacbnd (mt- I F-B j Accumu-marks. mark. erly). erly). 
I 

lated. 

Height of 
mark above 

a;erage Gulf 
level at Biloxi, 

Miss. 

1890--'91. km. ~; km. I m. I m. I m. 1- mm. I mm. m. 
Dec. Dec. 

12 
13 

12 

13 

3 

3 

12 

4 
4 

so 
49 

49 
48 

0·919 . 95·683 - 1·6297 - 1·6262 I - 1·6280 I -JS / - 76·5 / t9s·o576 
0·972 - 1·3892 - 1·3805 
0·972 - 1·3907 - 1·3865 
0·972 - 1·3869 - 1·3838 

Mean I_ 49 = 48 0·972 1= 96-655 j 1·388_9_1---=--1·-38-36_1_ 1·3862 I 5'3 \--'="8~81 96'6714 

41 48 47 1·043 97·698 I - 0·4312 ' - 0·4275 1· - 0·4294 I -3'7 I - 85'5 l 96·2420 
4 47 46 1·134 - 1·8o48 - 1·7987 I 

1·138 - 1·8o12 - 1·7953 I 
--,--~~-----__::_ 1·8035 ___:_ 1'79!_ ·--i----1---

Mean I 47 ~6-~~- 98·8~~ 1·8o~1__:_ I'798o I - 1·8oo6 /_=~I - 90·7 
1 

_ _94"4414 

46 45 1·228 1oo·o61 - 0·1258 - 0·1253 ! - 0·1256 I -0·5 I ~- 91·2 94·3158 4 

3 

3 

--;- F ~;--100·3;J+ o·6go6 + o·6;5"J + 0·6906 I-+;;-1-=~-94·006°; 
-45-~-;:;s;--~01·;81-= 0·4077---:-: 0·41;;-1-= 0·4097i t4·0-1---=- 8t2 -93'90fu 
I 1--l 1--~-1----1------1 , ____ , ____ , _____ _ 

44 l R.R.S.(12)1 t·o68 + 1·0321 + 1·0321 f94·9382 
'~-~t---1------1----1-----1----1.----1--1-----·-----

44 43 
' 

1·286 
1·286 

+ 0·0129 
+ 0·0188 

+ 0·0213 + 0·0208 
1--1 t--1 -1---[----[---1--1 1---

~ 
1--1. 

*"" 

~ 

!'" 
0 
0 
~ 
m 
~ 

> 
~ 
0 
t!j 
0 
ti 
~ 
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~ c 
iJ,i. 
Ll 
~ 
~ 
t;rj 
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JO 
10 
JO 
JO 
10 

JO, II 

II 
u 

Nov. 
tS 

15 
21 
22 

No-v. 
22 

I 

Nov. 
IS 

17 

Dec. 
2 
11 

Dec. 

Mean I 44 43 1·286 i 102·734 + 0·0158 + 0·0210 I + 0·0184 -5·2 j - 92·4 +9J9245 
------:----------,-------------

3 43 42 1·276 104'0!0 - 0·6659 - 0·6641 - 0·6650 -1·8 - 94·2 93'2595 
3 42 .p 1·302 105·312 + 5·4004 + 5·4020 + 5·4012 -1·6 - 95·8 98·66o7 
3 •JI 40 1·061 to6·373 + 3·988o + 3·9869 + 3·9874 +1·1 - 94·7 102·6481 
3 40 39 1·140 107·513 + 6'7072 + 6·7048 + 6'706o +2·4 - 92·3 109·3541 

,, 3 39 38 1·038 · 108·551 - 3·7185 - 3·7205 - 3'7195 +z·o - 90·3 105·6346 

2 

Nov. 
17 
17 

-- 38 iXRo~d{i~ 0·161 1=== t 0·3593-=== + ~~93 ==--- 105·9939 

3s I 37 1·000 I 109·551 - 4·0632 - ~:0624 I - 4·0628 -o·s - 91.1 101·5118 

37 
36 

36 
35 

1·144 
0·952 

110·695 
I 1t·647 

+ 4·7456 + 7·7233 
+ 4·7440 
+ 7'7242 

+ 4·7448 + n238 
+1·6 
-0·9 

- 89·5 
- 90·4 

106-3166 
114'0404 

------1-----1---1------·------·-----:....-.---1----1-----1-----

ti:! 

~ 
0 

~ 
-~~\--:_1~o6o 1 II 1·7~~ 3·36~1 + 3·36~)_± 3'3665 o·o I - 90·4 u7·4o6!._ ~ 

17 I 35 I 34 0·978 I 112·625 - 3'5693 - 3'5712 I - 3'5702 +1·9 I - 88·5 110·4702 : 
---...-----------------------·------ 00 

' I I ti) 

---- ------- ------------
34 R.R.S.(14) 0·866 + 3·7767 + 3'7767 114·2469 T 

171 34 33 0·982 113·6o7 -· 3·0443 - J0459 - 3'0451 +1·6 - 86'9 107'4251 "'d 
17 33 32 1·148 114755 + 0·2086 + 0·2056 + 0·2071 tJ'O - 83·9 l07'6J22 jl> 

21 32 31 1·518 - 4·70II - 4·7124 ~ 
1·512 
1·524 

- 4·6967 
- 4·7095 

- 4·7077 
- 4·7055 

Mean I= 32 31 I 1;18 I 116·273 1- -- 4·7024 I 4·7085 I 4·70541 +6·1 I !rs \ 102·9268 
I 

Nov. · 
21 31 30 1·252 + 3·3520 + 3·3572 

~ 

~ 

2 I 1·258 t 3·3553 + 3·3571 
----~--------------1--l---1---

Mean I-~~~ ~~_r17·5~-~~~~ 3'35~~ 3'3554 -=3·6 [_:_ 81·4 +1~~ ;: 
Ct 



 

Resitlts of geodetic spirit ltwelin,q 'iti Jlfi.~sissippi and Tennessee, 1890-'91, from Co~·i11th, 1lfiss., to 1llempltis, Tenn. - ______ ,.__ __ 

Date. 

1890""'9r. 
Nov. 
22 

Nov. 
2.2 

21 

22 
22 
22 

21 

24 
24 
24 
24 
24 

'20 

-.#4 
24,25 
as 
25 

Hench mark 

From- I To-

30 D 

Distance 

Between 
successive 

marks. 

From initial 
mark. 

1------ -11------

km. km. 

o·o89 I 17·617 

Difference of height between mark~. 

Direction of measure. 

Forward (west· ' Backward (east-
erly). erly). 

Mean. 

Discrepancy. 

__ , Partial. Total. 
Height of 

mark aboYe 
average Gulf 

~----' 1 tevel at Bilo1i, 

F-B 
I 

Accumu
lated. 

Miss. 

!'"-~_____,,_._... ... ---. -----·-·---- ----·-·---- ------·----~-

m. m. m. mm. ti/Ill, m, 

+ 2'1867 + 2'!866 + n866 +0·1 - 81·3 I+ 108·4688 
,---1----:-~_; ____ i ________ , ___ i---

No;; I_ 30 / 29 i 0·557 I t18·085 [ + 1·0289 
1
: +1·0297 \ + 1·0293 ;I: -0·8 - 82'2 j 10tJ115 

---'----·----'---·----!-------·------------
! 29 I R.R.S.(I5)J 0·511 : : - 0·6646 i : - 0·6646 i : 106·6469 . 
'-----!------------;---------!--'------' I ' - I 

21 'I' 29 28 1·259 119·344 i + 2·9755 I + 2·9783 i + 2·9769 I -2·8 - 85·0 110·2884 
21 28 21 0·934 120·278 'I + 1·5384 + 1·5360 I + 1·5372 +2·4 - 82·6 111·8256 
21 i 27 ' 26 0·955 121·233 ~ - 2·3511 - 2·3508 I - 2·3510 I -0·3 - 82·9 109·4746 

I I I - ' I ,-----i-----i----------.---,--,------
!~6-XRoad(16)1~~- j_+ 1'0476 _______ 1_~ 1·0476 __ l ___ ~rn·5222 

20 ! 26 i 25 ' 0·924 122·157 I - 0·2714 - 0·2689 I - 0·2702 -2·5 ---- 85·4 109·2044 
20 ! 25 I 24 0·942 123'099 · - 1·4447 - 1·4447 - 1·4447 o·o - 85'4 107'7597 
20 24 I 23 1 ·236 124·335 + 4·8628 + 4·8668 I + 4·8648 --4·0 --- 89·4 I 12·6245 
20 23 22 1·231 125·566 t 4·0760 + 4·0791 t 4·0776 ~JI - 92·5 116·7021 
20 22 l c 1·233 126-799 - 1·6J07 - 1·6151 -- 1·6129 +4·4 - 88·1 115·o892 

20 
20 

19 
19 

-----------------1-----------
_:__1~.(17) ~~---__:-~5~------= 0·55~-----~4·53~ 

c 
21 
20 

19 

I 

21 
20 

19 
18 

0·500 
1·288 
0·937 
1•038 

127'299 
128·587 
129·524 

- 4·4361 
- 5·7824 
- 3'7895 + 0·5208 

+ 4·4358 
- ns14 
- 3·7870 
+ 0'5325 

- 4·436o 
- 5·7819 ' 
- 3·7882 

-0·3 - 88·4 I 10·6532 
-1·0 - 89·4 J04'8713 
-2·5 - 91·9 +101·0831 

~ 

"""' ~ 

d . 
w . 
c 
0 
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> z 
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d 
~ 
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Nov. 
25 
25 

Nov. 
25,26 
26 

26 

26 
29 
Dec. 
I 

Nov. 
26 

J)ec. 

Dec. 
r 

29 

29 

Dec. 

28 

__ / __ 1~~1 __ ___±_~~1___±_ o·52~l~ ___ l ___ l __ 
MNean __:~/__:~l~~·~o·56o ___±_ 0·52~_1___±_ 0·52~1~·5256 -=4·0 1-=-~~j +101·6087 

ov I I ' 
,9 18 17 I 1·324 131·884 - 2·2307 - 2·2261 I - 2·2284 -4·6 I -100·5 I 99·3803 
19 17 t6 1·253 + 3·9835 + 3·9900 

Mean 

Nov. 
19 
19 

Mean 

19 

Mean 

18 
28 

1·248 I I + 3'9930 + 3'9948 

f7 i 16 j 1'250 j 133·r34 1 + 3·9882 I + J9924 I + 3'9903 I -4·2 ! 1~4·7 I 103·3706 
i ! I , 

16 i 15 1·240 134·374 j - 2·5543 - 2·5497 I - 2·5520 I -4·6 I -109·3 I 100·8186 
15 : B 0·958 -- 5·4651 - 5'4595 

i 0·959 I - 5'4634 ·-· 5·4640 

15 l __ B ! 0·95; I 135·332 i - j.:;642 i 54618 i - 5·4630 ; -2'4 I -Ill~) i 95·3556 

B I 14 I 1·276 : I + 1·5580 1· + 1·5641 I I I 
I 1·2so 1 + 1·5613 + 1·5624 j 
• I __ , ___ . _____ , _________ . _______ \ ___ , ___ _ 

_P~--I~l~~-_i~6~_!_+ 1·5596 _·_f- 1·56~-+ 1·56141 -3·6_!-115}_!~9170 
14 13 ; 1·034 i I - r511s - ns47 

1·038 I I - 7'5814 

291 j 1·036 I - r579s ~ - rsS34 

I I 1·033 , l i -- rss1s , 
Mean I 14 13 I 1·035 1 •J7'•45 i - 75;77 I - t58JJ - r58o5 +s·6 1-1~9·7 j 89·33ti5 

Nov ii ' I l 
IS 13 12 1·139 - 1·2852 ) ~ 1·2926 l 
,--1---1~~·---·--=-1'28~--=--'·2882 1 ____ 1--.: ___ , ___ _ 

Mean [~~_j__:~\~·14o_j_138~5 1_.~2867 1-=::_ 1·29~i~·2886 1~3·7 1~~6·o 1
1
_-+ ~8·047·~-

, ' 
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Results of geodetic spirit leveUng in Jfissi.ssippi and Tennessee, 1890-'91, from Corinth, Jliss., to .Memphis, Tenn. 

Bench mark. 

Date. 

1 

From- To-

Distance 

Re tween 
successive 

mark&. 
From initial 

mark. 

Difference of height between marks. 

Direction of measure 

Forward (west· I Backward (east-
erly). erly). 

Mean. 

Discrepancy. 

Partial. 

F-B 

Height of 
Total, mark above 

average Gulf 
·----- level at Biloxi, 

Accumu- Miss. 
lated. 

--------1------ I 1------I I 1-----1 1---··-----1---

Nov. 
26 

II, 26 

II 
II 

14 

u 

tt, 12 

11 
l2 

1890-'91. km. km. ·m. m. m. mm. mm. m. 

Dec. Nov. I ' 
18 12 II I 1·200 ~·985 + 3·7370 I + 3'7324 + 3'7347 I +4·6 1--101·4 +91·7826 
---1----1-- --------------------
1_:~ x Road(18)1~~ ---,-=-~~l---~~0278 _1 __ !---~7548 _ 

18 1_:_1 ___ 10_\~~~1~1-=-2·01~ 1-= 2·01~--=-=·0132 I -~o·~[ -1~~~7694 
·--1~--A-'~~~1·249 __±_ 1·36~ 1_±_ 1·36~1_±_~·36841 +0·~1~~~~1378 

10 I 10 9 
1 

0·856 142·029 j - 1·7642 - q6o8 I -· q625 I -3'4 I -105·6 88·0069 
IO ·1 9 8 1·693 t 2·8728 t 2·8638 
I8 .. 1·698 . I + 2·8747 t 2·8771 

Mean I=:-= 8 1·696 1

1 

143'725 j + 2·8738. , + 2·8704 I + 2·8721 ( -t-3'4 I +1~2'2 j 90:8790 

IO 8 7 1·112 - 2•5017 ·- 2·5031 
14 1·118 - 2·4979 - 2·5054 
28 . 1·114 i I - 2·5054 - 2·5062 

--i-----------·---:----------
Mean 1_:__1_1~~--1~4·840 I-=- 2·50~1-=- 2·50~_:_:·5033 +3·~--=-~-.~3757 

to 1_:.__~l~~!~fro24 \_+ 5·6152 __±_ 5·61~__±_5·6148 _±0·9 --=-~~~9905 

t8 

18 

6 x Road(19)I 1·o8o I - 5·5554 - 5·5554 88·4351 
-----~-------------i-----

10 I 6 5 \ 1·052 I 147·076 + 1·2252 + 1·2258 + 1·2255 -0·6 - 98·7 95·216o 
8 5 4 1·290 148·366 - 8·0234 - 8·0251 - 8·0242 +1·7 - 97·0 +87·1918 
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12 

13 

12, 13 

13 
4 / 3 1"277 -w255o -10·2416 I 

1·28o -10·2547 I 
13, 14 I I 1·279 -10·2573 -10·2590 --1-------------------------------1---1 ' 

Mean I 4 I 3 1·279 149·645 -10·2562 -10·2518 
1 

-10·2540 · -4·4 -101·4 I f76'9378 

8 l-31·-;--;6;-~;.;--+ 5.;;;-+ 5·22;si+s·2224 +1·9 -- 99·51-;;;;-
I U.S. E. 0·038 151·36o - 2·1142 - 2·1142 -- 2·u42 o·o - 99·5 +So·o460 
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220 U. S. COAS'l' AND GEODETIC SURVEY. 

'l'he prohahle error of tl1e resulting differences of heigJ1ts depends 
ou the discrepa11cies of the results as found by the forward aud hack
ward nleasnres, and silwe the b("llCh 1narks arc about evenly di:-.. triu
nt('<l over tlw wl1ole line at tli~tances of about one kilometre we make 

nsf' of the form.ula r 11 = O·H7i"> J~~iJ, which gives .. the proba.u1e error 

pt~r kilometre for double leveling; for the termiual poiu t at the tlis-

tauce S = [·"] we have r = 0·675 .J[~4dJ. 
~-e have [ dll] = 1466, hence rn = :±: l ·0;'.')mrn., also r = :±: 12·9rnm. The 

co]umu sl1owing the accunni1ation of error exliibits the usual tnorc or 
lesR systerr1atic increase over tlte wliole line, with a 1naximum value of 
11;)111 m; this corresponds to au angle of 0"·16, or to a co11Rtant error of 
01'·08 for each measure, supposed of the sarne sign. 

Referring to my report of December 20, 1892 (Appendix No. 3, 18!t:!), 
and to the closing of the two loops, II and IlI, we have now for ,::, It 
1\fempl1is to Coriuth +57·1821lll· in the p1ace of the rough re~mlt 

(57·2160) given there, and the closing of the triangular 1igure Corinth, 
Cairo, l\rlemphis, Corintl1, hecon1es -0·2424rn, and tlrnt ot· the lar_g·t•r 
southern loop, Bi1oxi, l\Iobile, Corinth, 1\le1nphis, -Vicksburg, Nt•w 
Orleans, Biloxi, -0·27a2111

-. The development i11 length ot the tirst 
loop is. 747.3km. and of" tl1e second 1833·4km.. A description oft.lie bench 
inarks concludes this report. 

1)eacription of bench 'marks on line of lei,els from Corin.th, lJii8s., to 1J1cm
phfa, Tenn., 1890-'.91. 

·v.-Corintb, Alcorn County~ 1\-Iiss. A brass holt leaded in the east 
wall of the brick store on the northwest corner of '\"'"aldren a11d 
---- streetR. TbiH building is opJ)Osite ·the court-house, and h; 
used as the city hall. The bolt is in the third course of brick 
above the- sill of the windows near the north end of the building 
and in the fourth brick soutll of· tbi~ wiudow. Two lirn.~s were cut 
in the end of the bolt, forming a + at its center, and the intersec
tion of these lines is the B. l\I. The building is owned by Eli 
Mitchell. 

W.-Coriuth, Alcorn County, J\fiss. A brass bolt leaded in the west 
wall of the brick court-house. The bolt is between the :fifth aud 
sixth ventilators (sn1a1l grated windows) to the cellar, counting 
from the nortlrwest <~Orner of the building, in the fifth brick south 
of fifth ventilator and in the fourteenth course below 1ine of window 
sills. Two lines were cut in the end ot· the bolt, forming a cross at 
its center, and the intersection of these lines is the B. :!tI. 

L.-Chewalla, McNairy County, Tenn. A copper bolt leadecl in the 
side face of brick chimney on east end of fratne house occupied by 
F. S. McCaJlar, railroad agent, at Chewalla.. The bolt is in the 
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fourteenth course above the ground and in the second brick from 
the end of the house, and in the side of the chimney towards the 
front of the house. The house is north of the track and ea~t of the 
public road. Two lines were cut hi the end of the bolt, formiug a 
cross (+)at its center, and the intersection of these lines is the B. J\L 

l\1.-Uypress Creek, railroa(l bridge, Tenn. A square hole cut in the 
top of the stone pier of the iron railroad bridge over Cypress 
Creek. It is on the vier on the east bank of the creek and is i-;outh 
of the track outside of t11e superstructure of the bridge near tl1e 
outer edge of the pier. The letters U. S. B. l\f. were roughly cut 
near it. The bottom of the square hole is tlie B. J\:f. 

N.-Poc~hontas, Tenn. A copper bolt leaded in the front face of the 
"Brick Hotel." The bolt is in the twelfth course above the ground 
and in the third brick from the southwest corner of t..he bni1diug. 
The hote1 is north of the track and nearly opposite the railroad 
station. It is kept by -:\{r. Seay, the railroad agent. Two lines 
were cut in the end of the bolt, forming a cross ( +) at its center, 
and the inwrsection of thei'l.e lines it;; the B. J\'f. 

O.-Middleto11, Jlardeman County, Tenn. A copper bolt leaded in the 
face of the west side wall to the brick store just west of the hotel. 
The building faces the railrotttl and is tluite near it. The bolt is iu 
the fourth course below the frollt door sill and in the second brick 
from the northwest corner of the building. Two lines were cut in 
the end of the bolt, forming a. cross (+)at its center, and the inter
section of these lines is the B. :M. 

P .--Saulsbury, Hardeman Conn ty, Tenn. A copper bolt leaded in the 
face of the west' side wall to the brick store owned and occupied 
by .R. M. ·wright. The bolt is near the southwest corner, in the 
twenty-first course above the grouncl, and in the fifth brick from 
the southwest corner. Two lines were cut in the end of the bolt, 
forn1ing a cross, and the intersect.ion of these lines is the B. l\L 

R.--Grand Junction, Tenn. A copper bolt leaded into the face of the 
front w~ll to the brick store owned and occupied by W.R. Robin
son. The store is north of the track and a short distance east of 
the railroad crossing. The bolt is near the southeast corner of the 
building, in the fourth course above the front porch, and in the 
second brick from the southeast corner. Two lines were cut in the 
end of the bolt, forming a cross, and the intersection of these lint~s 
is the B. M. 

I.--La Grange, Fayette County, Tenn. A square hole cut in the top 
of the stone abutment to the railroad bridge over J\fain street. 
The abutment is on the east side of the street and is north of the 
track. The bottom of the hole is the B. M. 

K.·-La Gl'ange, Fayette County, Tenn. A Mqnare hole cnt iu the top 
of the stone a.butmeut to the railroad bridge over .l\Iaiu street. 
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The abntinent is on the west side of the street, and is south of the 
track. The bottom of the hole is the B. M. -

H.-1\loscow, Fayette County, Tenn. A cavity was cut in the rough 
face of one of the stones in tbe foundation of the railroad water 
tank, and a square hole made in the bottom of this cavity for tl1e 
B. M. This cavity is on the south face (next to the track) of the 
:foundation, and 6·2 feet from the southwest corner. The bottom of 
the square hole is the n. ~I. 

G.-Wolf River railroad bridge. A square hole was cut in the top of 
the stone pier to the iron railroad bridge over Wolf Creek. It is 
on the pier on the east bank of the creek, on the inner side of the 
raised portion on the north eud of the pier~ and 1·5 feet from its 

t f: It hl 1 tte d U. S. B. M. T,· b tt eas ern ace. was roug y e re 0 "-e o 01n 

of the bole is the B. J\1. 
F.-Rossville, Fayette County, Tenn. A square hole about one-fourth 

inch deep, cut in the top of a ledge in the stone foundation of the 
railroad water tank. The hole is only a few inches above the 
ground, and is 2 feet north of the southeast corner of the founda
tion, and is on the east side of the tank. The bottom of the square 
hole is the B. l\L 

E.-Colliersville, Shelby County, Tenn. A copper bolt (five-eighths 
inch in diameter) leaded in the front of Duloney & Patrick's brick 
storehouse, which faces the public square and is on the east side, 
a short distance from the railroad. The bolt is in the eleventh 
course above the ground anci in the third brick from the southwest 
corner of the bniJding. Two lines were cut in the end of the bolt, 
forming a cross (+),and the intersection of these lines is the B. M. 

D.-Bailey's Station, Shelby County, Tenn. A copper bolt (five-eighths 
inch in diameter) leaded in the brick chimney on the west end of 
J. W. Brown's residence. The bolt is in the corner brick on the 
south or front face of the chimney and in the twenty-second course 
above the ground. Two lines were cut in the end of the bolt, form
ing a cross, and the intersection of these lines is the B. M. 

0.-Germantown, Shelby County, Tenu. A square hole, about one
:fourth inch deep~ cut in the northweRt corner of the upper surface of 
the stone cap to the brick pier, under the northwest corner of the 
platf()rm to the railroad station. The bottoin of the square bole is 
the B. M. 

B.-White's Station, Shelby County, Tenn. A square hole cut in the 
stone foundation to the railroad water tank. It is on the top of the 
offset, at the southwest corner of the tank, about 18 inches above 
the ground, and is marked as follows: U. S. . 

• , the letters bemg 
B. M. 

rudely cut in the limestone. The bottom of the square h-0le is the 
B. M. 
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A.-Buntyn, Shelby County, Tenn. This B. 1\L is the upper surface 
of the first brick offset above the ground 011 the west side of the 
entrance to the lVIethodist church. Three lines were cut in the 
brick, forming a square with the outer edge, ancl- the bench mark 
is the upper surface of the briek within this square. It is on the 
third brick from the west side of entrance. This church is a sub
stantial brick building. 

U. S. P. B. M. "Memphis."-Memphis, Tenn. Is the cente·r of a hole 
in head of copper bolt leaded horizontally in face of subsill of first 
base1neut window from southwest corner, on west side of new 
custom-house. It is marked lT. S. 

0 'This beucl1 was e~-.tabli8bed 
B. J\1. 

in 1878 (see Rep. of Miss. River C'o1nm. for 1881, pp. fi5, 66). 'Vhen 
visited in November, 1890, this bench mark was found undisturbed 
and in good condition. 

Crossroad No. L-Ground at center of track, at public roa.d cros:sing, 
3!- miles west of Coriutll, l\fiss. 

Crossroad No. 2.-Ground at ceuter of track at public road crossing at 
Wenasoga. 

Crossroad No. 3.-Ground at center of track at public road crossing at 
Cheewalla, Tenn. 

Railroad station No. 4.-Ground at center of track opposite railroad 
station at Pocahont,as. 

Railroad station No. 5.-Ground at center of track opposite railroa<l. 
station at Middletown. 

Crossroad No. 6.-Ground at center of track, public road crossing at 
64-mile post. 

Railroad station No. 7 .-Ground at center of track 011posite railroad 
station at Saulsbury, Tenn. 

Crossroad No. 8.-Ground at center of track at public road crossing 2-k 
miles west of Saulsbury, Tenn. 

Crossroad No. 9.-Ground at center of track at erossing of Illi uois Cen
tral Railroad, Grand Junction, Tenn. 

Urossroad No. 10.-Ground at cent.er of track at pubJic road crossing 
4 miles east of bioscow, Tenn. 

Railroad station No. 11.-Ground at center of track opposite old rail
road warehouse at Hays' Crossing. 

Railroad station No. 12.-Ground at center of tra.ck opposite railroad 
station at Rossville. 

Crossroad. No. 13.-Ground at center of track, State line road cross
ing, 2~ miles east of Oolliersville, Tenn. 

1l"tailroad crossing, station No. 15.-Ground at center of track opposite 
rattroad station at Bailey's. 

Orossroad No. 16.-Ground at center of track at public road crossing 
at Forest Hill. 
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Railroad station ~o. 17.-Grouud at center of track opposite railroad 
station at Germantown. 

Crossroad No. 18.-Ground at center of track at Grier's road crossing. 
OroRsroatl No. 19.-Gronnd a.t center of track at Pigeon Roost road 

cros~iug. 
1Railroad crossing, station Xo. 14-.-Ground at center of track opposite 

railroad station at (Jolliersville~ Tenn. 



 

APPENDIX No. 5-1892. 

ON THE TIDES AXD CURRJ•:NTS IN THE HARBOR OF EDGARTOWN AND 
IN KATAMA BAY, MARTHAS VINEYARD. 

A report by HENRY L. MARINIHN, AsF.di'!tant. 
Submitted for publication April 25, 1892. 

The foHowing report on the tideH and currents in the harbor of 
Edgartown and Ka.tarna Bay, ~fassachusetts, based on observations 
made during the sumn1er of 1891, is offered in advance of one to be 
made on the" cornparisorrn of changes in the shores an<l botton1 of the 
harbor since previous surveys." 

In a report dated September, l88G, published as Appendix No. 9, 
I :eport for 1886, Assistant Henry I.1. 'Vhiting says: 

The tidal c•urrents through the iulet, throngh the :narrows of Cotamy Bay, 
and through Edgartown Harbor, are now very strong. I alll unahle to state 
the exact velocity, but it has had the power to iucrease the depth of water 
along the front of the town and about the whar,·cs. The currents a.re also 
effecting a. change in the 1wsition and depth of the })oi.nt of Chappaquiddick, 
opposi.te t1ie town. They also affect the mant>nvering of vessels, which now 
do not like to anchor auove Cha.ppaqui.clclick Point. 

The fishermen state that the ocour of those currents is injuring th~ clam 
and quaha.ug grounds, which are of much local value. I ha Yo endeaYored 
to ~certain whether the tidal currents through the harbor were stronger 
now than when the inlet of 1856 was OJlen. 1'"'rom. such 'facts as I could 
gat,her, however, they seem to have about the same force. * * * 

That these strong currents must produce changes in the physical condition 
of the harbor seems self-evident. 'I'he very peculiar tidal phenomena con
uectmi with it makes the study of the subject oue of special interest. Coll.l
JlaTing the time the "Present inlet ha.s been open, ahont eight mouths, with 
the eighteen or twenty years of less effect,ive action since the former inlet 
olo8ed, the probabilities are that the harbor channels and shoals are still in 
a transition state. 

At the time of l\Ir. VV.hiting's examination the barrie.r between Ka
t.am.a Bay and tbe ocean ba.(l just been broken tb.roug11, crea,ting the 
first opening in about twenty years. The statement about the strength 
of the currents in the report must have referred to the theu condition 
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as compared to that with no outlet through Katam.a Beach, and it is 
to be regretted that no observations of the velocity of the currents 
were made either under the condition of no opening, as in 1871, or of one 
opening, as in 1886. 

If the circulation through the harbor and bay induced strong cur
rents with one openiug, the ca8e mu.st be aggravated with three inlets. 

It is believed that the conditions which now obtain throughout this 
locality have materially changed the regime of the tides and currents, 
and that, consequently, the present knowledge of these phenomena 
does not represent actual facts. 

This change is attributed to the existence of three inlets through the 
south beach of Katama Bay, which admit such a volume of tide water 
fron1 the ocean as to influence the tide throughout the bay aud harbor 
as far as Vineyard Sound. 

'Vith no inlet from the oeean side, the tide in Katarna Bay is of the 
type of the Sound tide; with three inlets, the ocean tide, of greater 
range and difteriug in tilne, being freely admitted is the cause of the 
interferences shown in the accompanying diagrams. 

In order that one may follow the treatment of the tide and currents 
adopt.ed in t,his report, there have been introduced inuch of the 
observed data in tabular form. 

Illustration No. 20 shows the locality, with the locatiou of the tide 
and current stations. 

In Tables 1 to 4 will be found the observations of the titles at four 
stations situated along the path of the tide from the entrance into tlH· 
harbor to the ocean at the south shore. These observations,* coveriug 
somewhat Illore than one lunar month, are here grouped according to 
lunar hours; from these we obtain a. mea.n tide for ea,ch of the four 
stations. 

Illustration No. 21 reprei;;;ents these rnean tides, from which we can 
derive the synchronous differences in height of water surface at any 
time of the tide. 

The times of inaximum slopes and of restoration of level are graphic
aJly reprei;;ented on Illustration No. 22. For greater practical use the 
intervals are referred to the time of high water at Edgartown light
house. It will be ob8erved that m.aximu1n ebb slope occurs 13 n1inute~ 
after high water; at this n1oment the current is setting from the Sound 
tlirough Katama Bay to the ocean at nearly Inaximun1 strength. The 
mean difference in height between the ocean and the Sound is then 
1·75 feet; of thiH ditl'erence 55 per cent is found between the ocean and 
Ka.ta1na Bay, within a distance of one-eigl1th of a inile. It is safe to 
assume that under favorable conditions a slope 100 per cent greater 
thau the above may be found within the same limits . 

.. Ob~rvatione -were ma.de during the· da~'tinie only, as bnt one self-registering 
tide gauge -waa available. 
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On the tides a,nd currents in the harbor of Edgartown and ·in Katarna Bay. 

Maximum flood slope occurs 6h 25m after high water; the current is 
now settiug in the oppo~ite direction, but nearly one hour past maxi
mum :-;trc11gth. The difference in heiµ:l1t betweeu ocean and Sound is 
1 ·7:! feet, 57 per cent of \Vhich is located in the eighth of a mile betwet•n 
ocean a11rl hay. The rest01·atiou of level on a rising tide* takers place 
:!h 38lll before high water. This restoration of leYel is not quite synchro
nous, hnt the differences are so slight as to practically amount t() a 
level vJane. At this 1n01uent the current slack:-; and then turus froru 
north to south throughout the bay. 

The restoration of level on the fa.Hing tide occurs 3h 50m after high 
water, and at this moment the current slacks aud the ·turning from 
south to north follows. 

In Table 5 will be found the establishment of high and low water 
with that of tlw turning of the currents. It will be observed that the 
tide of the southern part of Kata ma Bay follows clo:::ely the tide of the 
south shore. At low declination of the moon this phase exteuds to the 
Swhnming Place; \Ve find then two distinct high waters, the first high 
water hi1ving the greater amplitude and occuring ,7-lflh XXXIVm after 
the moon's transit, while the second high water remains at the estab
lislH"ent (XII11 XXIXm) given in the table as the mean for a lunar 

h. 

TAnLE 5.-Establishment of ll'igh anil l01r 1ca.tcr, 1cith turning of currents, 
froni obscr·vatious hi 18.r)J. 

.. ------~-------------~----

Tiine after moon's transit. 
1~~~--~~~~~~~~-~-~-

1 

Current turns. I 1\.Iaximum strength 
j (approximate). 

Lov.· water. l--- East lo -,-,--e-st-~o-e;i.:t~-1 ~-,e-:ier~~- -,--~~~-~~rt-y 
·west. · cu1 rent. current. 

-------1-------~ ~----~ ----- -------- li 

Locality. 

High water. 

h. 111. h. 
E<lgartown XII 

light-house. 
XI V 

m. h. 
VI X 

nt. h. Ill. h. Tll. h. 1Jt. 

IV III XXI XI XXII V X 

Swimming 
Place. 

West opening 
(inside). 

•::.outh shore 
:ocean). 

-"· ------------- ~ 

XII XXIX v XI 

VIII IX II LV 

VII XXXIV I XXII 

------1------- ---~----

North to 
south. 

South to 
north. 

I 
Southerly. j North

erly. 

1----- 1------1~---i----
h. ?n. h. m. 1 h. m. I h. 
XI xx III LVIIJ L XI LUI Iv 

I 

1n. 
x 

-~~--~~:_, _11~--~~~ 0---~-~r~ ~~'-
~~------'-~~-~~··~~-~-~ 

" In speaking of rising and falling tide, reference is made to the tide in bay and 
harbor, and not to the tide on the south shore where the reverse would apply. 
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TIDAL CURREN'I'S. 

OhservationR of tbe drift and set. of tho current::-:, were made with two 
Ritchie-:Haskell t:•lectric-enrrent 1neters (Nos. 3 and 4) at the :following 
stations: At the entrance to Edgarto,vu inner 11arbor, at the Swinuning 
Place, and in the i11lets into l~atarna Bay. The observations in the 
i11 letR were not wholly satisfactory, owing- to the great difficulty in sta
tioning and holding- a boat for any leng·th of time in such exposed placP. 
The obi-;ervation:5 are, hcnvever, snfncit·nt to indicate the type of· curve 
of velocity, bnt tlo not represent f'airly tho 1naximn1n Rtrength. These 
curveH of velocity are exhibited 011 Illustration No. 23, in con1wction 
with the tidal enrves at the stations ·where ohst•rved. 

Nowhere within this field l1ave we recorded velocities exceeding fi 
fp£·t per second. \Ve are convinced that velocities twice as great may 
he fimnd and observed within these openingR. 

At the entrance to the iuner harbor, off Edg-artown light-house, the 
maximu1n strength observed fi.H' westerly current was 1·85 feet 1>er sec
ond a.bout 49 1ni11utes before lligh water,* and for easterly set 1·a5 feet 
per second, 5 11 23m after lilgh ·water. 

_.c:'\_t the S·winuning J>lacP, wlijeh is the narrowest part of the arm con-
11ecti11g Edgartown hn1Pr 11arhoe ·with Ka.tama, B~.Y, tJ1e cnrrei1tR a.re 
decidedly .st1·011ger~ tl1e greatest stn•11gth was 4-·2 fc-et pei· ~econd fi:n 
the sout.Iierly HCt! ]8 milmte:-; lwti.ffc high water. ])nring the 11ortherly 
Het. the 1naximnm ~trength waR tc)nlltl to be :!·75 f{•et p(~r i:-;ceoud [)h 2:)"' 
after high water . 

. A .. t the west opeuiug, t11e gr<~atcst i-:>trm1gth was not fully ascertaiuecl 
Jor reasons stated before.. For f'Ont11er1y current~ the 1naximum 
strength will occur near the tra1u;it of the moon, or about 13 minut<·s 
after high water at Edgartown lig.ht-hornse. 

For northerly flow, the maxiinum Rt.rength will OCCUl' about (-)h OOm 
after high wat-0r at, Edgartown light-house. 

In the iniddfo opening, the period of HtrP:ugth of cnrreut f<>1Jowi-: 
closely that approximated f()r the western inlet. 

At the eastern opening, which iH on tlH,~ threshold of closing up, 
the current:;; present anom.alies which might develop in Rpecial featur<"S 
with a n1ore extended series of observations than those now at hand. 

The observed intervals of l1igh and low water, and the turuing of 
the currents after the transit of the moon, for four stations, will be
found in Tables 6 to 9. These tables are appended more with t11e pur
pose of securing their preservation for future use, if needed, than for 
further discu~sion. 

The data contained in them can be reenforced by supplementary 
observations at any future time. 

.. 
*Whenever high water is mentioned -without specifying the place it refers to the 

high wat-er at Edgartown light-house. 
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Current Veloeity Curves obsern.·tl nt l\I:u·thas -v·i1wy.u·d, }\fass. 
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TABLE 1.-Tide 

SOl:TH SHORE, MARTHAS 

(Observed heights reduced to 
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gauge No. 1. 

VINEY ARD, MASS. 

Staff of Tide Gauge No. 4.J 
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l 
3·481 J"02 
- __ _! 
3·85! 
]"681 
3·66! 

3"3°i 
3·24 
3·35' 

3·401 3·10 
3·60: 

I 
3"43 

2·73 3·18/ 2·971 
3·24, 3·251 3· 17 3·00 

I , 
I 

rn8·09' W7" u I H><>m\ 
l 

92·81] 8o·58\ 
3·721 3·69 3·571 3"31 2·981 

IXi I x XI 

1---
~:IOi ~:951 

Xi I 
1----

fr. i ft. ! 
- 2·80\ ----1 

2·70; 1·98! 
2·r5: 2·00 

1·76i 1·581' 
1·65; 1·411 

2·5s ., . ..,s' - - i 1·98: 1·751 

::
00
261. I ·88i 2·88: 2·57\ 

2·781 2'40 :.:; i 1·70: 
2·60: 2·30: 1·90[ 1·70; 

2·20: 
! 

2·501 
I 

1·90J 1·621 
l ! 

2·10: 
I 

2·40! 
I 

1·73! 1·501 
\ 

2·4oi\ 

-2~3~ J 

2·631 
2·35: 

1 
2·471 

2·6s1 
2 ·93; 
3·2oi 
2'45! 
2·6oi 

2·58\ 
I 

~ 
2 "341 
- - _ _I 
2·851 
2·761 
3·o3! 
2·901 

2·65 

2·10; 1·90 

----' -- -
1·95! 1·821 

2·42' ~ 
2·121 ~:~1 
2·271 2·121 

2·531 2·371 
2.77, 2·501 
2·35! 2· IO 

2·12 1·81/ 
. -- - -i 
' ' 2·171 1·76! I . 

1·93! 1·~1 
-2-:5;;1 -2-:~~I 

• I 
2·35 2·os1 2·15\ 2·40, 
2·67 2·501 
2·90 2·8oj 
2·51 2·401 

3-<~ 
2·85 2·75 2·65i 

\--- ! 
74·71] 63·91 56-981 

2·67 2·37 2· I I I 
I 

1·60! 

I 
1·65 1 

2·02: 

1·901 
I 

1·931 
2· 1 <) 

1·72 
1·92: 
1 ·58 

1·27 

1·70 
1·721 
Pq(i} 

2<ioj 
2·60' 

2·30 

----
44·551 1·78 

231 

Xli 

I 
ft. I 
~ -- __ \ 

I ·46c 
143oi 
1·40: 

1·66' 
i 

.. -47, 
i ·38 

1°36; 
I 

--- - I 

1·32 
1·90 
I ·7c: 
1·82 

1 ·95 
1·63 
I ·78 
1·29 

1·201 

1·22 

1·62 1 

1 ·97 
8 2"' .) 

2·0 ,.,i -, 

1·5 

39·4 
1·5 
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Date. 0 

1891. fl. 
Aug. 24 2·31 

25 2·461 
26 2·51 
27 1·76! 
28 2·12, 
29 1·98i 
30 1·71 i 
31 1·95i 

Sept. "I 2·10' 
2 1.8sl 
3 1·821 
4 1·92 
5 2·00 

6 I 2·21 

7 I ----
8 I 2·17 
9 

I 2·541 
IO 2·36i 
II 2·45/ 
12 1·151 
13 2·01' 
14 2·41J 
15 2-171 
16 2·15 
17 2·23, 
18 2·08i 
19 2·461 
20 2·75 
21 2·781 
22 2 ·95 
23 3·03 
24 J"08 
25 1·98 
26 ----

I Sums. 72·081 
Means. 2·25 

U. S. COAST AND GEODETIC SURVEY. 

I 

i J 

fl. fl. 
2·21 2·08 
2·36 2·15 

...... __. ...... 1·67 
1·82 1·8o 
2.12 2·09 
1·95 1·92 
1.72 1·82 
2·00 

~:~1 2·1 I 
1-90 1-90 
1.85 1·801 
1·93 1·911 
2-00 1·921 

2·271 I 
2-17! 

' 
- - - - - - _ _j 
2·15 2·141 
2-50 2·401 
2·35 2·23 
1·82 1·80 
1-75 1-73 
2·02 2·03 
2·38 2-28 
2·14 2·03 
2·09 1·95 
2-15 1·94 
2·00 1·83 
2·33 2·10 
2·60 2·37 
2·60 2·40 
2·80 2·62 
2·90 2·77 
3·05 2·51 
1·93 1·85 
---- ----1 

66·291 67-80 
2·19 2·071 

TABLE 2.-Tide 

WEST OPENING INTO 

[Observed heights reduced 

I 
IIIi 1~ I! 

I " 
II! III IV! 

--

ft. fl- ft- ft. ft. fl. ft. 

-::~~I =.=~~ -~-- ----- ---- ----- ----
- ---1 ---- 1·68 1·76 1·90 
1·47: 1·43 r-481 1·64 1·78, 

i-701 i-65j 1·62! 1·6o 1.62\ 1-71 1-80 
' 2·02! 1.97 1-92 1.90, 1·go1 2·00 2·04 

1·82. 1·75 1·67 1·611 1·6~ 1.68 1·80 J, 

1.85! 1·80 1-75 1·7 I 1-711 1.78 1·87 

1·92\ i-85 1·90 1·90 1·97; 2·001 2·10 
2·00 1.90 1·85 1-831 1·83i 1·90 2·05 
1-88! 1·80 1·n1 1·8ol 1·85 1·90 2·05 
I·72: r6z 1.60! 1·68J 1·80 1·92 2-05, 
1·86i 1·77 1-731 1-78 1 ·90 I ·96 2.061 
1·80 1·67 1-62 1·74 1·85 1·98 2·05 

{2"05~ I 2·10 2·07, 2·03• 2·04 2·10 2·08 2 ·0 5j 

----' -;=861 ·--- ---- 2·20 2·36\ 2·5oi 
2·02j -1~=~1 1·75, 1·80 1·95 2·15 
2·30, I·951 2·00! 2·07 2·10• 2·20 
1·85\ I 0 821 1·85 1-85! 1·84 1·85/ 1-88 
1·8oi 1·781 1·771 1·751 1-75 1-801 1·87 
1-73! r68! 1·68 1.66! 1·68! 1-751 1·88 
1·961 1·861 1·841 1·77! 1-751 I ·861 1·981 
2-12/ 2·05i 1·98 1·97j 2·051 2·18 2·27 
1·80 r721 1·651 1·65; 1.701 1·87 2·00, 
1·721 1.55 1·43 1-47! 1·57 1 ·78 1 ·961 

I 1·251 1·66 1·ss! 1-70' 1.50 1·27 1·~2 

1·551 1·30 1-101 1·1ol 1·:3si 1-60 1·901 
1·85 1·6o 1"40 1·25 1·40; 1·65 1.90 
2·101 1·83! 

=:~~I -1~~~1 1·42j ~ - - - -2~~~1 2·19! 1·92i 1·77 1·91 
2·421 

I 2.02! I - --- ---- 2·311 
~ - - - ~ 

-;:9g1 ---- I ---- 2-15 2-21. 
I 

2·45 
-1-:761 

2-30' 2·32 2·37 2·40! ----1 1·741 1-901 1·80 1·75 1·70 1-78 
- - -- 2·051 2·01 1·941 1·881 1·91 2·01 

i I ! ,---'---1---1------
I 64·87 57·49i 49·67j 47·72149·84 54·89J 60-89 

1·92 1·771 1·69 1·721 1·771 1·90 2·02 
I 

v 
---

fl. 
-- - -
2·o6 
1·98 
1·93 
2·13 
i-90 
2·00 
2-16 
2·20 
2·10 
2·15 
2·10 
2·08 

2·16 

2·6o 
2·30 
2·25 
1·98 
1·93 
2·00 
2·10 
2·40 
2.20 
2·18 
2·18 
2·20 
-- - ~ 

2·40 
----
2·47 
2·35 
2.50 
2-00 
2.08 

---
67-07 

2·16 

Vt 
---

ft. 
----
2·3 
2-1 

0 

8 
2·12 
2·3 0 
2·02 
2·08 
2·35 
2·32 
2-27 
2·27 
2~21 

2-20 

2-30 

-- --
2·30 
2·25 
2·08 
2·10 
2.17 
2·21 
2·52 
2-46 
2·41 
2-52 
2·40 
2·40 
----
~- - -
2·78 
2·50 
2·68 
2-15 
2·22 

---
69·07 

2·30 
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Gauge No. 2. 

KATAMA BAY. 

to Staff of Gauge No. 4.} 

'\'I VI! \ VH 
i 

vu:~ ! VnI VIII~ l 
--- ----- ______ , ______ - ---'-------. ---

fl. 

2·50 
2·30 
2•'?? 

2·461 
2·181 
2·30! 
2'47' 
2·44\ 
2·35 
2·30: 
2"351 
2·~5i .) I 
2·481 

----1 
2·111 

.)_)I 

2.4oi 
2·20: 
2·26i 

I 
2·301 
2·351 
2·751 
2·73: 
2·651 
2·73 
2·67 
-- -· -
----
2·91 
]'08 
2·70 
2·65 
2·301 
2·35 

74·06 
2·46 

rt. 
2·65 
2·52 
2·45 
2·601 
2·301 
;!·50, 
2·60 
2·60 
2·60 
2·40 
2·50\ 
2·5oi 
2·60 

-.--.. ..... -
2·50 
2·50 
2·32 
2·40 
2·42 
2·50 
2·94 
J'OO 

2·93 
-- --
2.90 
----
----
3·20 
3·28 
2·98 
3·101 
2·41 

2501 
76·70 

2·64: 
I 

~--! ~~--1 ~~--1 
2·80\ 2·92! 2·911 
2·681 2·801 2·83i 
2·65! 2·78 2·85] 
2·8oi 3·001 3·02! 

8 1 • I 2·40' 2·5 . 2·09' 

-;.931 ----1 2.5oj 
2·78; - - - -
2·80\ ----i ----1 

"'z-: 5 51 - ---
2~- .-,.1 2·87 j .)i 

2·68: 2·801 2.85 
2·68: 2·8oi 2·87 

i 
2·9of 2·8oi 2·88 

1 ___ _I 
----1 -- ---
2·65 2·711 2·75 
2·75! 3·04_ 3·061 
2·48; 2·52 2·551 

2-67 2·70! 2·55! 
2·56! 2·67i 2·681 
2·10: 2·821 2·92 
3·171 30c32: 3·35\ 
3·25j 3·38l 3·48! 
J"18! -.. -:;;I 3·00' 
3·07 -3~~~1 ---- :1 ___ 1 

---~~ 3·52! 3·48 
---- 3·71! 3·68 
3·411 3"471 3·46 
3·5 1 1 3'67! 3'61 

3·301 
r;~1 3·3o: 

3·411 3·46 _, 
2·so1 2·70 2·71 
2·701 2-80\ 2·87 

79·191 
I 81·93 8r121 

2·831 3·001 3·03 
I 

ft. 

~:~~l 
2·801 
3.0511 
2 70 

- - - -

- ---
-- . -
--· 
2·66 
2.80 
2·72 

2·80 

-- - -
2·70 
3'04 
2·50 
2·65 
2·65 
2·93 
3·35 
- ---
2·90 
2·94 
3·00 
3· ~o .) 

3·5o 
3·38 
3·45 
3·20 
3·35 
2·75 
2·90 

79·55 
2·94 

ft. 
- - . -1 
2·671 
2.6oj 
2-73, 
3·00: 
'>·6!':' - "'' ! --- -1 
----

i 
. - -·I 
2·55' 
2·6ol 

I 
2·55· 

! 
2·66i 

----1 
2·55! 
2·951 
2·44: 
2·53i 
2·64! 
2-ssi 
3·331 
2·401 
2·681 
2·75 
2·661 
2·92! 
3-10; 
3·101 • I 
'""t-;01 
.i .) ' 
3·01: 
1 ·'>6i .l - I 
2·741 
2·881 

78·16 
2·791 

Ix-.l.. !I ... x "I XI I " ~... .-~ ~ ' \\' 
-- j _ I - --------'---·--- ! 

ft. II ~-j' ft. ,r:. - _tt. l) 

2·3211 2·34 
-2-:451 ""z~3~1 -2-:3;! 2·45, 2.481 
2·46\ 2·401 2"45i 2·52! 2·55. 
2·62' 2·6o1 2·65j 2·68i ----1 
2·94! 2.92! 2·93[ I ·96: 2·081 
?·601 1·98

1 

1·9~ I 901 1·9"'j 
1 

- .1 ~ 

] ·92: 1'90 1 ·70: 1·66i 1·70 

----1 I ! ___ _! 2·00 - - - - i 

----1 2·28i 2· 171 2.07! 2·10 
- -- . i 2· 16. 1.97: 1·86' 1·87 
2·3oj 2·10: 1·88' 1-77! 1·78 

2.14! I ·91 \ 2·35 1·98j 1·88 
2·121 2·32 2·00: 1·98; 1"93 

2·251 2·12\ 
: 

2·50 2·13; 2·23 
! -- -- -2~~51 

----) - -- -1 --- -
2·33 2·10 2·18i 2·18 
2·70 2·621 2·601 2·59: 2·56 
2·35i 2·251 2·28! 2·371 2·37 
2·+oj 

I 

2·481 2·351 2·421 2·47 
2·60· 2·55! 2·7oi 2·781 - - - -
2·83 2·85' i 1·97: 2·00 - I ----1 
-- -- 2.301 2·32' 2·35 2·38 
2·28 2·20 2·12 2·12 2·17 
2·50 2·30\ 2·25 2·23 2·23 
2.50 2·25[ 2·17 2.17 2·22 
2·31 ~:~~l 1·98 1·95 2·00 
2·56 2·45 2·50 2·52 
2·85 2·75) 2·72 2·78 2·88 
2-So 2·71: 2·82 2·81 
3·14, 3·081 

2·781 
3·o61 3·os1 3· 00, 

---·02i 
.) ' 3·011 ' 3·051 
,.IO' -"IO 3· 111 
~-67[ 

.) . 
2·65i 2·701 

2·90 2·9oi -- - . \ 
\ i 

72·30] 68.97 75·67i 
2·58 2·441 2·37 

..,,_ l ..., ' 
.:> ·'I 
3' 1 51 
2·761 
--. -1 

72·59 
2·34 

3·11 l 
3° l 3 1 

2·80 I 
I 
I -----1 

691 
---

69· 
2·32 ; 

i 
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Date. 0 

1891. ft. 
Aug. 24 2·98 

25 3·02 
26 3·08 
27 2·47 
28 2·68 
29 2·48 
30 2·30 
31 2·50 

Sept. I 2-63 
2 2·42 
3 2·38 
4 2·48 
5 2·51 

6 2·70 

7 3·28 
8 2·70 
9 2·98 

I 
IO 2·84 
II 2·90 
12 2·28 
13 2·56 

i 14 2·85 
! 15 2·70 

16 2·77 
17 2·83 
18 2·72 
19 3·06 
20 3·33 
21 3·34 
22 3·47 
23 3·53 
24 3·53 
25 2·47 
26 2·62 

I Sums. 95·39 
I Means. 2·8o 
I 

U. S. COAST AND GEODETIC SURVEY. 

i I Ii II Hi III 

---
ft. ft. ft. ft. ft. ft. 
2·88 2·70 2·54 -- - - ---- ----
2·91 2·75 2·32 2·12 1·96 1·75 
---- 2·27 2·I6 2·06 I·88 I"70 
2 ·45 2·35 2·26 2·I8 2·10 1·92 
2·64 2·61 2·50 2·40 2·31 2·181 
2·49 2·49 2·42 2·25 2"I2 1·97 
2·35 2·37 2·35 2·30 2·22 2·16 
2·50 2·49 2·45 2·36 2 ·35 2·30 
2·67 2·53 2·50 2·43 2·30 2'22 
2·48 2·48 2·50 2·38 2·271 2·20· 

2-001 2·45 2·42 2·33 2·20 2·10 
2·53 2·51 2·40 2·25 2·20 2-11 
2·68 2·50 2·36 2·20 2"I0 2·0I 

2·75 2·71 2·6o 2·48 2·44 2·35 

3·25 3·17 3·05 2·85 2·65 2·38 
2·63 2 ·55 2·48 2·36 2·20 1·83 
2·92 2·82 2 '73 ---- 2·30 2·20 
2 ·77 2·68 2·42 2·23 2·15 2·00 
2·30 2·30 2·25 2·181 2·07 1·921 
2·26 2·22 2·17 2"I21 2·03 1·91 
2·55 2·50 2·45: 2·31 2·16 2·00 
2·84 2·73 2·601 2·46 2·3I 2·17 
2·65 2·6o 2 '35 2·22 2·ob 1·87 
?·68 2·50 2 ·35 2·18 1·97 1·75 
2·76 2·60 2·40 2·15 1·91 1·58 
2·67 2·48 2·30 2·05 1·78 1·45 
2·92 2·72 2·50 2·23 1·90 I"SO 
3·20 3·00 2·72 2·48 2"IO 1°70 
3·20 2·98 2·83 2·56 2·18 1·80 
3·33 3·15 2·96 2·75 ---- 2·10 
3·42 3·30 ---- 2·40 2·25 2·10 
3·40 3·01 2·go 2·78 2·68 2 ·55 
2·46 2·37 2·30 2·18 2·03 1"90 
2·66 2·64 2·55 2·50 2·40 2·25 

90·65 89·50 82·00 74·6o ~-48 65·83 
2·74 2·63 2·48 2·33 2·17 2·00 

SWIMMING-PLACE 

TABLE 3.-Tide 

[Ob11mrved heights reduced 

I 

I !Hi IV IVi 
------ ---

ft. fl. fl. 
---- ---- ---
I'53 1·35 t·I7 
I·50 I·36 I"l5 
I"70 1·57 1·36 
2·00 1·95 1·8o 
I·82 1·74 1·60 
2·10 1·95 1·83 
2·201 2·10 2·08, 

1·9z\ 
I 

2"I0 1'90: 
2·10! 1·97! 1·86' 

i 

2·001 1·95! I·92; 
2-ool 1·92· 1·75 
I"92 1·90! t·So 

2·22 {~:~\ ~I-77 
2·25 2·24 2·10 
1·88 1·92 1·91 
2·05 2·00 1·90 
1·91 1·78 I·62 
I·78 1·64 1"47 
1·75 1·67 I'54 
1·80 1·72 1·55 
2·10 2·03 1·96 
I·72 1°63 1·55 
1·57 1·48 1·35 
1·30 1"12 1·00 
1·:0 0·84 0·70 
I"20 1·00 0·88 
1 '33 I·o8 1·20 
i-53 1·35 1·25 
1·96 1·80 1·7 l 
1·98 1·83 1"70 
2·+0 2·20 2·07 
1·72 1·52 1"40 
2·05 1·88 1'82 

v 
---

ft. 
-----
1·18 
I·Io 
1"30 
1·7I 
1·50 
1·77 
2·04 
1·90 
1·75 
I·93 
1·66 
1·58 

1·70 

2·07) 
1·87 
I"90, 
1·531 
I"45, 
1·531 
1·57 

'961 1·51 
1"35 
1·o6 

~~~~1 
1·30 
I·32 
1·82 
1·70 
2·02 
1·38 
1·76 

Vi 
---
fl. 
----
1 ·39 
l '2I 
1'45 
I"74 
1·50 
1·70 
1·97 
1·9 0 

0 

8o 
1·7 
1· 
1·51 
1 ·57 

1·72 

2·08 
I· 
1·90 
1·57 
I·6o 
I-68 
1·75 
2·08 
1"72 
1·60 
1·40 
1·16 

1·35 
1·65 
1·67 
2·10 
1·90 
2·16 
1·52 
1·82 

------------
6o·52 58·46 52·75 51·02 55·77 

1·83 1·72 1·6o 1·59 1·69 
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EDGARTOWN HARBOR. 

Gauge No. 3. 

to Staff of T. G. No. 4..J 

VI 1 VIl I VII \ VII! VIII i VIII! \ IX 

-~-~-1-s, ~~;1 ~~;;ol1
1

_fi __ ~--:1-~-ll·-~-~--:8-~' ~s,1\_fi __ ~-:8-~i 
1"54! 2·06 2·40 2·62c 2·731 2·76, 2·77; 
1·67/ 2·00 2·401 2·601 2·72 2·861 2·85! 
1·93 2·241 2-57 1 2·78; 2-92 3·05! 3" 14! 
1 ·601 1 ·83 2·ro 2·401 2·52 2·61[ 2·70/ 

~:~~ ~:~~ ~:~~ ~:~~l ~~~7 ~:~~\· -;.48\ 
2·00 2·201 2·49 2·32j 2·481 2·55 2·62\ 
1·85 2·10

1 
1·93 2·22! 2·40! 2·so1 2·51, 

1·4 7 1·70 2·00 2·301 2·50! 2·531· 2·50 
1·60 1·90 2·20 2·431 2·621 2·68 2·66 
1·70 1·90 2-21 2·511 2·65t 2·681 2·61 

1·85 2·10 2·42 2·621 2·721 2·75 2-73 

2·25\ 2·53 2·83 3·02 3·131 3·05 2·93 

~-~~I ~-~~' ~-1~1 ~-~~ ~-~~ ~-~~ ~-: I 

2-ssj 2-ssi 1"721 2·00 2·25 2·42 2 ·53 
1·85 2·13 2·40 2·56 2-68 270\ 2"781 1·901 2·20 2·40 2·58 2·68 2·75 2·8o 
1-901 2·24 2·53 2·70, 2·80 2 ·93 3·02 

3·20\ 2·351 2·67 3·00· 3·32, 3·40 3·48, 
2· 13, 2·60 2·95 3·20· 3·40 ---- 2-48j 
2·10/ 2·37 2·82 ---- 2·81 2·85 2·82: 
2·05 2·48 2·56 2·8o 2 ·93 2·92 2·81 1 

1·60 2·10 2·66 2·90 2 ·93 3·00 2·87 
1·83 2·35 2·88 3·25 3·35 3·351 3·15 
2·18 2 ·75 3"30 3·52 3·6o 3·53 3·40 
2·10 2·65 3·05 3·3ol 3"381 3'35 3·24 
2·45 2·85 3·30 3·501 3·61 3·60 3·ss1 
2·28 2·66 2·93 J'I8 1 3·3o 3·30 3·3°1 
2·4oj 2·77 3·131 3·35\ 3·46 3~·48 3'48' 
1·80J 2·10 2 ·35 2·52 2·621 2·70 2·151 
2·021 2·30 2·51 2·70 2·821 2 ·93 J"OO' 

I 

63·79 74·66 84·86 88·97 92·961 93·61 92·41 
1·93 2·26 2·57 2·78 2·90 2·93 2·89 

!Xi 

fr. 

2·68! 
2·701 
2·831 
3·2ol 
2·8of 
1·95, 
2·47\ 
2·bo! 
2·501 
2·421 
2·551 
2·52/ 

2·63i 

3·02\ 
2·50\ 
2·93• 
2-55 
2·70 
2·84 
3·10, 

-;.47\ 
2·75! 
2·72 
2·65 
3·00 
3·23 
3·20\ 
3·48i 
3·29; 
3·481 

2·80! I 
3·121 

89·681 
2·801 

x 

fl. 
----1 
2·701 

~:~~1 
J"25 
2·121 
1·92i 
2 ·451 
2·48\ 
2"401' 
2·30, 
2·401 
2"45, 

2·50
1
\ 

3·05 
2 46, 
2·90' 
2-55 
2·70 
2·96 
3·18 
2·60 
2·42 
2·65 
2·66 

2·481 2·88 
3·16 
3·151 
3·48 
3·40 
3·471 
2·90 
3·211 

90·86 
2·84 

fl. 

2·83 
2·87\ 
3·031 
3·3o~l 
2·18 
I ·92: 
2·38: 
2·42i 
2·26 
2·211 
2·30: 
2·35' 

! 
2·501 
3·20 
2 56 
2·92 
2·66 
2·8o 
3·10 

-;.~\ 
2·43 
2·651 
2·63) 
2·48 
2·90 
3·20 
3·25 
J"50i 
3'511 
3·471 
3·061 
3·33 

88·80 
2·77 

235 

XI I XII 

i 
ft. i 

I 
2·941 
2·98i 
3·ool 
3·141 
2·421 
2·271 
2·02: 
2-~s: 

_) ' 
2·46\ 
2·27\ 
2·221· 
2 '35J 
2·351 

22.5683\ 3·25 

2 ·93 
2-751 
2·87 
3·20\ 
2·~1 

~" 2·70' 
2 ·54j 
272! 
272; 

2"571 3·03 
3·3o 

3·371 
3·55 
]"56, 
3·54j 
3· 111 
- -- I 

92·09' 
2·791 

ft. 
3·00 
3·02 
3-o6 
----
2·54 
2·37 
2·20 
2-47 
2·52 
2·32 
2·26 
2·42 
2·47 

2·61 

3·25 
2 70 
2·94 
2·85 
2·90 
----
2·47 
2·8o 
2·62 
2·78 
2·81 

2·70 
3·10 
3'38 
3·40 
3·55 
3·60 
3·54 
3·33 
2·50 

90·48 
274 

I 
I 
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Date. 

1891. 
Aug. 24 

25 
26 
27 
28 
29 
30 
31 

Sept. l 

2 

3 
4 
5 

ii 
91 

JO / 

;~ I 
13 
14 
15 
16 

I 7 ii 
18 
19 
20 

21 
22 
23 
24 
25 
26 

I It*/ fl. ft. ft. I fl. 
3·25 y1ol 2·85: 2·64 
3·32 3·17 2·85! 2·361 
3"38 2·35r 2·2oi 

22:~56/ 2
2:s

78
6

1

j 2·43.1 2·31/ 
_ I 2·70; 2·56

1
. 

2·631 2·63 2·54; 2·42 
2·381 2·50 ?·51! 2·4oi 
2·67j 2·62 ;·52: 2·191' 
2·80( 2-80 2·67i 2·b2 

~:~~,! ~:~~ ~:~g) ~:~~11 
2·73, 271 2·62j 2·47 
2·751 2·75 2·56( 2·36i 

3·o6l 3·05 2·92!1 2·70
1 

3·421 3·40 3"351 3·15 
2·s51 2·75 2·65j 2·50 
3· 131 yo5 2·901 2·80 3·0011 

2·90 2-76/ 2·32 
3·05 2·37 2·381' 2·28 
2·38 2·34 2·30 2·25 
2·701 2·68 2·57\' 2·48 
3·051 3·00) 2·83 2·67 
2·861 2·78/' 2·62 2-41 
2 2' 2·81 2·52 2· 18 
3:~81 2·87 2·6o 2·35 
3·20• 2·81 2·571 2·2~ 

3·35
1 

3"0 41 2 ·8o, 2 '5 2 1 

r~~1 f ~~1 r~~J ~:§~ 
r~~: r~, r~~ -~~~i 
2·65! 2·55 2·43 2'331 
2·88! 2-83 2·75 2·671 

----- ----i---1---1---1 

lo3·13j 95·85! 92·99 83·36! Sums. 
Means. 3·031 2·90 2·73 2·521 

f,. 

TABLE 4.-Tide 

EDGARTOWN 

[Observed heights for each lunar 

II JI'§ i III III~ IV IVi ' V j Vt 

~· ~---- -- --- - -i 
fl. fl. ft- ' fl. fl. fl. ft. fl. 
-2-:;;! -;:ggi -;:&;! I ·30· -I-:;;g ~-:9;! ~g; -;~;g 
2-1 5 1·82' 1·60: 1·3 61 1·1 5 : 0·95 1 0·90 ro9 
2·20 2·03

1 
1·8zi 1·58

1 
1·32! 1·16: l"lO 1·18 

2·45j 2'33i 2·12j 1'90, I?21· 1·54) 1·46) 1'54 
2·281 2·10.' 1·92 1·75 1·52 1·38! 1·3oi 1·32 
2·37\ 2·30'. 2·08' 1·95 1·78\ 1·52:· 1·42[ 1·44 
2·431 2·38i 2·25i 2·14i 2·ooi 1·73! 1·8ol 1·70 
2·45 2·301 2·18l 2·00: r·soj 1·68l 1·6sl 1·6o 
2·42' 2·35! 2·20 2·00! l·So 1·601 1·43! 1·42 
2·26 2·2011 2·05 1"95/ 1·75 1·651 1·56( 1·53 
2·32 2·:z1 1 2·09 1·9oi 1·70 1·55J 1·441 1·28 
2·20 2·1oj 1·92 1·80\ 1·72 1·6o1 1·33( 1·31 

2·56 2·so\ 2·30\ 2·10\ ~~:~~\ ~1-52\ 1·45\ 1·50 
2·85 2·63 2·36 2·10 1·97 1·85i 1·78\ 1·86 
2·41 2·10 1·93/ 1·801 1·781 1·70; . 1·62[' r·66 
____ 2·22 2·101· 1·87/ 1·8o1 1·70) z·70 175 
2·23 2·10 1·92! 1·74 1'551 1·401 l•JS! 1'40 
2·18 2-05 1-831 1·62 1·41\ 1·27: r28! i-45 
2-17 2-01 1·85 1·681 1·50 1·33[ 1·36\ 1·53 
2·35 2·16 1·901 1·70 1·53 1·35, 1·32° 1·61 
2·48 2·31 2·10 1·96) 1·85 1·75] 1·78 1·85 
2·27 2·00 1·80 r6o, 1·41 1·32: 1·37 1·50 
2·05 1·80 1·65 1·40! 1·20 1·06: 1·10 1'33 
2·12 1·80 1·40 1·12( 0·90 0·81! 0·88 1'28 
2·00 1·70 1·30 o·go! 0·61 0·52'1 0·64 l'OO 
2·17 l·So 1·30 ro1 0·75 0·62; ____ 1·10 
2·37 2·00 1·53 1·10 0·76 0·85J 1·00 1·40 
2·47 2·08 1·60 1·35 1·05 0·95/ 1"03 1·41 
2·75 ---- 1·96 1·70 1·51 1·41j 1'50 1"77 
2·40 2·20 1"90 1·75 1·55 1·401 1·401 1·58 
2·88 2·68 2·45 2·17 1·90 1·72] i-71 1·93 
2·18 1·97 1·74 1·51 1·30 1·18· 1·20 1·40 
2·56 2·40 2·18 1·91 1·73 1·57 1·54 1·68 

75·08168·5; 62·9; 55·7; 51·07 44·56 43·3;/ 48·58 
2.341 2·14 1·91 1·691 1·50 1·35[ 1·351 1·47 
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Ga,uge No. 4. 

LIGHT-HOUSE. 

half hour reduced to staff.] 

VI 

fl . . 

1·531 1·42 
1·45, 
1·801 
1·421 
1 ·51 \ 

!:~!~\ 1°60 
1·25 
1"3 
1·43 

1·55 
2·03\ 

I 
1·901 
1·9oi 
1·s1! 
1·701 
1·80 
1·85 
2·15 
1·98 
1·74 
1·66 
1·45 
l · 5 I 
2·00 
1·85 
2·18 

2·02 
2·20 
1·70 
1·86 

56·82 
1·72 

VIt 

_ft. 

1·90 
1°87 
1·81 
2·08 
1°67 
1·78 
1·92! 
2·001 
1·90) 
1·5oj 
1·70! 
1·70! 

1·921! 
: 

2·32i 
2·031 
2·12. 
1·901 
2·00 
2·07 
2·09 
2·46 
2·33 
2·23 
2·22 
1·93 
2·12 
2·40 
2·35 
2 ·55 
2·40 
2·58 
1·95 
2·12 

67·92 
2·o6 

VII \'Ili I 
_ft. 

---\ 
_ft. ! 

2·581 
2·42! 
2·38·1' 

2·20 
2·22 
2·18 
2·40 
1·94 
2·13 
2 '33 
2·30 
1·70 
1·801 
2·00 
2·02 

2·62 
2·12 
2·42 
2·10 
2·25 
2·26 
2·30 
2·8o 
2·63 
2·61 
2·34 
2·30 
2·56 
2·80 
2·63 
2·90 
2·68 
2·90 
2·18 

2·35 

77·17 
2 ·33 

2·42 
2·56! 
2·18! 
2·40! 
2·60( 
2·05\ 
2·001 
2·10 
2·25 
2·3c 

\ 

2·76\ 
2·301 
2·6r 

~::~1 
2·42 
2·50 
2·98 
2·92 
----
2·45 
2 ·55 
2·85( 
3·04 
2·92 
3·13 
2·90 
3·10 
2·36 
2·52 

83"67 
2 ·53 

VIII i 
\--i 

_fl. i ft. l 
2·67) 2·771 

VIII! i 

2·60; 2·70 
2·53! 2·62\ 
2·52! 2·70! 
2·74 2·86! 
2·35 2·43! 
2·67' 2·92J 
----\ 2·141 
2·20; 2·30\ 
2·1sl 2·211 
2·20! 2·31 

::::I ::~~ 
2·90 3·05 
2·51 2·70 
2·8o 2·92 
2·41 2·50 
2·54 2·60 
2·54 2·65 
2·65 2·80 
3·10 J"21 
3·12 -- ~ ... 
2·55 2·65 
2·62 2·70 
2·68 2·78 
3·02 3·07 
3·26 3·32 
3·03 3·20 
3·32 3"45 
3·10 J"20 
3·26 3·35 
2·50 2·6ol 
2·70 2·801 

88·49 91-o6I 
2·68 2·761 

IX I IXt x i Xt XI Xlt 
l---j----1---1--- ·------- -

ft. \ ft. i fi. I ft. : 
2·781 2·851 2·921 3·09! 
2·681 2·701 2·84! 3·~---00101 
2·72 2·7SJ 2·90: ...: 
2·781 2·84! 3·05· 3·201 
3·oo" 3·10: _r30: 3"47' 

2·58 ~:~~\· ~:~~ ~:~~i 
2·22 2·30 2·40\ 2·4ol 

2·36 2·45 2'42\ 2·421 
2·35 2·371 2·401 2·32 
2·38 2·321 2·30 2·25! 

~::~ ~::;! ~::~ ~:1~1 
2·58 2·60 2·61 2·67\ 

\ I 
3·18 3·12\ 3·15 3·311 
2·66 2·55+ 2·50 2·73: 
3·00 ;·oof 3·02 3·08/ 
2·55 ~:~~I 2·68 ..,.g..,• 

2·68 2·80 ;.97) 
2·78 2·98! 3·13 !~~~l 2·98\ 3' 17\ 3·35 
3·38' 

~-:4i/ 
2·6o 2·70\ 

2·311 2 ·49 2·6ol 
2·68, 270/ 2·75 2·83 

2·751 2·68/ 2·75 2·85 
2·76 2'75! 2·6o 2·66 
3·03 3·001 3·02 3·22l • I 
3·30 3·281 3·38 3·56 
3·20 3·24 3·38! 3·60 
3·55 3·501 3·70: 3·90 
3·30 3·35 3·6o, 3 87 
3·43 3·48 ]"6o; 3·70 
2·70 2·82 J"Oli 3·25 
2·92 3·12 3"32: 3·56 

92·51 92·26 96·84: 97·60 
2·80 2·80 2·85: 2·96 

! 

ft. 
3·30\ 
3·34i 
3'221 
3·45 
2·551 
2·38 
2· 1r

1

· 
2·42 

2·57\ 
2·35 
2·381 
2·47 
2·50 

2 ·791 

3·so! 
2·85, 
3· 13i 
2·951 
3·10j 
3·48' 
2"4i\ 
2·881 

2·781 2 ·95 
3·04 
2 '901 
3·46\ nsl 3·82 
4·00 
4·01 
3·90 
3·48 
- ...... - -

·~·371 3·04 

ft. 
3·33 
3·36 
3'41 

2·78 
2·51 
2--.-.).'.:) 

2·56 
2·68 
2·50 
2·45 
2·62 
2·72 

2·88 

3·5 
2·9 

0 

0 

]"20 
3·07 
3.14 
- - - .. 
2·63 
3·0"" .:> 

0 2·9 
2·98 
3·r4 
3·12 
3·45 
3·8 0 

3 
8 

3"8 
3·9 
4' 00 

3·9 0 

3'57 
2·7 5 

99·o 4 
og 3· 
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TABLE 6. 

EDGAR'l'O\\.'N LIGfIT-iiOUSE. 

[< 'bserved times of high and low water and turning of current referred to moon's transit.] 

~---·--·c----T_i_m_c_·_i_n_te-n--a-l -a-ft_e_r-n1_0_0_1_1_'s-tr_a_n_s_i-t.-~: J-----,,-___ : ____ i_n_ie_in-te-r-~-·a-l_a_f_t_e_r_n_1_o_on's. tra~~·1 
I I ·-:I Dateof I ' 1 Date: of 

observa
tion. Hig-h 

'\'Vater. 
Lo'v 

.,,·atcr. 

, Current I Current ! observa- i Current ! Current I 
1

1

' turns 1· turns _i lion. High I Low turns I turns 
from from ·1· .,, 1· iron1 from 

east. '.vest. :; ea.st. west. 
"ater · J .,,·atei· · '"'est to eas·t to 

1 

west to I cast to ,i .. 

--------- ____ , ____ I it ---- ----·-! 

I i: I I 
1891. h. m. 

Aug. 24 
25 
26 

11 50 
I I 29

1 
12 061 

27 
28 
29 
29 
30 
31 

~;--;;j 
12 51 

IJ 

' Sept. ~ I 13 

~ I ~; 
8 I I 

12 
12 

.~ II : : 
I I I I 

27 
35 
46: 
00! 

47 
36 
26 
46 
37· ss! 
56) 
54. 
47/ 

I 

h. 

4 
5 
5 
5 
5 

5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 

m. 

59 
06 
13 
23 
23 

/i2~-:2~9·-'1 h9 n~~:J s:1~? 1;2 :~ 1~4[ h4 ";~ hj "~7! ;~ "~71 
9 29:i 13 12 37 5 08 3 081 10 08 

2 36i 9 36 1 i 14 12 12 4 42 3 371 JO 07 
2 43

1
· 9 5siJ 15 I2 I2 4 4 2 3 3 71 Io 07 

2 JJi IO I8:j I6 II 43 4 44 3 391 IO OS 
3 5J/ IO 2IJ! I7 II 45 4 44 J I41 IO 421 
44---~~l ~~ ~7s3 ll!I l~ ~~ ~?,I ~--~~1 ;3 !~11 I~ ~~\ 
4 23 IO 46,1 21 1· ~ ! 44 4--44! 2 43j ~ J9 
4 08 II OOj; 22 J II 36 4 511 J OJ· 9 16 
J 56 IO 4711 2J I I I 50 4 55/ 2 5240!! 9 201 
J 46 IO 361' 24 I I 54 4 54i 3 9 54! 
3 36 IO 26!1 25, --~--- 4 59! 2 59j 9 29: 
3 27 IO I6\I 26 i 12 JI 5 05\ 3 05, 10 05: 
3 37 9 22 1------\----1-----1-----l---
2 55 9 55) No.ofous.: 32 29 33 I 35 
3 41 Io II J Sums. :,JS9 40 148 01 IIo 37f352 18. 

24 I 1 

~ 02 16 ~! / Me;n-:;-1 12 I I 5 06

1 
3 211 IO 041 



 

REPORT FOR 1892-P ART II. 239 

'£.ADLE 7. 

S"\VIMMING-PLACE, EDGARTU\VN HARDOR. 

(Observed times of high and low ·water an<1 turnin~s of current referred to moon's transit.] 

Tin1c interval after moon's transiL 

High 
'Yali..:L 

-------- -~-------------

J,ff\V 
"\'\~ater. 

! 
Current ' Current 

turns turn<..:. 
fnnn f1 01u 

~---/---i 
1891. k. m.1 h. m.' 

south to ! north to 
north. i south. 

--- }--~---"-~ --
1 

Jz. 111.i /1. m.,, 
Aug. 25 12 

26 12 

27 
28 
29 
30 
31 

Sept. r 
2 

3 
4 
5 
6 I 

7 
8 
9 

Io 
I I 

12 

13 
14 
15 
16 
17 
18 

12 

12 

13 
13 
13 
!2 
13 
12 

13 
12 

13 
12 
12 

12 

12 

12 
12 

12 
12 
12 
12 
12 

12 

04: 
14; 

501 
29i 
o6j 
27j 
05 
46 
oo' 
57: 
02! 

56! 
16 
07 
JO; 

l 1 i 
09! 
02; 
34; 
37'. 
37! 
37 1 

081 

121 
47/ 

5 
5 
4 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 

-----' ______ <: -----! ______ 11 
: 

______ l: -----1 
-----! 
-----! 
4 JO! IO 27; 
5 10! 12 05;, 
4 531l 12 16< 
4 o8i I 2 301\ 
4 26! 12 17:'. 
3 46j 11 36!i 
4 06! 12 261 

~ 
0
27

7
\
1 

I 2 461, 

--• "' I 1·• 07.j 
55\ 3 25! -~ -- __ ;'i Ill' 4 ll! 12 Iii\ 
24 3 24; I I 24'1 
02! 4 02: JI 32,! 
07! 4 07; I I 3j,i ,, 
o8j 4 08' 
07\ 4 07 
07J 4 07 
09i 4 09

1
1 

441 '3 44 
501 3 201 

Date of 
ohser'\~a

tion. 

Oct. 
3 
4 
5 
6 

*7 
8 
9 

IO 

* 12 

14 

*Gale. 

Time interval after moon's transit. 

Fligh 
'vateL 

h. 
12 

12 

I I 

I I 

I I 

I I 

13 
12 

13 

12 I , 
·' 

- - ' 
' I 2 I .,. ~ 

,) ' 

11 48! 
: 

---·---~ 

-- --- -1 

[.oV\
water. 

, Current i Current I 
turns 1 turn~ 'j 
frnrn J fron1 , 

south to i north to I 
north. 1 soutlia 
__ J ____ , 

111. 

-----~ 
5 02! 

4 30 
4 46' 
4 501 
4 54i 
4 591 

5 051' 
5 52 
--·- - -I 

' 
-----~ 

5 
5 

! I h. 11/ •• h. Vl.i 

3 2s1 9 55\' 
4 o6j IO 32 
3 39, 11 08 
3 46' 9 46, 
3 50: IO 20! 
~ ·9: 10 24! .) _i I 

3 2 9i ------
~----1 

---- _\ 
I _____ 1 

---- -1 
-----1 

I 
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TABLE 8. 

"\VEST OPENING, KA TAMA" BAY. 

[Observed tilnes of hii;rh and JO\Y water and turnings of current referred to rnoon's transit.] 

Dat<.~ of 
obserYa-

ti on~ 

I 
I 
j 

1891. 

I 
Aug. 

Sept. 

26 
27 
28 
29 I 
30 I 

31 I 
I I 2 I 3 ! 

4 
5 
6 
7 
8 
9 

IO I II 

12 

13 

Ti1ne inter\·al after 111oon's tr· 
ansit. /' 

urrent P 
urns 

1
1 

frotn HiRh 
water. 

-------
i 

h. ml 8 06 
8 13 
~ 48. 
8 38' 

- J -----1 

=====i 8 141 
8 01i 

7 56/ 
7 46! 

3--2~ 
8 I I I 

8 091 
8 02 1 

~ ~~1 

1...ow 
"\Vater. 

h. VI. 

3 06 
2 58 
3 18 
2 55) 
3 

t~/ 2 

2 38 
2 381 
2 231 
2 Ill 
2 36' 
2 421 
-----1 
2 321 
_____ 1 

3--;;;J 
3 22 

3 381 

I 
Current IC 

turns 
fron1 

north to 
south. 

h. I 
111.: 

8 361 
9 16, 
8 48' 
9 53 
9 57 
-----
---- -
-- -- -

!~ ~ii 
9 56 

IO 161 

f-~~l 
9 54! 
9 321 
9 37/ 
9 381 

t 

so 
n 
uth to i 
orth. 

I h. ?II.< 

3 361: 
3 46~ 

~ ;~// 
I 

-----/ 
I 

Date of 
observa

tion. 

1891. 
Sept. 14 

15 
16 
17 
18 
19 

i 
I 
I 
I 
I 
! 
I 

Tirne interval after moon's transit. 

Current Curt"ent 

High Low turns turns 
fron1 fron1 v.-atcr. "\Vater. north to south to 

south. north. 

h. Vl./ h. n1. h. 111. It. 11l. 

~ __ '.~j 3 04 IO 22 3 37 
3 04 9 52 3 37 
2 35 ----- 3 09 

7 381 2 40 9 42 3 14 
8 43 2 46 9 32 3 05 
7 50 2 53 9 50 3 23 
7 42 3 01 9 27 3 31 
8 03' 2 52 9 34 3 34 

3 24 
3 29, 
3 35! 
2 39! 
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observa

tion. 
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TABLI;~ 9. 

SOUTH SHORE. 

[Observed times of high and low water referred to the moon's transit.] 

Time inten·al after 
rnoon 1 s transit~ 

'.Vater. v;ater. 

--Ii 

j ~ 
Remarks. 

Date of 
obser.-a

tion. 

! Time interval after I 
j moon's transit. 
r ~~'"-

High Low 1 

·~·at c r. >va ter. 

241 

Remarks. 
High I Lo-..v 

----- ---~- ·---··- -c ---- --~-~- ------

1891 
Aug. I 1 

12 
12 

13 
13 

• 14 
14 
16 
17 
19 
20 
20 
21 

21 
28 
29 
29 
30 
30 
31 
31 

Sept. I 
I 
2 
2 

3 ' 
3 
4 
4 
5 
5 
6 
6 
7 
8 
8 
9 
9 

IO 

IO 
It 
II 

12 

12 

13 
13 
14 
14 
15 
15 
16 
16 
17 
17 

~--~i- l ~ ~~ 
7 24 0 21 

7 
7 
7 
7 
7 
8 
7 
7 
7 
7 
7 

7 
6 
8 
8 
8 
8 
8 
7 
8 
8 
7 
7 

7 
7 
7 
7 
7 
7 

21 

19 
55 
41 
45 
OI 

51 
19 
20 
22 

15 

38 
50 
13 
07 
IO 

25 
40 
46 
03 
IO 

58 
47 

7 15 
6 43 
7 31 
7 17 
7 24 

7 
7 
7 
7 
7 
7 
6 
7 
7 
7 
7 
7 
7 
7 

08 
22 

54 
27 
17 
38 
37 
37 
17 

ii) 
29 

2 
0 

I 

I 

2 
I 

I 

I 
0 

I 
0 

I 

0 

2 
0 

I 
2 

I 

2 

I 

I 

I 
I 

I 

I 

0 

0 
0 

49 
55 
41 
25 
18 
51 

09 
50 
52 
25 
38 
41 
33 
17 
20 I 

I 06 

I 01 

I 37 
0 24 
I 28 

0 32 
2 24 
0 37 
l 47 
I 58 
I 47 
0 27 
2 07 
I 27 
I 28 

l 19 

I 47 
I 34 

a. Ex. 37--16 

1: 
Sept. 

Oct. 

18 
18 
19 
20 
20 
21 

21 

22 
22 

23 
23 
24 
24 
25 
25 
26 
26 
27 
27 
28 
28 
29 
29 
30 
30 

I 

I 

!I 
4\ 
5 I 
5 
6 
6 
7 
7 
8 
8 
9 
9 

IO 

10 

13 
13 
14 

k 
7 
7 
6 
7 
7 
7 
7 
6 
6 
7 
7 
7 

m 
20 I 

IO I 
58 I 
04 I 
06 ! 

~i \ 
8 i 5, i 

!i (,' 
14 

7 16 
7 29 
7 23 
7 45 
7 48 
8 13 
7 50 
8 20 

8 16 
8 19 
8 16 
8 07 
8 I 2 

7 57 
8 01 

7 47 
7 47 
7 37 
7 45 
7 42 
7 28 
7 10 

7 28 
7 15 
7 35 
7 32 
7 12 

7 18 
7 28 
7 14 
7 20 

7 33 
7 17 
7 28 

Ii 
I 
I 
I 

0 

I 

0 

I 

0 

I 
0 

I 

I 

I 

I 

I 

I 
I 

2 

2 

I 

2 

I 

I 
I 

~~I 
15 
28 
56 
26 
51 
03 

56 I 
00 

33 
01 
08 
55 
01 

44 
50 
37 

I 47 
I 27 
I 5 I 
I 27 

I 17 

I 27 
I 07 
I 17 
0 46 
I 07 
I 03 
0 45 
0 37 
0 47 
0 12 

0 42 
0 13 
I 21 

I 20 

I 38 

u------- ------ ------
No. of obs. 95 92 
Sums. 718 45 124 49 

:\1eans. )-7-~ --1--;;-

I 



 

BLANK PAGE RETAINED FOR PAGINATION 



 

APPENDIX NO. 6-1892. 

ON THE CHANGES IN THE OCEAN SHORE LIXl·:f;. OF NAXTUCKET ISLAND, 
MASSACHCSETTS, 1''1{0)1 A COMPARISO:X OF ~l;HYEYS MADE IN THE 
YEARS 184.6 TO 1887 AND IN lS~H. 

A report by HENRY L. MAHlNIHN, ARsi;;tant. 

Submitted for publication April 7, 1~!J3. 

In comparing the surveys of the ocean shore, lines of Nanhwket 
Island, we have been obliged to limit tbe inqniry to an examination of 
the shore Iiue as defined by the crest of t!Je ]Jigh-water line, without 
C'onsideriug any shift of the submerg:ecl portiou of the eoa.st beearn;;;e of 
the irn..,nfliciency of the data. afforded by the.earlier hydrographic sur- · 
veys. 

Altb0ngh the recent surveys of 1800-'!ll <·ont.ain numerous cross 
8f•.ctions with souudings, they did not fall on a sufficient nu1nl1cr of 
depths on the older surveys to permit of reliable results by comp11rison. 

This comparison is based on measures taken from a point of origin, 
determined on each cross section hy actual measurement in the field. 
The geographical position of this point of origin was afterward obtni11ed 
hy platting on the chart and measuring hy scale to the nearest meridian 
and parallel of latitude. 

The island of Nantucket is fast becoming of great importance as a 
summer resort, a statement fully warranted by tl1e increasing number 
of hotels and cottages built there each year. The examination of the 
stability of its shores thus becomes of prime importance to this su111-
mer population as well as to fl1e inhabitants engaged in its shore tish-
eries. , 

The absence of the knowledge whiclt is brought out by just such a 
comparison as this, periuittcd the Joeation, son1e years since, of a line 
of railroad aud many valuable build.in gs U\)011 a part of tlie sl1ore wl1ere 
the changes are so great tltat in a few years more the ground on wl1ic11 
tlley stand will have been washed into the Sf~a and tlie capita] involved 
lost beyond recovery. 
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The data upon which thit; comparison is based will be found in tabu
lar form in Table No. 1; part of this da"ta can again be utilized in 
future comparisons. 

An inspection of the accompanying illustration (No. 24) reveals the 
fact that the ocean shore of the island of Nantucket is divided into two 
great exposures to wind and sea. The part from Great Point to Sias
consett having an eastern exposure, tempered by off-lying shoalH, and 
the part from Siasconsett to Smiths Point, at the western end of the 
island, having a southerly expoRure without mitigatiug conditions from 
off-shore shallows. The abrading force of the waves should therefbre 
difler sensibly on these two portions of the shore, and we find this to 
be the case, as will be shown further on. 

Befbre presenting the general results of the comparison as to these 
two diYisions of exposure it will be interesting to note a few local 
changes since 1846. 

THE STABILITY OF GREAT POINT. 

(See illustration No. 24.) 

The comparison discloses a re1narkable stability oftbis exposed sandy 
point. The end of Great Point is sharp and well defined- The oscil
lation of· the point as indicated by its position in 1846, and again iu 
1887-'90, is contained within the circumference of a circle with a radius 
of 15 metres. The position in 1846 and 1887 falls within a circle with a 
ra;dius of only 5 metres. 

It may be noted that during the period since 1846 these shores have 
been visited by very severe gales, notably that of 1851, known as the 
Minots Ledge gale. We have no survey showing the position of this 
point imn1ediately preceding and following that gale, but whatever 
may have been tbe damage in 1851 it had regained its position in 1887 
and maintains it to this day. 

CHANGES AT THE HAULOVER. 

(See illustration No. 25.) 

The name of Haulover is given to that part of the beach which sepa
rates the head of Nautncket inner harbor fro1n tbe ocean. Some im
portance a.ttaches to this locality from the fact that attempts have 
been made to induce the General Government to appropriate the meaus 
for cutting a passage through tbe beach. 

An attempt of this kind was made in 1871 through a petition signed 
by the citizens of Nantucket. According to the petitioners, the object 
to be gained was twofold; first, that of creating an harbor of refuge in 
the bay called the head of the harbor, and, secondly, to increase the tidal 
scour over the bar at the entrance to Nantucket inner harbor. 

The Coast Survey was asked at that time to make a resurvey of tbe 
locality, and the work was intrusted to Assistant Henry :Mitchell. 
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Mr. Mitchell reported favorably on the project, but nothing came of it. 
A fow years later, in 1874, the Uuited States Engineers again made 
surveys of the harbor and the Haulover, but their report, published in 
the report.to the Chief of Engineers for 1875, Part II, p. 375, was not 
favorable to the project. 

In 187 4 the width of the Hau lover beach was about 450 feet between 
low-water .mark inside and the same datum outside. 

In 1890 the narrowest width, on cross section No. 53, was found to be 
2HO feet between low-water marks. This shows a loss of width of 160 
feet in sixteen years, or at the rate of 10 feet per year. This is, how
ever, 011ly a close approximation, because based on the assumption 
that the measurement taken in 1890 was 111ade at the same place, or 
nearly so, as that of 187 4. 

If we compare the width in 1846 we fintl 459 feet as against 170 feet• 
in 1890, or a yearly erosion of 6~ feet. This is the more reliable state-
1nen t, and if taken in connection with the preceding testimony \Ve can 
only infer that the retreat of the shore 1nay have been much greater 
bet\veen 1874 and 1890 than duri~ig the preceding period to 1846. 

The erosion has obtained almost entirely on the oeean side, so that 
where the shore line was iu 184G we have in 1890 a depth of water of 
18 feet. The shore line inside the beach has remained almost station
ary. Usually where a beach is found with a low cross section and a 
body of water back of it, the storm waves, in making a ,breach over 
the beach, carry over a large volume of sa11d, which is deposited on the 
itmer slope and rnaint'ains the width of the beach while beatinc: it back. 
This does not seem to have been the case at the Haulover, although 
t11ere are evidences of the wash of the waves through sloughst into the 
lrnrbor. As far as known there has never been an opening througli the 
Haulover, and from a study of the conditions which exist here it is very 
doubtful if any opening could be maintained for any length of time·. 

'l'he situation of the Haulover has been compared to that of Katan1a 
ueach, Marthas Vineyard, but the conditions differ in t11ese two cases. 
On the south shore of the Vineyard the seas are much more boisterous 
than at the ]Iaulover, and these have repeatedly forced a passage 
through Katama beach, a wider and stronger barrier tha.n the I-Iaul 
over. There is also a greater difference of level of the water surfaceB 
at Katama, giving a greater scouring force to the current than can he 
obtained at the Hanlover. 

A close approximation to the time when the natural forces shall have 
worn away the Haulover beach or forced a passage through into the 

"These widths a.re men.sured between high-water lllarks, inaide and outside, as 
measurements between low-water marks could not be obtained from the survey of 
1846. 

+The height of crest line within the sloughs is about 9t feet above sea level; other 
parts of the bea.cli range from 11 to 13 feet in height. 
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upper harbor may be made from the data quoted above. With the 
conditions remaining the same, it will take less than twenty-two years 
for the Haulover beach to be a thing of the past. 

ADVANCE OF THE BEACH AT SIASCONSETT • 

(See illustration No. 26.) • 

There has been a marked advance of the beach since 1846. This 
advance of the shore line begins at a point 428 metres north of Sau
katy Head light-house, and extends for a distance of 3 miles to a 
point about one-half mile south and west of the village of Siasconsett. 

The greatest advance (255 metres) occurred just west of the south
ern end of the village. 

Directly opposite the center of the village, where the beach is used 
for bathing, the advance bas been slightly less than 100 metres. This 
favorable condition has protected the foot of the bluffs in the vicinity 
from the wash of the seas so that they have suffered but slight erosio11 
in years past. 

The summer visitors to this quaint village continue to increase 
yearly, and the number of cottages built yearly is also on the increase. 
The -fishing interest is represented by dory fishing for bluefish and 
mackerel in season. 

POINT OF GREATEST 'WEAR OF THE SOUTH SHORE. 

(See illustration No. 26.) 

The greatest erosion of shore and bluff line since 1846 is .found at 
Surfside, 11ear Weeweeder. The cut iuto the bluff." extends from 
Forked Ponds to Weeweeder, a distance of 3~ iniles. The height of the 
bluffs, within this distance, averages 22.4 feet above mea.n sea level, 
while the width of belt eroded varies from zero at J;....,orked Ponds to Hto 
metres OJlposite SurfSide Ilotel. The mean width of the eroded belt is 
389 feet, ·which gives an area of land of 165 acres worn away in f(Jrty
four years. The survey of 184() shows the blnft' line in the san1e relatiou 
to the high-water line as in 1890. We may therefore conclude tliat 
the volume lost at Surf'side is about 6,000,000 cubic yards. Part of this 
1naterial has goue westward and lodged on shore at J\.ffrtcoruet Rip. 

CHANGE IN THE SHORE LINE AT MIACOMET RIP. 

(See illustration No. 2~.) 

A sharp advance of the shore line is here noted. "The configuration 
is changed from a concave shore in 1846 to a convex curve in 1890. Ju 
consequence of this change the landing place for the fishing fleet ba8 
been shifted eastward to Surfside. 

The currents over the rip have not undergone any cl1ange as far as 
known. This is a noted fishing ground for bluefish and mackerel. 
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CHANGES AT SMITHS POINT. 

(See illustration No. 27.) 

The most western end of the island of ~ autucket has been called 
Smiths Point. This point is most erratic in position. In 1846 it was 
situated at the end of a long and na1Tow sandy beach, almost directly 
west of the island of Tuckernuck. 

Ten years later, in 185G, the point was about 1 mile to the eastward, 
and in 1887 the point to which the name of Smiths was applied was 
found to the southwest of Tuckernuck Island 31 miles east. of its posi
tion in 1846. 

These remarkable changes are exhibited in illustration No. 27, whfoh 
-shows the position in 1846-1856-1887 and 1891. 

In 1846 the south shore extended westward past the island of Tuck
ernnck, leaving a waterway 250 metres wide between it and that island. 
In 1856 this waterway remained about the same, but between 1856 and 
1887 the storms wrought a great change in this locality. The beach 
wltich was a part of Nantucket Island and which protected the south 
shore of Tucker11uck Island had been beaten back on the island, filling 
lll> the water space existing in 1856. A new inlet had also broken 
through this beach at a point southeast from Tuckeruuek, which 
l'emained open at the last survey in 1891. 

The survey of 1887 shows an extension of old Smiths Point beach to 
the westward asfarasMuskegetJsland since 1846, but under what con
dition this growth took place has not been ascertained and m.ay not be. 

It is probable that much of the material with which this point is 
maintained came from the south shore of Nantucket; the wear and tear 
of Tuckernuck Island shore and Mnskeget Island shores may have 
furnislied a sma11 quota, but the bulk came from the south shore. 

We inay now consider the results of the comparison for the entire 
length of the exposed shore of Nantucket from its eastern end at Great 
Point to Smiths Point. 

The comparison gives an average yearly erosion and consequent 
retreat of the shore line of 0·81 metres for the period 1846 to 1891. If, 
however, the seaward face of the island is divided into two great expo
sures, as previously alluded to, one from Grea.t Point to the elbow a.t. 
Siasconsett and the other from Siasconsett to Smiths Point, the firtst 
one, being an easterly exposure tempered by outlying slwals, should 
offer the minimum yearly wear aud tear, and this is the case. Between 
Great Point and Siasconsett the average yearly retreat was 0·19 metres, 
and between Siasconsett and Smitl1s Point the average retreat was 1 ·42 
metres, or 747 per cent of the rate for the easterly exposure. 

Between 1846 and 1887 the yearly retreat was 1 ·29 metres for the 
southerly exposure and 0·18 metres for the easterly exposure. 
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The area of land lost to the sea on the south shore iu the forty-five 
years since 18-Ju is :3.50 acres, or a yearly average of nearly 9 acres. 

The conclusion from the foregoing evidence is that the sea is inevi
tably encroaching upon the southern and eastern shores of the island 
at a comparatively rapid rate. 'Vhat is the result al~rng tlJe northern 
shore, bathed by the waters of the Sound, is not in evidence, but it is 
reasonable to say that the results are in the same direction, but on a 
smaller scale. 

The comparison involved the examination of eleven original surveys, 
differing in scales, of which tracings had to be made. This will indi
cate to a certain exteut the amount of work to be performed beiore 
arriving at results which may be expressed in a few figures. 

The four diagrams accompanying the report were prepared by Mr. 
Homer P .. Ritter. 
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11
ABLE No. l.-Ohanges in shore line of the eastern and southern shores of .Nantucket Island from 1846to18.?1. 

Position of origin. I Distance to hig-h-water line in- Yearly change since 
Cross 1846. 

section. I Azimuth. 
Remarks. 

Latitude. Longitude. 1846. 1887. 1890. Ad\·ance. Retreat . 

o I " 0 f fl 0 I Metres. .Metres. . Metres. ) llMm. llletres. 
No. 3 41 23 33·5 70 03 01·8 216 00 180 196 170 -...... 0·2 Near extremity of Great Point. 

5 41 23 27'2 70 02 51·5 216 00 135 162 170 o·8 .... .,,.. __ 
7 4t 23 21·2 70 02 41·2 218 00 I IO 170 170 1·4 ----9 41 23 14·9 70 02 32·1 223 40 120 185 173 r·2 ........ 

II 41 23 on 70 02 23'8 226 ID 155 200 180 o·6 ..... _ 
13 41 22 59·5 70 02 15·8 226 JO 220 228 230 0·2 -........ 
15 41 22 54·0 70 02 05·4 229 00 185 172 178 -- -- 0'2 
17 41 22 46'9 70 01 56·4 230 00 185 I 165 170 -- -- 0·4 
19 41 22 39·2 70 or 47'8 230 00 193 160 16o _ ... -- o·8 
21 41 22 33'1 70 01 37'5 230 00 125 loo 93 ---- 0·7 
23 41 22 26·2 70 01 28·4 235 00 95 60 6o ---- o·S 
25 41 22 16'6 I 70 01 23·6 234 30 178 128 127 -- -.. 1·2 
27 41 22 06·0 70 or 21·5 235 00 320 260 26o - ... ~- 1·4 
29 41 22 oo·o 70 OJ IJ•I 240 00 427 375 375 -- -- I 1·2 
31 41 21 50·2 70 01 06·4 240 00 270 208 212 1'3 
33 41 21 42·1 70 00 59·5 242 15 262 196 196 .... -- 1·5 
35 41 21 33·8 70 00 52·9 244 IO 239 168 167 __ .,._ 1·6 
37 41 21 25'0 70 00 47'3 243 30 243 174 173 1·6 -... -.. 
39 41 21 17'2 70 00 38·3 243 30 170 90 91 __ .. _ 1·8 
41 41 21 Oi'9 70 00 34·4 246 IO 222 137 138 .,__ -- 1·9 
43 41 20 58·6 70 00 29·2 244 30 224 140 138 --·- 2·0 
45 41 20 50·0 70 00 22·5 246 00 207 118 I 14 ----- 2·1 Clff lLllllo1er1 rnch, northC'rn end. 
47 41 20 40·0 70 00 20·0 245 30 288 200 198 __ ..... 2·0 
49 41 20 32·7 70 00 10·7 '45 30 I 183 90 90 ---- 2·1 
51 41 20 24·1 70 00 03'4 242 00 140 60 61 ...... -- 1·8 
53 41 2C 15'3 69 59 58·1 242 00 140 53 52 -- -- 2·0 
55 41 20 05·9 69 59 53·0 242 30 I 158 70 72 -·-- 2·0 
57 41 19 55·6 69 59 50·8 242 30 240 180 180 _ ...... 1·4

1 

O« Hau lover ],,ach, southern ,ud. 
59 41 19 47'0 ! 69 59 45·4 244 00 I 240 181 183 ....... _ 1·3 . 
61 41 19 39·5 I 69 59 35·7 2i5 30 125 87 80 ---- l'O 

" .. • • -.....:~,.---_.2...,__,,_ "·<'•·~·--1. .,_.,~L.,li_,_i.i..C'-"' 
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TABLE' No. 1.-0ha'1iges in shore line of the eastern and southern shores of N mitucket Island from 1846 to 1891. 

Cross 
section. 

Position of origin. 

Latitune. ! Longitude. Azimuth. 

I ·•-,..._··---··•• 

Distance to high~water line ln-1 Yearly change since 
1846. 

18+6. 1887. 1890. I Advance. I Retreat. 
Remarks, 

-1··~-... --·----··-·11 ·-·-1-... 1-------1--------------------
o / II o / 11 ° ' liletres. Metres. 

63 41 19 31·1 69 59 28·8 246 00 85 41 
65 41 19 21'2 69 59 26·5 247 50 154 115 
67 41 19 n·5 69 59 23·9 248 00 224 172 
69 41 19 01·9 69 59 20·2 247 40 26o 203 
71 41 18 54'3 69 59 09·9 247 30 105 77 
73 41 18 42·3 69 59 12·8 244 00 285 270 
75 41 18 33'9 69 59 04·6 241 00 242 217 
77 41 18 26'2 69 58 55'7 240 00 188 170 
79 41 18 16·9 69 58 51·1 239 30 230 209 
81 41 18 09·9 69 58 40·9 239 30 152 130 
83 41 18 03·0 69 58 30·7 240 00 45 35 
85 41 17 52·7 69 58 28·6 242 30 
87 41 17 41·7 69 58 29•3 242 00 
89 41 17 34·6 69 58 20·0 244 30 
91 41 17 26'0 6g 58 13·5 244 30 
93 41 17 17·2 69 58 08·3 245 00 
95 41 17 08·2 69 58 02·4 246 30 
97 41 16 57'8 69 58 02·6 248 30 
99 41 16 49'5 69 57 53·3 249 30 

IOI 41 16 40·6 I 69 57 43'9 251 30 
103 41 16 31·6 69 57 50·5 261 00 
105 41 16 22·8 69 57 50·9 269 00 

107 41 16 13'8 69 57 50·3 273 30 
09 41 16 04·9 6g 57 51·9 277 00 
Ill 41 15 56'0 69 57 52·4 285 00 
H3 41 15 46'3 69 57 50·8 291 oo 

15 41 15 38·2 69 57 57'6 293 00 
17 41 15 30·8 69 58 06·8 I 294 30 

II9 41 15 22'2 69 58 12·4 I 297 00 
121 41 15 16'0 69 58 19·8 : 304 30 

122 
300 
206 
193 
190 
152 
210 
160 
122 
220 
2J3 
198 
190 
160 
197 
145 
I07 
180 
222 

122 
300 
200 
176 
180 
160 
240 
210 
212. 
300 
325 
312 
322 
288 
304 
247 
326 
305 
354 I 

Jfdres. I Jlfetres. /lfetres. 
37 I ---- 1·1 

110 

160 
184 
68 

261 
214 
170 
209 
IIS 

28 

126 
300 
205 
183 
183 
156 
243 
197 
2IO 

290 
322 
315 
33 1 

290 
296 
251 
347 
355 
375 

0·1 
o·o 
o·o 

O'I 

o·S 
o·S 
2'0 
1·6 
2·0 
2·7 
J2 
JO 
2'2 
2·4 
s·s 
4·0 
3'5 

1·0 

1·5 
1·7 
o·8 
o·6 
o·6 
0·4 
0·5 
o·8 
0·4 

o·o 
o·o 
0·2 
0·2 

Off S:tnkaty Head light-house. 

Off Siasconsctt. 

Off Siasconsctt. 

~ 
~ 
0 

~ 
'.fl 

Q 
0 
t>
rp 

""' 
~ 
t1 

~ 
l'.l'j 
0 
t1 
t:i:J 
~ 
1-t 
('1 

m 
0 
~ 
<1 
~ 
~ 



 

l2J 41 15 I0'9 69 58 24·8 ' 322 25 272 363 334 1·4 
125 41 15 04·6 69 58 33'9 I 324 00 355 348 325 ---- 0·7 
127 41 14 57'8 69 58 43'7 325 20 424 290 292 ---· J'O 
129 41 14 53'5 69 58 54·4 328 20 445 322 323 ---- 2·8 
I3I 41 14 48·0 69 59 04·8 333 40 358 290 288 - --~ 

1·6 
133 41 14 45·6 69 59 16-1 338 05 338 338 330 .. -- ... 0·2 
135 41 14 44·2 69 59 21'3 345 00 350 397 361 0·2 
137 41 14 38·5 69 59 38·6 345 40 233 295 270 o·8 
139 41 14 33'6 69 59 50·5 345 00 150 229 220 1·6 
141 41 14 33'3 70 00 04·1 345 IO 217 312 290 1·7 
143 41 14 30·7 70 00 16·7 344 00 220 337 280 1·4 
145 41 14 28·3 70 00 29·5 345 00 243 310 295 1·2 

--~ ... ::d 147 41 14 26·2 70 00 42·0 344 50 285 3ro 312 o.6 ...... __ 
ti:l 

149 41 14 22·5 70 00 52·4 357 00 208 223 212 0·1 ---· "d 
151 41 14 23·3 70 01 03·8 7 55 250 238 221 0·7 0 __ ...... 

~ 153 41 14 24·3 70 01 17'2 4 00 258 247 230 • f __ ,,_ o·6 8 
155 41 14 23·0 70 Ol 30·5 0 30 176 165 153 "" .... - 0·5 

lzj 157 41 14 25·8 70 OJ 42•8 4 05 247 260 255 0·2 - - ...... 0 159 41 14 25·9 70 01 55·6 5 00 26o 262 251 
--~-

0'2 ~ 161 41 14 26'6 70 02 08·3 8 30 262 258 242 ---- 0·5 ..... 163 41 14 28·8 70 02 20'2 14 05 310 270 262 ---- I· I 00 
165 41 14 30·5 70 02 33'4 13 IO 315 219 e 222 .. --- 2·2 ~ 

167 41 14 33'3 70 02 46'9 8 50 367 248 200 ·--- JS I 169 41 14 29·5 70 03 01·2 8 20 • 214 106 100 
~--...-

2·6 re 
171 41 14 35·6 70 03 13·0 9 30 382 223 225 ---- 3'6 > 
173 41 14 37'0 70 03 26·2 5 DO 395 233 230 J8 ~ -- -... '"3 175 41 14 37·9 70 03 39·8 6 00 394 248 245 -- .. _ J4 
177 41 14 37'0 70 03 52·3 5 00 330 187 181 3'4 .... ---- ~ 
179 41 14 40·3 70 04 oy3 5 00 402 264 260 

---~ 3'2 
181 41 14 38·0 70 04 18·8 5 00 304 172 179 ...... -- 2·8 
183 41 14 38·0 70 04 31·7 5 00 230 88 130 ---- 2·3 
185 41 14 41·3 70 04 44·2 6 25 382 2!0 196 -.-- - 4·2 
187 41 14 39·2 70 04 57'7 5 30 26o JOO 93 ---- J8 I Off Surfside Hotel. 
189 41 14 44·2 70 05 10-1 5 35 JJO 235 224 ---- 3'3 
191 41 14 44·4 70 05 23·1 7 05 335 220 220 ---- 2·6 

--~·· 

1891. 
--··-··-·--

193 I 41 14 44'4 i /0 05 35'8 l 1 40 I _:~ ) __ ~~J __ _:_~1_~=-~I __ 1 ~~.J I 
t:{) 

I eJt 
-·~---m~"' - ••• ~"-- --•••----~•••"~•·•·•-••• 1--l-



 

1-1ABLE No. 1.-Ultanges in .~hore Hne of the eastern ancl southern 8hores ~f Nantucket lslandfrom 18H! to 1891. 

I ~- -··--·-·-1-···-. ·-----,.--···-----·i-----------.---
1 Position of origin. ! Di~tance to high-water line in- 1 Yearly ch

8
a
6
nge since 

c I · q · 
Remarks. secWi~. I Latttude. I Longitude. I Az;muth. i ''"· I ,SB,. I '"'· 1~dnn_c_er~-ctr-ea-t. 

I I ·-- -1 1----; 1---1---------------
o I /1 

41 14 46'2 
41 14 40·5 
41 14 39·8 
41 l4 .p I 
41 14 37'3 
,p 14 36-0 

o I // 
0 

/ I Metres. llfetres. f Afetres. llfdres. ' Jl!etres. j 
195 I 
197 I 
199 / 
201 ( 
203 
20~ 
200 
207 l 
208 i 
209 I 
210 i 

2II I 
212 I 
213 I 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 

41 14 38·4 
41 14 45·0 
41 14 50·5 
41 14 56·6 
41 15 05·3 
41 15 09·5 
41 15 05·3 
41 15 19'7 
41 15 29·6 
4,I I 5 37'8 
41 15 48·7 
41 15 59·5 
41 16 04·1 
41 16 17·8 
41 16 23·5 
41 16 36-0 
41 16 46'0 
41 17 oo·S 

70 05 46·2 
70 05 58·0 
70 o6 08·7 
70 06 19·5 
70 06 29·9 
70 07 00·8 
70 07 26-8 
70 07 50·8 
70 08 16·2 
70 08 41·6 
70 09 05·1 
70 09 29·6 
70 09 56·3 
70 JO 20'9 
70 IO 43'3 
70 II 06·0 
70 II 28·4 
70 I I 50·1 
70 12 16·8 
70 12 36·6 
70 13 02·1 
70 13 22·6 

70 13 44'7 
70 14 02'1 

7 30 I 340 300 340 o·o o·o 
1 

Off Weeweeder. 
8 051 55 245 275 4-9 ----
8 oo 131 365 400 5·8 I ----
6 30 : 240 532 572 7'4 ·---
7 00 I 123 406 424 6'7 ----

12 30 232 270 238 ~ O'I ___ _ 
12 55 220 207 191 · ____ o·6 
19 00 298 270 250 ---- 1·1 
20 05 I 334 222 190 ____ J2 
17 IO I 258 177 1581 ---- 2·2 
15 30 330 278 169 ---- 3·6 
22 oo I 310 242 245 ____ 1:4 
19 35 i 248 163 155 ·--· 2 I 
21 55 I 232 140 132 • ___ 2·2 
22 40 I 292 218 202 I ---- 2·0 
28 00 278 
29 35 340 
29 40 410 
29 00 255 
28 20 427 
JI 00 318 
30 00 440 
33 05 453 
32 so I 670 

210 
252 
318 
125 
277 
143 
217 
221 
4IO 

200 

250 
308 
100 
268 
127 
212 

204 
370 i 

I 

I'7 
2·0 

2·3 
3'4 
3·5 
4·2 
5·1 
5.5 
6-7 

l~ 
C,.'1 
N.l 

q 
' 
Tf1 

~ 
c 
> 
\fl 
~ 

> z. 
~ 

C1 
trj 
0 
t1 
trj 
~ 
~ 

0 

if.I 
q 
~ 
< 
trj 
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254 U. S. COAST AND GEODETIC SURVEY. 

INTRODUCTORY REMARKS. 

With the present or fourth report of the results of the magnetic 
observations made at Los Angeles, Cal., between 1882-1889, the series 
of reductions is concluded. Part I• contains the results of the absolute 
measures, parts nt, III:f:, and IV, those of the differential measures of 
the declination, and of the horizontal and the vertical components of 
the magnetic force respectively; to the last part has also been added 
the resulting variation of the dip and of the total magnetic force. 

The vertical-force ma,gnetometer.-In consequence of the great sensi
tiveness of the adjustment of this instrument with respect to te1npeJ:'.a
ture, the scale of value of the balance magnetometer had to be 
frequently redetermined, nor could a uniform value be applied for the 
whole series. 

The scale is exactly similar to the unifilar and the bifilar ivory scales, 
it being graduated to half millimetres. As mounted, the zero division is 
at the bottom end, the 500 or last division at the top. It is secured to 
a vertical brass arm attached to the slate slab, and its numbers appear 
erect and to increase downwards. Length of one division of scale, 
o-507mm. 

The horizontal magnet, mounted on a knife edge, is about 16-!o out 
of the magnetic meridian, its north (seeking) end bearing magnetically 
N. 16!0 E.; thus the angle between the incident and reflected rays of 
light is 32io· Increasing scale numbers correspond to a downward 
motion of the N. (seeking) end of the n1agnet or to increasing vertical 
force. 

Angitlar 1.'al-ue C>f one division of the scale.-We have the fo1lowing 
dimensions: Front edge of npper end of scale to mirror, 40·89 inch 
(103·86cm); curvature, 0·065 inch (0·165°m); thickness of rim, 0-065 inch 
(0·165cm); two-thirds thickness of mirror, 0·067 inch (0·170°m); hence 

· r = 104·36em, angle of plane of scale with plane normal to center of mirror 
. 1·524 

( lt, = 0·6 inch), tan a= 104~36, and a = oo 50' 12"; hence r cos a= 104·35 

l 
and c:i = 3437·75 2 r = 0'·8351. 

To determine the corresponding space on the vertical-force trace, 
we have distance from vertical-force cylinder to face of mirror, plus 
two-thirds thickness of mirror, 57·135 + 0·067 .;inch (or 145-293cm), and 
0·0507 x 145·293 
- 104•35 =0·070 593°m. Now let k'=the distance from the plane 

(or rather from the conical surface) of the ray which makes the Iunri
nous dot to the plane of the normal of the mirror, then by measure 

•See Appendix. No. 8--Report for 1890. 
tSee Appendix No. 9-Report for 1890 .. 
iBee Appendix No. 4--Report for 1891. 
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Results of tke differential measures of the vertical component of thtJ 
magnetic intensity at Los Angeles. 

h' = 11·5 inch (29·210crn) and distance r = 104·36crn, the angle i becomes 
-1 h' 

sin . r = 16° 15'·3, and finaUy the value of one division of the scaJe 

as measured on the vertical-force cylinder becomes 0·070 593 cos i = 
0·067 77cm. AJso 100 scale divisions equal 6·78""'. 

Scale •1Jalue in terms of the vertical force.-'rwo methods are available 
for this purpose and both were employed. 

First method; oscillatfons.-The change of vertical force V in terms 

f th -"" . . b J . dV T2h e -ul.:Th o e iorce 1s given y the re ation : --v~ = -T:t cot . ¢'· n ere-
'" 

Th=the time of one oscillation of the magnet with all its appendages 
in a horizontal plane. 

Tv=the correspouding time of the same in ·a vertical pfo,ne. 
8=the dip, very nearly 590 30'. 
1/1 =the angle, expressed in radians, through which the magnet turns 

for a change of position of the luminous spot corresponding to one scale 
division. 

Observations were 1uade September .5 and 25, 188:.!, by J\L Haker ai-; 
fo1lows. Each set consists of 60 oscillations: 

h. 111. 

Sept. 5, I I 53 a. m. 
2 22 p. rn. 
2 50 p. m. 

The temperature 
0·000 63 for C scale; 
allowed for. 

s. 
Tb= 6·2362 at 26-4 C.} 

157 29·7 C. Whence T 2 h = 38·801 at 28·6 ( ·. 
167 29·8 C. also 38·664 at 23·0 C. 

coefficient for Fahrenheit scale being 0·000 35 or 
torsion of suspension and rate of chronometer were 

The value of T_. was determined from twelve sets of oscillations on 
September 25, with a temperature of 23°·0 O, viz: 

h. m. s. 
At 10 55 a. m. T~--:- 7·70 weight I 

II 16 ·40 2 
II 24 ·77 3 
II 29 ·52 4 
1 I 35 ·40 s 
II 43 ·53 s 
II 50 ·39 s 
II 57 a. m. ·44 5 

2 28 p. m. •23 4 

s. 
Weighted mean T.,.=7·399 and Tl'.,.=54·7452, 

T2b 38·664 
hence cot B cot 59° 31' = 0·416o25. n = 54·745 

2 35 ·32 s 
2 46 •24 s 
2 53 ·23 5 

For the value of¢' we have for one centillletre of change in the lumi-
nous dot · 

? x 145 29! 6 3 
= 0·003 5855, hence d V = 0·001491 6 and 100 scale ..., . cos 1 o. v 

divisions were· previously found to equal 6·78cm, hence one centimetre 
. 0·0014916 

corresponds to 14·749 scale divisions ·and k = 
14

•
749 

0·0001011 

which is the value of one seale division in terms of the vertical force. 
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Second method; deflecUons.-The 1nethod is as tollows: l?irst, a 
deflecting magnet is placed with its axis in the niagnetic prfrne 'nertical 
at a distance r to the north, and also to the south, of' the middle of the 
unifilar magnet, causing in the unifiJar a deflection of u degrees (scale 
divisions tin1es angular valuf); next, the ~ame detlecting magnet is 
placed in a perpcndicnlat· position and in the plane of the axis of the 
vertical fl>rce 1nagnet, at the same di:">tance r to the north and also to 
the south of the middle of the vertical-force magnet, causing it to be 
deflected n scale divisions, then the value of one scale division or k in 

· · 1 f' · -I'!. d t· h -I'!. I k ta,n u terms of the vert1ca orce is ioun rom t e iorn1u a: = cot 8. n 
On September 2.5, 1882, a, set of deflections was 1nade at a distance 

r = 1 foot 11 inches, or 58·4:>.cm, with the following result: 

h. "'· 0 

At 3 r 7 p. ro. V-force magnet, at 23"9 C., deflected 5 5 ·82 scale di visions. 
3 29 p. m. U- magnet, at 2y9 C., deflected 36-68 scale divisions. 
3 44 p. m. V-force magnet, at 23·7 C., deflected 50·40 scale divisions. 

IIence u = 36·68 X o".794= 29-'·124 and n = 53·I I 

tan 29" 07u 44 
k = cot 59° 30" = o·ooo 0940 

53·1 I 
Recapitulation of results, September 25, I882: 

Value of k by oscillations, o·ooo IOI I 

deflections, o·ooo 0940 

Mean, o·ooo 0976 

It would take too much space and contribute nothing further to onr 
know]edge than what we can get from the results themselves to pre
sent the record of the nnmerom;,; observations for value of scale of the 
Lloyd balance magnetometer. The following abstract of tlte results is 
given in sufficient detail and with all needful explanation to show the 
basis of the- adopted values fork during the seven yearR of use of Uic 
instru1nent: 

. . dV k -r. • l fi t Oollectum, of re.<Iults for scale coefficie·nt -v- = J or vertica - orce niagne -

onieter-frorn oscillations ( 0), from deflections (D). 

1882. (0) (D) 
Sept. 25, k = o·ooo IOI 1 

Oct. 31, 1839 
1883. 

k = o·ooo 0940 
1640, change due to readjustment of mirror Oct. 13. 

Aug. 1, o·ooo 1432 o·ooo 1019 

The vertical-force magnet was taken off its support, and rebalanced 
aud readjusted August 3. 

(0) (D) 
Aug. 3, 1883. k=o·¢oo I395 k=o·ooo 1034 

On tbese values Mr. Baker remarks: 
The results from the deflections on August I and August 3 are not satisfactory for the 

reason that the smaller the distance between the magnets the larger the resulting value of 
~, -riz: 
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Results of the di.tfcrcntial mrasurr·.« of the rn·tfral cornponcnt of the mag
netic intensity at Los Augefrs. 

Aug. I 

3 

i D' -- i ~ ----

i Istah.'~~: 2·000 / '·91 7 feet. I 8_13 feet. 

k = ! -o·~ ~24 r~~~-~~-18 !-~:~--~~-~-
k = I I :~ ~---~1033 _l _____ ~~~4j 

1\Iean o·ooo 1019 

1034 

Secondly, for results from the oscillations it is apparent, particularly when the magnet 
o"cillates .in the vertical plane, that the time of one oscillation varies directly with the ampli
tude of the swing and not in accordance with the law for reduction to an infinitesimal arc; 
hence the greater the amplitude the smaller the value of k. J f, therefore, we should make 
our amplitude of oscillation .-.ufficiently large and our distance of deflection sufficiently small, 
\YC might get accordant res alts by the two inethods, hut we would ·not yet be sure that these 
;iccordant results accura)ely represent the degree of sensitiveness of <HU" m.agneton1eter. 

The observer also poiuts to frict.i011 as one of the caut:<es of the clis
<'repaut results, and istates hi.-; nntavor~i hle opinion respe«ting- the 111-1e of 
the balance magnetometer-an expericuce which he also shared \Yith 
others . 

• lauuary 2, 1884, the magnet wa1' rebalanced. Hince the lnrni11oni-- dot, 
if unchecked, threatened to leave the eyliuder; on the isame date the 
sea le value was redetermined. -

(0) (D} 

· · ' ' .. _ l· -·- o·ooo 07 56 before I . l an 2 1 884 k = o·ooo l ·::_~,9 hefore 1 
i358 after rebalancing. o·ooo 0842 after 'rebalancing. 
1253 after _ J 

Avril 30. 1884. On account of the :-;ndden change of rcadjug-, April 
fl, a redetermination of the scale value was made at tbt:> close of t.he 
month and with 8pedal care to di~eoyer the can:-;e of the discreJlHllt'.V 
previously noterl. After rebalancing, new sets of observations were 
ma~.le on :May 1, 1884. 

1884. (0) 
Apr.30, k=o·ooo1716}h,. \1 · e1ore. ay1, 1574 
~lay I, 1297 after rehalancii1g-. 

(D) 
k == o·ooco 971 before} 

rein lancing. 
0818 after 

The detail values from the deflections now ~how less variation due to 
t·hange in dcthwting distauee, viz: 

i 
a'ooo feet. I 1·833 feet. 1·667 feet. 

~-----

! 
Apr. 30. ·ooo 0956 ·ooo 0972 I ·ooo 0985 Mean ·ooo 0071 
May 1. 0848 0834 0772 0818 

The depende~ce--;_;f;;-the tim~f-one ~scilL~tion·-~n the muplitude. of the 
~wing also is less pronounced than on former occasiou. 

1\lay 31, 1884. Inunediately after .the rebalancing on ..'.\lay 1, the 
11 ·"Ha1 slowly progressive ruuning off the sea.Jc set in and tl1e r<'adiug had 
readied 400 and was still increasing on May 31; a rehalaueiug- and a 
n·determinatiou of the scale therefore be(•an1e in1perative, otherwise the 
lnminous d0t would 11ave gone off the cylinder. Tbe observations are 
by Mr. Baker, assist.ed by Messrs. Welker and TeITY1 and are1)ronounced 
by him unsatisfa'etory~ viz: 

B. Ex. 87-17 ' 
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(0) (D) 
:'.\lay 31. k =-c o·ooo 1144. k = o·ooo 0680 from three sets, showing but a triAing increase 

>Yith distance. 

Sept. 7. Values of k from deflecting distances 2·000, r833, and 1 ·667 feet, respectively. 
Observations byC. Terry, jr., o·ooo 0782, o·ooo 0794, o·ooo 0773. I\Jean ·ooo 0783. 

Nov. 30, k from oscillations o·ooo 1335, results of one oscillation fairly accordant. 
k from deflections o·ooo 0882 three sets, fairly accordant, no dependence on dis

tance. 
Dec_ 4, k fron1 oscillations o·ooo 1423, results fairly accordant. 

k from deflections o·ooo 0961 three sets, fairly accordant, no dependence on dis
tance. 

The remaining (1eterininatious have been omitted, since subsequently 
no use was made of the series 1885 to 1889. 

Throughout the seven years' record, and fbr each observer, there 
appears a systematic difl"erence iu the values of k as derived from the 
oscillations and from the deftectioJJs, the latter giving a smaller value. 

Frmn a general scrutiny it would seen1 that the tletlection results are 
rno1·e trustworthy than tlie oscillation results, at leaRt the tlevia.tions of 
the valueR for different distances keep within tolerably narrow limits 
and with little dependence on the deflecting distance, whereas the 
oscillation results i::;bow great.er discord due to the difficulty of getting 
a true value for U1e tiine of one oscilla.tioh whPn the magnet is 1uade to 
swing on iti-:. knife-edge. In eomhining n"sult~ for k (0) and k (I>), I 
have given the former the weight-!! a.ud the latter weight l; we then 
have the following: 

Recapitulation of rt~sulting scale ualues of the vertical force magneto-meter. 

Pate. 

1882. 
s~pt. 25 to Oct. 13. 
Oct. 31. 

Aug. 1. 
Aug. 3. 

Tan. 2. 
}an. 2. 

1883. 

Apr. 30, May I. 

May I. 

May 31. 

· 1 
1 Sept. 7. 

( Nov. 30. 
\Dec. 4. 
~ 1885. 
j July I. 

I 1ss6. 
(Jan.+ 

i kin terms of V. I Rem&rks. 

I 
I 

o·ooo 096· 
171 

095 
100 

IOJ 
III 

Yalue to be used from beginning of series lo Oct. 13. 
To be used from Oct. 13 to 31. 

An apparent gradual decrease since Oct. 31, 1882. 
!tvlagnet rebalanced between Aug. 1 and 3. 

An apparent gradual decrease since Aug. 3, 1883. 
. After rebalancing. 

{ 

The value of Apr. 30 from oscillations is re· 
jected. These observations were made in conse

. quence of a sudden change of readings on Apr. 9. 
Afte:r rebalancing. ' J After May 4 a slow decrease in the scale read-

ings was noted, hence the new dcterm.ination after 
, l rebalancing. 
j { From deffections only ; making allowance for 
; difference of (0) and (D) t11is value would be 
' about o·ooo 093. 

132 An apparent increase since Dec. 4, 1884. 

: { Before rebalancing, from osc_ . i1_Jations only. 
0 7' I Values accepted though unusually small. 
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Rceapitulation oJ· resultinfJ scale rnlue.;; of the vertical force magnet
ometer. 

Date. 

Jan. 4. 

Feb. I I. 

Mar. 18. 
Mar. 18. 
June 25. 

1886. 

1887. 
Tan. 4. 
tune 24. 
·Dec. 29. 

.Jan. 8. 

Tan. 8. 
·Tune 26. 
bee. 20. 

1. )Ct. I. 

1888. 

1889. 

----------~--·-----------

, kin terms of \T. Remarks. 

-------·· - --~--------------------

IOI 

I i\fter rebalancing, from oscillations 
l Values accepted. though unusually small. 

07 3 Before rebalancing, from oscillations only. 
094 After 1·eba1a11cing. 
I 42 An apparent increase since ~'Car. I 8. 

r42 
144 
llJ 

only. 

090 

147 
177 
173 

f Before rebalancing, from oscillations only. 
· L Y'.llue accepted. 

1 

After rebalancing. 

182 
: f An apparent increase in the value of k through
,\ out the year i888, and up to <late. 
! 

·-----------------·-·---------.--------------~ 

The vatrres of k ndnalJy ndopted in the rednction of the differential 
ob:-;ervationR are specially noted on the monthly records. The average 
value is 0.000 117. 

It is obvious from t.he above reRults that the instrn1nent was not per
forming satisfactorily; tllis is supposed due to~lie want of 8ymmetry in 
the dh~tributiou of rnasse;.:;; wjth respect to tl1e plane of tlte knife-edge 
a11d to the fact that the instrnrneut was badly balanced, turning almost 
about one point in the kuifc·e(lge nearest the 1na.gnet, instead of rest
ing ev(•n ly along its entire edge. '.l'llus the magnet had a teudeuey 
to place it ::-;plf in the ma.guetic meridian. It is also supposed that the 
small dimensions of the magnet in comparison v>ith tile 1nassive appen
dages were unfavorable to ih; efficiency, but the principal cause of the 
unsatisfactory working of the instrument was the unequal eftect of 
changes of temperature on different materials uns.lfnt·m .. etrica.lly distrib
uted with reference to the knife'-edge.* 
DETERMINATION OF THE '1.'E~IPEU,A 'l'URE 01<, THE VERTICAL-FORCE 

MAGNET AND OP ITS COEFFICH":NT OF TEl\IPRRA'l'URE, AND :\-IETHOD 

OF REDUC'l'ION OF OBSERV A'l'IONS TO A UN.IF'ORM 'l'EMPERA 'l'URE. 

The instrumental means by which the temperature of the vertical-
force magnet has been ascertained are explained in detail in the pr·e
ceding Part III of the discussioll. 

The thermograph record between February, 1883, and J\:fay, 1885, 
answers for both the bifilar and the Lloyd balance magnets, and the 
only differ~1ce in the treatment for the two magnets consists in sub
f-1.tituting the thermometer readings under the bell glass of tlie Yer
ti~l-force magnet for the readings of the thermometer of th~_bitila~ 

" These defo~·t;~iu the constrn~ti~~--~f the instnunent ,,;~r;·-,fulfr noticed and 
remodied in the spring of 1890 before remounting it at Sau Antonio, Tex. 
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umg-net. The llll'Ult daily temperatn1T of the Lloyd h:1ln:·nee mrq.!'1Wt 
as well a:" it:-> hourly te1npernture ,,-ere deduced l)y tl1e t<n·n1nlw giveu 
in Part IIL 

It ha;-; b(~e11 uoti<·cd tliat the temperature of the vertiea1-f(nTP nrng
nct is 8.,:VSternaticalJy lO'iY('l" oy 0·; 0 ('. than the ternperatUrl' of t.JH> 
bitilar mag11et. Tllis i~ attributed by the oli:-:.erver to the nuei1ual 
effect of the he.at of tl1e l:nnps 011 glas:..\ indosures of different shape 
an<l volu1ne, the bifilar hell glass beiug l1igh and that of the Lloyd 
bala11et~ tlat alld l<nv. 

The diurnal range of the temperature throughout the yeas is elose 
to 120 C., and the rauge between the meau tem1•erature:s of the eoldest 
aud warmest month is about 0~° C.; the adopted standard temperature 
of the magnet is 23.60 C., as stated in Part III. 

The telnperat.nre coefficient ( q) of tlw balance magnet 'vas detm·-
1uined dil'ectly by ineans of tlie deti<wti011s at high and lo\v ternperatu1·(•;-:. 
on Septern.ber 8, 1882, and indirectly from the l1ourly readings of the 
photographie traces, the nH~~tbodi.; beiug ~imilar to those explained 
in the cai:-;e of the hitilar magnetometer. 

an, cot u 
Observations for ten1pPrature coefticient q = t-t of drn vcrti-

o 

cal-force magnet, Sep tern l>er 8~ 1882. Observers: Baker aud Sue~s. 
The magnet is placed in a copper box, io;ontli end westward and 

center of box placed on deftect.ing bar ~ ft:~<·t east of unifilar 11u1.h~1et; 

tbe copJlet· box is tilled with broken ief', arnl to raise the temperature 
gradually wann water is adde'l. J\lngnetoniett•r ~o. P. was monntC:•<l 
and rend for cliange.s of dec1ina.tion, but the readings proved u11sat
isfactor.Y"" to the ob;server, ,,~ho substituted a uor1nal dit1rnal d1ange, 
at-; sho\n1 in the c01npntat.io11. 

... 
"" ~N ·c r
:=' ~ 

I bL 

I ; 
I 

---·--i--i-~~ ~---~- ---i---~/_---

9 35 1 1 473'0 ·-·2·7i 470·3 33·1 I and II 473·65 
10 oo! 2: 472·0; -2·1! 469·9 15·0

1
2 IOj 473·10 

21' 3. 470·5 ~l·Il 469"4' 56-013 9i 472·75 
45: 4\ 469·8 j-O· ti 409·9 65·0!4 81 472·35' 

11 10. s'.4690 +I-I,470·1; 74·s!'.s 1! 472·05 
28 6! 468·8 : 1·7; 470·5: 85·1: 6 l 470·50: 

13 u T 470·9 +J·1j 474·01 73A)----;--- -' 
3~ 8 472·0 --'-2·8 474·8 65·1, Means ! 472·40; 

14 07' 9: 47 3·6: _; 2·5! 476·1, 54·2', ! 

30 10· 47-J.-oi · 0 2·3l 47fr;r 46-3 ____ J_ ! 

11 
t-io 

Fah't. 

; I 
o ; d ' o I 

.' · I I 
32·90; ~1 ·25: --26·72i 
45·65· ·-0·70 ·13'97 
55· 10 --0-35\ - 4·52: 
65·05 +o·os! + 5·43[ 
73·95 :--0·35: ' 14·33 
8y10; + 1·901 +25·48 

59·6211 l:t I l:t I 
! 4·6oi 90·45=cj50·25 C. 

~~~-55• 1 t: 475·0; +z·o/ 477·0. 32·7 

15 oo:
1
·-;;, 32r;!---11---;---j 

i I ' I 

U = 0'·794 (--_'p7·25+472·40) """' 1° 55 1 ·25 
a= 0'·794 /3437·75 =.-c:: o ooo 231 
•·. q = o·ooo 631 

"'Snpposed to have been occasioned l>y develo1nnent of tol"sion iu the stl.sp~n~ion. 
t All values of n and of t - t., being taken positive. 
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Ddermination of the temperature t~t' the rcrtfralforn· mar;nct, etc. 

With au average value of 1 <li vision of ~cale. k = 0·000 J 17 \H' have 

q = 5·4 scale divi8ions of the vertiea] ibr<·e instrument. The above 
k 
observatious 'vere not FHttisfaetory to the obsel'ver, alld the u1etl10d of 
deducing (q) front the ditfPrential observations themseln~s was a<lopted 
as prPf('rab]e, as it takes in th(· full amount of temperatnre effeC't. lt 
would appear tllat on account of the uusymmt•trical <listrihutiou of 
masses attached to the magnet of the I,Ioyd halauce, the direct efie<"t 
of a change of temperature on tlu• dimensions of these t1Htsses greatly 
inttneuced its balance. in eorn-;eqw.:'nC'P of which circnmstan«e it was 
found necessary to recoustrm·t tlu• in:-;trnment before remounting it iu 
18!10 at the new station in Texas. 

I•""or the purpose of dedueing- a valw" of q from the hourly readings, 
of the balanee rnagnetmneter, ~1w•·ial seleetious were inade of serie.±:; of 
day~ with a large cbangt• of temperature an(l apparently unafft:'ctecl 
by disturlm11ces. For each Reriei-;, the daily me<Hl ~eale readings for 
clays of low temperature "\Vere compared "\Yith the daily rnf'an readings 
for dn.ys of high temperature~ the difference::'I of the~(' nwaiis or e;,.,-; 

l l d . J . 2' s allt t ie corrcspon 111g Lit gave a. va ue for q = 6 -t. Twen t,,·-seven 

selected series between February, 1883, an(l April, 188.), depeuding on 
more than 400 dail;'\" means produced the value 'I = 7·5; ten of tlie 
best values gave q = 6·4. These results are excessi Ye, and were 
caused by large and irregular cbauges in_the position of tlte zero of the 
Reale, and all attempts to deduce any satiRfoct,tn·y value in this manner 
Irnd to be abandoned. i~--urther tria1.s with srna11er values Jed me fiuaUy 
to adopt q = 1t of the value obtained from· the direct ohst-rvations or 
q = ~{·6 scale divisions. It will be notice(l that even with this value 
the curve of the diurnal variation of the ,-ertical force is <'onsiderably 
affected by the temperature correctiou; in fact the rprnshon "\YlietlJer 
the a. m. or p. m. extreme high value of the force h; the gTeater of" the 
two depends almost wholly on the mnount of temperature correction 
a1)plietl- " 

We adopt for this correctiou ~ x = 3·H (~:l0·6 0. - t). · 
The following tables contain the hourly temperatures, deduced from 

mouthly averages, of the vertical-force magnet u11der the bell gla,--;1-;, 
during the time when the thermograph was in operation: 
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Abstract of ·mea,n lwnrly temperature of the i·ertical f orcc inagnet in 
degrees centifJrade. 

1883. 

Local l Jan. Feb. :'.\lar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. hours. 

I 
·--~---------

0 0 0 0 0 0 0 0 0 0 0 

I I 17·35 20·62 20·29 22·52 26-12 28·01 ::S·16 29·36 24·56 22·43 21·30 
2 I 17·20 20·53 20·16 22·44 26·01 27·90 28·03 29·26 24·4S 22·29 21" I 7 l 
3 ! 17·06 20·47 20·07 22·37 25·92 27·83 27·91 29·15 24·41 22·19 21·07 
4 I 1b·96 20·38 20·00 22·33 25·83 27·75 27"82 29·07 24·36 22·12 20·96 
5 16-87 20·33 19·91 22·28 25·77 27·68 27"74 29·00 2 4·33 22·03 20·87 
6 I 16·78 20·26 19·83 22·26 25·70 27·64 27·65 28·93 24·30 21·: 5 20·78 
7 16-7 I 20·22 19·77 22·25 25·69 27·61 2r61 2S·S9 24·30 21·89 20·68 
8 I 16·67 20·21 19·79 22·34 25·79 27·62 2r66 28·87 24·34 21·85 20·59 
9 16·72 20·26 19·92 22·47 25·98 27·70 27·80 28·95 24·45 n·85 20·56 

10 16-99 20·43 20·16 22·69 26·33 27·93 28·12 29· I I 24·62 22·05 20·66 
I I ITIS 20"49 20·26 22·77 26·42 28·04 28·30 29·23 24·71 22" I') 20·80· 

Noon 17"44 20·58 20·41 22·88 26·53 28·24 28·55 29·42 24·86 22·40 21·04 
' 13 1]"69 20·72 20·60 22·98 26·69 28·48 28·7)') 29·69 25·01 22·68 21·30 

i 
14 17"94 20·90 20·77 23·08 26·85 28·69 29·04 29·90 2y14 22·97 21 ·53 
15 18·14 21·04 20·87 23·12 26·94 28·81 29·21 30·05 zy24 23· 18 21·75 
16 18·29 21·14 20·97 23·18 27·01 28·90 29·29 30·18 25·30 2.., . .-., .... 2 I ·91 I J ..:i::> 

I 
17 18"40 21·19 21·03 23·20 27·08 28·96 29·36 30·28 25 35 23-.+9 22·05 
18 18·45 21·22 21·09 2}"22 27·18 28·99 29"41 ...,o~ ........ :::s"44 23·54 22·0<) .") JJ 
19 18"41 21 ·18 21·08 23·21 27· 22 29·01 29"4 I 30~32 25·36 23·45 22·03 

I 20 18·28 21·10 21·00 23·12 27·14 28·92 29·28 30· 17 25·21 23·29 21·89 

{ 
21 18·14 20·99 20·87 2]"02 26·98 28"]1 29·06 29·94 25·03 2J"II 21 ·74 
22 17·96 20·88 20·72 22·88 26·79 28·49 28·81 29·72 24·85 22·91 21·59 
23 17·77 20·76 20·59 22·75 26-61 28·29 28·62 29«S5 24·72 22·70 21·42 

Midn't, 1 7"59 20·66 20"43 22·63 2fr44 28·12 28"42 29·38 24·57 22·55 21·29 

Means; 17·54 20·69 20·44 2_2·75 26'46 28·26 28·50 29·53 24·79 22·60 21·29 
! 

188-'.l. 

Local Jan. Feb. Nlar. Apr. May. June. July. Aug .. Sept. Oct. Nov. Dec. I hours. 

I 19~49 0 
i 

0 0 0 0 0 0 0 0 0 0 ! 
I 19·89 20·17 20·39 22·34 24·96 27·54 28·51 26·37 24·06 22·54 20·3s 1 
2 11

9·35 19·80 20·07 20·~0 22·27 24·87 27·41 28·41 26-24 23·96 22·43 20·~1 I _., 
3 19·22 19·77 19·97 2o·z5 22·23 24·79 2]"34 28·30 26- 13 23·86 22·35 20·20 ! 

4 19·13 19·69 19·91 20·17 22·19 24·72 27·23 28·25 26·04 23·76 22·27 20·1~ i J, 

~ f 19·07 19·62 19·84 20·10 ,22"14 24·67 2/'I4 28·14 25·98 2J'66 22·20 20·04j 
t> 19·00 19·57 19·79 20·06 22·12 24·61 2ros 28·06 25·94 23·55 22·12 19·97' 
7 : 18·93 19·50 19·72 20·01 22·1 I 24·58 27·00 28·00 25·89 23·47 22·06 19·90 
8 \18·86 19·44 19·73 ::w·o5 22·15 24·64 27"04 28·03 25·90 23·.p 22·03 t9·S4 
9 18·87 19·45 19·76 20·32 22·44 25·00 27·34 28·35 26·06 23·58 22·14 19·85 

to roo 19·54 19·98 20·79 22·58 25·02 27·43 28·41 26- 18 23·69 22·26 19·90 
I l t9·08 19·63 2o·o6 20·79 22·60 25"10 27·54. 28·52 26·34 23·86 22·45 19·98 

Noon t9·29 19·77 20·17 20·81 22·65 25·20 2r72 28·68 26-52 24·09 22·70 20·14 
13 19·55 19·95 20·27 20·90 22·75 25·28 27·88 28·85 26·69 24·30 2J"OO 20·32 
14 19·82 20115 20·38 20·97 22·86 25·34 28·05 29·02 26-84 24·49 23·32 20·52 
15 '120·05 20·33 20·44 21·05 22·93 25·39 28.19 29·15 26-96 24·64 23"54 20·68 
1 () ·,20·27 20·50 20·51 21·09 23·01 25·44 28·28 29·26 27·08 24·77 23·73 20·84 

17 i20·47 20·60 20·55 21·17 23·09 25·51 28·38 29·31 27·18 24·88 23·84 20·94 
18 izo·6o 20·71 20·63 21·33 2j"t8 25·61 28·51 29·38 27·25 24·96 23·93 21·06' 

19 iw·54 20·68 20·62 21·26 23·13 25·60 28·48 29·34 27"23 24·92 23·8o 21·01 ! 
20 ~20·37 20·55 20·56 21·14 23·04 25'55 28·38 29·26 27"12 24·77 23.55 ~:~g( 21 120· I 5 20· 39 20·47 20·97 22·92 25·46 28·22 29·15 26·97 24·69 23·29 
2~ \t9·97 20·27 20·35 20·82 22·So 25·34 28·0-i 28·99 26-79 24·42 23·04 2o·ss 
23 19·S2 20·13 20·23 20·68 z2·&8 25·22 27·87 28·84 2fr61 24·26 22·86 20·41 

, ?.fidn't\19·67 20'02 20·11 20·59 22·56 25·12 27 66 28·69 26-47 24·11 2:a·70 io·z9 1 

,, ~eaa~/19·61 20·00 20·18 20·67 22·62 25· .l.2 27·74 28·70 26•53 24:.1-7 22;_84 2°:·36) 
·.,,:·· 
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Local Jan. Feb. Mar. hours. 

0 0 0 

i 
19·84 21·36 22·q8 I 

2 1971 21 ·21 22·87 
3 19·63 21·13 22·79 
4 ·, 1 9·55 21·05 22·70 
5 19·49 20·98 22·65 
6 19·43 2c·88 22·59 
7 19·34 20·78 22·54 
8 19·26 20·72 22·55 
9 19·26 20·69 22·72 

IO 19·30 20·78 22·84 
I I 19·46 20·97 23·00 

Noon 19·68 21·22 2J"24 
13 19·96 21·49 23·49 

FOR 18!t!-P ART II. 

1885. 

Apr. Local Jan. 
" hcurs. 

0 0 

24·08 14 20·25 
23·97 15 20·50 
23·87 16 20·67 
23·79 17 20·82 
23·73 18 20·94 
23·67 19 20·88 
23·62 

I 
20 20·69 

23·61 11 2J 20·49 
23·79 ·' 22 20·31 
23·92 

i: 
23 20·17 

24·09 l\1idn't 20·01 
24·21 

, _____ 
24·34 

'1: 
:!\leans 19·98 

" 

Feh. 

0 

21·77 
22·02 

22·18 
22·35 
22·50 
22·48 
22·32 
22·13 
21·90 
21·72 
21·55 

81·51 

1\lar. 

0 

23'73 
23·84 
23·93 
24·02 
24·15 
24·14 
23·98 
23·78 
23·59 
23'39 
23·23 

23·28 

2G3 

Apr. 

0 

24·43 
24·47 
24·54 
24·57 
24·61 
24·61 
24·58 
24·51 
24·39 
24·29 ' 

24~1 
24·16 I 

I.JPt 11l = value of one thermogram scale rlivision in degrees ecutigrade 
aml 8 1

0 = the mean temperature i11 scale divisions corresponding to the 
adopted standard temperature 230.() C., then, aH in the r•ase. of tlie 
llifilar magnetometer (seep. 55, Part If, of Heport for 1891 ). 
Between 

Pd.>ruary, 1883, and .Jnly, 188..J., iuelnsive, m = -0·68 au<l S'., = 17·3 
Augu~t, 1884, to l\Ia,y 9, 1885, m = +0·u9 and 8 1

0 =12<"i 
heuce for these periods 

6s = - 2·47 (17<~ - ·"') an<l = +2·47 (12·f:i -s'), respectively, wh£.•re 
s'= the ther1nograph reading. The te111peratnre corret·tiou.s thr tht11 
lwurly readingR, as fi::tr as presented here, were applied hy .Mr. I.J • .• A .. 
Bauer at intervals between June aud October, 1BH2, who also sup1>1ied 
the daily mean values aud the montlily averages for each hour during 
t.be same period (Noven1ber, 1882, to October, 1884, iiwlusive). 

Correction for shift of zero of scale.-A more serious diffieulty tlrnn 
that of freeing the differential measures from the effects of change of 
temperature was encountered in the ever-changing adjustment for the 
zero of scale. .After plotting the daily mean readings on suitab]c crosi;.;. 
ruled paper, it became apparent that these changes were of the moRt 
irregular character; tlie readings for short or long periods would some
times decrease, sometimes increase.• All that couhl he do1u,, was to 
trace a curve with a free hand and apply as a correction to each dail.v 
mean the corresponding ordinate between thi:-;; trace and au adol'h"d 
normal reading, viz, 100 divisions. This bei11g doue, the hourly values 
for any one day could likewise be reduced to the same standard of 
ret'el.'eu.ce. . 
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GENERAL REJ\1ARKH ON ~'HE Dll:<"'FERENTIAL SEJtlES OF OBSERVATIONS 

OF THE VERTICAL FORCE COMPONBN'.L'. 

Tl1e remaining uncertainty in the hourly readings of' the balance ma.g
uetorneter due to onr imperfect knowledge of the reduction for changes 
of teinperature, no less than the apparently fitful changes in the posi
tion of the zero of the scale due to the instrurnent not keeping in adjnst-
1neut, has necessarily lin1ited the useful record to the two years frorn 
November, 1882, to October, 1884. Even within this limit it was not 
f'ound practicable to separate {lil"lturbed from normal values, since it 
·was not known to what extent the above iinperff>._,etions were mixetl n p 
with actual magnetic distnrhance~; inore refined inyestigations, sneh aR 

the lunar inequalities or the influence of sqlar rotation, were entirely 
out of the question. 

The two-year series of hourly scale readings (corrected for changes 
of temperature ancl of scale) are appended to this paper; for eaelt 
inonth there a.re given the daily 1neans as well aR t.he inonU1ly mea.11s 
1or eacl1 of the twenty-four hours, a18o the differenees of each of the 
latter fro1n the monthly 1nean vaJue of all hours or days. These difter
ences are collected in the following table; they coustitute the solar 
diurnal variation for each month: 
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Differential observations of the 

[l\.lonthly means of the diurnal variation of the 

a~+ sign indicates {greater for~e 
) - less 

Local mean time. 

I·- Year /
1 

and ------------- --- -------·----·----------------
month., 

1882. 
Nov. +1·0 
Dec. 1 -j-2·0 

1883. l 
Jan. +1·6 
Feb. +o·8 
Mar. I +1·0 
Apr. -+-0·6 
May. +0·9 
June. 11 +o·8 
July. +1·0 
Aug. -j-1·7 
Sept. -j-1·8 
Oct. -j-1·5 
Nov. +1·9 
Dec. +1·5 
1884. 
Jan. 
Feb. 
Mar. 
Apr. 
May. 
June. 
July. 
Aug. 
Sept. 
Oct. 

-+- l ·o 
-i--0·8 
-+ 1 ·5 
+1·7 
+0·9 
+1·6 
+2·8 
--t~2·6 
-t-1·1 

+1·5 

+0·9 +0·7 +o· 5 
+2·0 +2·o +·19 

+1·4 +r4 +1·1 
+0·9 +o· 5 +o· 3 
+1·0 +0·7 -j-0·6 
+0·5 +0·2 +0·3 
+o·6 +o·6 +0·4 
+o·8 + o· 5 --!--0·9 
-+-0·8 +0·7 +o·8 
+2·0 +2·3 +2-7 
-j-2·0 +2·o -+2·3 
+1·6 +1·5 +1·9 
+1·9 +2·2 +2·5 
+1·8 +1·9 -j-2·4 

-+- I · 3 -+- I · 2 -j- I · J 
! 0·9 +0·9 1- o·8 

-+ 1·4 -+ 1·3 +1·2 
+ 1·7 +1·7 +1·5 + 0·9 +o·8 +0·9 

_j_ 0·9 +0·5 +0·2 
-+ 1·9 -!- 1·1 +0·5 
+1·8 +1·2 +0·7 
+0-7 +0-9 +0·5 
+1·2 +1·0 +o·6 

+1·3 
+0·1 
+0·4 
-j-0·4 
+0·7 
-1- r·o 
+1·3 
+3·1 
+2·6 
+1·9 
+2·7 
-f-2·6 

+1·5 
-j-0·8 
+1·4 
+1·9 
+1·3 

o·o 
+0·3 
-j-07 
+o·6 
+0·4 

Noon. 

+o·6 +o·6 +1·1 +0·4 --2·8 --3·5 -3·8 
+1·9 +1·8 +2·0 +1·5 -1·3 -2·9 -3·7 

+1·2 
+0·4 
+0·9 
+o·8 
+1·0 
+1·3 
+1·5 
+3-7 
+3·0 
+2·3 
+3·3 
+ ~·o 

.) 

+1·5 +1·4 +1·4 
+0·7 +0·9 o·o 
+1·1 + 1·1 +0·1 
+1·3 +1·4 ---0·2 
+1·2 +o·8 -0·3 
+1·7 +1·3 +0·1 
+2·0 +1·7 +0·7 
+3·5 -j-3·2 +2·2 
+3·2 +3"2 +1·5 
+2·6 +2·5 +1·5 
+4·0 -+3·8 +2·6 
+3·3 -t-3·6 -t-3"3 

+•7 +2·2 +2·5 +1·4 
-t I • 2 . + I· 3 -j- l ·9 ~ I· 2 

-t-2·0 +2·5 + 2·6 +0·9 
+2·2 +1·9 + 1·4 -0·4 
+1·7 +1·7 + 1·1 -~o·6 
+0·4 +0·4 --0·2 --1·9 
+0·2 +0·4 --0·3 -3·3 
f--0·9 -+-0·9 ----0·6 ~~4·4 

+1·2 + 1·3 +o·8 -1·0 
+0·7 -j-0·7 +o·6 -0·7 

-0·1 -2·0 
-1·4 -2·3 
-1·9 -j'I 
-1·8 -2·9 
-2·2 -2·5 
-1·9 -2·6 
-2·6 -3·1 
-0·1 -0·9 
--1·2 -2·0 

-0·6> --1·5 
--0·7 -2·1 

o·o --1·7 

-t·o 
·+ 0·5 
-1·9 
-2·2 

--1·9 
--4·7 
-8·4 
-9·2 
-5·5 
-2·5 

--3·8 
---1·2 

--3·9 
-2·9 

--2·6 
-5·3 

--8·4 
-9·1 
--5·6 
-3·4 

-3·1 
-2·6 
-3"4 
-2·6 
-1·9 
-2·2 

-3·0 
-1·8 
-2·8 
-2·0 

-3·1 
--2·4 

-4·9 
--2·5 
·--4·8 
-3·6 
-2·7 

4·7 
7·8 

-7"8 
-5·4 
-3·7 

The zero correction necessarily precludes any investigation. respect
ing the annual inequality an<l the annual change due to the secular 
variation. For the introduction of any absolute values we have to 
refer to Part I of the results of the Los Angeles observations,• which 
contains, in tabular form, the monthly n1ean values of the dip and of 
the vertical force throughout the series. 

The solar-diurnal varia.tion of the vertical f orce.-For the purpose of 
exhibiting the solar-diurnal variation of the vertical component of the 
magnetic intensity in a form quite suitable for comparison with the 

,. Appendix No. 8, Report for 1890. 



 

like variation at other stations, the scale divii-::dons were converted into 
Yalues exprel'.'sed iu p~uts of the force as shown ill the following table, 
which also (~011tnins inean values f(n· eaeh llour, separately for the first 
and for the seco11d year a-swell as for tlw lll'~an of both years, and f"urther
more t'vo set.s of hourly mean values, one for the time (summer half year) 
when the sun is in north declination, the other for the time (winter half 

oV. 
year) w11en in l"\outb declination. To the tabular values V is a<lded 

a. column containing the observed values of V, which latter will be 
needed to express-the diurnal variation iu absolute measure (01· uyues). 
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I 
! 
! 

Y~ar an<l 
tnonth. 

1882. 
Nov. 
l >ec. 

1883. 
.Jan. 
Feb. 
:\lar. 
Apr. 
May. 
f une. 
july. 
Aug. 
Sept. 
Oct. 
:S-o-.·_ 
Dec. 

1884. 
Jan. 
Feb. 
Mar. 
Apr.. 
May. 
fune. 
july. 
Aug. 
Sept. 
Oct. 

First year, 
Nov., 1882, 
to ()ct., '83, 

lrionthly means of the diurnal 'l"ariation ~f 

o·ooo [fourth and fifth 

[Local mean time.l 
-·----~, 

~· 2h 31s 4b s" 6'' 7b s• 9b ~ob I I lo ~oon. 

--------·----~--~--

+•7 -t-15 -!-12 +09 -Lo9 --"-10 -+-IO 19 +07 -48 --6o -65 
-t-33 +33 33 --~ -31 -- 33 --' 31 +30 33 -t-25 -21 --48 -----6 l 

_ _;_ 25 +22 -L-22 -t-38 -~- 2 I ·i-19 -t-24 _;....z2 +22 --02 -32 -49 
+ 12 -t-14 +os +05 +02 -+-06 -+-I I --14 00 --21 -35 -40 
+15 +15 +10 ....;--09 -t-06 +13 -- 16 -- 16 --'-02 --28 -46 -50 
-~~- 08 +07 +-03 --'-04 -:--06 +u +18 -!--20 --03 ----25 --41 -37 
----7-· I 2 -+08 --1--08 +05 __; __ 09 14 -t-16 ~ I I --04 --30 -34 -26 
_, __ 10 +10 +oo +12 --:--13 +17 -~-22 -:·- 17 ...... 01 --24 --34 --2S 
--t-- I 2 'i-10 +09 .+-10 +16 __;_-18 -i 25 -f--21 +09 -32 -38 ~,....,."'1 

-~I 

+20 +23 --!-27 --t- 3 I -t-36 -,-43 -t-4r 3i --26 -01 -10 __:_ 2 I 
__:_ 20 +zz ~22 +z6 --;--29 _J__ 34 -t-36 36 17 --13 ----22 --3i 
-t-16 +-17 --l--16 -+--20 -t-20 25 -f--28 +27 + 16 --06 -16 -22 
Lzo +20 +-23 __;_-26 -+-·28 34 -t-42 -- 40 -~27 -07 --22 --- 32 
+15 -" - I 8 +19 +24 ---+-26 -+-30 < 33 ·--·- 36 -t-33 --00 ···-I 7 ~24 

+10 +13 --i---12 ~-13 +15 -1-- 17 -t-22 --:-25 -t-14 --to -38 -40 
oS +og -t-09 +o_> -t-08 +12 --J--14 ---20 +-12 +os ----12 --2b 

-~I FJ +•5 +14 +1~ _, -1-15 +22 -+-27 ---28 +10 ---20 -42 ---52 
19 +19 --'--19 +17 +2I +25 -·- 2 I -··I 6 ---04 --25 -32 -40 

-,---08 +os ....i.07 1 08 ... 12 -+- 16 ·"'-·I 6 -l--10 . -06 .... 17 ~24 -·~ 2_1 
.c .. 14 +os +04 -~--02 +oo --+--04 -Lo4 --02 ~- 17 -42 -47 ·--42 
~-24 +16 -10 -j--04 +03 --1-02 --l-03 --OJ - 28 ·-72 --72 - 67 
--~- 21 +15 10 -!-06 --l-06 -- 07 ~;--07 ----05 -36 -75 -75 ---64 
-- 09 +06 ... 07 --t-04 -j-05 -L. IO +10 --+--06 ---08 -44 -45 4' -- .._) 

714 +u -10 +o6 --'-04 -··07 -1-07 +06 -07 -24 "---32 --35 

inclusive. 1 +168 +164 +147 +150 +166 +201 -t-230 +227 +097 -2It -346 -380 
Second year, 

Nov., 1883. 
to Oct., '84, 
indusi'!e. + 149+132 + 120 ~ 109+119 +154 +171 + 147 -008 ---276 ~ 382 -416 

Mean of tWQ 

yea.rs. +158 +148 -!-·IJ3 +129 +142 +177 +zoo+ 187 -+-044 --243 --364 --402 

Sun north of 
equator 
Apr.toSept. +149 --~-127 -j--Ito +107 -j--129 +166 +182 +137 ~045 --235 --395-384 

: Sun south of 
equator 
Oct. to Mar. +168+169 + 157+rs1 --+--155 + 189 +~.n9 +z38 +134 --152 ---JJ3 --42 1 
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the rcrti<·al force, c.xpre.~.sed in 1>arfs of v. 
rkcimal place" in table]. 

[Local mean time.) 
---------- --

I 13• 14h 15h x6h 17~ .s~- 19• 20" 2l .. z~ti 23" Mid- v. night. 
------------~------------ -------~~---- I 

l 
-56 ---- 39 --24 --12 +07 +15 +26 1 26 __:_ 36 _'.__zg --'-34 -~ 3 J l 

+23! 
0-4629 

-68 - 61 ----48 ---33 -16 -05 +02 +08 --r-16 +18 18 
i 

-48 -38 ---30 --21 -r4 --IO ---03 --02 -"-05 +II + 14 ' 
18 

-44 --38 --- I 7 -II +02 -~--14 --i-- I 4 -- 18 ---24 __ .L21 --+-26 2, 
-~ 

-47 --31 --- 13 -f--02 ---,- 13 ;_ 2 I -r-22 ---19 --- 16 --!"-I~ -07 +07 
-34 -24 -1 l --'.-04 14 .;_ 23 2~ +16 --- I I -+-08 -t---03 -j-01, J 
-22 -- 16 --07 +01 --r-05 -- 08 +-01 _:_I I -+-08 --09 --07 i~~1 -23 --- 21 -13 -03 __J_ __ o~ -- 09 -- 10 -L06 +03 05 0, ' ,) .) . ~ 

~ '> ---26 --I 7 --10 --04 -+ 01 !8 _ _;__I I _ _:_09 09 - · - I 1 __ : IO 
-.)~ 

_.:.29 ----34 ---35 --37 -34 --34 -30 --22 -13 --04 ---06 + 1 31 
-35 --30 -27 --28 ----27 --24 -· - IO ----09 --04 --i-Ol 07 +~JI -23 -22 --23 --23 ~23 -16 -15 -10 -06 --01 -+ O' 

-' -36 - 38 -37 -36 -32 -18 --14 --09 -05 +01 08 +12; 
-34 -35 -35 --32 --25 ---I 5 -14 -09 --06 00 -, 05 _,_oSi 

I 

--45 -36 -24 -12 ---02 -r-13 IO +07 +08 -'-09 +09 -+-111 ' _, 
-31 --33 --28 ·--18 --JI +10 08 --i-07 +06 07 +06 . O/J 
-49 --38 ---26 -15 -09 -;og 14 -~12 --- ] 2 Lt- ·- I ' -- l 'j' -' 

- .-- I 7 / -.w --38 ----28 -21 -I I +07 09 --r-08 -"-I I 15 - ' I6 
-26 -·- 23 --- I 8 -10 -o6 +07 :--07 +07 -·-10 --- I 1 . -· q. __;. 15 
-.~() - 29 -18 -04 +07 +10 _, -i-36 +Jb +28 25 -7 20 +12 

-55 ·--42 ---25 -07 16 +49 54 .--L 5 2 -+44 37 -~.H -t--22 

-sr --36 ---17 +02 -t-- 26 +48 +48 -· -42 38 -+ 33 . ..:.27 ----j-21 

--36 --22 -·I I -02 +06 +24 +z6 26 22 --;- I 8 18 +-14 
-30 --20 -- IO -04- '·06 -· -- 19 ··:13 +13 -i-- 13 ___L I ~ -t- I I -,-JO 

' ..) 

i I -: l ~ ' ~ 
---383 -316 ---220 -141 -062 +ooz +048 -j--061 ---j-087 -j-099 -f-II6 + 130 ·;,:; 

f..: 
. I~ 

--389 --326 -232 -133 --030 +153+165+-159 +152+153--+151 +140 "' 
l"' 

-- 386 --321 -226 -137 --046-+077+106-+ I 10 T 120 + 126 ---:--133 -t-I35, I ~ 
I~ 

-347 --284 -1&9 -095 --004 + 125 +160+152+139 -f-140 +136 -1-123 l ~ 
:..:.:i 

4.:!6 -J58 --263 -179 -088 +oJ2 +052-f---q68+100 --· -1 IJ + IJO : .. 146) 

.. 

38 

35 
34 
42 
36 
37 
40 
45 
41 
~6 _., 
38 
37 
40 

29 
30 
z-:: 

I 

37 
36 
37 
37 
22 
29 

36 

0"~6381 

0·4633: 
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In general the diurnal variation of tlie magnetic force is characterized 
by two extreme values, one occurring at some -1norning hour, the other 
at some afternoon hour; these iuclnde tl1c principal 1ninirnum, which 
takes place an hour or two from noon, either before or after. The re8nlt 
from two years of observations (Sovember, 1882, to October, 1884, 
inch1Rive) shows that the 1naxitunn1 force is n•ached about 7 o'elock a. 
m., the 1nininnun a.bout noon, and a second extren1e high value is 
reached about. au hour aft.er 1ni«lnig-h t, though the rapi•] rise of the 
intensity appears '~hecketl about 7 o'clock p. iu. At otl1er Jlhtccs the 
afternoon CXtTPil1C i~ 1nore intense than the lllOl'lling extn~me, OUt the 
two values differ little in iuteusit,v. 

Jn the followiug taule I have brought together for comparison tlie 
oV 

hourly va1ues of -\r· for the annual average at four ~orth AnH:>rican 

stations. The values for Toronto, Canada, are tlw:~w given b.v Sabine 
and refer to the five years from 1K4)>Q to 18.J.8~. rl'he Philaclelphia 
series is ta ken frou1 the Coast Snrve.v Heport ffw 18G:l, appe11dicei-; 19 
and 20. eha1lging·, ho"\Vt'ver, tlle sigu of the variation which appear<:•d 
to me demanded;* tlae value~ refer to the ye.ari:-; 1841 to 18.J.:l~, and 
extend over four and one-half years; they are partly l10urly, partly 
bi-hourly; only the latter are. given here. The Washington serieH com
pril-'es the two years 1889-'90, and is ta ken fron1 the results published 
hy the lT. S. Naval Observatory (\Vashi11gt-0n, 1891 ). 

* \Vht>n inaking; so1n•~ prelintinary cotnpariHons relating to tlu' diurnal variat io11 
last July l noticed that at Philadf'lphia, when contra.steel wit.11 other phieeH, the 
occurrences of Tnaxinta antl uiiuin1a a11peared to he interclia11gf'cl or <dse that the ;..ii.:.n" 
-were uot correctly iuterpl"etecl; tbis Jed me to a closer t•xau11nat.ion ot· the record 
and of tl.te results. The ohscrvation8 ·were JH1blisLed in 184-7 Jn four octavo volumes, 
as a puhlic <lom.1111Pnt, l1y order of· the Unitecl 1'5tates Senate; the reduction a111l diB~ 
cussion of these ohsernltions hy Dr. A. D. Bache (and in which he w-as assii-;w1l hy 
the "\Yriter) are given in the Smithsonian contrihut.ions to knowledge ancl reprinted 
in the Coast Survey Repm·ts for the years 1859-'60-'6:3-'63-'f.)4. In volume u, p. 1818, 
we tiud "inc1·ea8in[t seal~ readings correspond to dt~creaBing iorce/7 and the .sarue 
inforn:1ation is engrave<l at t.he bottom of the p]atN•• of dia,granis which exhibit 
the changes of the vertical force fro1n .January, 1841, to the close of the series, for 
which sef' volurrie IV {printecl in 18:-15); fnrther, the diagrams themseh-es show the 
force to be near its nia,,cimum about noon. In volu1ue uf, p. 3128, we again. meet the 
statement that increasing scale readings f'or ve1:tical-foree inagneton1eter corres1JOnd 
to decrease of force; and the dil'lctu;sion is in a.ccorcl with the record. Now it would 
appear that these ~tat-emcnts in the orig-iu~l record are t.hc reverse of what they 
should lH~, siuce ahont noon we ought t.d have the s1nl"l1Jl'r yalues, i. e., the n1iniun.un 
and not the maxinunn force should be indicated. Thi~ reversal by inadvertenct'·· 
did not £ur'ther obtrnde itself on the attention of the computer at this early datP, 
when hu.rdly more than a single station existed with ,,·hich to compare results, 
the non-accord of the variations dednce1l t·or Philadelphia and Toronto being 
ascribed to their different geogra1"lhical positions. 

'Vitb the signs reversed we obtain a. good correspondeuce respecting the prev
alence o:f a weaker vertical jorce a.bout the time of midday than the average force 
throughout the twenty-fonr hours; this holds for Philadelphia, Toronto, Dublin, 
"\Vashiu~on, Los Angeles, and other places. The required change of sign also atl"ectf.I 
mort~ or Jess tlie re<lnctious and conclusions presente<.l in the. Cb.a.st Survey Report 
f01.· 1863, appendices 19 and 20, and Re1mrt for 1864~ appendices 16, 17, and 18. 



 

US C oasc, an.<L Geodetic SurWc}' Report ror 1892, Part. ff No2R 

lh .1 

-

f--

-
~ 

-

J 

... -

Diurnal Vo: .. ria..ti nn or the Vertical Component.
or the ma_qnctic ri.Jrce at Los Angeles, Ca.l. 

1883 - 1884. 

J J J 1~ ,l + 
i : : ' ' I 

~ • t3 I~ 1!!. 1iE. ,7 18 19 

I i ' 
! i 

I 
I i 
I i 
1 : 

... ... l : I --· --

I 
21 

... ~ i ~- 0 -·---"' 

: ~~ 2.t2 Mlb 
i 

I . ! .3.'1. 
i 
' 20 

. .:._ ------- ~ ! "· - ~ ... , ..... ......_ 
,-'/r . ~ .. . . 

Lo.~ .4noel.e' 
. . 

: ~ 00 n,.., ,.., . 

\~ 
)'\ir0"\..-" JF8 ro Oct .. B,84 y· I ! 

I r 

. 
I ..LlL \ . . 

\ . . \ . / ,,., 
,,~ ~-· l J sunirn.er ---- ..... -- I I li i ' .... ea · . 

\·..,,t.n&r- ... ~ .... ~~-~· . 1 n . -
) 

I I I i ! •' '20 

Toronto -- ' 
a.. 

1843;! u. za'-''r 
j t I ; 

!__..-•--- ~--o~·---____ ,_ . ; I 0- I 
no -0-~·---- - -·- .--

I 
' i ·- ~- .LQ... 

! I ·~ 

i i I 
! ! I I .. ' on 

Wash.in rtcn,JJ C 
I 

! I lJL - I 1889 "" f8go 
~--·--- .-- l'--e--:---..__a ___ t-a..__ - --.. 

/"--,__ 
............. I 

- i 
UL - 20 

I 
['-...... 

. t .30 ....--.- I ,,. 
"'- 1/ I 

UL ,__ --- / I .......... 
o! . .'.lOO 00 

- ~. PH.LIAZ.d.elp u."a. / I LIL 

1-- 18'1 t.o 18--51 ,, I .-"JL -- I 

/ r-- --...___ __ _.l..11... 

'·" 
r--

.h J ! . ~ t '~ t I • 11D '~ u 1b , ,. ,ls 16 .~ 18 .~ 210 2!1 UL b~rr. 



 

REPORT FOR 1892-PART II. 271 

Comparative table <~f the 1wlm·-d·iunwl ·~·ariation of tlie vei·tfoal component 
of the 11w.gnctic force. 

liV 
Valuesof -\,.. =o·ooo (with 4th, 5th, and 6th decimal places in tahle helow). 

Hour. 

·--------------------

Midnight 
I 
2 

3 
4 
5 
6 
7 
8 
9 

IO 
11 

Noon 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 

23 
Midnight 

+135 
+158 
+148 
+133 
+129 
+142 
-+-177 
·o--200 

+187 
+044 
-243 
--364 
-402 
-386 
-321 
-226 
-137 
-046 
-f-077 
+ 106 
+t 10 
+120 
+126 
+133 
+135 

----·--·-· -··- ------

-019 
-044 
-054 
-050 
-048 
-030 

-012 
-014 
-029 

-065 
---001 
-087 
-055 
--013 
+040 
+076 
+091 
+100 

+092 
+084 
+067 
+048 
+028 
+005 
--019 

+001 
. --010 
--024 
--024 
- -014 
-.-:.__007 

-;-028 
-1 028 
-.:-017 
----021 

--078 
-131 
-131 
-072 
---028 
--)-024 

+059 
+069 
+o66 
+055 
+053 
+052 
+045 
+028 
+007 

+068 

-129 

-257 

-366 

v I 0·4635 0·6201 0·5798 0·5912 of a dyne. 
0 1590 30'·2 750 15"·1 710 05'·2 710 58'·7 

N. B.-At Washington the observations were made eight niinutes earli~r a-nd at 
Philadelphia twenty-one minutes later than the hour indicated in the talile. 

A+ sign to a tabular nuJ11ber indicates excess, a - sign defect, of intensity as 
compared with the average value. 

Dinrnal range at-
Los Angeles, 0·000 560 iu parts of V. 
Toronto, 191 
Washington, 200 
Philadelphia, 667 

As partly ex11laining the relatively large arnplitud1~ at Los Angeles, it shonld be 
remembered that the epoch of observation at that place <·oincides with a sun-spot 
maximum (in 1883), whereas at Toronto it coincides with a 1mn-spot minimum {in 
1843), and the same holds for 'Va.shiugton with minimum in 1889; yet we find 
Phihtdelphia, to be an exception, viz, a large alllJ)litude though the sun-spot min
imum Qccurred in 1843. * 

The diurnal variation is shown graphically on the accompanying illnstra~on, 
No. 28. • 

"Pos!Jibly the very hea\•y magnet employed at Girard College, Phila.-lel11hia, may furnish a clew to 
the large amplit\1de dne tQ it.a inertia. The dimensiouH were: leugtu, 2 feet. 1 inch; wid1 h. 2 im.·lltm; 
1?fokn-. i inch. The magnet at Lo11 Angelt'\8 was hut. 5·4 inches in length, 0·8 brolld, aud O·l thick. 
'l:ko WllAlUDgton -d '£vronto magnet.a also were amall.. 
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THE DIURNAL VARIATION OF THE INCLINATION AND TOTAL 
FORCE. 

By a combination of the variations of the horizontal and ve1·tical 
components of the magnetic force at Los Angeles for variations in the 
iuclination and total force, 'Ye have the relations 

oB=sin fJ cos 8 (;;r-~) 
oF o-v . oH 
-F- = sin 2 H -"'-'- + cos2 

() -H · 

From part III of the discussion of the observations at J_.1os Angeles 
iu Coast and Geodetic Survey Report fhr 1891, Part IT, Appeudix 
No. 4, pp. H8 to 73, we can get the values of oll in scale divisiops, heuce 

also the values ;i1- , excepting for November. 1882, which had to be 

taken from the l\IS. computation. All disturbances are included, ex
cept for November, 1882, when the disturbances were so excessive as 
almost to obliterate the regular diurnal variation.. 
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J>iurna.l i·ariation ol the lwr-izontal co1nponent <~l the 1nagnetfc inten.'lity 

~Vorembcr, 1882, 

[ ·ooo with fourth and fifth decimal places in table. 

r Year and ,n zb 311 .. h 5~ 6" 7~ Sh 91> ro• z1h Koon. month. 

I 1882. 
Nov. i-: 09 +13 +07 +14 -+-27 __;_ 24 -+-20 --14 -22 -56- 57 -58 

I Dec. ! --01 -r-02 +13 +•4 --f<!I +26 +39 +43 +35 +02-- 39 -52 I 

I 1883. I 
Tan. i ~- 10 -t-09 +•7 _Lz4 -1-26 ~-34 +37 -~-26 -+ 13 --29 -- 72 ---63 

I }'eb. I . 
-7-- I 5 +24 --'-- 3 I +37 --45 +so -i-38 -+-27 ---IO - 20 -23 ·-r- I 7 

Mar. l--'--07 -+-14 +z1 +27 +29 +29 --i- I 6 +07 -04 -08- 19 -27 
Apr. '-r 37 -i- 31 -~ 25 ·-+·31 +27 26 j--22 -02 -26 --39- 39 -33 
May. 

I . 
--:-12 __;_I Z +19 -i-22 +u -19 -20 -07- 03 +10 1+14 -+-I I 

June. --'--20 +32 ---L I 5 _ _;___ 21 -1-21 +19 -03 -25 -26 oo+ 20 +25 
July. l~26 -i-- 23 -:- 19 . 23 +27 -i--33 -f- 1 7 +01 -14 -05+ 03 +08 
Aug. q-16 -~-25 +24 -T-24 +22 +z6 -01 -40 -39 -25- 21 -16 
Sept. +20 -;--22 +22 -+-34 --'--27 +37 +04 -32 -43 --39- 38 -27 
Oct. +22 --t--27 +37 +39 +37 -129 -+--05 -39 --52 -54- 52 -45 
Nov. +os -l- I 3 +20 +38 +40 +34 +JI +07 -19 -41- 46 -28 
Dec. -t-Ol +08 +20 +22 +33 +41 -t--44 +JI +09 -33- 63 -66 
1884. 
Tan. +08 +23 +27 +24 +35 +JS +40 +JI -02 -57-104 -95 
'Feb. +08 +12 +z2 -;---28 -t--32 -1-37 +49 -t--60 -i-54 +z8- 16 -54 
Mar. 1+17 +34 +34 --T--39 -+-34 +37 +27 -02 --35 -39- 41 -43 
Apr. 1+19 +zo +32 +34 +JI +37 +08 -08 -16 -15- 35 -36 
May. ]+12 -t--13 +01 -]-05 +14 -i-14 -01 -15 --04 +11 + 08 +05 
June. 1-01 +u +01 +13 +15 -1-22 +of> 00 +01 +13+ 10 +20 
July. 1+04 -t--14 +13 +17 +24 -:- 24 +07 --21 -16 oo+ 16 +27 
Aug. ,---J-28 +21 +27 --j-29 -i-27 -t-23 -05 --34 -25 -24- 24 -13 
Sept. 1+21 +17 +28 +33 +35 +zs --03 -35 -44 -40- 26 -13 
Oct. !+13 +22 +26 -t--33 +34 +29 +zo -og -25 -29--- 23 -1.7 

I 
i 

Average, I 

first year. +16·4+18·8--t-19·7+-24·4+26·7+29·2+18·1--04·7-14·2--22·5-28·1-25·1 
Average, 

+11·2+ 17· 3+ 21·9-t-26·2+29·5+ 30·1-t--18·7+00·4-10·1-18·8-28·7-26-1 second year. 
Mean of 2 
years. +13·8--i---18·1+20·8+25·3-f-28· 1+29·6+18·4-02·1- 12·2-20·7--28·4--25·6 

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

Apr. to Sept., 
inclusive. 
0 north of 
equator. i--r-18·0+ 20·1+19·2+22·9+24· 1+ 2y7--t-05·3-19·2-22·7-14·2-10·8-03·6 

Oct. to 1-.1ar., 
inclusive. 
0 south of 
equator. +09· 1+ 16-0+ 22· 3+21·1+ 32· 1 + 33·6+ 31·5 + l4·9-01 ·8-27·2-46·0-4r6 
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a.t Los Angele.<J, Oal.,frorn tzco years of observation. Values ifoH . o H jr01n 
to October, 1884. 

{±when ~} than daily a~·erag-e.] 

,,b 14h 15b 16h 17h ,gb r9h 2oh 21h 22b 2~h :\lid-
·' ·' nig, 1L 

-52 --37 -17 +02 -t-32 --:-39 +12 +J6 -r-26 -t-14 00 -t-31 
-49 -24 -08 -01 -t-09 ·-i--02 ~02 -19 -12 -03 --05 -t-04 

-46 -IO -t-04 -jo9 -t-04 -t-09 +10 -j-02 -04 -04 -.;.-05 -t-02 
-37 --28 --17 --28 -27 -21 --25 -22 --- I 7 --15 -+-04 +01 
-·29 ~13 --03 -'-08 -,-01 --Ib -13 -22 -12 -04 -02 -t-13 
-28 -34 -15 --07 --15 -17 --13 +02 · i I I · r- I I +17 . :-19 I 
-t-II -t-12 -t-03 -09 ·-2[ -28 ---21 -16 -14 ---02 -01 +19 
-l-13 +12 +01 -35 -46 -34 -36 -r3 -IO -i-09 -t-1 [ -i- I I 

+09 -j-05 -21 --21 ·--34 -28 --25 -24 --r6 -07 -]-oz +02 
-· I , 

J -05 -03 --01 -15 --08 -----07 -~04 -f- IO -t-08 +16 -t-20 
·----0<) +as +19 -i-I5 -t-01 --05 + 04 -j-04 -08 -16 00 +oz 
-17 -04 --07 00 ---0+ +o+ +11 -t- IO +15 +12 -t-09 +21 
-13 -04 -01 --09 -03 --1-0J . .:.-os -09 --09 -03 +03 -04 
-43 -21 -02 +05 +10 ·:--08 +os -t-02 00 00 -05 -t-03 

64 -28 -t-05 +20 +-15 +16 +17 +15 +as -t-07 +08 -t-14 
·-· 59 -56 -41 -24 -19 ---05 -04 -10 -21 -17 -12 -02 
--34 ·-II +01 -OJ -07 -19 --14 -05 ·--07 i-08 -t-04 -t-13 
"--23 --I l --01 ---05 --21 -22 -15 ---1 I -:-oS +08 -t-o' -~ -t-13 
-~-·- J I -~ 14 --05 -16 --29 --27 ~21 ·-13 -03 ---02 +os -t-13 
-t-21 +15 --or -20 --33 ~33 -21 -19 --12 --07 -03 ~-01 

+16 -+-05 --05 ·-26 -4r --34 -ZI --14 ---1 I -IO +09 -i- I [ 
--I I -15 -15 --20 -19 -·f-02 +-04 +07 110 +12 +12 +13 
-03 +03 -05 --07 -08 -04 -IO --01 +08 -01 +10 -t-09 
-IO -02 +03 +02 -04 -04 -15 --21 -17 -10 -08 +02 

-20·6 -10·1 -05·3 -- PS-7 -09·6 --08·6 -08·8 -04 ·8 -~02·6 +oo· 2 +04·7 +12·1 

-17·7 ---09·2 --05·6 -08·4 -13·2 -o9·9 -08·6 -06-6-04·1 -01·2 -~ 02·4 +07·21 

--- fry- I ·--09·7 --05'4 -07·0 -11·4 -09·2 -08·7 ---05·7 --03'4 -00·5 -~03·6 +09·61 

I 
I 

-00·5 +00·5 --04·0 --12·7 -23"4 --19·8 -15'2 -08·0 -02·5 +00·2 +07·0 +1 t·1j 
l 
I 
I 

i 
-37·7 -19·8 -06·9 -01·3 -t-00·6 +01·3 -02·2 -03·6 -04·2 -01·2 +cxYI +08·2! 

~~~~~~~~~~~~~--~~~~~~~~~~~~~.! 
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. Diurnal ra riatfon <~( tltc ind·inaf'ion a nrl of the total fot·cc 
at Los Angele.-:, (:al. · 

\Ye ha\·c f,,r the first year (:J =-= 59° 30/·S and for the second year fl - 59° 29/·6 • 

Hour. 
.S\' IH-T .so EF 
-\· H F 

-------- --------- ---~-~" ---·---· -~~--- - -------- -----

// 

-·-0·000158 -;-o·ooo 139 ~- 1"7 0·000153 
2 148 + 182 ... l _., 157 
-~ 

I ' , jJ --+- 209 (f"9 I ~, ,, .) 
4 129 254 -- I I·" ,-, 161 
5 142 282 --12-(J --r- 177 
6 177 297 --10·8 -;--·- 207 
7 200 1S5 I ·4 

' 
196 

8 187 020 .. 18·7 134 
9 044 121 - - 14·9 --"-· 002 

ID 24,~ 206 -- 3·3 __..,, .._,-,. - .• ).._)-

I I Y>4 283 - 7·, 
·' 34_; 

Noon 402 ! 255 --13·3 364 
I, 

.1 386 190 --I 7·7 335 
14 321 096 ~20~3 263 
15 226 0 53 J 5·6 182 
16 137 069 -- 6- [ 120 

17 046 113 ' fro 063 --r 
18 + 077 091 +15-2 034 
19 106 086 +- 1 7·3 + 057 
20 1 IO 056 -i- I 5·0 + 068 
21 ~ 120 033 _;__ 13·8 081 
22 -l- 126 004 I I ·7 ' 093 -1--

23 -;- I.,' ' 037 ·-+- 8·7 109 .),) 

Midnight -+- 135 --t- 097 + 3·4 -"1- 125 

The extreme d1n·iation of 1-he dip -fron1 the naia.11 Ya-lue during the (liurun] varia
tio11 only rf~ache!'l -k ot· a minntt•; henee,. nuder ordiuary cirenn1stances, 'vhen ohSt\r,- -

ing the <lip dircct-ly_, no noti<:c ueed he t.akeu of this diurnal variation, and the srtm1~ 
remark also ref·erA to the or1linary observationa for the horizontal (:uul total) intl'll
sity. lu the latter case the extreme difference fron1 the normal Yalnes is but one 
three~thonsandtb part of the respective force, a deg1:ee of" au curacy which cau uot lJe 
assured in field work, 



 

Comparatiu tablt' f!/' the .~olar-diurual rariation in the d1j1 and total force at jimr .Xorth Jmaiean stafio11s, 
\"alue' of ill!, 

~----rT~·~--~~---c~+ .. ~-·-~---r .. ·,.-----~ 
Hour of louJ I NLos,An8i?8elets, :Toronto,1843t! Washinl!ton. ! Ph.iladelphia, 

• ' ov . I 2 0 I g.t d . 8 l ttme. I 0 ·t' ss' Ip 184 ii· '1889 an 1890. I 18.p to l 45'!· . L· ,, I 4. , 
__...---,___jc-<,----·---.,-•1-·•c--"--" ~ "i ·-·----·~ • 

0 
I 
2 

3 
4 
5 
6 
7 
8 
9 

IO 

It 
!\oon. . 

IJ 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2~ 

Mid1;ight. 

;...------

II 

+ 3'4 +q 
-- 3' I I< 

- 6·9 
--11·3 
-- 12·6 

---10·8 
··i·-q 

18·7 
+·14·9 
- JJ 
- 7·3 
--13'3 

'7'7 
. 10·3 

- I 5 6 
6·1 . 

I . .1-. 6·o 1 

_; 15·2 ' 

: 17·3 : 
. I~ I 

·' ;)'0 I 

I '·8 I .) 1: 
: 11 ·7 i 
; 8·7 j 
: I 
i· J4 I 

_____ • ..__._._ ___ , ____ w~ ·-••-,•~ •-

II 

-- 1·5 
-- 2·8 
- 4·8 
- 3'5 
-n 
-- 8·7 
--Io 3 
-- 4'8 
+ 9'7 
+z6·2 
+39'5 
+43'4 
+32'8 
-1- 14·0 

-4'7 
-20·0 
-26·2 

... z4'4 . 
.. -17·71 
--10·9 

- s. ·4 II 

- 4·3 
-- JS I 
·- 2·81 

1 '5 i 

II 

-- 6 
-8 
... JO 

-II 

-·12 

-14 
-16 
-IO 

+ 8 
+30 
t42 
+38 
-I 25 
+ 8 
- 7 
- 12 

-- 12 

''JO 

-4 
·- 2 

-2 
-- 2 
- 2 

--- 4 I 

- 6] 
I 

/! 

+15·8 

+ 0·7 

-- 4"3 

-14·7 

- 4·5 

t12·1 

- 1·7 

29·0 

-- 2 I· I 

+ 7'0 

+19·9 

+19·3 
-- - . 

+15'8 

\ · 1 w a ucs ot - -
F 

Los Angeles .--:-:1~()t~-1:~:~r-~rashiniit11n l;t;ih.Hlelphia . -~~:11-~1 
12 years\. I J 

1 ·· · ! (2 •;1·ars). \4~ nars). loo!l time. 

1 ...... 
I 

F"- I 
I 

: 0·000125 

153 

' ~ 
I 

I 

;. 

I" .. ,, 
153 
161 
177 
20j 

196 
134 
002 
233 
343 
364 
335 
26 1 

,) 

182 

120 1 

063 ! 

OJ+ 
05i 
0(18 

·- 081 

09; 
JOO 

125 

-0·000017 
040 
048 
046 
0 39 

I -r-

+ + 
i-

+ 
i-

·I-
L 

OH) 

001 

oc8 
041 
098 
142 
143 
o97 
031 
046 
!02 
125 

131 
[15 
098 
OH 
O"' ).1 

032 

009 

017 

! 
""1 0·0000161 
+ 005 
-~ ooS ! 

oos I 
L 005 I 

031 i 
0541 

I 04~ I + ooS. 

i
.j_ 

_,_ 
' 
t-
+ 
,_ 

+--

OjO 

145 
194 
li3 
086 
015 

044 
080 

0S5 
0 ..... 1-

059 
OtJ2 
0 55 
051 
036 
01() 

+0·000262 I o 

+ 
+ 
+ 

+ 
r 

!-

+-

114 

137 

090 

122 

I 

2 

3 
4 
5 
6 
7 
8 
9 

2j() 10 
___ .. I I 

31!3 Noun. 

, , I 
,).) 

J 'I ,) 

110 

211 

259 

J' .) 

Lt 
15 
16 
r7 
18 
19 
20 

21 

22 

?"' -.) 

262 : ~lidnight. 
! 
I 

0·5379 
.......... 0~~4~2 .. -i----~-~-~~---1-·--~·(1:1~-T,~;.:1lyne. 

I I 
N. H.-At Washington the tnbular numbers refer tn epochs Sm earlier, at Philadelphia to epochs 21 111 later, than the hours indicated. 

~ 
~ 
"'d 
0 
~ 
~ 

·""1 
0 
~ 

~ 

00 
::i 
l;.:) 

I 
"'O 
>
~ 
"-3 
"'1 
~ 

t{) 
...;i 
...;i 
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It is ev-ident from a perusal of the above table that a mncb greater 
number of stations and longer series will be needed before we can be 
justified in attempting any generalization for North America respecting 
the diurnal variations of the dip and of the total force. 

Insturbances of the vertical component of the forcc.-The great mag
netic storm* of November 17 to 20, 1882, falls within the li1nits of tlle 
better part of the vertical-force record and demands attention in order 
to complete our infbrrnatiou of it as well as of the magnitude of t11e 
disturbances in tbe dip aIJd in total magnetic force.. The storn1 com
menced suddenly a short time before 2~ o'clock a. m., No-vember 17, and 
continued until about 7 o'clock p. rn., November !!O, thus lasting three 
days and sixteen and one-balf hours. 'I'he. agitation of the 1nagnets 'vas 
continuous during this time, but on each day it apparently abated 
somewhat in violence between tl1e hours of 10 a. m. aud 4 p. m. The 
stor1n set in according to the declinatiou trace at 2h 25"', north end of 
magnet deflected to the 1cest; amount, 40'; according to the horizontal
force trace at 211 2nm, force increasing, 2() divisions (or 0·00280 H_) + 
an uu k11ow11 distance, through the failing of the trace; according to the 
vertical-force trace at 2 1' 26"1, force increasing, 12 <liYisions, or (H>0205 
parts of V. The extreme position of each magnet was reached before 
3h, after wbich the direction of the disturbance was reversed. Durhig 
this time the dip was certainly affected as much as 1' SF' (less tlian the 
normal); how 1nuch more is not known for want of the horizontal-force 
trace. ~rhe total fC:Jrce had increased by 0·00224 F. and beyond. The 
distnrbance was probably at its heigl1t November 17, between 18h and 
20", wbeu the horizontal force was below and the vertical force above 
their normal values, wbile the north end of the declination magnet was 
deflected to the east. 

This remarkable storm_ was accornpauied by powerful and sympa
thetic (in tiine and euergy) earth currents, which interferecl with or 
interrupted telegraphic communication; besides, there was on the even
ing and night of November 17 an auroral display of unusual maguifi
eence. Ou the same day there was visible to the (protected) naked 
eye an enormous sunspot,t which at the time of the first outbreak of 
the magnetic disturbance was yet to the effst of the solar central merid
ian. As at Lo:;; Angeles, the outbreak of the storm wai;; Rudden at 
G-reeuwichi and happeued at November 16, 2211 J 5m G. J\.f. T., or nt 
Novmnber 17, 10" 15111 a.. m.; 8Ubtracting tlle difference of longitude, 7i• 

------------------ --·---~------- ---
_,.See illustration No. 29, which i1:1 a copy of the photogra11liic traces of NoYember 

17, 18, 19, an<l 20, 1882, but reduced (the i;ame as the corrmipondiug plate sho·wing the 
distnruances in the horizoutal f"orce, part 1n) by photography in the proportion of 44-
to 35·2. 

t 194 seconds of a.i.·c in length and 134 second1:1 of arc in hreadth; this spot is said to 
ha.ve been the largest yet phntogra]>hed at Greenwich; it was. near tl1e central solar 
meridian on No"ember 18. In connection with this it may be noted that the year 
1883 was one of m.a.xinuun spot production. 

t Nature, vol. xxvn, p. 82 and fol. 
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D,isturbance.'J of tlu: t·crtical cmnponeut uf the JJUl[/nctic -intenJ-;ify 
at Los A_ngde:-1. 

53m, we have the correAponding Los Angeles time, 2h :.?2rn, which is hut 
3 111 or 4m earlier than t11e ti1ne l'ecorded OU the r .. os Angeles traces. 

A_ magnetic storm of but slightly less intensity occurred OH .June 24 and 
25, 1885. lt was characterized by two sudden outbreaks about 5!- honrs 
apart on .Tune 24. Photog1·aphic traces of this remarkable storm were 
obtained at seveuteen different observatories situated in North A.merica, 
Burope, Asia, and Australia.* According to the Los Angeles traces, 
the outbreaks occurred as follows: 

First impulse (about '2!b p. m.). 

Declination trace 
l lorizontal-force trace 
\"ertical-force trace 

h, III. 

14 30, defleclion west. 
14 35, increasing force. 
14 35, decreasing force. 

Second impulse (about 7;J;h p. m.). 
h. Tit. 

r9 45, deflection west. 
19 45. inci·easing force. 
19 50, decreasi11g force. 

The character of the tlistnrlm11ces at these epochs was the same, bnt 
the second one was the HHffP hitense of the two. I have appeuded the 
honrly trace readings of tlie Yertical force (correctecl al'\ weJl as c·ould 
he done for changei::l of temperature and n-'dnced to 100 for the mean of 
tl1e day) for the fonr days, .Jnue :.!3, 24, ~fJ, :w, 1885. 

Tl1e unct>rtainty in the measure of tbe times for the above two Rtor1ns 
I estimate at about two miuntes . 

... Natnre, July 91 1881, p. 237. 
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DIFFERENTIAL MEASURES OF THE VERTICAL COMPONENT OF 

Hourl.lf trace readin_q8 ~( 'oerti <'a./ j'orce niagnetometer f~rom. 
eneeH of temperature ruz.d , 

(Tabular values within brackets are inteqlolate<i, they follow in general the law of diurnal variation . -
perfection in the monthly n1eans 

NOYEMRER, 1882. 

[Increasing scale readings correspond to 1ncreasing force. 

Lo.cal mean time. 

Day of ,• 2" 3" 4L 5h 6" 7h Sh 9b 1oh TJ:h ;'..;oon. IllOnth. 

I 89 89 90 91 91 91 91 91 90 91 90 90 
2 96 96 96 96 96 97 97 97 95 go 89 89 
3 98 98 98 98 98 98 97 97 96 92 92 91 
4 9S 98 98 98 98 98 99 100 98 95 95 95 
5 [go] [90] [90] [90] [91] [91 J [92] [91] [90) 90 89 88 

6 96 96 96 96 96 97 97 97 94 87 87 86 
7 93 93 93 93 93 93 94 93 93 92 91 91 
8 94 94 94 94 94 95 95 95 94 95 94 94 
9 99 99 99 99 99 98 98 98 98 97 105 106 

IO Io8 108 107 107 107 107 107 107 107 IOI IOI IOI 

JI 104 103 103 102 102 102 104 103 102 98 97 96 
12 97 99 98 98 98 97 98 98 98 93 93 93 
13 96 96 96 94 95 93 94 95 94 92 91 91 
14 99 ICO 99 99 99 100 98 99 99 96 94 95 
15 100 100 IOI 100 IOI IOI IOI 100 99 97 94 94 

16 103 103 IOJ 103 103 102 103 102 102 100 99 97 
17 104 104 IO<) 98 99 IOI 102 105 104 95 96 98 
18 107 106 105 104 105 106 1o8 108 I IO 103 100 100 
19 108 108 108 108 109 107 106 107 107 103 103 102 
20 109 106 105 JOO 99 100 IOI 107 1o6 98 98 95 

21 99 99 99 09 99 99 99 97 96 93 91 91 
22 99 98 99 99 99 99 100 100 99 91 90 89 
23 93 93 94 94 94 94 95 94 94 91 go 89 
24 94 94 94 94 94 94 94 94 93 92 90 90 
25 96 96 96 96 96 96 96 97 94 92 93 94 

26 . 99 99 99 98 98 98 99 98 98 96 -95 94 
27 J 100 100 100 100 100 100 100 100 100 96 94 93 
28 99 99 99 102 99 99 99 100 99 97 96 ~ 
29 i[ 104] [104][104] [105] [105] [1o6] [1o6] [1o6] [to5] 105 103 103 
30 I 108 108 109 108 1o8 1o8 108 107 107 107 105 105 

, ---

Means. i 99·3 99·2 99·0 98·8 98·8 98·9 98·9 99·4 98·7 95·5 94·8 94·5 
Diurnal va-' 

riation'. \+ 1 ·o +0·9 +0·7 +o· 5 +0·5 +o·6 +o·6 +1·1 +0·4 -2·8 -3·5 -3·8 
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THE MAGNETIC INTENSITY OBSERVED AT LOS ANGELES, CAL. 

November 1, 1882, to October !Ji, 1884. Corrected for df:.ffer-
for . .;;ldft of zero of 1walc. 

ancl. any then apparent progressive change; they were introduced in order to prevent any abrupt im-
no further u5e is to be made of them.) 

XOVEMBER. 1882. 

Value of x division of scale ·ooo 171 in parts of V. J 

Local mean time. 

13h _14-h 15h 1611 r7b. xSt• 19" 2oh :nb 22" 23• M.id- Daily 
night. means. 

d. 
91 92 93 ~l 93 95 95 95 95 95 95 95 92·1 
90 93 95 98 99 99 98 99 97 98 98 95·6 
91 92 94 95 95 97 97 98 98 98 98 97 96·0 
95 95 96 97 98 [98] (98] (98] (99] [99) [99) (99] [97·5] : 
89 91 93 94 96 96 96 97 97 97 97 97 (92·6]: 

' 
88 89 90 91 91 92 93 93 94 93 93 92 92·7 
90 91 92 93 94 94. 94 95 95 96 95 94 93·1 
95 95 96 96 97 97 98 98 98 98 98 98 95·7 

ro7 108 109 I 1-0 JJO l IO 109 109 109 log 109 108 104·3 
IOI 102 104 104 103 103 103 103 103 104 104 104 104·8 

96 98 98 99 100 99 99 100 100 98 99 97 100·0 
92 93 92 93 93 95 96 96 95 97 97 99 95·8 
91 92 92 95 94 96 96 97 97 98 98 98 94·6 
95 96 g6 98 99 98 98 99 100 100 JOO IOI 98·2 
94 96 97 97 JOO 100 IOI 102 102 102 102 102 99·3 

97 98 100 100 103 103 103 102 103 103 103 102 101·5 
99 IOI 97 99 104 106 I 14 108 II6 109 109 107 103·5 

101 100 102 105 107 108 . 108 108 107 107 107 107 105·4 
104 104 105 104 103 102 107 107 109 105 108 1o8 105·9 
97 97 97 99 100 IOI IOI· 100 100 100 99 99 100·6 

93 94 95 97 99 99 98 98 98 97 98 98 96·9 
88 89 90 91 92 92 92 92 93 93 93 93 95·0 
90 91 92 91 91 91 9:2 92 92 93 93 93 92·3 
go ~ 92 92 92 93 94 94 95 95 96 96 ' 93'2 
93 94 94 91 96 96 96 98 99 98 99 99 95·6 

I 94 96 96 98 99 99 99 100 JOO JOO JOO 100 98·0 
93 94 95 95 96 97 98 98 ~ 98 99 99 : 9r6 
96 98 - 100 102 103 103 103 103 103 [1031 (103] (IOJJ f 100·2j ' 

103 103 105 105 1o6 107 107 107 108 108 107 108 105·4 \ 
106 107 109 109 109 110 I IO r 10 I 10 III I 12 1 I I 105·5 

95·0 g6·o 96·9 97·6 98·7 99>'2 99·8 99·8 100·4 100·0 100·3 100·1 98·3 

-3·3-2·3 -1·4 -0·7 +0·4 +0·9 +1·5 +1·5 +z·1 +1·7 +2·o +1·8 



 

282 U. S. COAST AND GEODETIC SURVEY. 

DECEMBER, 1882. 

Llncreasing scale reading-s correspond to increa<>ing force. 

Dav of 
month. 

I 
2 

3 
4 
5 

6 
7 
8 
9 

IO 

II 
12 
13 
14 
15 

16 
I7 
18 
19 
20 

21 
22 

23 
24 
25 

26 
27 
28 
29 
30 

31 
-----~--~; 

! 

Local mean time. 

I ,h s" 
! j --------~------------
; 
i 

IOO 

102 

99 
IOI 
I 12 

109 
IOI 
101 
100 
IOI 

99 
99 

IOI 
100 

IOI 

102 
I09 
IOJ 
100 

99 

I02 
101 
103 
99 
99 

IOI 

99. 
98 

100 
IOI 

100 

IOO IOI IOI 102 
102 102 IOI IOI 

99 99 100 99 
(102][102][103] [103) 
Il2 112 Il2 III 

109 
100 
IOO 
IOO 

102 

99 
99 

IOI 
JOO 

102 

IOI 
108 
IOJ 
IOO 

99 

IOO 

102 
IOJ 
99 

100 

IOI 

99 
99 

100 
102 

IOI 

I08 
100 

100 

100 
IOI 

99 
99 

IOI 

99 
102 

IOI 
I08 
103 
100 

99 

100 

102 
I04 

99 
100 

IOI 

99 
9:} 

100 
102 

IOI 

108 
IOI 
100 

100 

IOI 

100 

98 
IOI 

99 
102 

IOI 
107 
102 
IOO 

99 

JOO 

102 
103 
99 

100 

IOI 

99 
99 

JOO 
102 

100 

I08 
IOI 
IOI 
100 

IOI 

100 

98 
100 

99 
IOI 

IOI 
108 
102 
IOI 

99 

IOI 
102 
103 

99 
100 

102 

99 
99 

100 

102 

IOI 

IOI 102 102 
IOI IOI IOI 

99 99 100 

[104] [104] [105] 
III 110 110 

107 
IOI 
100 

100 

101 

99 
98 
99 
99 

100 

IOI 
107 
102 
IOI 
100 

102 

103 
103 

99 
100 

:103 
98 

(99] 
99 

102 

IOI 

I07 
IOI 
IOI 

99 
IOI 

ioo 
98 
99 
98 

100 

IOI 
106 
102 
IOI 

99 

103 
102 

104 

99 
IOI 

102 

98 
(98] 
99 

IOI 

100 

co7 
100 

100 

99 
100 

100 

98 
99 
99 

100 

102 
106 
103 
101 

100 

103 
103 
104 

99 
IOI 

103 

99 
[98] 

99 
IOI 

100 

IOI 
100 

100 

[1o6] 
109 

106 
100 
100 

99 
100 

99 
98 
99 
99 
99 

IOI 
105 
102 
100 

99 

103 
103 
103 

91:' 
100 

102 

98 
[98] 
99 

IOI 

100 

100 

96 
99 

I06 

103 

100 

102 

95 
95 
98 

97 
94 
98 
97 
99 

98 

Means ! I 0 I . 4 I 0 I • 4 I 0 I • 4 I 0 I • 3 101·4 101'3 101·2 101·4 100·9 98·1 
Diurnal va-' 

riation j+2·0 +2·o -t-2·0 +1·9 

98 
93 
96 

104 
IOI 

95 
95 
99 
98 
95 

97 
97 
96 
95 
94 

100 

98 
95 
96 
95 

98 
IOI 
93 
93 
96 

96 
93 
96 
96 
98 

g6 

Noon. 

98 
92 
95 

103 

99 

94 
95 
95 
97 
95 

95 
97 
95 
93 
93 

99 
97 
95 
95 
95 

98 
100 

93 
93 
96 

95 
93 
95 
95 
97 

96 

95·7 



 

HE.PORT FOB: 1892--PA HT II. 

D.ECE_\iBER, 1882. 

Value of i division of scale, 'ooor65 irt parts of \ 7 .} 

98 
92 
95 

104 
100 

94 
93 
95 
97 
95 

95 
96 
94 
94 
92 

98 
94 
95 

104 
102 

95 
94 
95 
97 
95 

95 
96 
95 
95 
95 

100 J02 

96 98 
95 95 
94 94 
94 93 

98 97 
98 99 
93 93 
9 2 93 
94 94 

93 
93 
95 
95 
96 

95 

I5b 

99 
95 
96 

I06 

I05 

97 
95 
96 
97 
95 

95 
96 
96 
q6 
g6 

103 

99 
97 
96 
93 

98 
100 

93 
92 
94 

92 
92 
96 
94 
96 

96 

95·3 95·7 96-5 

-4· I -3·7 -2·9 

99 
95 
96 
98 
96 

94 
96 
98 
97 

100 

I05 
JOO 

97 
97 
95 

97 
100 

94 
94 
95 

100 

97 
98 

I IO 
I IO 

IOI 

97 
97 
99 
97 

95 
98 
98 
98 
99 

105 
IOI 

99 
99 
96 

98 
IOI 

94 
94 
94 

95 95 
94 94 
97 97 
94 95 
96 97 

96 97 

-2·0 -1·0 

Local mean time. 

IOI 

97 
99 

IIO 

110 

95 
98 
99 
99 

IOO 

1o6 
102 

99 
99 

100 

IOI 

9S 
99 

I I I 

110 

I02 
JOO 

98 
99 
98 

96 
99 
99 
99 

I Of 

106 
101 

99 
99 

IOI 

94 95 
94 95 
97 97 
97 96 
98 98 

98 98 

99·1 99·5 

--0·3 +0·1 

IOI 

99 
100 
[ I I 

I I I 

IOI 
100 

99 
JOO 

98 

96 
99 

100 

100 

102 

106 
JOI 

98 
99 

IOI 

IOO 
102 

97 
9(> 

97 

I02 

99 
IOO 
I I I 

I I I 

IOI 
JOO 

99 
100 

99 

97 
99 

IOO 
IOI 

102 

106 

102 

99 
99 

102 

TOI 
102 

97 
97 
98 

96 
97 
97 
98 

100 

99 

I02 

99 
99 

I I I 

III 

JOI 

99 
99 

100 

99 

97 
99 

JOO 

IOI 
103 

I06 
102 

102 

99 
101 

100 

102 

98 
98 
99 

97 
97 
98 

100 
JOO 

98 

99·9 100"4 100·5 

+0·5 +1·0 +1·1 

Mid
night. 

283 

Daily 
means. 

102 

98 
99 
III 

I IO 

J02 

99 
100 
I 1 I 

109 

!'I.·· '~! 
[106-3] 

108·3 

100 

100 

IOO 

100 

99 

97 
100 
100 

IOI 
103 

107 
102 

99 
99 

102 

IOI 
102 

98 
98 
99 

IOO 

IOI 

100 

100 

99 

98 
100 

IOI 
IOI 

I04 

107 
103 
99 i 

99 
IOI 

IOI 

103 

98 
98 
99 

97 97 
98 97 
98. 99 

99 JOO 
100 100 

98 99 

100·5 100·8 

101'9 

98·5 
98·7 
99·0 
98·4 

97·3 
98·0 

98·7 
98·3 
99·5 

103·0 
102'7 

99·4 
98·6 
98·3 

100·0 

101·4 

98·3 
96·4 
97·8 

97·6 
9fr1 

[91·sJI 
91·1 I 
99·4 I 
98·4 

---! 
99·4 I 

r 



 

284 u. s. COAST AND GEODETIC SURVEY. 

JA~UARY, 1883. 

[lncrea,.ing scale readings correspon<1 to increasing force. 

Local n1ean time. 

~----~-----·-·-- ·~-· ----------
Dav of l .. 2h 3• 4• 5• 6" 7h Sh 9" I Oh "l l h ~Ooll. 

I mol:1th. 
!-~-·--- ~~~---~---- - --- -- ---- ---

I 98 98 98 9S 97 97 97 97 97 99 98 96 
2 Tor 102 102 102 102 102 102 102 102 IOI 100 99 
3 IOI 100 IOI IOI 102 102 102 102 102 100 98 96 
4 IOI IOI 101 102 104 102 102 103 10, 

,) IOI 100 98 
5 103 103 103 103 103 103 103 104 10+ 100 98 97 

6 103 10~ 
.) 102 102 102 102 102 102 102 100 99 97 

7 102 IOI IOI 101 102 IOI 102 102 IO] 100 97 97 
8 99 99 99 99 99 IOI IOI IOI JOO 99 98 98 
9 10' ,) 102 102 102 102 102 10, 

.) 103 103 101 99 98 
IO 102 IOI IOI 101 IOI 102 102 IOI 101 97 95 95 

II 99 99 99 99 99 100 101 IOI JOO 96 94 93 
12 99 99 99 99 99 99 99 100 98 96 95 95 
13 100 99 99 9~) 99 99 99 y8 98 96 95 94 
14 JOO IOI IOI JOI IOI J~l 102 (02 102 97 95 94 
15 99 99 99 99 99 99 99 99 99 99 97 96 

16 
i 

[107] [105] [106] [105] 1[103) [104] [104] [104] 105 105 102 101 
17 I 102 101 I02 IOI 102 102 103 102 102 103 100 97 
18 105 104 104 104 104 105 105 106 105 103 100 99 
19 1 ro4 104 104 104 I04 104 104 105 IOS 106 103 102 

20 108 Iv9 109 109 109 110 III III 113 (II 1] I 10 IOS 

21 107 Io6 106 107 107 105 106 106 106 JOI 98 97 
22 99 99 98 99 98 99 98 98 98 97 95 94 
23 104 104 104 103 103 103 103 103 104 104 102 102 

24 [ IIO} (I IO] ( 109]( 107] [ 107) [107] [107] [ 107] [107] 106 103 104 

25 : 107 106 107 104 105 104 105 105 105 102 99 9S 

26 104 104 105 103 103 102 102 IOI ro2 97 95 95 
27 100 too JOO 99 98 98 98 98 98 95 92 91 
28 97 96 96 96 96 96 96 96 95 100 100 9S 
29 103 102 102 102 102 IOI 102 101 IOI 101 100 9lJ 
30 103 103 10, _, 103 103 102 102 IOI 102 101 100 98 

31 ;f 103] [102] [102] [ 101] [101] [101] [ro1] [100] [100] IOI 100 99 

t-

f\ieans i 102·2 102·0 102·0 101 ·7 . I 
Diurnal va-: 

101·9 101·8 102·1 102·0 102·0 100·5 98•6 97 5 

riation I +1·6 +1·4 +1·4 +1·1 +1·3 +1·2 +1·5 +1·4 +1·4 --0·1 -2·0 -3'1 



 

REPORT FOR 1892-P.ART II. 285 

JANl'ARY, 1883. 

\·alne of 1 rlh·ision of scale ·ooo 159 in ]l<irts of \'.] 

l .. ocai mean tin1c. 

----·--·- --~ ----------------

13b I"'" t1 i sh ]_ (J~I r7• 18h ~')'' 20" ••" 22tl 2".;h 
:\lid- Dally 
night. 1neans~ 

---·- --~--·-----~-------------- .... ------ --- . ··-·-··~--c 

d. 
97 98 99 99 100 JOO IOO JOI 100 100 IOI 100 98·5 
99 99 100 100 IOI I 01 100 IOI IOI IOI IOI IOI 100'() 
96 96 97 98 99 100 100 100 100 100 IOI IOI 9o·S 
9S 99 JOO 99 99 99 100 [0'.) 100 102 102 102 100·8 

96 95 96 96 96 97 98 99 9~1 100 101 IOI 99·9 

96 96 97 96 96 97 98 (;S 08 98 98 JOO 99·3 
97 97 o~ 97 97 •)j ~17 97 9.s 99 99 98 99·1 ~I 
o--- I 97 98 97 98 98 99 99 100 100 IOI JOI 09·1 
98 98 98 9q 98 98 99 99 !OD 102 102 103 100·6 

95 95 96 96 96 96 96 96 97 98 98 98 98·2 

94 95 90 96 97 97 97 q6 97 97 97 98 97·1 
96 97 97 98 99 98 9<J ~)8 9S 98 Q8 99 98·0 
')5 96 98 98 99 <18 98 97 97 98 98 99 97·8 
95 95 96 97 97 ;'is 98 97 97 09 u-o 97 98·3 ,c I 

97 98 99 99 99 [101] (IOI J L 102] [ 102] [ 103] (IOI J [102J [99·5] 

IOI IOI JOI 100 99 JOO 100 ;oo IOI 10[ 102 101 [ 102·4] 
98 99 99 IOI IOI IOI JOI 101 IOI IOI lOJ JO' 101' I ,) 

100 JOO IOI 102 102 102 102 102 103 10' ,) 104 104 102·9 
10' ·' 103 104 104 10' ,) IO.+ 104 104 105 106 106 J07 104·3 
104 102 IOJ 102 103 104 104 104 105 10~ ;J 105 106 106·7 . 
97 97 98 98 98 99 99 99 99 99 99 99 101·4 

9-+ 94 95 96 98 99 JO;) 101 IOI 102 10, 
,) 104 98·3 

102 103 10+ 105 107 to7 107 107 110 l IO ( l to] [110] [ 105·0] . 
104 104 105 105 105 105 107 107 107 107 107 106 [ 106-4] : 
9~ 100 102 102 103 103 103 103 103 102 104 104 103·1 

96 98 98 98 98 99 98 98 99 JOO 100 JOO 99·8 
92 92 94 95 95 95 96 96 96 96 96 97 96·1 
98 JOO 101 102 102 IOJ 103 103 103 103 103 10 1 99·4. ,} 

97 99 100 IOI 103 IOJ 103 103 103 103 I;).., 102 I 101 ·5 ,) 

98 100 100 100 IOI IOI 102 102 104 104 104 [103]1 [101·7] 

99 100 JOO 102 103 102 104 104 105 104 104 104 [IOI ·8] 

--~---"~-- --·--~-------c- ···---~·- ----~--·-·"' 
··---·-· _,,_, ____ - ----~--

97·6 98·2 98·7 9~F3 99·7 100·0 100"4 100·5 100·9 101·3 JOI ·5 lOI·7 100·6 

--3«) --2·4 --1·9 --1·3 --0·9 -0·6 -0·2 -0·1 --i--0~3 -10·7 +0·9 ~t- I• J 



 

286 
. ~ u. s. COAST AND GEODETIC SURVEY. 

FEERlIARY, 1883. 

[Increasing: scale readings correspond to increasing force. 

Local mean tin1e. 

.. ------~~--~---- - --~~-~-~~·-

Day of 
~· "'h 3h 41' 5h 6h 7b Sh 9b xoh nb Noon. month. 

I 103 103 104 103 103 103 I02 IOI IOI 97 98 97 
2 IOI IOI IOI IOI 100 100 IOI IOI 100 97 96 97 
3 100 99 JOO JOO 100 99 IOI 102 IOO 97 98 98 
4 98 99 100 99 100 100 IOI 102 102 IOI 102 102 

5 105 105 105 105 106 106 107 108 107 107 108 108 

6 110 I IO 109 11 I III l I I I 13 112 I I I 102 102 IOI 

7 103 103 102 102 IOI 104 104 105 104 93 91 89 
8 95 94 94 95 93 94 95 95 94 95 94 94 
9 99 99 99 99 98 98 99 100 99 98 97 97 

Io 100 100 99 98 99 98 99 100 IOO JOO 98 97 

I I 100 IOI 100 JOO 100 100 101 IOI 99 96 95 95 
12 IOI IOI 100 JOO JOO IOO IOI 102 IOI 100 9S 98 
13 102 102 103 102 102 102 103 103 102 100 98 98 
14 IOJ 103 103 103 103 103 104 104 103 99 98 97 
15 100 JOI JOO 100 IOI 102 102 IOI 100 98 98 97 

16 100 JOO 99 99 100 IOO 100 100 JOO JOO 99 99 
17 99 JOO 99 99 99 100 99 98 94 93 92 90 
18 97 97 96 95 95 96 95 96 95 93 91 90 
19 100 IOI IOI 99 99 99 99 100 IOI IOI IOI IOI 

20 104 JOO IOI JOI IOI 100 99 99 100 IOI 99 99 . 
21 IOO 99 99 97 98 98 99 99 99 97 96 95 
22 96 96 95 95 95 95 94 94 94 97 96 95 
23 JOO 99 99 98 98 <)8 98 99 97 95 95 94 
24 96 95 95 94 94 95 95 94 94 91 89 88 
25 92 92 91 91 90 91 91 92 91 98 97 98 

26 j 102 102 IOI IOI JOO IOI 100 99 98 97 98 98 
27 

r 

106 105 104 104 104 103 104 103 IOI 102 98 99 
28 102 107 106 105 104 104 104 104 104 105 104 105 

1\-feans 

I --- ----~-~-------

100·5 100·5 100·2 99·9 99·8 100·0 100·4 100-5 99.7 98·2 97·4 97'0 
Diurna1 va-

riation +o·8 +0·9 +0·5 +0·3 +0·1 +0·4 +0·7 -t-0·9 o·o -1·4 -2·3 -2·6 



 

REPORT FOR 1892-PAH.T II. 287 

FEHR CARY, 1883. 

Value of 1 division of scale ·ooo I53 in parts nf v.1 

Local mean time. 

13b 14b 15~ 16h 17b 18h 19h :zoh 21h 22" 23h Mid- Daily 
ni)!ht. means. 

d. 
95 98 100 IOI IOl IOI 100 JOO IOI TOI IOI IOI 100·6 

97 97 97 98 99 100 100 IOO IOI 100 101 98 99·3 
97 97 95 96 96 97 97 97 97 97 Q8 99 98·2 

102 102 103 104 103 104 105 105 105 104 106 105 102·3 
108 107 108 109 109 110 I IO I IO I I I 112 112 I I I 108·1 

99 100 IOI roo 102 103 102 102 102 102 103 103 105·1 
89 89 91 QI 93 93 Q3 93 94 95 95 95 96·3 
94 96 96 g6 97 97 98 99 99 99 99 99 95·9 
97 96 98 98 99 99 99 99 JOO JOO JOO IOI 98·7 
97' 98 99 99 IOO 99 IOO 98 JOO 98 99 100 99·0 

95 96 98 98 99 100 IOI IOI IOI JOO 100 IOI 99'I 
98 100 IOI 102 103 102 102 I02 102 104 103 103 101·0 
99 100 100 IOI 103 104 104 104 104 104 104 lOJ 102·0 
97 97 98 99 100 IOO JOO 100 102 IOI IOI 100 100·8 

97 98 99 99 100 100 99 100 100 100 IOI IOI 99·8 

98 98 99 99 JOO 100 IOI 99 100 99 99 98 99·4 
89 89 92 92 95 97 97 95 98 97 96 96 95·6 
89 So 92 93 96 99 100 IOI IOI 100 JOO 99 95·3 

ICX> IOI 102 102 102 102 103 103 103 103 103 103 101·2 
98 99 99 99 100 100 IOI IOI IOI IOI JOI lOI 100·2 

95 95 96 95 96 96 96 97 98 ~&; 97 97 97·1 
96 96 96 97 98 100 102 102 102 IOI 99 97·1 
94 96 97 96 97 97 97 97 98 97 98 98 97·2 
87 88 93 93 92 92 90 93 94 95 95 93 92·7 
98 98 99 99 JOO IOI 102 102 102 100 103 104 96·8 

99 100 IOI 103 103 104 104 105 105 105 105 105 101·5 
99 IOI 102 102 102 107 106 107 107 106 109 107 103·7 

106 107 109 109 109 IIO 109 109 109 I IO IJO I IO 106-7 

96·8 97·1 98·6 98·9 99·8 100·5 100·6 100·8 101·3 101"0 101·4 101·1 99.7 

-2·9--2·5 -I·I --0·7 +0·1 +0·9 +0·9 +1·2 +1·6 +1·4 +1·7 +1·5 

.. 



 

288 u. s. COAST AXD GEODETIC SUH.VEY. 

.MARCH, 1883 . 

[Increasing scale readings correspond to increasing force. 

Local mean time. 

----·~---

Day of ... ... 3• 4• _h 6'' , . 8" 9'' 10• 1Ih Noon. 1nonth. " , ______ 
------~----~---, 

I I IO 109 109 108 108 108 I07 108 107 107 105 107 
2 108 108 108 109 10<) 110 I IO 110 110 108 108 107 
3 110 I JO I 11 I I I 11 l I I I I I I I 10 109 106 [106] [106] 
4 Io8 109 109 110 I I I I I I I I I I I I 110 107 104 103 
5 107 107 107 106 106 106 107 107 107 106 105 105 

6 107 107 107 107 107 107 107 107 105 102 IOI 100 

7 104 104 103 103 103 104 104 104 102 94 92 92 
8 96 96 95 95 95 95 96 95 94 92 91 go 
9 104 104 103 103 IOJ 104 104 103 101 99 98 08 

JO IOI 101 100 lOI IOO IOI 102 IOI 99 96 96 96 

I I 102 101 IOI 100 IOI IOI IOI IOI JOO 93 91 90 
12 95 95 95 95 95 95 95 95 94 93 9I 91 
13 95 95 96 95 94 94 95 95 94 93 93 93 
14 93 92 93 93 92 94 94 94 94 94 94 94 
15 95 95 96 96 96 97 98 98 97 94 92 91 

16 96 96 96 96 96 96 97 97 96 96 95 94 
17 98 98 97 98 97 9S 98 98 97 98 96 95 
18 98 98 97 97 97 97 98 98 97 96 95 94 
19 98 98 98 98 98 99 99 99 99 97 96 96 
20 97 97 97 97 97 98 99 100 99 97 95 94 

21 100 100 100 100 IOI IOI IOI IOI JOO 95 91 91 
22 99 99 99 98 98 99 99 99 98 98 97 97 
23 IOI IOI I~ IOI 102 102 102 IOJ 102 93 92 92. 
24 99 98 97 g6 96 97 98 98 97 96 95 94 
25 98 98 97 96 96 g6 97 97 97 94 92 92 

26 102 IOI 102 100 99 99 99 99 99 98 97 96 
27 102 103 102 IOI IOI IOI IOI 102 IOI JOO IOI [01 

28 104 104 104 104 I04 I04 104 103 103 103 102 102 
29 108 I08 107 107 Io6 1o6 107 1o6 105 I06 104 103 

30 105 105 I05 105 105 105 105 105 I05 103 I02 [102] 

31 105 105 105 104 103 103 103 103 I02 IOI IOI IOI 

! 

Means 
I 

IOl·6 1101·5 101·4 101'2 IOl"O I00"9 ICl'3 101·5 100-6 98·5 97·4 9T0 

Diurnal va-
riation +1·0-;- I·O +0·7 +o·6 -,0·4 +0·9 +1·1 ~1·1 +0·1 -1·9 ·-j"I -3·4 



 

REPORT FOR 1892-P ART II. 

MARCH, 1883. 

Value of :r division of scale ·ooo %47 in parts of V .J 

109 109 
107 109 

L 106] [106] 
103 105 

105 105 

91 
92 
93 
94 
91 

94 
94 
95 
97 
95 

91 
97 
93 
94 
92 

96 
99 

102 

102 
[103) 

IOI 

104 

93 
93 
98 
96 

92 
93 
94 
95 
92 

93 
98 
94 
95 
93 

99 
IOI 
103 
103 
103 

IOI 

I IO 

I IO 

[107] 
107 
107 

104 

94 
95 

100 
99 

94 
94 
95 
90 
94 

96 
96 
97 
99 
97 

94 
100 

95 
96 
94 

98 
IOJ 
105 
104 
105 

103 

I IO 
I I I 

[w8] 
108 
107 

104 
95 
96 

101 
JOO 

95 
95 
95 
96 
95 

97. 
98 
98 
99 
99 

97 
JOO 

97 
98 
96 

JOO 

104 
106 

104 
I05 

103 

I IO 

III 

[109] 
109 
107 

104 

95 
104 
IOI 
100 

96 
95 
95 
96 
97 

99 
99 
98 

100 

99 

99 
101 
97 

100 

97 

IOI 
104 
1o6 
105 
105 

104 

Local mean tilne. 

I IO 

I I I 

[1 IO] 
I IO 

108 

104 

95 
103 
IOI 

IOI 

96 
95 
95 
96 
98 

99 
100 

98 
JOI 

100 

IOO 
IOI 

98 
IOO 

99 

'102 
104 
106 
105 
105 

104 

I 10 
I I 1 

IIO 

110 

107 

104 

95 
103 
IOI 

IOO 

97 
96 
95 
97 
98 

99 
100 

98 
IOI 

100 

IOO 
IOI 

99 
100 

100 

102 
104 

107 
105 
106 

105 

109 
I IO 

109 
109 
107 

104 

95 
103 
IOI 
100 

97 
95 
94 
96 
98 

99 
100 

98 
IOI 

100 

100 

102 
100 
100 

99 

102 
103 
106 
106 
106 

109 

110 
108 
109 

107 

104 

95 
105 
102 
100 

96 
94 
94 
96 
97 

98 
99 
98 

100 

99 

IOO 

102 
100 
100 

100 

103 
103 
107 

105 
105 

105 

109 
JIO 

108 
108 
107 

104 

95 
103 
10[ 
100 

96 
93 
93 
94 
97 

98 
99 
97 
99 
99 

JOO 

IOI 

100 

100 
100 

103 

103 
106 
104 

105 

105 

109 
I IO 
107 
108 

106 

104 

95 
104 
IOI 
100 

95 
93 
94 
94 
97 

97 
98 
97 
98 
98 

101 
100 

JOO 

99 
IOI 

103 
lOJ 
I06 

104 

LOS 

105 

289 

J\lid- Daily 
night. means. 

108 
I IO 
107 ; 
107 
106 

105 

95 
103 
IOI 

100 

96 
93 
93 
94 
96 

97 
98 
97 
97 
98 

101 

99 
98 
99 

102 

103 
105 
108 
104 
105 

104 

d. 
108·5 
109·4 

[108·6] 
108·2 
106·5 

104·6 

97·6 
97·2 

101·3 

99·4 

96·8 
94·0 
94·3 
9-1- 4 
9y6 

96·6 
97·7 
97·0 
98·5 
97·8 

98·2 
99·3 
98·5 
97·6 
96-8 

JOO.I 
102·2 

104·5 I 
105·2 \ 

[ro4·6Jl 

Io3·4 I 
97·3 98·3 99·6 100·5 10I·4 ror-8 102·0 101·7 101·6 101·2 101·0 100·9 100·5 

S. Ex. 37--19 



 

290 u. s. COAST AND GEODETIC SURVEY. 

APRIL, 1883. 

[lncreasing scale readings correspond to increasing force. 

Local mean time. 

Day of :.• 2" 3" .... 5b °' 7 .. s• 9b xol' xx" Noon. rnonth. 

I 105 105 105 105 104 104 104 104 103 IOI 99 08 
2 IOI 100 IOI 102 102 102 103 103 JOI 98 98 g8 
3 106 106 106 106 103 103 102 102 IOI I03 103 103 
4 107 107 107 107 107 107 107 107 105 107 98 98 
5 102 102 IOI IOI 102 103 104 103 102 97 96 96 

6 97 97 96 96 96 96 98 98 97 94 93 94 
7 98 97 97 96 96 97 97 98 98 97 97 97 
8 104 104 103 102 103 103 104 105 104 102 100 99 
9 104 104 104 104 104 104 105 106 105 102 IOI 100 

IO 103 102 102 102 102 103 103 104 103 IOI loo 100 

II 102 103 102 102 103 103 103 103 IOI 100 100 99 
12 104 104 104 104 105 106 106 107 106 104 104 104 
13 IOI IOI 100 IOI "102 103 104 103 88 84 83 84 
14 88 88 88 88 89 89 90 90 90 89 88 88 
15 92 92 91 91 92 92 92 92 91 90 89 go 

16 98 96 97 97 97 98 98 98 98 98 97 97 
17 97 97 97 97 98 98 JOO 100 97 97 96 98 
18 100 99 99 100 IOI IOI 103 104 103 99 99 98 
HJ 103 102 102 102 103 103 104 103 102 99 99 99 
20 104 103 IOJ 103 104 104 106 105 106 lOJ 102 102 

21 102 102 102 102 102 102 I02 102 IOI 99 98 98 
22 IOI IOJ IOI IOI IOI 102 102 103 IOI IOI 100 IOO 
23 IOI IOI lOl IOI IOI 102 103 103 102 IOI 100 JOO 

24 105 105 105 104 105 104 104 103 IOI 98 96 96 
25 104 102 102 102 102 103 104 104 104 IOI IOI IOI 

26 100 99 99 99 99 99 
~ 

99 99 98 93 94 95 
27 96 97 97 g6 96 97 96 97 96 94 95 96 
28 95 96 96 97 96 96 96 95 94 93 93 94 
29 97 97 97 97 97 97 97 97 96 99 98 99 
30 103 104 104 104 104 104 105 104 103 IOI 100 100 

Means I00"7 100·5 100·3 100·3 100·5 100"8 101·4 
Diurnalva-

101·4 99·9 98·2 97·2 97·4 

riation +o·6 +0·5 +0·2 +0·3 +0·4 +o·8 +1·3 +1·4 -0·2 -1·8 -2·9 -2·6 



 

REPORT FOR 1892-PART IL 291 

APRIL, 1883. 

Value.of :i:: division of scale, ·00014:1 in parts of V.] 

Local mean time. 

x3" , ... ~s• x611 x7• xa• 19• 20• 2xft -lo 23h 
Mirl- Dailv 
night. means. 

---~-

d. 
98 98 IOI 102 103 104 104 ro3 103 102 IOI 100 102·3 
98 100 IOI 102 103 104 106 105 105 104 I04 104 IOI·9 

103 102 I05 1o6 108 109 109 108 Jo8 J08 109 109 105·3 
99 99 100 102 104 J04 104 J03 103 102 JOZ 102 Jo3·7 
97 97 99 IOI 102 IOI JOO 100 100 99 99 97 roo·o 

95 97 98 99 99 JOO 100 99 99 99 98 98 97·2 
98 98 99 100 IOI 104 105 104 103 103 102 102 99·3 
99 101 102 102 104 104 105 104 104 104 104 104 102·9 

IOI IOI 103 104 105 104 104 103 IOJ 103 102 102 lOJ"J 
IOI IOI 102 103 I03 105 105 104 104 IOJ 103 102 1oz·5 

IOI IOI 102 103 104 I03 103 102 103 103 103 102 102·1 
104 103 104 104 103 102 JOI JOO 100 100 JOO 100 103·3 
86 86 86 88 90 90 89 89 89 89 89 89 I 9 2 ·3 
88 88 89 90 92 92 92 92 92 92 91 91 89·8 
89 90 92 94 95 97 97 97 96 96 97 97 93"0 

98 98 99 99 99 JOO IOI JOO JOO 99 98 98 98·3 
98 100 tor J02 103 103 102 102 IOI 100 JOO 99 99·3 
98 99 IOI 102 104 105 105 103 104 IOI IOI 103 101·3 
99 99 JOI IOI 103 103 103 104 104 103 103 103 102·0 

IOI IOI IOI IOI 101 IOI 102 IOI 102 102 102 102 102·6 

97 97 98 100 100 JOI 102 102 101 IOI IOI IOI 100·5 
100 100 JOO 102 103 103 102 102 102 102 IOI IOI 101·4 
100 IUO IOI 102 103 103 103 103 103 103 104 104 101·9 
95 95 98 99 102 104 105 104 104 105 104 104 101·9 

IOI. IOI 100 102 IOI IOI IOI l(X) JOO 100 98 98 10J·4 

95 95 97 97 97 97 97 96 96 96 95 95 96·9 
97 97 98 97 97 96 96 96 95 95 95 95 96·1 
95 95 95 95 96 97 97 96 96 96 95 95 95·4 

IOO IOI 102 103 104 105 105 104 103 103 103 103 100·2 
IOI 102 103 105 105 107 107 106 105 105 105 104 103·8 

-----
97·7 98·3 99·3 100·3 101·1 101·6 101·7 101·1 100·9 100·6 100·3 100·1 100·1 

\ 
-2·4 -17 --0·8 +0·3 +1·0 +r6 +1-6 +1·1 +o·& +o-6 +o·:i +0·1 



 

292 U. S. COAST AND - GEODETIC SURVEY. 

MAY, 1883. 

[Increasing scalo readings correspond to·increa.sing .. force. 

Local mean time. 

Day of 
month. :r."' 12• 3'" •• 5111 6.lo 7lo s• 91l :tok Jail Noon. 

I 1o6 105 106 105 105 104 105 1o6 105 IOI JOO 101 
2 I02 IOI I02 102 IOI IOI 101 102 IOI 98 98 97 
3 IOJ Io3 102 102 IOI 102 103 I03 103 IOI IOI I02 
4 I02 102 102 I02 102 102 102 103 102 99 99 99 
5 104 104 104 104 105 106 1o6 106 104 102 IOI 100 

6 I03 103 103 103 104 104 105 104 103 102 100 JOI 

7 105 104 104 103 I05 105 105 105 103 l(X) 100 102 
8 104 104 I04 I04 104 104 105 106 105 I03 102 IOI 

9 I03 103 102 IOI 102 102 103 103 102 102 102 IOZ 
IO 106 106 1o6 1o6 1o6 I06 I07 105 104 104 103 103 

II 107 107 107 107 107 107 lo6 105 104 102 102 105 
12 106 106 105 105 1o6 1o6 1o6 105 104 100 100 102 
13 102 IOI 102 JOI 102 103 102 100 98 97 98 102 
14 102 102 102 102 104 104 104 103 100 92 92 93 
IS 95 95 94 95 95 95 95 94 93 92 92 93 

16 96 95 95 95 96 96 96 94 93 <)O go 91 
17 93 92 92 93 93 94 94 92 9I go 90 91 
I8 93 93 93 94 94 94 94 92 92 9I 91 92 
19 94 94 94 94 93 93 93 93 93 92 92 94 
20 100 100 100 99 99 99 100 IOO 99 98 97 98 

21 105 104 104 I02 103 104 104 105 105 107 107 107 
22 I I08 107 107 1o6 105 106 1o6 107 106 105 105 105 
23 108 107 106 107 1o6 1o6 I07 106 105 104 102 102 
24 I06 1o6 106 105 1c5 1o6 1o6 1o6 105 IOI IOI IOI 

25 106 IOO 106 1o6 106 107 107 1o6 IOS 104 103 103 

26 1o6 1o6 1o6 105 Io6 1o6 105 105 104 104 103 104 
27 I05 105 I05 106 1o6 107 107 107 105 104 103 104 
28 109 108 1o8 I08 108 1o8 108 108 107 I05 Io6 106 

29 1o6 1o6 107 107 I08 108 108 108 107 99 98 98 
30 98 98 98 98 97 99 100 100 99 98 97 98 

JI 99 99 98 99 100 99 100 99 9'1 98 99 98 

Means 102·6 102·3 102·3 102·1 102·4 102·7 102·9 102·5 101'4 99·5 99·2 99-8 
Diurnalva-

riation +0·9 +o·6 +o·6 +o-4 +o·7 +1·0 +1·2 +o-8 -0-3 -2·2 -2·5 -1·9 

,. 



 

REPORT FOR 1892-P ART IL 298 

MAY, 1883. 

Value of :r division of scale, ·ooox35 in parts of V .] 

Local mean time. 

Mid- 1 Daily x3• x41> :rs• 1611 1711 x8b I911 2oh 211> 22h 23h night. means. 

d. 
102 103 103 104 104 105 105 104 104 104 102 102 103·8 
98 99 IOI 102 103 105 105 104 103 103 103 102 101·4 

102 IOI 102 102 I02 I0.2 105 104 103 103 102 102 102·3 
100 102 102 102 102 103 104 104 103 Io3 103 103 102·0 
102 102 103 104 104 104 104 104 IQ.4 104 103 103 ! 10]"6 

IOI IOI 103 103 104 104 103 102 103 104 104 104 I 103·0 
IOI IOI 102 102 103 104 104 103 103 104 103 103 I IOJ"I 
JOI 102 102 103 104 103 103 103 103 103 104 104 103·4 
103 103 105 105 105 105 105 104 104 105 105 105 103·4 
106 106 106 106 107 106 Jo6 ro6 105 105 105 106 105·5 

102 102 103 104 106 105 104 105 105 104 105 105 104·8 
102 102 102 102 102 I02 102 102 102 103 102 102 IOJ"2 
JOO IOI IOI 102 102 102 IOI (01 IOI 102 102 102 101·0 

94 94 95 96 97 97 96 96 96 96 96 96 97·9 
94 94 94 95 95 95 95 95 96 96 96 94 94·5 

91 91 91 92 93 93 93 93 92 93 92 92 I 93·0 
91 92 92 93 94 95 95 95 95 95 94 94 I 92·9 
91 91 91 92 93 95 96 96 96 95 95 95 ! 93"3 
94 94 95 96 96 100 IOI IOI 100 100 100 100 95·7 
98 99 99 99 99 IOI 103 105 106 107 108 to6 100-8 

105 106 107 107 107 107 108 108 109 108 108 110 
I 

105·7 
105 105 105 106 106 107 107 107 105 106 106 107 lo6·o 
103 105 106 107 106 107 107 106 106 107 106 106 105·8 
102 103 104 105 106 106 106 107 1o6 106 106 107 104·9 
103 104 105 1o6 1o6 1o6 1o6 104 105 105 1o6 106 105·3 

105 106 1o6 106 106 1o6 105 105 105 104 104 106 ' 105·2 
105 105 fo6 107 107 I JO 109 108 107 107 107 108 I rn5·8 
106 1o6 108 109 109 109 108 108 107 106 106 107 I 107·4 
98 98 98 99 99 99 99 98 q8 Q8 97 97 101·6 
98 98 99 100 100 99 98 99 g8 gS 97 98 98-4 

99 99 100 100 99 99 100 IOI 100 100 100 99 99·2 

----· 

10<»1 100·5 101·2 101·8 102·1 102·3 102·7 102·5 102·3 102·4 102·2 102·0 101·7 

1·6-1·2-0·5 +0·1 +0-4 +o·6 +t-o +o·8 +o·6 +0·7 +0·5 +0·3 



 

294 U. S. COAST AND GEODETIC SURVEY. 

JUNE. 1883. 

[Increasing scale readings correspond to increasing force. 

Local mean time. 

Day of 
month. 

J; .. glL 3 .. 4• s• &i 7 .. a• 9• zolL xx" Noon 

l 98 99 99 99 99 100 IOO 100 99 97 95 95 
2 99 99 99 IOI 100 100 100 99 97 ,96 97 97 
3 99 99 98 100 JOI IOI 100 99 98 98 98 100 

4 99' 99 99 99 99 Joo 102 100 100 98 98 98 
5 102 103 102 103 104 104 105 105 103 101 IOI 102 

6 106 106 104 105 105 105 105 I05 104 103 102 102 
7 107 107 107 107 107 107 I08 107 106 101 102 104 
8 105 I04 104 104 104 104 105 105 103 102 JOO 100 
9 102 102 I02 103 103 I02 102 102 100 98 98 100 

JO 102 102 102 103 103 103 103 102 102 98 98 98 

II 99 99 99 99 100 100 99 99 97 94 94 94 
12 95 95 95 95 96 97 97 97 95 93 93 93 
13 96 95 95 96 97 98 98 97 97 94 93 93 
14 96 97 97 97 98 99 99 98 97 96 94 95 
15 97 97 99 98 99 too 100 100 98 98 97 98 

16 99 99 99 JOO IOI IOI 102 IOI 99 96 95 95 
17 IOI IOI IOI 100 100 100 100 100 100 99 100 98 
18 IOI IOI IOI IOI IOI 102 103 103 103 100 99 98 
19 100 tr:.> I 100 101 IOI 100 101 100 100 99 99 99 
20 100 IOO 100 100 JOO 100 IOI IOO 98 98 98 98 

21 100 99 99 99 99 99 99 99 98 95 93 94 
22 IOI 100 100 100 100 IOI IOI IOI IOI 95 95 96 
23 100 99 98 98 98 98 98 97 g6 94· 93 92 
24 99 99 99 99 99 98 99 99 97 94 94 94 
25 IOI 101 101 IOI IOI 102 103 103 102 99 97 98 

26 104 103 102 102 103 103 103 103 102 IOI 99 99 
27 104 104 10.:: 102 102 IOI 102 103 102 95 96 96 
28 104 104 104 104 103 104 1o6 105 104 103 102 101 
29 105 103 104 104 104 104 104 103 102 103 IOI IOI 

30 104 104 104 104 104 104 105 105 103 102 102 102 

Means J00·8 100·7 100·5 ICX>-8 101·0 1oi·2 101·7 101·2 100·1 98·0 97"4 97·7 
Diumalva-

riation +o·8 +o·8 +0·5 +0·9 +1·0. +1·3 +1·7 +1·3 +0·1 -1'9 -2·6 -2·2 



 

REPORT FOR 1892-PART IL 295 

JUNE, 1883. 

Value of :a: division of scale, ·ooonr<J in parts of V.] 

Local mean time. 

13• 1411 :i:5h i611 :171. ygll 19• 20 .. inll 22b 2~• MU- Daily 
.> night. n1eans. 

d. 
96 96 96 97 97 98 99 99 JOO JOO 98 98 98·1 
97 98 99 100 100 99 99 99 99 98 98 98 98-7 
98 98 98 98 98 99 JOO JOO 99 99 99 99 99·0 
99 100 100 IOI 102 102 102 102 102 102 102 102 100-~ _, 

102 IOI IOI 102 103 103 103 103 I03 104 104 104 102-8 

102 103 104 106 106 106 107 107 107 106 107 107 105-0 
104 104 104 106 105 105 103 102 103 103 10·' 

-~ 104 10+·8 
100 IOI IOI IOI IOI 101 IOI 100 99 100 IOI IOI 102·0 
100 100 99 IOI 101 102 10~ 

-~ 
IOI IOI 102 IOI 102 I 01 ·I 

98 98 98 98 98 99 98 98 98 98 98 98 99-7 

95 95 95 95 95 95 96 96 96 q6· 95 95 96·5 
93 95 95 95 95 97 96 95 95 95 95 94 95· I 
94 95 96 96 96 96 97 97 97 97 96 97 gb·o 
96 96 97 98 98 98 99 99 99 99 99 99 97·5 
98 98 98 98 99 99 99 98 98 98 99 99 98·4 

96 97 98 99 100 100 100 99 99 99 99 99 98-8 
97 97 99 99 100 IOI 102 102 102 103 102 102 100·3 
97 98 99 100 IOI 100 101 100 100 102 IOI 100 100"5 
97 97 98 100 100 JOO 100 99 99 99 99 99 99·5 
97 98 98 100 99 100 99 98 98 98 9i 96 98-8 

95 96 98 99 100 99 100 99 JOO 100 100 lO"J 98·3 
95 96 97 97 97 99 99 99 99 99 99 99 98·6 
94 94 95 97 97 99 99 99 98 98 99 99 97·0 
96 96 98 98 99 99 IOI 100 99 99 100 101 98-2 
98 98 100 100 100 IOI 102 102 102 102 102 103 100·8 

100 99 100 IOI 103 103 102 102 IOI IOI 100 IOI Ior·5 
98 IOO 102 102 103 104 105 105 104 104 103 103 101·8 I 

102 103 102 103 103 103 103 103 102 102 102 102 IOJ'l 
IOI 100 102 103 104 104 105 104 102 10-. 103 102 103·0 i ,") 

IOI IOI 102 102 104 106 105 105 105 104 105 105 103·7 

I -- ------- ------- - -- --------------~· 

98·2 98·3 99·0 99·7 100·2 100·6 100·8 Ioo·4 100·2 100·, _ .. 100·2 100·3 IO<J"O 
i 

-1·8-r6-1·0 --0-2 +0·2 +0·7 +o-8 +0·5 +0-2 +0·4 +0·2 +0·4 



 

296 U. S. COAST AND GEODETIC SURVEY. 

Day of 
month. 

I 
2 

3 
4 
5 

6 
7 
8 
9 

IO 

II 
12 
T ~ 

_) 

I 4 
15 

J6 
17 
18 
19 
20 

ZI 
22 
23 
24 
25 

26 
27 
28 
29 
30 

3' 

I 

I 

\ 

:i:h. 

104 
103 
105 
102 
103 

103 
103 

99 
JOO 

IOI 

102 
103 
103 
102 
100 

IOI 
100 
JO" _.., 
IO' _.., 
106 

99 
99 

103 

99 
102 

100 
103 
102 

95 
IOI 

104 

..... ~ ... 

104 104 104 
103 103 103 
105 104 I05 
I02 102 103 
IOI 102 I03 

103 103 103 
103 103 103 
98 98 99 
99 99 99 

IOI 100 IOI 

IOI- IOI IOI 
103 103 103 
103 103 103 
102 102 IOI 
JOO 99 100 

IOI 100 JOO 
100 99 100 
102 100 IOI 

103 103 103 
106 106 105 

98 98 98 
99 99 99 

102 IOI IOI 

99 99 98 
102 102 102 

100 100 100 

JO' ,} 103 JO"' .) 

102 102 102 
96 97 97 

IOI 103 103 

105 105 106 

Means 101'7 101·6 101·4 101·lJ 
Diurnal va-

1 
riation. +1·0 +o·S +0-7 +o-8 

JULY, 1883. 

[Increasing scale readings correspond to incr~sing force. 

Local mean time. 

s" 611 7" gi. 

106 106 106 107 
104 106 107 107 
105 I06 I06 106 
103 103 103 104 
103 103 I04 103 

103 105 I05 103 
I03 104 103 103 

99 99 99 JOO 

100 JOO IOI 100 
102 103 103 103 

IOI I02 IOI IOI 
104 104 1o6 105 
104 105 105 105 
102 100 100 99 
IOI IOI 102 IOI 

IOI IOI I02 IOI 
IOI IOI IOJ 102 
102 101 102 102 
104 104 106 105 
1o6 106 106 105 

98 99 99 99 
99 99 99 100 

IOI IOI 102 103 
98 99 100 100 

102 102 102 IOI 

100 JOO JOI JOO 

IOJ IOJ 102 102 
103 103 104 104 

97 98 98 98 
IOI IOI JOI 102 

106 106 107 105 

102·0 102·3 102·7 102·5 

+z·o 

9" 

105 
105 
105 
I02 
102 

102 
102 

98 
99 

102 

IOI 
103 
105 
JOO 

99 

IOO 
IOI 
IOI 
104 
106 

97 
99· 

IOI 

98 
IOI 

99 
IOI 

102 

99 
JOO 

I04 

10" 

102 
103 
IOJ 
IOI 
IOI 

99 
98 
96 
96 
99 

IOO 
98 

100 

97 
97 

95 
98 
98 

102 

94 

95 
95 
96 
95 
95 

99 
99 
95 
98 
96 

104 

·~b 

IOI 
103 
103 
102 
IOI 

100 

95 
96 
96 
99 

100 

97 
99 

6 9 
97 

94 
97 
97 

100 

92 

96 
93 
95 
95 
95 

99 
98 
93 
97 
95 

105 

Noon. 

100 
10~ ·' I02 

102 
102 

JOO 

95 
95 
98 
99 

IOI 

97 
98 

6 9 
97 

94 
97 
9S 

IOO 
92 

95 
93 
96 
96 
96 

100 

qS 
93 
97 
95 

106 

-3·0 



 

REPORT FOR 1892-PART n. 297 

JULY. 188J. 

Value o! x division of scale, •0001:23 in parts of V.] 

Local mean time. 

13• 14ll, 15• 16h x7h 18• ;i:qb 2oh ,:ui. 22b 23• Mid- Daily 
night. means. 

d. 
IOI 102 102 104 IQ4 105 106 105 104 104 105 105 104·0 
104 105 105 104 105 104 106 105 105 104 104 104 104·4 
102 103 103 l·-s 105 105 104 10--1- 103 104 103 103 Io4·1 
102 102 101 102 103 10·' .) 104 103 103 I03 103 103 102·5 
102 103 104 104 10-t- 104 103 104 102 103 103 103 I02·8 

102 102 102 I02 102 102 103 102 102 I02 102 I02 102·3 
96 97 98 98 98 97 99 99 98 99 99 98 99·6 
96 97 98 98 99 99 99 99 98 98 99 99 98·1 
98 98 99 99 99 100 100 100 100 . 100 IOI IOI 99·3 
99 99 99 99 99 99 100 100 100 100 99 100 100·3 

IOI IOI IOI IOI IOI IOI 106 105 104 104 103 IOJ IOI·8 

97 98 99 100 IOI 101 104 103 103 103 103 103 101"7 
98 98 99 IOI IOI IOI IOI 100 100 IOI 100 100 101"4 
96 97 98 98 98 99 IOI 101 IOO IOI IOI IOI 99·5 
97 98 98 99 100 IOI 103 IOI 102 IOI IOI IOI 99·8 

95 96 97 97 97 98 IOI IOI IOI 100 IOI 100 98·9 
98 100 IOI IOI IOO roo IOJ 102 102 102 I02 102 l<Xl"5 

100 100 100 100 101 IOI 103 103 103 104 104 104 101·2 
100 102 102 103 lOJ 104 105 106 105 105 105 106 103-5 
92 92 93 95 97 97 98 97 98 98 99 98 99·3 

95 96 97 98 99 99 100 99 99 99 99 99 97·9 
93 94 g6 • 97 98 103 103 102 102 102 102 102 98·6 
95 95 95 95 96 97 99 99 98 98 99 99 98·6 
96 96 97 98 IOI 100 IOI 100 100 101 IOI 102 98·7 
97 98 98 98 98 98 100 100 IOI 99 100 100 99·5 

100 100 JOO 102 .102 102 102 102 101 IOI 102 102 100·6 
99 99 99 100 100 100 102 102 IOI IOI 102 J02 IOJ"O 
93 93 95 94 94 95 95 95 96 96 95 95 97·5 
97 98 98 100 99 IOI 104 IOI IOI IOI IOI 100 I 9...,·7 
96 97 99 IOI 102 103 104 104 103 104 104 104 100·8 

105 
I 

105 106 107 106 108 110 109 108 108 109 I IO 106·4 1 

1---~• 
98·1 

I 
98·7 99·3 100·0 100·4 100·9 102·2 101·7 101·4 101·5 101·6 101·6 100·7 

-2·6 -2·1 -1·4 --0·8 --0·3 +0·1 +1·5 +0·9 +0·7 +0·7 +0·9 +o·S 



 

298 U. S. COAST .AND GEODETIC SURVEY. 

AUGUST, 1883. 

[Increasing scale readings correspond to increasing force. 

Local mean time. 

Day of 
month. xll ... 3• •• 5la 61> 711. g1t 91t Io11 xiii Noon. 

I 105 109 108 109 IIO 109 III IIO 106 105 108 [103) 
2 107 r.07 107 107 109 III 112 I I3 I 12 94 94 94 
3 107 108 108 1o8 109 III I I 2 l I I 109 97 96 [98] 
4 98 98 98 98 99 JOO xoo 100 98 95 94 94 
5 98 98 98 99 99 100 99 99 97 95 94 92 

6 101: IOI 102 IOI 102 103 102 102 100 99 98 96 
7 IOI 102 102 102 103 103 103 102 102 99 99 98 
8 104 104 Hil5 1o_c; 106 106 105 105 104 103 I03 102 

9 107 108 108 108 1o8 109 109 108 1o6 106 105 103 
IO 108 108 109 109 109 109 108 1c8 107 1::>5 104 103 

II 109 109 IIO I IO 110 IIO III 110 Iog 108 107 106 
~ 12 108 107 I07 107 107 107 106 106 105 104 103 103 

13 106 106 106 107 107 108 108 108 107 104 103 102 
14 104 104 104 105 105 1o6 106 ro6 105 104 102 102 
I5 104 105 106 107 107 I08 108 I07 106 104 103 102 

I6 105 106 106 [107] [109] [I to] [I IO] [109] [108] 107 105 I04 
17 I06 to6 107 107 I07 108 107 I07 Io6 I04 103 103 
18 T.05 105 105 106 106 106 105 105 105 103 102 102 
19 105 106 106 107 107 108 108 108 107 105 104 103 
20 103 104 104 105 105 106 105 105 105 I04 103 103 

21 108 108 108 108 107 107 107 1o6 I06 I04 103 102 
22 105 104 104 IOS 105 105 105 105 105 I04 IOJ 102 
23 105 105 106 106 106 107 106 106 106 105 104 102 
24 108 109 109 109 109 I IO 109 110 109 107 1o6 104 
25 107 107 107 108 108 108 107 107 1o6 104 103 102 

26 105 105 1o6 107 I07 108 108 io8 107 105 104 103 

27 102 IOI IOI IOI 102 102 IOI IOI 100 99 98 98 
28 99 100 100 100 100 100 100 99 98 98 98 97 
29 99 99 99 100 IOI IOI IOI IOI IOO 100 99 98 
30 100 100 IOI 102 102 103 103 103 102 102 102 100 

31 103 103 104 105 1o6 1o6 1o6 1o6 106 104 104 103 

1 
M.eans 104·3 104·6 104·9 105·3 :ro5·7 1o6·3 106·1 105·8 104·8 102·5 101·7 100·8 

; T>1urnal va-1 I ria.tion I +1·7 +2·o +2"3 +2·7 +J·I +3"7 +3"5 +3·2 +2·2 --0·1 -0·9-1·8 



 

REPORT FOR 1892-PART IL 

Value of r dlvlSlon of scale, ·oaon6 in parts of V.] 

-:r3• :r·• :rs" l~ I71o 

[99) 94 (94) 95 I<>6 
96 98 99 102 104 

[98] [98] [98] [98) 98 
94 94 95 95 95 
92 93 94 94 94 

95 95 96 97 98 
99 99 100 IOI IOI 

103 103 104 104 104 
103 103 103 102 102 
102 102 102 102 102 

104 104 104 103 103 
102 IOI IOI IOI 100 
102 100 100 100 100 
JOO JOO 99 98 98 
Io.I IOI JOO 99 JOO 

102 102 IOI IOI 100 
102 102 102 102 102 
IOI 100 100 99 99 
102 101 100 99 99 
103 103 103 103 102 

IOI 100 100 99 99 
102 102 102 IOI IOI 
IOI 101 too 100 100 
103 102 102 IOI 100 
102 IOI IOI 100 ICX> 

102 IOI 100 99 99 
97 97 96 96 95 
96 96 96 96 96 
98 97 97 97 97 
99 99 

102 IOI IOI 100 100 

Local mean time. 

18"' 

106 
104 
96 
96 
95 

98 
IOI 

103 
102 
102 

103 
100 
100 
98 

JOO 

100 
102 

99 
100 
102 

99 
101 
JOO 

100 
100 

98 
95 
96 
97 

100 

19b 

104 
1o6 
98 
96 
91 

99 
100 
103 
103 
103 

103 
IOI 

99 
98 

IOO 

IOI 
102 
100 

100 
102 

100 
IOI 
102 
IOI 

99 

98 
95 
95 
96 
98 

99 

::aol' 

105 
107 
98 
96 
97 

100 
102 
104 
104 
105 

104 
IOI 
JOO 

_98 
IOI 

102 
103 
102 
IOI 
102 

IOI 
102 
102 
IOI 
100 

98 
95 
96 
97 
99 

100 

21lt. 22b 

105 1o6 
107 108 

97 97 
97 97 
98 99 . 

100 IOI 
102 103 
105 105 
105 106 
1o6 107 

105 1o6 
103 104 
IOI IOI 
100 IOI 
IOI 103 

103 104 
103 104 
102 104 
IOI 102 
104 105 

102 103 
102 103 
103 104 
103 104 
IOI 102 

99 99 
96 97 
97 97 
98 98 

too JOI 

IOI IOI 

•3 .. Mid-
night. 

106 106 
107 108 
98 98 
97 98 

100 IOI 

102 IOI 

104 104 
106 107 
107 108 
109 109 

106 107 
104 105 
102 103 
102 103 
103 104 

105 105 
105 105 
105 1o6 
103 103 
106 107 

104 105 
104 104 
105 107 
105 106 
103 103 

100 100 
98 99 
98 98 
99 99 

102 IO.~ 

102 103 

100·1 99·7. 99·6 99·4 99·7 99·7 100-0 100·7 101·5 102·3 ,103·1 103·7 

- 2 ·s -2·9 -yo -3"2 -2·9 -2·9 -2·6 -1·9 -i-1 -0·3 -t:-o·s +1·1 

299 

Daily 
means. 

d. 
(105·0] 

104·7 
[101·9) 

96·8 
96-8 

99·5 
101 ·3 
104·3 
105·5 
105·8 

106-7 

rn3·91 
-IOJ'3 
102·0 

103·3 l 
[104·7] 

104'4 
103·0 
IOJ"6 
103·9 

103·6 
10]"2 
IOJ"7 
105·3 
1oy6 

1oz·8 
98·4 
97·8 
98·7 

100·5 

102·8 



 

300 U. S. COAST AND GEODETIC SURVEY. 

SEPTEMBER, 1883. 

[Increasing sea.le readings correspond to increasing fo.-ce. 

Local mean time. 

Day of 
111onth. ~· ... 311 ... s" 6" 7" 8" 911 i:olt i::rlo Noon 

I 103 104 103 103 104 104 104 104 103 102 IOI JOO 
2 101 102 102 102 103 103 103 I03 102 IOI 100 98 
3 99 100 JOO IOI 102 102 I02 102 JOI 89 89 89 
4 99 98 99 99 100 IOI IOI JOO 98 91 91 92 
5 99 99 99 99 JOO IOI IOI 1og 96 96 95 94 

6 IOJ 104 104 104 104 105 105 103 IOJ 96 96 96 
7 105 105 105 105 1o6 107 108 I07 105 100 99 9i 
8 105 105 105 105 1o6 '107 107 106 104 100 99 98 
9 106 1o6 107 107 108 108 110 109 103 100 99 98 

IO 104 103 103 104 104 104 104 104 102 99 98 97 

II IOJ 103 I03 103 103 104 103 .103 102 96 95 94 
.Z2 99 100 IOO 100 IOI IOI IOI IOI 100 97 96 95 
13 100 99 99 99 99 99 98 98 97 96 95 94 
14 108 100 100 100 IOI 102 102 102 IOI 98 98 97 
15 100 JOO 100 100 100 100 100 99 98 98 98 97 

16 104 105 103 105 104 105 106 107 105 104 102 102 

17 I09 109 109 109 109 109 109 log 108 104 102 JOJ 

18 105 104 104 104 104 104 105 104 102 98 95 94 
I9 99 99 -99 98 98 98 99 99 97 96 95 94 
20 IOI IOI IOI IOI IOI JOI 100 too 99 97 96 94 

21 94 94 94 94 93 93 94 93 94 95 95 95 
22 95 96 96 96 95 95 95 96 97 100 100 100 

23 100 100 100 IOI IOI JOO JOO 100 100 100 99 9i 
24 100 100 IOI 102 I02 102 103 103 102 IOI 99 99 
25 IOJ 103 104 103 103 103 103 103 103 102 102 102 

26 104 104 104 104 105 106 to6 1o6 104 JOO 99 9S 
27 100 100 100 IOI IOI IOI 100 100 98 98 98 9S 
28 103 104 103 106 106 107 J09 1o8 107 102 IOI I~ 

29 104 104 105 105 1o6 107 108 108 107 I02 IOI 100 

30 101 102 102 103 103 104 105 105 104 IOI 100 100 

-- -

Means 101"6 101·8 101·8 102·1 102·4 102·8 103·0 103·0 101·3 98·6 97·8 9i•O 
Diurnalva- . 

riation +1·8 +2·o +z·o +z·3 +2·6 +J·O +3"2 +3"2 +1·5 -1·2 -2·0 -2·8 



 

REPORT FOR 1892-PART II. 301 

SEPTEMBER, 1883. 

Value of i: division of liCale, 'ooo:n• in parts of V.) 

Local mean time. 

:.311 14"' 1511 1611 llT' 1:811. J:gll .c> •1"' s2'i 2311 
Mid- Daily 
night. means. 

d. 
99 98 98 98 98 97 97 97 99 99 IOO IOI 100·7 

97 97 96 96 96 96 95 95 96 97 98 99 99·1 
91 9I 93 93 93 93 96 96 96 96 96 96 96-1 
93 94 94 94 93 93 97 96 96 96 97 97 96-2 
95 97 98 98 98 98 99 99 99 IOI 102 103 99·o 

95 96 97 97 97 97 102 102 Ici2 103 I04 105 100·8 
97 98 99 98 99 JOO 100 IOI IOI I02 I02 104 102·1 
99 99 101 IOI 102 I02 103 I04 105 I05 106 107 103·4 
98 99 100 100 100 100 102 102 102 102 I02 102 102·9 
97 98 98' 98 98 98 100 100 IOI IOI IOI IOI IO<Y7 

94 94 96 ¢ 96 95 95 96 96 96 98 98 98·4 
94 94 94 94 95 95 95 96 97 98 98 99 97'5 
95 95 96 96 96 97 97 98 98 99 ~9 99 97·4 
97 • 97 97 97 97 97 98 98 99 99 99 99 9~0 
96 96 97 96 96 97 100 IOI 100 99 102 I03 9 ·9 

102 1-03 104 103 I03 103 I06 105 106 106 107 108 104·5 
99 99 99 100 100 100 100 IOI IOI 102 I02 103 Io3·9 
93 94 94 94 94 95 97 97 98 98 98 99 98·9 
94 94 95 97 97 97 98 98 99 99 IOO JOI 97·5 
94 94 93 93 93 93 94 93 94 95 94 95 96·5 

93 94 93 93 94 94 95 94 95 95 95 96 94·1 
]()() IOI 100 101 IOI IOI IOI JOO IOO 100 100 IOI 98·6 
97 97 98 97 97 97 98 98 97 98 99 100 98·8 
98 98 98 98 97 IOI IOI IOI 102 103 102 102 100·6 

IOI IOI IOI JOO JOO 100 IOI IOI 102 103 I03 104 102·1 

98 98 98 98 98 98 98 98 98 99 100 100 100·9 
98 98 98 98 98 99 100 10I 102 102 103 103 99·8 
99 100 99 99 99 100 100 IOI IOI I02 103 103 102·6 
98 97 97 97 97 98 99 99 99 JOO IOI IOI 101·7 

Ioo IOI 100 100 100 100 102 102 102 102 102 IOI JQI·8 

96-7 97·1 97·4 97·3 97"4 97·7 98·9 99·0 99·4 99·9 100·4 101·0 99·8 

-3·1-2·7 -2·4 -2·5 -2·4 -2·1 -0·9 --0·8 -0·4 +0·1 +o-6 +1·2 



 

302 

Day of 
1 month. 

... 

U. S. CO.A.ST AND GEODETIC SURVEY. 

OCTOBER, 1883. 

[Increasing scale readings correspond to increasing force. 

Local mean time. 

Noon. 

I ~~~~~1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 
2 

3 
4 
5 

6 
7 
8 
9 

IO 

II 
1'2 

13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
JO 

31 

Means 
Diurnal va-

riation 

102 102 IOI 102 
103 104 I04 104 
97 97 97 97 

IOI 102 I02 102 
102 103 I03 104 

I02 102 102 102 
104 104 I04 104 
99 101 IOI 102 
97 97 97 97 

100 IOI IOI 102 

I03 104 103 103 
1o6 1o6 105 105 
102 102 102 102 
104 104 103 103 
104 I04 I03 103 

IOI 99 99 IOI 
IOO 99 99 100 
99 99 99 99 
99 IOI IOI 102 

IOI IOI IOI IOI 

97 97 97 98 
100 100 IOI IOI 
99 98 98 98 

102 102 102 103 
105 105 105 105 

Io6 Io6 106 107 
108 108 I08 109 
105 105 1o6 1o6 
102 102 I02 IOI 

95 96 95 96 

IOO IOO IOI IOI 

101·5 101·6 1or5 101·9 

+es +1·6 +•·s +1-g 

102 
104 
97 

I02 
104 

IOI 
104 
103 
97 

102 

103 
105 
IOI 

103 
103 

IOI 
99 
99 

I02 
IOI 

98 
102 
98 

103 
105 

108 

109 
1o6 
IOI 
96 

IOI 

101·9 

+1"9 

102 
105 
97 

103 
Jo6 

IOI 
104 
103 
98 

103 

104 
105 
102 
102 
103 

I02 
99 
99 

102 
IOI 

98 
102 
98 

103 
105 

108 
109 
107 
I02 
96" 

IOI 

102·3 

+;t3 

103 
105 
97 

104 
107 

IOI 
I04 
104 
98 

104 

105 
106 
102 
103 
103 

102 
100 
99 

Io3 
IOI 

99 
102 
97 

104 
105 

108 
109 
108 
102 

96 

IOI 

102·6 

+2·6 

102 
105 

97 
104 
Io6 

IOI 
104 
104 
98 

104 

104 
1o6 
IOI 
102 
103 

102 
100 

99 
103 
102 

99 
•02 
97 

104 
105 

108 
110 
107 
IOI 
96 

102 

102·5 

+2·5 

IOI 
104 

97 
IOJ 
106 

IOI 
104 
103 
97 

104 

IOJ 
104 
100 
IOI 
IOI 

IOI 
99 
98 

IOI 
100 

97 
IOI 
96 

103 
104 

108 
109 
1o6 
100 
95 

100 

101·5 

+1·5 

JOO 
100 

96 
99 

103 

IOI 
100 
100 
97 

100 

I02 
102 
98 

100 
99 

97 
97 
97 
99 
97 

94 
98 
98 

103 
104 

1o6 
103 
IOI 
96 
95 

98 

99·4 

-0·6 

99 
99 
96 
98 

103 

JOI 
JOO 

98 
96 
99 

100 
IOI 
98 

JOO 

98 

96 
96 
96 
98 
95 

94 
97 
98 

102 
104 

105 
102 
98 
94 
94 

97 

g8·5 

-1·5 

99 
99 
96 
98 

102 

IOI 
99 
97 
96 
98 

100 
100 
96 

100 
99 

96 
97 
97 
97 
94 

93 
96 
97 

IOI 
103 

105 
102 
97 
93 
93 

96 

98· 0 

-2· 0 



 

REPORT .FOR 1892-PART II. 803 

OCTOBER, 1883. 

Value of •division of scale, ·~rn8 in parts of V .] 

Local mean time. 

13ll :14ll :r:51l 16• :1,.a ,g1r. "'ll saoh ::nil 
_ .. 

231' 
Mid- Daily 

! night. means. 

d. I 99 99 99 98 98 99 98 99 IOO IOI IOI 102 I00"3 
99 99 99 99 99 99 99 98 97 97 96 96 100·5 l 
97 97 97 97 97 97 97 98 98 99 99 100 97·3 i 97 98 97 96 97 97 98 98 99 IOO IOI 102 99·9 I 

102 102 IOI IOI 100 IOO IOO 100 IOI IOI IOI 101 102·5 I 
I 
I 

101 IOI IOI IOI IOI IOI IOI 102 102 102 I03 103 Io1·5 ' 
100 IOO IOO 99 99 IOO IOO 100. roo 100 100 100 101·4 I 

96 95 95 95 94 95 95 96 95 96 96 97 98·3 
95 96 95 96 96 98 98 99 99 99 99 100 97'3 
97 96 97 97 99 100 IOI IOI IOI 102 103 104 100·7 

JOO 100 IOI IOI IOI I02 102 IOJ 103 103 103 104 102·4 
101 IOI 102 102 102 102 102 102 102 102 103 103 103·1 
98 99 99 100 100 100 IOI 102 102 103 103 104 100·7 

100 100 100 100 100 100 IOI IOI 102 I02 IOJ 103 101·5 
98 98 98 98 98 99 99 100 99 100 100 IOI 100·5 

96 96 96 97 96 97 97 97 97 98 98 99 98·4 
96 97 97 97 96 96 97 97 97 97 98 99 97·9 
96 96 96 96 96 95 95 96 96 97 98 98 97·3 
97 97 97 98 97 96 96 97 98 99 99 JOO 99·1 
94 94 93 93 93 94 93 93 94 95 96 94 96·7 

93 94 94 94 94 96 95 96 96 96 97 97 96·0 
95 95 94 94 95 96 97 96 97 97 97 98 98·0 
98 98 99 99 99 JOO JOO 100 101 JOI IOI IOI 98·7 

HH IOI JOO JOO 100 102 102 102 103 103 103 104 102·2 
103 104 104 Jo4 104 104 104 105 1c4 105 Jo6 106 104·5 

105 1o6 107 106 107 107 107 107 108 108 107 107 106·8 
[101] IOI IOI IOI IOI IOI 102 J02 103 104 104 105 104·7 

96 96 95 95 95 96 96 98 99 99 100 100 100·7 
93 93 92 92 92 92 93 93 94 94 95 95 96'4 
94 94 94 94 94 95 96 96 97 g8 99 99 95·5 

96 96 95 95 95 96 96 97 98 98 99 99 98·3 

97·9 98·0 97·9 97·9 97"9 98·5 98·6 99·1 99·4 99·9 100·3 100·7 100-0 

-2·1 -2·0 -2·1 -2·1 -2·1 -1·5 -1·4 -0·9 --0·6 -0·1 +0·3 +0-7 

.• 



 

304 U. S. COAST AND GEODETIC SURVEY. 

NOVEMBER, 1883. 

[Increasing scale readings correspond to increasinat force. 

Local mean time. 

Day of 
month. :rb 2h 3'1a 4'1a s• 6" 7..Ja s• ~ 20:,I> J:z• Noon. 

I 99 99 98 99 99 98 100 99 98 98 97 97 
2 106 105 105 105 105 Io6 107 106 105 104 103 102 
3 107 107 107 107 107 108 108 108 108 109 108 108 
4 III I I I I I I Ill 112 113 113 lIJ Ill 103 103 102 
5 108 108 109 I09 I IO Ill I 12 IIJ I 12 105 102 IOI 

6 IOI IOI 101 100 100 100 I02 IOI IOI 103 103 I02 
7 109 109 109 109 109 I IO 112 I 11 108 105 104 103 
8 107 107 107 107 107 108 107 106 104 94 93 91 
9 97 97 97 98 98 98 99 - 98 96 93 91 89 

IO 96 95 96 97 97 98 99 99 98 95 94 93 

II 96 96 ~ 96 97 98 99 99 98 93 91 90 
12 95 95 95 95 95 96 97 97 96 97 96 95 
13 104 104 104 104 104 105 106 106 105 105 104 104 - do 14 I IO I JO I IO III 112 114 I 12 III 104 102 I02 
15 IIO 110 III Ill III 113 l 14 II4 112 105 103 102 

I6 107 107 Io6 107 107 107 I07 106 105 I04 103 I02 
17 IIJ 113 113 IIJ 113 l 14 l"l 5 114 113 107 106 104 
18 114 115 116 116 JI6 117 117 117 JJ6 109 107 106 
19 110 IIO I IO Ill III I 12 112 IIJ 112 110 1o8 108 
20 III I 12 113 114 114 115 I16 II6 116 I03 IOI 99 

21 99 99 100 IOO 100 100 IOO 100 JOO 98 97 97 
22 105 105 106 106 1o6 105 1o6 Io6 106 102 JOI 100 
23 106 107 107 107 107 108 108 tog 107 105 104 _I03 
24 105 1o6 1o6 107 108 108 109 109 108 1o6 103 102 
25 104 104 104 I04 104 105 105 105 104 99 98 97 

26 98 98 99 99 99 IOO 100 IOO 99 97 96 95 
27 98 98 99 100 100 100 IOI IOI 99 98 96 95 
28 96 97 97 98 98 98 99 99 97 96 94 92 
29 98 98 99 IOO IOO IOI JOI IOI 100 99 97 96 
30 I02 IOI 102 JOI IOI IOI 102 102 JOO 98 97 97 

Means 104·1 104·1 104·4 104·7 104·9 105·5 1o6·2 1o6·0 104·8 101·5 100·1 99· 1 

Diurnal va-
riation +1·9 +1·9 +2·2 +z·s +2"7 +3"j. +4·0 +3·8 +2·6 --0·7 -2·1 -3·1 



 

REPORT FOR 1892-P .A.RT IL 305 

NOVEMBER, 1883. 

Value of :r division of scale, ·ooo:ro4 in parts of V.] 

Local mean time. 

13lt :r4h :rs .. 1611. 1~ 1811. :<glt 20b 2rh 22" 23L 
Mid- Daily 
night. means. 

d. 
97 96 96 97 97 101 103 104 104 104 105 105 99·6 

102 102 103 ro3 103 104 104 105 106 107 109 IJO 104·9 
107 107 108 108 108 108 107 107 108 108 109 109 107·8 
102 103 104 104 105 107 107 106 106 107 ·107 107 IOT5 
100 JOO IOO 100 IOO 100 102 102 IOI 101 IOI IOI 104·5 

103 102 103 103 103 104 105 106 107 107 108 109 103·1 
103 103 103 103 103 103 105 105 106 106 10/ 108 106'4 

91 90 90 90 90 91 92 93 93 94 95 96 97·6 
88 88 87 87 88 92 92 93 93 93 94 94 93·3 
92 92 92 92 91 91 93 94 94 95 95 95 94·7 

90 89 89 89 90 92 92 92 93 93 94 94 93·6 ! 

95 95 95 95 98 IOI IOI 102 102 103 ro~ ,') 103 97'6 
103 103 102 102 103 104 1o6 107 107 109 I 10 I IO 105·0 i 

IOI 101 102 102 103 105 105 1o6 106 107 108 108 106"8 
102 102 IOI 102 102 104 104 104 105 105 105 106 ro6·6 

102 102 102 103 104 105 105 107 108 109 J IO 110 105·6 
104 1a4 104 104 105 I IO I IO III I I I 112 IIJ 113 110·0 
105 105 106 106 106 106 106 106 107 107 108 109 I 10"1 
107 106 106 106 106 107 107 107 108 108 I IO III 109·0 
98 99 98 99 99 JOO 100 99 99 99 99 99 104·9 

97 .98 98 98 100 100 100 IOI 102 103 102 103 99·7 
100 99 99 98 98 100 JOO IOI 102 103 103 '104 102·5 
103 102 IOI JOI IOI 101 IOI 102 102 IO, 

.) 103 104 104·3 
IOI JOO IOO JOO IOI IOI IOI IOI 102 102 103 103 103.8 
97 96 96 96 95 96 96 96 96 97 97 98 99·5 

94 93 93 93 93 93 94 94 94 95 96 96 9()·2 
93 92 92 91 91 91 91 91 92 93 95 95 95·5 
9r 90 go go 91 95 95 96 96 96 97 97 95·2 
95 96 97 98 99 JOI 102 IOI IOI 102 IOI 102 99·4 
98 99 100 100 100 JOI IOI IOI IOI 102. 103 103 100·5 

98·7 98·5 98·6 98·7 99·1 100·5 . 100·9 IOl·3 101·7 102·3 103·0 103·4 102·2 

-3·5 -3"7 ~J·6 -3·5 -3·1 -1·7 -1·3 -0·9 --0·5 +0·1 +o·8 +1·2 

S.Ex. 37-~ 



 

I 
j 
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Day of 
month. 

I 
2 

3 
4 
s 
6 
1 
8 
9 

10 

ll 
12 

13 

14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

Means 
Diunial va-

riati<:m 

U. S. COAST AND GEODETIC SURVEY. 

... 

103 
IOI 

96 
97 

IOI 

103 
102 
103 
102 
102 

104 
JOI 

97 
9.7 

102 

103 
102 
103 
102 
103 

103 
100 

97 
98 

103 

104 
102 
104 
102 
103 

IOI 102 IOJ 
102 102 103 
102 102 102 
102 103 103 
97 98 I 97 

95 95 94 
103 100 100 

108 109 108 
1o6 106 1o6 
96 97 96 

101 102 102 
1o6 Jo6 107 
1o6 107 108 

94 94 94 
96 96 97 

93 92 93 
98 98 98 

102 102 102 
102 103 102 
J(X) 100 JOI 

102 103 103 

103 
100 

97 
98 

104 

104 
103 
105 
102 
103 

103 
103 
102 

103 
96 

94 
IOI 
109 
lo6 
96 

103 
107 
108 

95 
98 

93 
IOI 

103 
!04 
102 

104 

100·7 101·0 101·1 101"6 

+1·5 +1·8 +1·9 +z-4 

DECEMBER, I883. 

[Increasing scale readings correspond to increasing force. 

Local mean time. 

s" 

103 
IOI 

97 
98 

104 

105 
103 
105 
102 
104 

104 
104 
103 
103 
96 

93 
100 

1o8 
1o6 
96 

103 
to8 
109 
g6 
99 

93 
101 
103 
104 
102 

104 

1or8 

+2·6 

104 
101 

97 
g8 

105 

105 
104 
105 
102 

104 

104 
104 
104 
104 
95 

94 
JOO 
1o8 
107 
96 

103 
Jo8 
109 
96 

100 

94 
JOI 
103 

105 
103 

104 

102·2 

+J-o 

104 
JOI 

98 
99 

1o6 

107 
104 
105 
102 
105 

104 
105 
104 
104 

95 

92 
99 

108 
107 
96 

10~ ,") 

108 
JIO 
96 

IOI 

93 
IOI 
104 
105 
104 

1o6 

102·5 

+3·3 

104 
IOI 
g8 
99 

to6 

107 
104 
105 
103 
1o6 

104 
105 
105 
105 
95 

92 
99 

109 
107 
96 

103 
109 
I I I 
96 

102 

95 
IOI 
104 
lo6 
105 

lo6 

102·8 

+3·6 

102 

95 
97 
99 

104 

1o6 
103 
105 
103 
105 

103 
104 
105 
105 

93 

93 
99 

107 
109 
97 

102 

110 
t I I 

97 
lOJ 

96 
JOI 

104 
100 
105 

107 

102·5 

+J·3 

103 
102 
104 
IOI 
100 

IOI 
102 
103 

103 

93 

94 
97 
99 
97 
95 

103 
103 
103 
95 
93 

94 
IOI 
101 
103 
105 

104 

99·2 

o·o 

:11h Noon. 

96 97 
89 88 
92 92 
94 93 

100 98 

101 99 
98 96 

IOI 97 
99 98 
99 98 

98 96 
IOI 100 
JOI 100 

101 100 

92 C)<) 

92 93 
96 95 
97 97 
96 94 
94 93 

101 100 
101 JOI 

100 98 
93 91 
93 91 

103 99 
100 oS 
99 9s 

IOI JOO 

102 IOI 

103 IOI 

97·5 96-8 

-1·7 -2·4 
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DECEMBER, 1883. 

Value of x division of S<;ale, ·000100 in parts of V.] 

Local mean time. 

x3• 14• 15• x@' l7h 18h 19" 20• 21• zzh 23" Mid- Daily 
night. means. 

ti. 
97 98 97 97 97 100 99 JOO JOO 100 100 100 100·3 
88 88 91 90 92 93 94 94 94 94 96 g6 95·0 
93 94 94 94 94 94 95 96 g6 96 97 97 95·4 
93 93 94 95 95 96 97 98 98 98 100 IOI 96·7 
97 97 98 97 97 99 100 100 100 JOO 102 102 101·0 

98 99 99 98 98 99 99 99 100 IOI IOI IOI 101·6 

95 94 94 95 96 JOO 100 100 IOI IOI )02 103 HXY2 

97 g8 98 g8 g8 99 99 JOO 100 IOI 102 102 101·4 
98 98 97 98 99 100 100 IOI IOI IOI IOI IOI 100·5 
98 97 95 95 g8 99 98 99 99 100 IOI IOI 100·5 

95 95 94 95 95 96 97 98 99 100 101 IOI 99·5 
97 g8 97 g8 g8 99 99 99 100 IOI 100 102 101·0 

99 98 g8 98 98 99 100 IOI IOI IOI 101 J02 I 101·2 

97 99 99 99 100 97 97 98 97 96 97 96 100·3 
90 91 9<> 92 92 94 94 94 95 95 94 94 93·8 

93 93 95 96 97 99 98 99 99 100 100 JOO 95·4 
94 95 98 100 IOI 105 1o6 1o6 107 1o8 108 109 101 · [ 

97 97 97 98 99 103 103 103 103 103 104 104 103·3 
93 93 93 93 95 94 94 94 95 95 95 95 99·0 
93 93 93 95 96 100 JOO 100 JOO IOI IOI IOI 96-7 

IOI IOI J02 102 104 105 104 104 105 105 105 105 102·9 
IOI IOI IOI IOI 103 J:OJ 102 103 103 104 104 105 104·4 
97 g6 95 97 97 94 93 93 93 93 94 94 100·7 
90 8g 89 88 89 89 9£> 91 92 93 94 94 92·7 
90 88 88 88 88 89 88 89 91'.> 90 90 91 93·3 

97 g6 95 95 95 95 95 g6 96 98 98 98 95·5 
96 9f> 97 97 97 99 99 JOO 100 IOI 102 102 99·4 
99 98 97 98 98 99 99 99 99 100 100 IOI 100·5 
98 97 95 95 95 g6 <)6 96 97 99 99 99 100·1 
98 98 98 9'1 98 98 99 99 99 JOO 101 IOI 100·7 l 

101 99 98 97 98 98 98 98 99 too IOI 102 101·5 

95·8 95·7 95·7 ¢-o 96·7 9'1"'1 97·8 98·3 98·6 99·2· 99·7 100-0 99·2 

-3·4 -J"S -3*5 -3·2 -2·5 -1·5 -1·4 -0-9 --0·6 o·o +0·5 +o·8 



 

308 "O. S. COAST AND GEODETIC SURVEY • 

• 
JANUARY, I884. 

[Increasing sea.le readings COlTe9pond to Increasing force. 

Local mean time. 

Day of 
month lllo ... 311. •" 5 ()lo 7• Bii ~ llaJi 11111. Noon. 

I 103 Io4 105 1o6 I08 109 IIO III IIO 107 103 102 
2 104 104 I04 104 I04 104 105 105 105 IOI 99 [99] 
3 97 98 97 97 98 97 97 98 97 98 94 93 
4 99 99 98 98 98 98 97 . 98 97 95 93 92 
s 105 105 103 103 103 103 102 103 102 103 98 97 

6 lOJ 103 103 104 104 104 104 103 102 99 97 96 
7 . 107 107 Io6 1o6 1o6 1o6 1o6 107 106 104 99 97 
8 107 107 107 107 107 107 109 109 109 103 IOI 99 
9 104 105 104 105 105 105 106 1o6 105 99 95 92 

IO 98 98 98 98 97 97 99 99 99 95 92 91 

11 98 98 99 100 100 IOI 101 103 102 102 99 99 
12 102 102 102 IOI 102 IOI 102 102 101 100 98 97 
13 107 107 I07 107 1o6 107 107 107 106 IOI 97 97 
14 104 104 104 103 103 104 104 104 104 105 104 103 
15 104 105 105 105 105 105 105 106 105 IOI 100 99 

16 1o6 Io6 107 107 107 107 1o8 1o8 107 104 too 100 
17 1o6 Io6 107 1o6 1o6 107 108 107 1o6 102 99 98 
18 IOI 102 102 102 103 I03 103 104 IOI 99 97 97 
19 102 102 102 102 103 103 103 103 103 IOI 98 98 
20 103 104 104 104 104 104 105 105 104 100 96 94 

21 JOI 102 102 102 103 103 103 105 104 104 102 100 
22 105 to6 to6 107 107 107 107 107 105 88 84 83 
23 94 94 93 94- 94 94 94 95 93 94 92 90 
24 103 103 103 103 I04 104 105 1o6 105 102 99 97 
25 106 Jo6 lo6 1o6 1o6 108 1o8 tog 1o8 96 92 92 

26 95 96 97 96 96 97 98 98 97 93 go 91 
27 95 95 95 95 95 96 96 g6 g6 95 93 92 
28 93 93 93 93 93 94 94 94 94 95 93 91 
29 94 94 93 94 94 94 95 95 95 95 93 92 
30 96 g6 96 96 g6 96 97 96 96 93 91 88 

31 93 93 93 93 92 92 93 93 93 97 96 94 

Means 101·1 101·4 101·3 101·4 101·6 ror8 102·3 102·6 101·5 99·1 96-3 95· 2 

Diurnalva-
riation '+1·0 +1·3 +1·2 +1·3 +1·5 +1·7 +2·2 +2·5 +1·4 -1·0 -3·8 -4·9 



 

REPORT FOR 18~PART II. 809 

JANUARY, 188.t-

Value of• dtvlsion of acm.Ie, ._roo. ln parts of V.l 

Local mean time. 

z3" .... zs'" :rt? 1171' :i:P z9"' 2°"' •:r'" ~ •3" Mid- Daily 

I Dig-ht. means. 

! 
d. j 

I 
102 102 Io3 102 IOI I02 IOJ I03 I03 103 103 103 104·5 I 
[99] [98) [98] [97] [97] [97] [97] [96] (96] [96] 96 97 (IC><n J: 
94 96 97 99 102 IOI IOI 100 100 100 99 99 97·9 ' 
92 95 99 103 105 1o6 1o6 105 105 105 105 104 99·7 
98 100 102 105 107 107 1o6 I05 I05 105 103 I04 IOJ"I 

96 98 99 102 IOJ 109 109 109 108 108 107 108 103"3 
98 100 103 104 105 I07 106 105 104 103 102 I08 104·3 
98 99 100 103 I02 103 104 I05 105 105 I04 105 104·4 
93 94 96 97 97 99 100 99 99 99 99 99 100·0 
91 92 94 95 95 96 96 97 97 97 98 98 96'1 

97 99 99 99 IOO IOI IOI 102 103 103 103 103 100·5 
98 99 IOO IOI IOI 104 I05 Io6 107 I07 I07 107 I02"2 
99 JOO IOI IOI IOI 104 104 I04 104 104 104 I04 IOJ"6 

104 104 104 104 103 104 103 103 103 104 105 1o6 103·9 
100 100 IOI IOI 102 104 104 104 104 105 105 1o6 103"4 

100 IOI I02 103 104 104 104 104 104 104 105 I05 104-5 
98 99 99 100 100 IOI IOO IOO 100 IOO IOI I02 I02·4 
97 98 IOO 100 IOO 99 IOO IOO IOI IOI IOI IOI I00"5 

j 98 99 100 IOI IOI 104 103 103 IOJ I03 I03 I03 101·7 
95 96 ~8 100 IOI 102 IOI IOO IOO IOI IOI IOI 101·0 

100 IOI 103 I05 1o6 108 107 105 105 I05 105 1o6 103·6 
84 85 87 go 102 95 95 95 95 95 94 94 96·8 
90 91 92 95 98 1o6 105 105 104 105 105 105 96·8 
98 100 IOI 102 I03 105 105 105 106 106 106 106 103·2 
93 95 95 94 95 g8 97 96 96 97 98 98 99·8 

93 93 93 94 94 96 95 95 95 95 95 95 94·9 
92 92 93 94 94 94 94 94 94 94 94 94 94·3 
92 92 93 93 94 95 94 94 94 94 94 94 93·5 
92 93 94 94 95 g6 95 95 96 96 96 96 94·4 
89 90 91 92 94 96 95 94 94 94 94 94 93·9 

93 92 93 95 95 99 98 98 98 98 98 99 94·9 
' . 

95·6 96-5 97·7 98·9 99·9 1or4 Io1·1 100·8 I00"9 101·0 101·0 Io1·4 100·1 

-4·5-3·6 -2·4 -1·2 -0·2 +r-3 +1·0 +0-1 +o-s +0·9 +0·9 +1·3 



 

310 U. S. COAST AND. GEODETIC SUKVEY. 

FEBRUARY, 1884-

[Increasing Kale rea.dinp .correspond to lncreaslne- fon:e. 

Local me&n time. 

Da.y of -
ntonth. 1" ... 3" +" s" 69 .,. B" 9" 1011 u:ll Noon. 

I J ~ 98 98 g8 98 98 98 99 99 IOI 99 99 
2 IOI 102 JOI IOI IOI 102 I02 102 103 109 107 105 
3 1o6 Io6 1o6 Io6 1o6 106 105. 1o6 1o6 1o6 104 102 
4 108 107 107 107 I07 107 I07 I07 107 IOI 100 98 
s 109 99 100 100 100 100 100 IOI 100 IOI 99 97 

6 101 101 IOI IOI 102 103 103 103 103 IOI 99 98 
7 99 99 100 99 99 99 100 100 IOI 100 99 98 
8 100 100 IOI IOI 102 102 103 104 I03 I02 IOI 99 
9 104 I04 104 Ie>..J 104 104 105 107 107 107 1o6 104 

10 105 105 104 104 104 104 104 104 105 IOJ 102 100 

-
II 102 102 102 102 IOI 100 100 IOI l<Xl 100 99 98 
12 IOI IOI IOI IOI JOI IOI IOI IOI 100 98 97· 95 
13 99 99 100 100 100 100 IOI 102 IOI 99 ':t1 97 
14 100 IOI IOI 102 103 104 105 105 102 IOI 99 99 
15 100 IOI 102 102 102 Io3 103 104 103 102 100 97 

16 99 98 98 ~ 98 97 97 97 98 104 103 IOI 
17 102 102 102 I02 IOI IOI IOI tot IOI IOI 99 98 
18 JOI 102 102 102 102 103 103 103 103 I04 103 101 
19 104 105 104 105 105 1o6 Io6 107 105 103 IOI 99 
20 104 104 104 105 105 105 105 105 to5 103 102 ICO 

2I 97 97 9.7 98 98 98 98 99 99 97 96 96 
22 98 97 97 97 98 98 99 JOO 98 93 92 91 
23 99 JOO 100 100 IOI 102 102 102 100 96 94 92 
24 IOI 100 100 99 100 IOI 100 IOI 99 ~99 98 96 
25 104 104 _105 102 102 103 103 104 103 102 100 98 

26 100 100 JOO 99 99 99 JOO tot JOO IOI 100 99 
27 (02 IOI IOI IOI JOO 100 99 I<X> 98 97 96 95 
28 1o6 1o6 IOS 103 103 103 103 J04 IQ5 101 98 96 
29 98 97 98 97 96 97 98 96 95 95 91: 92 

Means 101·3 101·3 101·4 10~·2 101·3 101·6 101·8 102·3 101·7 100·9 99·3 97·9 . Diurnal va-, 
riation j+o-8 +0·9 +0·9 +o-8 +o·8 +1·2 +1·3 +1·9 +1·2 +0·5 -1·2 -2·5 



 

BE PORT FOR 1892-PART IL 311 

FEBRUARY, 18&f.. 

Value of :E division of acale, •ooo:E0.4 an parts of V .] 

Local mean time. 

•31l x4"' •s"' •6"' :i:7• xS"' •9"' 2ob :uh 22h 23~ Mid- i Daily 
night. means. 

d. 
97 98 99 100 IOI 103 102 IOI IOI IOI 101 IOI 99·5 

105 105 105 107 1o8 109 108 108 to8 to8 108 107 105·1 
102 I03 105 Jo6 107 107 108 1o8 107 108 1o8 107 105·9 
97 97 97 l}8 98 100 100 

; . 
99 100 100 100 JOO 102·0 

96 95 96 97 98 99 99 100 99 99 99 100 98·9 

97 97 98 99 100 100 IOI JOI IOI IOI 100 100 100·5 

97 96 96 97 98 99 99 100 IC» 100 100 100 99·o 
97 97. 98 98 100 101 102 102 102 103 104 104 101 ·1 

103 102 10.2 102 103 104 104 104 105 105 105 105 104·3 
98 98 97 98 100 IOI 102 IOI 102 102 102 102 102·0 

98 98 99 100 100 JOO JOO 99 100 100 100 100 100-0 

94 94 94 94· 94 96 95 95 96 96 97 98 97·5 
96 95 96 97 98 99 98 98 98 99 99 99 98·6 
98 97 97 97 100 IOI 100 99 99 99 99 99 100·3 

96 96 97 98 98 99 99 g8 98 98 .98 99 99·7 

IOI IOI IOI IOI 102 103 102 102 IOI IOI IOI IOI 100-2 

97 g8 98 g8 99 IOI 100 100 100 100 . 100 100 IOC» I 
100 100 100 102 102 104 103 103 103 103 103 104 102·3 

99 99 99 99 100 102 102 102 102 102 102 102 102·5 

99 99 99 JOI g8 98 97 97 96 97 97 97 100·9 

95 97 99 IOI 95 105 105 104 103 IOI 100 98 g8·9 
99 89 90 91 93 98 g8 98 g8 98 98 99 r 96-1 
92 92 92 94 95 100 100 IOI 101 102 100 101 98·3 
96 97 98 99 IOI 104 103 104 104 103 104 104 100·5 

-tJ:J 98 98 99 IOI 1<>3 103 102 102 IOI 101 101 101-5 

98 g8 100 100 102 103 102 102 102 102 102 102 100·5 

95 95 96 97 98 107 107 107 107 Jo6 1o6 105 100·7 
95 97 98 98 98 JOO JOO 99 99 99 99 99 101:>-6 
93 91 93 94 95 97 98 98 97 98 100 99 96·0 

------

97·5 97·2 97·8 98·7 99·4 101·4 101·3 101·1 101"1 101·1 fOI"I 101"1 100·5 

---3·0-3·2 -2·7 -1·7 -1·1 +1·0 +o·S +0·7 +o·6 +0·7 +o·6 +0·7 

• 



 

312 u. s. COAST AND GEODETIC SURVEY. 

MARCH, 1884. 

[lncre-.sing scale readings correspond to increasing fOl'OO. 

Local mean time. ,, 

Day of I 111 11" 3• 411 s" 61' 7• s• 91& roll 1:1• Noon. month. 

I 100 JOO 100 99 99 100 100 100 99 100 99 98 
2 103 103 102 102 I02 I02 102 103 102 100 100 98 
3 102 102 IOI 100 100 JOO 100 IOI 102 102 JOO 98 
4 JOI IOI IOI IOI IOI I02 I02 I03 Io3 IOO 98 95 
5 99 99 99 100 99 100 IOI IOI 102 102 JOO 98 

6 IOI 100 IOI IOI IOI 102 103 103 100 97 95· 93 
7 99 99 99 98 99 99 99 100 98 JOO 98 96 
8 I02 102 I02 103 IOJ I04 104 103 103 100 98 96 
9 101 IOI 100 100 IOI IOI IOI IOI 100 96 93 93 

IO IOO 99 99 99 99 99 100 100 99 93 go 89 

II 96 96 95 95 95 95 97 98 93 93 90 89 
12 100 100 JOO 99 100 100 IOI IOI 97 94 94 94 
I_~ 100 99 99 99 99 100 IOI 100 99 98 97 97 
14 105 105 105 105 105 105 106 I06 I06 99 96 96 
I5 Io3 103 103 103 103 103 I05 105 105 102 100 99 

16 106 106 106 105 106 106 108 108 106 103 102 102 
17 I05 I05 I05 105 106 106 106 106 104 87 85 84 
I8 97 96 96 96 97 97 98 98 97 93 90 go 
19 95 95 95 95 95 95 95 95 94 93 89 87 
20 96 96 97 97 98 98 98 98 97 93 91 88 

21 98 98 98 98 99 99 IOO 100 98 97 95 94 
22 104 I04 I04 I05 I05 I05 105 105 102 99 99 97 
23 105 104 104 104 104 105 I05 104 100 98 97 97 
24 IOI IOI IOI 100 IOI 103 Io3 104 102 IOI 100 99 
25 103 103 103 104 I05 1o6 1o6 105 103 99 96 96 

26 104 104 104 104 104 105 to6 105 103 99 98 97 
27 IOI IOI IOI IOI I02 104 105 105 103 96 92 92 
28 99 99 98 98 97 98 98 98 97 97 96 95 
29 103 103 103 103 103 103 104 103 100 95 94 94 
30 100 99 99 98 98 98 99 100 97 96 94 94 

31 100 100 IOI 100 JOO Ibo IOI IOI 97 96 94 94 

I !vfeans 100-9 Ioo·7 100·7 100·5 Ioo·S IOI·3 101·9 101·9 100·3 97·4 95·5 94·5 
Di~u~al va-

+1.5 +1·4 +1·3 +1·2 +1·4 +z·o • +z·6 +0·9 -1·9 -3·9 -4·8 \ nation +z·s 



 

REPORT FOR 1892-PA.~T IL 

MARCH, 1884-

Value of z division of scale, ·oooi:oS in pans of V.) 

:1311 

96 
98 
98 
95 
97 

94 
98 
97 
94 
90 

91 
96 
98 
98 
99 

IOI 
86 
go 
87 
87 

94 
97 
97 
98 
97 

98 
92 
95 
95 
94 

95 

-

r41t 

97 
98 
98 
95 
98 

96 
JOO 
98 
95 
92 

93 
96 
98 
98 

100 

103 
88 
91 
88 
90 

95 
97 
g8 
98 
98 

100 
93 
95 
96 
94 

94 

:t5i.. 

98 
98 
99 
97 
99 

97 
102 

99 
96 
94 

93 
96 

IOO 
100 
IOI 

104 
91 
93 
go 
93 

95 
98 
99 
98 
98 

100 
94 
96 

:.611 

99 
99 

100 
98 

100 

99 
103 
100 
97 
94 

95 
96 

IOI 
101 
Ie2 

105 
92 
94 
92 
94 

96 
97 
99 
99 
99 

101 

94 
98 
99 
96 

96 

:i:i" 

IOI 
100 

100 

99 
102 

99 
103 
IOI 
98 
94 

94 
96 

I02 
IOI 
104 

I05 
94 
95 
93 
94 

97 
98 
99 

100 
IOI 

IOI 
94 
99 
99 
96 

.g8 

i:Slo. 

I04 
IOI 
100 

100 
IOI 

99 
104 
IOI 
98 
96 

96 
98 

102 
IOI 
104 

Io6 
98 
96 
95 
98 

IOI 
102 
99 

I02 
101 

IOI 
96 

IOI 
100 
100 

102 

Local mean time. 

r9" 

I03 
IOI 
IOI 
100 
IOI 

99 
104 
IOI 
99 
96 

97 
IOO 
104 
102 
104 

106 
97 
96 
97 

100 

102 
103 
100 

104 
IOI 

IOI 

97 
IOI 
99 

IOI 

104 

. 2ol' 

I04 
IOI 
100 

99 
IOI 

98 
104 
IOI 
99 
96 

98 
IOO 
103 
IOI 
I04 

J05 
97 
95 

--95 
99 

102 
103 
100 
103 
102 

IOI 
96 

103 
100 

100 

103 

.... 

I04 
IOI 
100 

99 
IOI 

97 
104 
IOI 
99 
96 

99 
JOO 

104 
102 
104 

105 

97 
95 
96 

100 

I02 
103 
100 

103 
102 

IOI 
97 

102 
99 

IOI 

102 

.:r2• 

I03 
103 
100 
99 

IOI 

98 
104 
IOI 
99 
95 

99 
100 

104 
103 
I05 

105 
97 
95 
95 
99 

102 
103 
JOO 

103 
103 

IOI 

99 
102 
99 

IOI 

102 

2311. 

Io3 
102 
IOI 
99 

100 

98 
I04 
IOI 
99 
96 

99 
99 

105 
103 
105 

104 
97 
95 
95 
98 

102 
104 
100 
103 
103 

IOI 
97 

103 
99 

too 

103 

Mid-
night. 

103 
102 
IOI 
99 

JOI 

98 
I04 
IOI 
100 
96 

99 
100 
105 
103 
105 

105 
97 
95 
95 
98 

IOJ 
103 
JOO 

102 

103 

IOI 
98 

103 
100 
99 

103 

813 

Da.ily 
means. 

d. 
100·4 
101·0 
100·3 
99·5 

IOO·I 

98·7 
I00·8 
100·9 
98·4 
95·9 

95·2 
98·2 

100·6 
102·2 
lOJ"O 

104·9 
97·3 
94·8 
93·4 
95·7 

98·5 
101·8 
100·8 
101-2 

I 101·5 

i 
101·7 

I 

97 9 
98·7 

99· 2 

94·9 95·8 97·0 97·9 98·6 tOO·I 100·7 Ioo·4 100·5 100·6 100·6 100·7 99·4 

-4-5 --3·5 -2·4 -1·4 -0·8 +o·8 +1·3 +rI +i-1 +1·3 +1·2 +1·4 



 

314 U. S. COAST AND GEODETIC SURVEY. 

APRIL, 1884. 
. 

[Increasing scale readinp correspond to increasing force. 

Local mean time. 

Day of 
month. .It ''a .. 31l 4la 51l 6la ~ g1a 9 .. "le:/& l'.1 .. Noon. 

I 103 103 103 103 103 104 104 104 103 99 g6 94 
2 103 103 103 102 103 103 102 103 IOI 97 95 95 
3 102 IOI 101 IOI 102 103 103 103 IOI 91 95 93 
4 102 102 IOI IOI IOI IOI 102 102 99 g6 95 92 
5 IOI 102 102 10.2 103 104 104 102 100 98 98 98 
6 104 104 103 103 104 104 104 104 IOI 98 98 97 
'l 1o6 1o6 1o6 1o6 105 1o6 1o6 104 102 97 96 96 
8 103 103 103 103 103 103 103 103 100 97 96 95 
9 104 103 (102][102] [100] [100] (98] (98] l96] (93] 95 96 

10 100 101 JOO 100 IOI IOI 100 99 95 93 93 93 

II 99 100 100 100 IOI IOI 102 102 100 102 102 101 
I:Z 105 105 104 105 105 106 104 104 IOI IOI IOI 101 

13 103 103 103 103 103 104 104 103 102 too 100 98 
14 100 100 100 100 100 101 IOI 100 g8 99 98 98 
15 103 103 IOJ 103 103 103 IOI 100 99 99 99 99 

16 102 IOI IOI 101 IOI IOI 100 100 98 96 96 97 
17 JOO IOI IOI 100 IOI IOI ICX> 99 96 95 94 94 
18 99 100 100 100 too 100 100 101 g8 97 96 95 
19 94 94 96 96 96 96 96 96 94 92 go 90 
20 95 95 95 96 96 97 97 97 95 97 96 95 

21 g8 98 g8 g8 99 100 99 99 97 96 94 94 
22 100 100 100 JOO IOI 102 IOI 100 98 (96] [94] (94] 
23 [97) (97] (96] [96] [97) [95) [95] [95] [94] 93 91 91 
24 IOI 101 101 IOI IOI IOI JOI 100 98 96 94 94 
25 104 103 103 102 103 103 103 1'03 IOI IOI IOI IOI 

26 104 104 103 103 103 104 104 104 103 IOI 99 98 
27 104 104 104 104 104 105 104 103 IOI IOI IOI JOI 

28 1.o6 107 107 107 1o8 109 1o8 107 107 1o6 105 104 

29 99 99 100 100 100 100 IOI 100 100 99 99 98 
30 102 102 102 10'2 102 103 102 102 100 97 96 95 

Means 101·4 101·5 101·4 101·3 101·6 102·0 101·6 101·2 99·3 97·6 96·8 96·2 
Diurnalva- ... 

ria.tion +1·7 +1·7 +1·7 +1·5 +1·9 +2·.2 +1·9 +1·4 --0·4 -2·2 -2·9 -3·6 



 

REPORT FOR l~PART u. 815 
APRIL, ..... 

Value of s dl?idon of scale. -ooo. %9 in 1J&rt9 of V .] 

Local mean time. 

r311 :14"' :15ll :r611 .,. 1Sb 19• 2011 ~n• •2" •J" Mid- Daily 
night. tne&DS • 

.. 
95 96 98 99 100 102 102 102 102 102 102 102 100·9 
95 g6 97 98 99 I02 102 103 I02 102 103 IOI 100·4 

93 95 96 97 99 102 102 102 I02 102 IOI IOI 99·8 
92 92 .94 g6 98 IOI 102 102 102 102 102 102 99·1 
97 96 97 98 99 103 104 104 104 104 104 104 101·2 

97 99 100 102 103 105 105 1o6 1o6 1o6 1o6 1o6 102·7 

96 g8 100 IOI 102 103 103 103 102 103 102 103 102·2 

96 97 100 IOI IOI 102 103 103 103 103 103 104 101·2 i 
98 98 99 JOO 100 100 99 99 100 100 100 100 [99·2]; 
93 94 g6 97 98 99 99 99 99 99 100 100 97·9 

IOI 100 IOI 102 102 102 102 102 103 103 103 104 101·5 
JOO IOO IOI 102 102 103 102 102 102 103 102 102 102·6 
98 98 98 98 99 too 100 too 100 100 102 IOI 100·8 
98 g8 98 98 99 IOI 100 100 101 102 102 JOJ 99·8 
99 99 100 IOI 99 102 IOI IOI 102 102 102 H>2 101·0 

97 96 96 97 98 99 99 99 98 98 99 99 98·7 
94 93 94 96 96 98 99 99 100 100 99 99 97·9 
95 94 94 95 94 96 95 96 95 ~ 95 95 96·9 
89 89 89 90 91 95 96 94 95 96 96 96 93·6 
95 95 95 96 96 98 99 g8 99 99 99 99 96•6 

94 93 94 94 95 99 99 99 99 99 99 99 97·2 
[94] [94] [94] (94] (95] (95) (¢1 (97] (98] [98] (98] [98) [97·4]1 

91 91 92 93 100 100 IOI 100 IOI IOI IOI 103 [96·3] 
94 9S 98 100 99 104 104 104 10s 1o6 104, 104 100·3 

101 IOI JO[ 101 IOI 103 104 103 104 104 104 105 102·5 

99 99 99 100 100 100 99 100 100 102 103 104 101·5 
IOI 102 103 103 103 104 104 104 100 105 1o6 Jo6 103·2 
102 IOI IOI tOI IOI IOI IOI IOI IOI IOI IOI 100 103·<J 
98 98 97 98 98 100 100 JOO IOI IOI 102 102 99·6 
95 [95] [94] 89 [94) 94 93 94 94 93 92 94 [¢·9] 

96-2 96·4 97·2 97'9 98·7 100·4 100·5 100-5 100-7 101·1 101"1 101·3 99·7 

--3·5-3·4 -2"5 -1·9 -1·0 +o·6 +o·8 +0·7 +I•O +1·3 +1·4 +1·5 



 

316· U. S. COA.S~ AND GEODETIC SURVEY. 

MAY. 1884-

[Increasing scale readings c:>rrespond to increasing force. 

Local mean time. 

Day of 
month. 

11' gll 31' 411 511 611 711 si- 91' ioll 111' Noon. 

I 91 92 92 93 94 95 95 94 92 92 (92] [92) 
2 97 98 98 98 99 lOO 101 100 99 93 93 92 
3 9S 97 97 97 97 97 97 95 93 94 93 94 
4 99 99 99 98 99 lOO 100 99 98 97 97 97 
5 104 104 104 105 106 I06 [1o6] [ms] (IOJ) 102 IOO 100 . 
6 102 102 IOI IOI 102 103 103 102 JOO 99 99 9S 
7 103 103 102 103 103 l04 104 

. 
IO!:S 108 I07 103 102 

8 I 12 112 III III 112 112 I 12 112 III 108 108 107 
9 112 I 11 III 112 112 llJ 113 112 I 10 104 I03 IOI 

10 104 I04 I04 104 104 104 I04 104 102 96 96 95 

II IOI 102 IOI IOI IOI IOI IOI IOI 91 87 86 87 
1.2 96 96 96 96 96 96 95 95 94 95 94 94 
13 97 97 " 97 97 g6 97 97 97 96 88 87 88 
14 93 93 93 93 93 93 93 92 90 88 88 88 
I5 92 91 91 92 92 92 92 9I 89 87 85 86 . 
16 91 91 91 92 92 92 92 91 91 9i: go 90 
I7 92 92 92 92 92 92 92 9:.= 91 91 91 90 
18 94 94 94 94 94 94 93 93 91 91 92 92 
19 95 95 95 95 95 95 94 93 92 93 93 93 
20 94 94 94 95 95 95 95 93 93 93 93 93 

21 95 95 95 95 96 96 97 97 96 96 95 94 
22 97 97 97 96 96 97 97 96 95 95 94 94 
23 IOI IOI IOI IOI 102 102 I02 102 IOI IOI 99 99 
24 102 102 102 102 102 103 103 102 IOI IOI 100 99 
25 102 I02 102 102 102 103 103 102 IOI 99 99 100 

26 IOI IOI IOI IOI IOI 102 102 102 IOI 100 98 98 
27 102 102 103 103 103 105 105 105 I03 98 97 97 
28 102 IOI IOI IOI I02 103 103 102 JOO 99 98 98 
29 102 102 102 102 103 103 103 102 IOI 100 100 99 
30 IOI IOI 100 100 IOI IOI IOI 101 100 99 98 98 

3I IOI IOI IOI IOI I02 102 102 102 100 100 99 99 

1\ieans 99·1 99·1 99·0 99·1 99·5 99·9 99·9 99·3 97·6 96·3 95·6 95·5 
Diurnalva~ 

Tiation +0·9 +0·9 +o·8 +0·9 +1"3 +x-1 +I"7 +1·1 --o-6 -'1"9 -2·6 -2·7 



 

REPORT FOR 1892-PART IL 317 

MAY, 1884-

Vlllue of ::1 division of eca.Ie, 0C10009:r in •rt• of V.] 

Local mean time. 

:i3h 14h 1511 :r.611 :r7h i:Sh x9" =" 111 11 22" ::.31' Mid- I Daily 
night. 

\ 
means. 

98 I d. 
[91] [91] [91) 98 (97] 96 95 95 96 96 97 [95·0] 

92 92 93 94 95 97 97 98 98 98 99 99) 96·7 
94 94 94 95 96 99 99 99 100 Ioo 100 100 96·6 
97 97 98 98 99 103 103 103 104 104 105 105 99·9 
98 99 99 99 100 102 102 103 103 104 104 103 [102·5]1 

98 98 99 99 102 103 103 103 103 103 104 104 101·3 

I 
106 105 106 108 108 110 IJO 110 IIO Ill III I 12 106-5 
IO~ 109 110 III III II2 Ill JII 112 I I 2 IIZ 112 I 10·8 
IOI 102 103 105 106 105 105 105 105 105 105 ro5 106-9 
94 95 97 99 100 102 I02 102 102 102 103 IOJ 100·9 

I 87 88 87 87 88 94 95 94 96 95 95 96 94·2 
94 94 95 97 95 98 97 97 97 97 97 97 95·8 j 
88 89 89 90 91 92 92 92 92 92 92 93 

928 \ 88 89 89 89 90 92 91 92 92 92 93 93 91·1 
87 87 87 88 89 90 go 89 90 90 90 91 89·5 

89 89 90 go 91 92 91 91 91 9I 92 92 91·0 
89 88 88 go 91 92 93 93 93 93 93 94 91·5 
91' 92 92 92 93 94 94 94 94 94 95 96 93·2 
94 93 93 93 94 94 94 94 94 94 95 94 93·9 
94 94 94 95 95 97 97 96 96 96 96 96 94·7 

94 93 94 95 96 97 97 97 97 97 96 96 95·7 
94 94 94 96 96 100 100 IOI 102 I02 102 I02 97·2 
99 99 IOI IOI IOI IOI IOI 101 IOI 102 102 102 101·0 

100 IOI IOI IOI IOI I02 102 102 102 I03 IOJ I03 101·7 
99 IOO IOO IOI 100 100 IOI IOI IOI IOI IOI IOI 101·0 

98 99 100 100 100 102 102 102 103 IOJ 103 103 101·0 

98 98 99 99 99 100 100 IOI JOI 100 IOI IOI 100·8 

98 99 99 99 100 IOI IOI IOI 102 102 102 IOI 100·6 
100 IOI IOI IOI IOI IOI 102 IOI .IOI JOI I02 IOI 101·3 
98 99 100 100 100 IOI JOI IOI IOI IOI IOI IOI 101·2 

99 99 [100] [100] [100] [100] (IOO] [100] 100 IOI 100 99 [100·3] 

95·4 95·7 96-2 97·I 97·6 99·0 99·0 99·0 99·3 99·4 99·7 99·8 g8·2 

-2·8-2·5 -2·0 -l"I -0·6 +o·8 +o·8 +o·8 +1·1 +1·2 +rs +1·6 
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Dav of 
month. 

I 
2 

3 
4 
5 

6 
7 
8 
9 

10 

II 
12 
13 
14 
15 

16 
17 
18 
.19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

Means 
Diurnal va-

riation 

\ 
I 
I 

! 

U. S. COAST AND GEODETIC SUB.VEY. 

98 
94 
92 
91 
95 

116 
109 
104 
94 
91 

95 
104 
102 
103 
104 

1o6 
109 
107 
1o6 

.112 

118 
1o6 
1o6 
102 
IOI 

98 
94 
go 
90 
95 

98 
98 

100 
116 

115 
1o8 
103 
93 
91 

95 
104 
102 
102 
104 

1o6 
109 
Jo6 
105 
Ill 

I t6 
105 
105 
JOO 

IOI 

97 
93 
89 
89 
94 

98 
98 

100 
116 

115 
108 
103 
92 
90 

94 
104 
·102 
103 
104 

105 
109 
103 
105 
JIO 

114 
104 
103 

99 
99 

98 
94 
90 
88 

94 

114 
Jo8 
102 
92 
9C> 

94 
103 
102 
IOJ 
104 

105 
109 
ro6 
105 
110 

112 
104 
103 
Joo 

99 

103·2 102·5 102·1 101·8 

+ 1·6 +o-9 +o-s +o-2 

JUNE, 1884. 

[Increasing scale rv.dmgs correspond to increasing foree. 

Local mean time. 

s" 

100 

95 
90 
88 

93 

97 
97 

100 

117 
113 

114 
1o8 
102 
91 
~ 

94 
104 
102 
IOJ 
104 

1o6 
109 
104 
103 
110 

Ill 

104 
103 
100 

gS 

101·6 

()"() 

100 

9'i 
90 
89 
95 

98 
98 

100 

117 
114 

115 
1o8 
102 
91 
89 

94 
105 
102 
104 
104 

107 
109 
104 
103 
109 

110 
105 
104 

99 
99 

1:02·0 

+0·4 

100 
96 

~ 
95 

gS 
99 

IOI 

117 
114 

J 14 
1o8 
102 

91 
8cJ 

94 
104 
102 
103 
105 

1o6 
109 
103 
103 
110 

Ill 

105 
103 
JOO 

98 

102"0 

+0-4 

99 
96 
90 
88 

94 

97 
g8 

[01 
117 
114 

113 
107 
IOI 

91 
88 

91 
103 
100 

102 

104 

1o6 
109 
104 
103 
110 

I JI 
105 
103 
100 

98 

101·4 

-0-2 

98 
94 
89 
87 
93 

96 
96 

100 
116 
113 

112 

I~ 

b 
go 
99 
98 

100 
103 

104 
1o8 
103 
103 
110 

102 
IOI 

99 
99 
98 

99·7 

-1"9 

94 
92 
96 
Ill 

112 

Jog 
104 
92 
87 
85 

88 
91 
95 
98 

100 

105 
105 
100 
IOI 

109 

96 
99 
92 
g6 

103 

g6·9 

-4·7 

:nil" Noon. 

95 
87 
87 
86 
88 

93 
93 
96 

III 

Ill 

107 
104 
91 
86 
85 

88 
89 
92 
g6 

IOI 

105 
105 
99 

102 
109 

96 
g6 
91 

95 
105 

96·3 

-5·3 

92 
93 
96 

113 
110 

1o6 
103 
92 
86 
85 

92 
91 
91 

• 97 
JOI 

105 
104 
98 

103 
110 

96 
95 
93 
97 

110 

¢·9 

-4·7 



 

REPORT FOR 1892-PART u 819 

JUNE, 188+ 

Value of 1 division of scale, 'oooo89, in parts of V.] 

Local mean time. 

1311 :1411 xs• s611 1711 18h 19'h 2d' ~·b :Z':l" s3h Mid- Daily 
night. means. 

a. 
96 96 97 98 98 98 100 100 99 98 97 ¢ 97"8 
90 90 91 92 93 96 95 95 95 94 92 9::! 93·0 
87 87 87 88 90 91 91 92 91 91 91 91 90·0 
86 87 88 90 91 95 95 95 95 95 95 94 90·2 
87 87 88 90 92 97 98 99 99 99 98 98 93·5 

90 91 93 98 99 102 IOI 100 100 99 99 98 97·0 
94 96 98 99 JOI IOI JOO 100 100 too 100 100 97·8 
96 96 98 IOI 103 103 115 114 114 115 115 115 103·2 

II4 HJ 114 115 116 118 117 117 117 116 116 115 u5·5 
III I 12 114 114 115 117 117 116 115 116 116 115 n3·9 

107 107 108 109 110 110 110 109 108 108 108 1o8 110·5 
103 104 104 105 105 105 105 104 102 102 102 102 105·1 

91 91 92 93 93 95 95 95 94 94 93 93 96-2 
86 .. 86 88 88 86 92 92 92 92 91 91 go go·o 
86 87 89 91 92 93 96 97 95 95 95 94 90"4 

93 95 97 99 JOI 106 1o6 1o6 105 104 104 102 97·0 
92 95 97 99 JOO 104 104 104 102 IOI IOI IOI 100·0 

93 95 99 IOI 102 104 105 105 I04 105 103 102 100·3 
99 100 102 103 104 1o6 1o6 Jo6 105 104 104 103 102·3 

103 103 104 104 105 1o6 105 105 105 105 105 104 103·8 

Jo6 107 1o8 108 108 109 110 1-10 109 110 110 109 107·1 
104 104 104 to6 107 Ill 112 112 111 III III 109 1o8·2 
99 99 101 102 103 1o6 1o6 1o6 to6 Jo6 1o6 1o6 103·5 

104 103 104 107 108 115 II5 115 114 114 113 112 1o6·9 
Ill II I 112 114 116 125 125 125 124 122 121 117 114·3 

97 98 98 100. 102 108 109 110 109 107 1o6 1o6 1o6·0 
98 102 104 107 109 114 116 115 ~l4 113 110 109 105·8 
97 99 99 100 103 109 1o8 108 107 104 JOI 102 10.J ·7 
97 g8 99 100 IOJ 107 1o8. 107 Io6 105 104 IOI 1()().9 

112 III Ill 113 116. 1o8 ro8 109 1o8 107 1o6 104 105·1 

97·6 98·3 99·6 101·1 102·4 105·0 105·7 105·6 104·8 104·4 103·8 102·9 101·6 

-4·0-3·3 -2·0 -0·5 +o·8 +3"4 +4"1 +4"0 +J·2 +2·8 +2"2 +1·3 



 

320 U. S. COAST AND GEODETIC SURVEY. 

JULY, 1884. 

[Inoreasing scale rca.dings correspond to increasing force. 

Local mean time. 

Day of 
month. 

:a~ 11• 3 .. •• s" 611 7• 8" 9" xoh :a:xh Noon. 

I 104 103 IOI IOI JOO ioo 100 IOI J02 JOI IOI IOI 
2 106 IOJ 103 I02 IOJ JOO JOO 99 99 (981 (99] [Ioo] 
3 - -- --- --- -- - -- ·- --- --- --- --- --- - -· - - -
4 [104] [rn3J[Io2] [Iol] [JOI] [rnI] [IOI] [mo] [99) (97] 95 96 
5 103 I02 IOI IOI IOI 102 JQZ I02 IOI IOI IOI IOI 

6 1i3 112 II2 II2 IIO l I I III III 108 95 94 94 
7 I06 I05 I04 104 104 104 104 I04 IOI 98 99 99 
8 107 I06 I05 104 104 104 106 105 104 102 IOI 102 
9 I 12 III I IO I09 i09 108 Iog 109 102 100 99 IOO 

IO IIO IIO 109 108 I08 I07 107 I07 107 I07 107 109 

II II8 I 19 Jl8 u8 II7 II7 115 II5 I I3 107 107 107 
12 110 110 109 109 108 I09 III 109 106 99 99 98 
13 106 106 105 106 106 106 103 102 98 93 934 95 
14 104 104 102 102 JOI IOO IOO 100 99 97 96 96 
15 99 98 97 96 95 94 94 94 93 96 96 97 

I6 IOI IOI 98 97 95 95 96 96 90 84 84 86 
I I7 91 90 90 89 89 90 91 89 87 80 8o 8o 

18 128 127 126 I26 125 125 I26 125 II9 96 95 96 
19 IOJ IOI IOI 99 98 98 99 98 92 78 80 So 
20 97 95 94 93 94 94 94 94 91 go 91 O' J.) 

2I IOI JOO 98 98 98 98 98 97 94 89 88 89 
22 106 105 105 105 105 106 108 107 102 94 94 96 
23 Il3 III 110 I09 109 109 109 109 JOI 89 87 87 
24 104 103 103 103 103 104 I04 IOI 98 95 94 94 
25 99 99 98 99 99 99 100 99 96 89 89 go 

26 98 97 96 95 96 96 95 95 go 87 88 90 
27 102 IOI 100 98 99 99 98 97 93 86 86 87 
28' 99 98 98 96 97 97 97 96 92 85 86 86 
29 95 95 95 95 95 95 94 93 91 88 87 88 
30 103 103 103 103 103 I03 102 102 100 96 96 95 

31 93 92 92 90 91 90 90 89 83 86 86 87 

Means 104·5 IOJ'7 I02·8 102"3 102·0 102·0 102·1 1or-5 98·4 93·4 93"3 94·o 
Diurnal va-

riation +z·8 +1·9 +1·1 +0·5 +0·3 +0·2 +0·4 -0-3 -3·3 -8·4 -8·4 -7·8 
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JULY, 1884. 

Value of 1 divisfrm of scale ·ooooS6 in parts of V.) 

Local mean time. 

,~• 14h 15h 16h J:7h iSb tgh ~ 21• 22" 23h 
~tid- I Daily 

.> night. I means. 

d. 
103 105 105 107 108 116 115 IJ5 IJ4 112 )JO 107 105·5 

[rn1] [102] [103] [104] (rn5] (106] [rn7] [106] (105) [ rn5] [105] [~1-~5-J 1 
[102·7] 

---- ---- ---- - -~~ - - - - - ~ - - - ----- ---- ---- ---- -- - ... - ------
96 98 99 10[ 102 104 105 105 105 103 Io3 102 [ro1·0] 

103 104 106 110 112 I 18 tI8 117 116 II5 IIS 115 l 107·0 

96 99 JOI 104 105 I IO 109 108 108 106 106 105 
I 105·8 I 

IOI 103 105 108 109 11 I III I I I III I IO 109 107 105·3 
103 105 107 109 I IO I 13 IIJ I 14 ll4 I 14 114 112 107·4 
IOI 102 104 105 109 112 I I I II2 I I 2 I I J I I I JIO 107·4 
110 J IO I 12 I 14 115 120 120 120 119 120 J 19 u8 I 12"2 

108 109 I 11 III I 12 I 13 114 Il3 I I 2 I 12 I 12 112 112·9 
99 99 IOI 108 109 109 108 107 104 104 104 105 105·6 
96 97 98 98 JOO 102 108 109 1o6 105 to6 103 102·0 
96 97 99 100 102 !OJ 102 102 IOI 100 99 99 100.0 

98 98 99 100 I03 Io6 106 105 I04 102 100 100 g8·8 

88 91 93 93 95 97 98 98 97 95 93 92 93·9 
81 82 84 86 113 134 135 134 133 132 130 128 100·8 

97 99 100 102 105 109 109 109 106 105 104 I03 110·9 
82 85 88 90 91 98 IO( 102 IOI 102 100 99 94·4 
95 96 97 IOI 102 106 I06 I06 105 104 103 IOI 97·6 

90 94 97 99 IOI I It 112 112 III I I I rog 107 100·1 
98 99 IOI 107 109 1I6 115 114 II4 I 14 JI5 113 1o6·2 
89 92 94 96 99 IOI 103 103 103 103 103 103 I 101·3 
95 96 98 99 too IOI 102 100 .IOI 100 JOI JOI 100·0. 

91 92 94 96 97 IOI IOI 102 100 100 99 98 97·0 

90 92 94 98 100 105 106 106 105 104 103 102 97·0 
88 88 92 95 97 IOI 102 102 100 99 99 98 96·1 
87 89 91 93 93 96 96 96 96 96 95 94 93·7 
91 94 98 100 102 1o6 105 105 104 104 104 102 ! 96·9 
95 97 99 102 102 102 102 IOI 99 97 97 94 99·8 

90 92 94 95 98 98 99 99 99 99 99 98 92·9 

95·3 96-9 98·8 101·0 103·5 107"5 IoS·o 107·8 106·8 106-1 105·6 104·4 101·7 

-6·4 -4·9-2·9 -0·8 +1·8 +s·1 +6·3 +6-o +s·• +4"3 +3"9 +2·6 

S. Ex. 37--21 



 

322 u. s. COAST AND GEODETIC SURVEY.:,_ 

AUGl1ST. 1884. 

[IncreaRing scale readings correspond to increasing force. 

Local mean time. 

Day of ,h 2h 3h 4h 5h 6" 7b gh 9h yob '.11" Nocrn. month. 

I 97 97 97 97 98 99 99 97 92 84 83 8' _) 

2 94 92 92 92 93 94 94 92 88 82 81 K~ 
3 88 87 87 86 87 87 87 87 87 84 84 &s 
4 107 107 106 105 105 105 105 105 103 101 103 105 
5 l JI 109 109 108 108 108 108 107 105 102 103 104 

6 114 113 I 13 112 112 112 I I 2 112 110 107 109 l 1 I 

7 115 I 14 I 14 I IJ I 12 I 12 I IJ 112 106 I04 104 IO{> 

8 I 19 119 I 19 l 16 I 16 II5 114 I 12 106 99 98 IOI 

9 109 108 108 107 106 106 106 105 102 96 95 (}() 
10 I02 IOI IOI IOI IOI IOI 102 99 94 82 84 85 

II 100 99 100 99 99 100 100 98 93 86 87 88 
12 96 96 96 96 96 97 97 95 91 80 82 83 
13 95 95 95 95 94 94 94 92 89 74 74 j4 
14 91 91 91 91 go 90 90 88 84 78 80 81 
15 96 96 96 95 95 96 96 96 94 92 94 95 

16 112 113 I I 2 III Ill I 12 112 Ill 108 107 109 110 

17 I I 3 I 12 112 I 12 III Ill III 109 98 94 94 94 
18 1o6 105 104 104 105 106 107 105 103 JOO IOI 102 

19 107 105 105 105 105 I05 105 105 99 96 95 06 
20 100 99 97 99 100 IOI IOI 98 97 97 97 9s 
21 105 104 102 IOI 102 IOI 102 100 96 90 90 91 
22 97 95 94 92 92 91 91 92 94 97 JOO 102 

23 119 I 19 II5 I 14 114 114 I 14· 114 113 I 10 108 108 

24 107 107 105 105 105 106 104 100 97 88 86 87 
25 122 122 121 120 121 122 120 119 114 103 IOI 103 

26 109 108 106 106 107 107 106 105 99 93 91 qz 
27 99 99 98 98 99 100 99 93 88 83 82 85 
28 94 92 89 88 87 86 85 84 78 77 77 77 
29 87 85 85 84 84 84 85 85 83 83 82 84 
30 91 90 90 90 89 89 89 86 84 83 82 83 

31 100 99 99 too 100 100 IOI 100 91 86 85 86 

I 
I 

101-6 101·6 96-3 91·6 9::·9 Means ro3·3 102-5 101-9 101·4 101·4 100"1 91·5 
Diurnal va-

riation 1+2·6 +1·8 +1·2 +0-7 +0·7 +0·9 +0·9 -o-6 -4·4 -9·2 -9·1 -7'8 
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AUGUST, 1884. 

Value of z division of scale, ·000082 in pa:rts of V.J 

Local mean time. 

~--

13h 14h 151> x6h 17h T8h I9b :ioh 21h 22h 23h 
Mid- Daily 
night. n1eans. 

----
d. 

Si; 86 87 91 93 95 96 96 96 94 94 94 92-9 
84 86 89 91 92 93 93 92 92 92 91 90 90·1 
86 Sq 92 94 98 106 106 106 107 107 J07 ro7 9.3'4 

107 108 I IO l J l JI l 112 r 1 2 112 I I 2 I I I I I I I JO 107·7 
104 107 110 l 12 IIJ IJ4 114 114 I I 4 I J..t. I14 l 14 109·4 

112 112 I IJ II5 JJ6 IJ6 II6 II6 116 116 IJ 5 Il4 I I"" I ·' 108 II I llJ 115 TIS 120 119 I 19 I 19 I 19 [18 I J8 I 13·3 
107 109 108 109 109 I I I lII I IO 110 IIC IIO 109 I 10·3 

98 98 103 105 106 106 106 104 105 105 104 103 103·6 
87 90 9I 94 96 99 98 98 98 98 99 98 95·8 

91 93 96 97 99 98 97 98 97 96 97 96 96-0 
85 86 88 90 QI 97 97 96 95 94 94 94 92·2 
76 79 81 84 86 91 92 91 91 90 90 91 87·9 .') 

)'l I 82 88 92 95 99 99 98 98 97 96 95 90·2 
')8 99 tor 103 107 Il4 II5 115 114 114 ll3 112 101·9 

I JO I I I I 13 IJ6 118 t19 118 118 I I 7 II5 l 14 I 13 I 12·9 
<)6 100 103 107 108 III I I l I IO 109 109 108 107 106·2 

!OJ 104 105 Jo6 108 109 109 108 108 108 108 108 1oy5 
96 96 96 IOI 102 104 105 104 104 104 IOJ IOI 101·8 

100 102 104 106 107 107 107 108 107 1o6 ro6 105 102·0 

93 95 96 99 103 106 107 105 103 102 100 96 99·5 
lOJ 1o6 108 108 109 116 118 117 117 119 JI8 II8 103"9 
100 109 109 I I I I I 2 114 I 12 110 110 10<) 107 107 111 .. j 
s8 89 91 93 135 131 130 129 128 I 26 125 123 107·7 

106 109 I 11 IJ4 116 117 116 II5 Il3 Ill 109 109 113·9 

'15 97 100 IOJ 105 107 105 104 103 IOI 100 100 102·0 
87 89 93 96 99 104 IOI JOO 98 97 94 Q4 94·8 
79 81 86 87 89 92 92 91 89 89 86 86 85·9 
86 86 89 91 91 94 95 94 93 93 92 91 87·8 
84 86 90 93 95 103 104 103 103 102 102 IOI 92·2 

87 89 91 94 96 JOO 100 JOO 99 99 9S 98 95·8 

94·5 96·3 98·6 100·9 103·9 1o6·6 1o6·5 105·8 105·3 104·7 104·0 103·3 100-7 

-,fr2 -4·4-2·1 +0·2 +3'2 +s·9 +s·S +s·1 +4·6 +4·0 +3'3 +z·6 



 

324 U. S. COAST AND GEOD~'TIC SURVEY. 

SEPTEMBER, 1884-

[Increasing scale readings correspond to increasing force 

Local mean time. 

---~· 

! Day of 71' month. 1 .[h "b 3 .. 4h 5h 6b 8" 9h xo" rrb Noon. 
L , 
·-----

i 
I I 98 98 99 98 100 IOI 102 IOI 99 93 93 94 
2 i 107 107 107 107 108 108 109 108 105 102 102 103 

3 

I 
106 106 107 106 107 108 107 107 JOO 95 95 96 

4 97 97 98 98 98 99 JOO 98 93 89 91 92 
5 100 100 IOI 100 IOI 102 102 102 101 98 97 9S 

I 

6 106 105 105 105 105 105 I05 104 102 87 88 88 
7 91 89 89 89 88 88 88 89 83 78 78 79 
8 93 92 91 90 90 91 91 93 IOI 97 95 95 
9 l 96 96 96 95 94 94 94 94 92 84 84 84 

10 ! 95 93 94 93 93 95 94 94 92 91 92 92 

I I 103 103 103 104 104 104 104 104 104 104 103 103 
12 I It I I I I IO I IO Il:I I I I III I IO 109 108 109 109 
13 116 I 14 115 115 I 14 113 113 I I I I IO 104 104 104 
14 109 109 I IO 109 109 109 109 106 10~ .) 97 97 97 
15 IOI 101 102 IOI 101 100 100 100 98 95 96 98 

16 100 99 99 JOO 99 100 99 98 98 98 98 9S 
17 100 99 JOO 100 100 99 99 97 94 89 - 90 S9 
18 98 97 97 96 97 98 97 95 91 85 64 t-:s 
19 94 93 92 92 92 93 92 91 90 86 86 s7 
20 93 93 93 92 92 93 93 93 92 91 91 91 

21 104 104 104 104 103 104 105 105 103 102 102 JP2 

22 105 105 105 105 105 106 107 107 107 105 104 10:\ 
23 116 115 115 I 14 115 I 16 115 113 110 99 98 9·°" 
24 IOI 100 100 100 100 102 102 IOI 99 96 94 9S 
25 98 g8 98 98 98 98 98 97 95 92 92 91 

26 97 97 97 97 96 97 97 96 97 94 94 95 
27 104 105 104 103 104 105 105 107 104 92 92 92 
28 99 100 IOI 100 100 100 100 IOI 98 86 86 XI'> 

29 94 94 95 95 95 96 98 98 97 95 94 93 
30 98 97 97 97 97 99 99 IOI IOI 99 99 9S 

!\leans 101 ·o tocr6 100·8 100·4 100·5 101·1 101·2 100·7 98·9 94·4 94·3 94·5 
Diurnal Ya-

riation 1+1·1 +0·7 +0·9 +0·5 +o·6 +1·2 +1·3 +o·S -1·0 -5·5 -5·6-5·4 
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SEPTEMBER, 1884. 

\'alue of 1 dJvlsiotl of scale, 'ooooSo in parts of V.] 

Local mean time. 

i3b I4b 151> x6h "1" 2$1' 19b 
_.. :nt. """ :z3L Mid- I Daily 

night. ! means. 

d. 
96 98 102 104 105 109 I IO I IO 109 108 108 107 101·8 

103 104 106 107 107 107 106 106 106 106 107 107 106-0 

97 97 98 98 98 99 99 100 99 98 98 97 100·8 

95 98 99 99 100 100 100 102 IOI IOI 100 100 97·7 
99 IOO IOI 104 104 105 105 106 105 106 Io5 106 102·0 

89 90 90 92 92 92 92 92 93 92 91 91 95·9 
82 85 87 88 91 91 (91] [92] [92] [92] [93] [93]1 (87·8] 
96 98 99 IOI IOI IOI 100 99 99 98 98 97 96·1 
85 88 90 92 93 97 96 96 94 96 96 95 92·5 
93 94 95 100 IOI 105 105 104 104 104 105 I05 l 97·2 

104 ro6 107 108 109 114 114 I 14 I 13 ll3 112 I 12 I 107·0 
I IO I IO 112 Il3 JJ4 117 117 117 I J6 116 115 1I4 I I 12' I 
105 106 107 108 109 112 IIJ 114 I I2 I JO III 109 . 110·4 

97 99 100 IOI 102 105 106 105 105 I04 103 rn3 I I0.)'9 

97 97 98 98 99 103 104 104 104 103 102 IOI I 100·1 
i 

98 100 IOI 100 IOI 103 103 103 103 103 102 IOI I 100·2 

90 94 94 94 97 99 99 IOO 102 99 99 98 I 96·7 
87 90 91 93 93 95 97 97 97 9.5 97 95 I 93·6 I 88 91 92 92 92 96 96 96 96 95 95 95 I 92·2 
92 94 96 97 100 106 Io6 106 106 106 106 106 

I 97·0 

IOI 102 104 106 106 106 107 107 106 106 107 106 ro4·4 l 
103 104 I06. 107 l07 II7 117 IJ6 II6 I 16 1I6 115 i 108·5 
99 IOI 102 104 104 104 104 104 103 103 102 102 i 1o6·5 
96 98 JOO 100 IOI 102 102 102 roo 100 99 99 99·5 
92 93 96 97 98 98 97 97 97 97 97 97 96·2 

96 99 JOO 101 IOI 106 106 106 106 105 104 105 99·5 
9.~ 94 95 97 98 99 99 99 99 99 99 99 99·5 
86 87 go 92 93 95 95 95 95 94 95 95 94·5 
94 95 96 98 99 IOI 102 IOI IOO 99 IOO 99 97·0 
99 100 IOO 100 102 104 104 104 103 103 103 ro3 100·3 

- -~~-. ! 

95·4 
I 

97·1 98·5 99·7 100·6 102·9 IOJ'l 103·1 102·7 102·2 102·2 101·7 I 99·9 

·4·5 -2·8 ~1·4 -0·2 +0·7 +J·o +3·2 +3'2 +2·8 +z·3 +2·3 +1·8 l 



 

326 u. s. COAST AND GEODETIC SURVEY. 

OCTOBER, 1884. 

[Increasing scale readings correspond to increasing force. 

Local mean time. 

Day of 
month. 

%h ::;.h 3h 4h 5h 6h 7h Sh 9b XOi. xxh Noon. 

I 103 103 102 102 102 102 IOI IOI IOO IOO IOO 100 
2 105 104 103 104 103 IOI IOI 98 98 98 99 9S 
3 102 IOI IOI 100 100 100 100 100 98 95 94 94 
4 96 95 95 94 93 93 94 94 94 91 90 91 
5 95 95 93 93 93 93 92 93 93 94 93 92 

6 97 96 95 95 94 94 94 94 94 93 92 92 
7 IOO 99 98 97 96 95 95 96 95 95 94 95 
8 IOI IOI 100 100 100 JOO 100 IOI 102 102 IOI IOI 
9 I IO I IO I IO 109 109 109 109 109 108 105 104 104 

IO 107 107 1o6 I06 106 106 106 Io6 105 IOI 100 99 

II 106 105 105 105 I05 105 104 105 104 IOI 99 99 
12 104 104 104 104 104 105 104 104 lOJ 101 100 JOO 

13 IOI 102 102 103 103 103 103 IOI 100 96 95 94 
14 96 94 95 95 95 96 96 95 93 92 92 90 
15 97 96 95 96 95 96 96 96 94 92 91 91 

16 93 93 92 92 92 93 94 94 92 90 89 88 
17 94 94 94 93 92 92 91 92 90 89 88 8., 

' 18 94 94 93 93 93 93 93 93 91 87 86 8(1 

19 9I 91 91 91 90 91 91 92 89 89 88 SS 
20 92 92 92 91 91 92 93 92 89 88 87 87 

21 92 91 91 91 91 91 91 91 91 90 89 90 
22 95 95 94 94 93 95 96 96 97 ioo 100 90 
23 107 108 107 108 108 107 107 107 106 108 108 107 

24 112 I I I I IO 110 110 110 I IO I 11 1og 108 107 107 

25 l 13 113 I 13 113 113 113 113 112 I I I 108 I06 100 

26 I I2 l 12 112 III III 112 113 113 Ill 108 I07 107 

27 110 I IO 108 108 108 I IO 109 108 107 104 103 103 

28 107 107 116 107 107 108 108 107 104 99 98 98 
2~ 103 I03 103 103 103 103 104 104 IOI .. 96 95 9~ . ::> 
30 IOI IOO 99 99 99 100 IOO IOI 99 95 94 92 

31 99 100 100 JOO JOO 100 100 109 97 95 93 94 

Means l101·1 100·8 100·6 100·2 100·0 Ioo·3 100·3 100·2 98·9 97"1 96-2 95·9 l Diurnal va-1 riation +1·5 +1-2 +1·0 +o·6 +0·4 +0·7 +0-7 +o·6 ---0·7 -2·5 -3·4 -3·7 

JUNE, 1885. 

[Increasing scale readings correspond to increasing force. 

Local mean time. 

-~-~~ ~~~~.--~ 

23 .IOI 99 99 100 IOI IOI IOI IOI 99 98 97 97 
24 JOI IOI IOI JOI 102 103 103 102 99 96 ~i 

95 
25 99 99 98 97 97 98 97 98 98 98 99 
'26 101 100 99 9.9 99 99 99 100 .• 

99 .~ . . 99 99 
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ocroBER, 1884. 

Value of• division of scale, ·000095 in parts of V.] 

Local mean time. 

r3b 141' 15b 16b T7b 18b 19b zoh , .. i.. 22b 23i. '"lid- Daily 
night. 111carL 

... ---------·--·--· 

d. 
100 100 102 102 103 104 99 102 106 106 104 104 102·0 
99 99 98 100 102 Joi IOI 104 104 105 10 1 

C) IOI 101·2 

95 95 97 96 96 97 98 97 97 97 97 96 97·6 
91 92 92 92 93 94 95 95 95 96 95 96 93·6 
93 94 95 95 96 97 97 96 97 97 97 97 94·6 

q1 - ..) 94 96 95 96 98 97 98 98 99 98 99 95·5 
95 96 98 98 100 102 102 102 102 102 102 IOI 98·1 

102 105 106 107 107 I IO 109 108 107 108 109 110 104·0 
104 105 106 107 108 109 107 106 106 106 107 107 107·2 
IOI 103 104 105 105 106 104 104 104 103 104 104 104·2 

98 99 IOI 102 104 105 104 104 1:0J 104 103 103 103·0 
100 IOI 102 IOZ 102 103 102 IOI IOI 100 100 100 102·1 
95 95 96 97 97 98 99 98 98 97 96 95 98·5 
89 92 93 94 95 96 96 97 97 97 96 96 94·5 
'JO 91 92 92 94 95 95 96 96 94 94 94 94·1 

8S 90 90 90 91 92 91 92 93 94 95 96 91·8 
89 S9 91 92 93 95 95 95 Q~ 95 95 94 92·2 - ::i 
86 87 88 89 89 91 90 90 91 91 91 91 90·4 
88 90 90 91 92 93 93 02 92 92 92 92 9o·S 
88 89 90 90 go 92 91 91 91 91 91 91 90·4 

92 93 94 95 96 96 96 95 95 95 95 96 92·8 
99 99 100 103 105 106 106 106 106 106 106 106 100·1 

1u7 108 109 I I I 112 113 l 13 113 l I 2 1 I I ,I I 2 112 109·2 
10S 109 109 110 l I I I I4 I I 2 I I I l 10 I 1 I III 112 110·1 
107 109 I I l III 112 IIS IIS 114 IIJ J 12 I I 2 I 12 11 I ·5 

I 08 109 I IO I I I 112 I 12 II l I I l I IO 110 IOQ 109 I 10·5 
10' 104 105 106 108 110 110 109 109 1o8 108 ro7 107·3 ,) 

q8 100 100 IOI 102 104 103 104 104 104 103 103 10~-s 
.) 

95 96 97 98 99 IOI IOI IOI 100 100 100 too 100·0 
()' -.,) 94 96 97 98 99 99 99 99 100 100 lq<) 98·0 

'J--1- 94 95 97 99 IOI IOI 100 100 100 99 99 9~-~-1 
~)(,. 4 98·5 101·6 100·8 97·5 99·2 100·2 101·0 101·0 101·0 101"0 100·7 99"6 

- 3·2 -2·1 -1·1 -0·4 +o·6 +2·o +1·4 +1·4 +1·4 +1·4 +1·2 +1·1 
• 

JUNE, 1885. 

\'at •. «, of• division of scale, ·ooo .132 in parts of V .] 

Local mean time. 

97 99 100 100 IOI 102 102 102 102 IOI IOI IOI l '>5 96 99 100 JOO IOJ 103 103 IOJ 103 102 102 I 

98 

1J 
HX> too 102 J02 IOI 101 101 102 103 102 102 IOI 

99 99 99 HX.> 101 IOI IOI 102 102 102 IOI 100 
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APPENDIX NO. 8-1892. 

ON THE MEASUREivIFNT ( lF Tl l E J [1 11,T( 1N HASE, HOLTON. JUPLEY 
COUNTY, INDIANA, ANlJ THE :-;T_ ALB.\:\''~ BASE, KANAWHA Culi::--rTY, 
\VEST \'IH.t;JNJA. 

PREFATORY NOTE. 

Tht:- two chain~ of tht~ tran:-Hinut.jneut.:d t.ria.u~·ulatiuu near tl1e thirty-ninth p11ra.l
l1·L whicL llad Ileen 1·;uTiell west ward i·nJ111 Clt1•,.;ap1·akt~ Ba:-· nud eu.-;t wanl fro1u the 
11 i;,HiH.sippi, l!a.viug· reaelted a j111wtiou npon n line i11 tilt) :"tate of l1idia.nain ~ept-P1u-
he1·, 18~10, the ua~a,.;11n•111t>ut of' a ba:-:t' of V(•riticatiou liueanr•· de1,dra hie. . 

A rel'Ollnoissanct• iua1le hv A1•;i,-;ist.aut A. T. ,\fo,.;n1:111 uut!er instruetion,.; f"run1 ihe 
i-lnperinteudent for th1c' p11rj10He ot tiluliug- a :-;uitahlt> i-;itP for thi;-; u1easuric•111t•id., re
s1iltetl, after a few exa1niuat.ions, iu tl1e :-;e]e1·tio11 of a loe:ility nt•ar the town of llol
tn11, Hipley County, l111lia11a. 

Ju 01n spring uf 1891 preli111inary arraH~•·rnents for th .... 111easure111.·1d were hegnn 
i1y !>Ir. Mos1uan, to ·whoiu had l1een ai-;,.;iµ;11t·d tl11; charge of tlw party ;111d the g<·1wral 
di l'N'tiou of its operatiorn.;. 

lt was clPcided that this u1easul'e1nent s]1u111d he coudncte1l i11 l"ll<'ll a \V:t,\' a~ to 
ol•tai11 111ost. thorough tests of· tht• relatiYt• 11H·1·its of seYera1 f'orn1;; of h:t>'f' a.r•parat-n;;. 
To thi:-< end the 1·harµ;e of t.IH, 11h·a:-<ll1't'lllt'llts '''itlr tl1c 111et:1Jlk ta]•<'"' :111d with the 
i•'<•<l lt:ir apparatns, and the e~q1eri111t·utal work ,,·it11 the 100-uietre "'n11parator -..va1:> 
n:-.siµ;nt•d t.o ARsistaut. H. I:-). \\"001lward, '\Yhih• tlli' c-ouduct of the nwa.-;urm11eut . .,.~·ir.h 
t Jr., new secondary co11tuet-:-<l ide apparatnR '\Yas eou111dtt~·d t~) As:"i1;ta11 LU. ll. Tittn1:11111. 

TlJP. reports rrom these oihcPrs which fuJlo·w e]nchlatt• fully tlH'- JHPt.hods of 111eas~ 
111·e1JH•nt adopted :ind their r1~1'\nlts. 

They are here puhJ:i:-;hed :l:-< prq•an:d ip1ite iIHIPpe111IPnt.ly by ARRiRtants \Vooil
war1l and Titti11:.tllll. Eaeh contains the d1·tailN req11in•d tn eun.hle the ronde1· to fonn 
an i1111PJm1HlPnt jndg1nm1t of the :u·curacy of tho nwtltod e1nploy<•d and to n~ach hi:-i 
u'q1 «0111·l111sious UH to relati\·p HtPrits. Jt u1:t-v he .,,~,,]l, however, to invite att,;nt.i.•n 
to 011e or two infere1uws iu rela.tioa to es,.,.euti•~l poiut.s, 'tlto correetnrn's of whieh will 
!11' 1uhuittod, it is l1eHeved, Ly all who are fa11tiliar with Ute subject. 

I~ js evident tha.t eitlrnr of tlH· two principal method!'! of 1Hlfi!fl me:umrem.,.nt de
Hen lH,d, na1neJy, tht• lH:H' of tlie 1ape :11Hl tl1e ."<1>-c.al1f'd "i;;el'<mdary apparatus." wl11 
lflYe :111 U.<~curiH'Y entirely l"llt'ticient ti>r a11y 1l1•nia.11d:-< Jikely to arhw. Ju hoth ''aHes 
11 appears that the probable error derh·ed t'ro1u t1u• ra11g1' of' diffel'eut. 111cas111·es is 
l'.•,.;:-; than one part iu oue 111illion, audit 1uay :-<afe]y bl' asi:;11rned that, iu1,huting error:; 
1r.,tn all aources, a result trne to one part iu half a. n1illio11 c•a11 lH' r1•aehed. 

lt. is duuhtless con·ect to sa v that uo known nwt:lH1d of h;U·H' n1<'a><nre1neut aside 
fr 11 111 the two hen~ considered 'is 1·:tp:1hle of µ;ivi111-t' n.;. goo'1 resu11s. whl'n at·curat',\' 
= 11 ~<1 Pxpeuse nre both inch11led. The 11:-<e of" an ieed bar, 1111plied to the n1easnre1neut 
0 1 •:ou1-1iderable distanceR ii1r the first ti1ne i11 the ,HoJt.on l~ase, is tllH]lteS1.ionnlily tJ1e 
iu .. thod oi· highest predfdou, and itf.i cost is not h<•JieYed to he g;rea.ter tha11 that of 
"t ilc.;r methotls i11 nse in Europe, but it~ will oot he foHnd llt:Wt-81'\ar;\' to resort to it in 
l•l·dmary practice, except for the }Htrpose of stautlnrilizat.ion a.s here de1»erihed. TlH~ 
lli<'lallie tape is not ouly ca:pahle nf giYiug a. reRn1t of ~reat ac«ura1:;-,· wltc11 in th~ 
li:llld1'1 of e11p•ffti;:;, out it is evidf·ntly tl1e best deviee for rapi'l baRe 11wnHnre1nent 
wliure uo great precision ii:! aiuietl at. .As t.o the cost of tbf• "tape-line iuetllod" an1l 
tL:it of the "ReC'onda.ry apparatus," when the accuracy required ii" oue part iH :fron1 
t 1'.'.' h11ndred to Jive hundrt'd thousaud, the1·c ca..u he lit th• differeiu~e. 
k ~ 1ihseqncnt to the n1easuren1ent of the 1-foltou Ba.sc, a d1(•ek l>asi\ in \Yeo;t Virginia, 
l 11_0 wn H.B t]Je.H.t. Albani> Bu.Re, >vas 1neasnred l1y AREriatant \Vootlwarll, 1he tape Hue 
.•trug used a,ntl the conditions being such as to render it easy to tletenni111• qnite 
•
11·:·,nrately the cost of tLe work. 
,,,l_lic ui,;e of the seco1~clary apparatns at HoJton having beeu continuom•,, wLen it "t" once begun, the circu1usta11ees >vere such tllat a very goo1l u.1ea8nl'e uf the cost 
'' tlrnt work is also poRsible. \Vhen tbesij 1·esults are co-mparc(l, it. is ftmud that 
~1. 1 •1 ;11er ordinary conditions both time and coAt of tlie two 1netho1ls wonld be esse11-

1:1h' llybthe same. Local peculiarities will theref'ore usually determine which method 
a e used. 

'I'. C. lt1EN'l»I<~.NHALL, 
Superintendent • 
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MEASUREMENT OF THE HOLTON BASE. 

I. EXT UAC'l'S FRO~! THE REC01~DS AND FRO:\i THE J{.EI'OR.TS 01~· 
A .. 'I'. l\'Io::s~IAN, A8SI8't'ANT. 

I,OCATION OF BASE LINT~, MARKINGS, ETC. 

The primary base liue in Ripley County, Ind., laid out by my party 
in October aud :N°oYember, 1890, was located on the hig·h and nearly 
level table land between the towns of Holton and New 1\la.riou. 1 t:-; 
length is 5,500 metres, ftnd its direction is nearly north and south. ru 
order to avoid the creek near it~ north eu<l., it was swung to the -west-

- ward from a true uorth and south line. 
North base is in Otter Creek Towu:.;bip, about 1 mile east of l-Iolto11. 

on the Ohio and J\Iissi~sippi Hailroad. South base is in Centre Towu
ship, and a.bout half a mile north of the village of New l\farion. 

rrhe uuderground and surface marks placed to secure the ends of tl11 
bai-;e after the completion of the measurements were as !'l.bown iu t.he 
acc01upauying sketch (illustration No. 30). The sub-surface mark W:ll"i 
a copper bolt, set in a lhnestone post 6 inches Hquare and 2 feet loll,.?.·, 
wllich was sunk in the earth till its top was 3 feet below the surfoct'. 
At the interi:;ection of cross lines cut on the top of the bolt, a fine ltole 
one-quarter of an inch deep was drilled to mark the station P' :11t. 
Above and a,ronnd the post, except for a space of 1 fbot. square iI nw
diately over it, is a layer of Portland cement concrete 1 foot thicl a tHl 

4 feet squ3,re1. Upon this foundation rests a block of limestone 3 fet·t 
square and 30 inches higl1, having a copper bolt with cross m.d fitw 
.drill lwle sunk into its top at the centre, this hole being the 1.urfi:.te{· 
mark of the end of the base. 

To protect the~e surface i.narks fron1 injury and to indicate conspicu
ously the ends of the base, limestone shafts were placed in posit.ion oye1· 
them. The one at North Base had inscriptions on three of its faces, al'i 

shown in the illustration, and the one at South Base was similarly 
inarked. 

All of the prepar~l>tions for the actual measurement were ,.mpletr·d 
~arly in June, 1.8!-ll. ~l"hese included the clearing of the line. the 
fencing of the camp ground, the Jlitching of tl•e tents twenty-two iu 
n.atnber, 'fil1e construction of a co1nparing bouse with railroad and track 
110 ntetres long, the setting of posts for microscopes, and the determilw· 
tion of the hei~ht of North Base above sea. level by le v-elings to the 

<nearest beu~h mark of' tbu tra~continental line of geo~e~o IeveJing. 
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Before the ba.se apparatus arrived from \Vashiugton, section st-0ues 
were set at 1.,200, 2,100, 3,000, 4,000, aud 5~000 metres from South Base 
and carefully aligned. Stones were also set at 3,900 and 4,900 metres 
to mark the ends of the kilometre intended to be measured with tLe 
standard bar encased in ice. These section stones were cubical block:-:. 
of limestone, 1 ioot iu each dimension, aud set in beds of eoncrete ];) 
inches square and 15 inches deep. In the top of each stone was secured 
a copper bolt, 1 inch iu diam_eter and 3 inc11es loug, with a fine cros:s 
cut on jts bead. The levels run along the line from North Base to South 
Base made ea.ch of these section stones a, beuch mark wen determined 
in height above sea level. 'The comparing house, with railroad a11d 
track 100 n'letres long, and posts for lllicroscopes, was finished. 

BEGINNING AND PROGRESS OF THE MEASl!REMENTS. 

On July 27, 18Ul, the instruments were unpacked and prPpared for 
work, by Assistants Tittmann and \V ood ward, and on the 28th a meas-
1remeut of the base was begnn by Assistant 'J ittmann at ~ South 
dase. His party consisted of 4 officers, beside himself, aud 4 uien, and 
they were employed for thirteen and one-half days in making two com
plete measures of the base, besides two additional measures of the 
kilometre, between stones at 3,900 and 4,900 metres from South Base, 
laid out to be measured by the standard bar in ice, the second measure 
having been finished on August 13. 

During this time Assistant Woodward, assisted by Mr. Siebert and 
one or two hands, was engaged in experiments with icel\ bar aud tape:o; 
i 11 the comparing house. 

On ~"\.ugust 14 he began setting posts on the kilometre for supporting 
tltP portable track, and the microscopes, using all of the available force 
of lal,ore1·s. Owing to continual rains, the ground was saturated with 
n10i~tnre and the work was much delayed. Stakes for supporting the 
tape during measurement were also set, at 10 n1etres apart, t11e whole 
length of the base line by Assistant Wood ward, and some parts of the 
line were"1llade ready for tape measurement, and 011 August 28, 29, and 
::n, a,ud September 1 and~, u1easureruents were made by officers alone, 
aud ou September 8, lH, 17, 18, 23, and 28, and October 1, 2, 3, 7, and 8, 
measurements were made, usually at night, with a full force of officers 
and men. 

'.rhe first measure of the kilometre, with standard bar in ice, wa.& 
hegnu by Assistant Woodward on September 10 and continued on the 
11th, 14-t11, 15th, 26th, 28th and 2!lth. 

Experimental measurements were made by Assist.a.nt Tittmann with 
the secondary apparatus~ on AQgust 17, 18, 22, 25 and 26, and September 
3 , 7, and 8. He n1easured 100 metres of the kilometre with this 
apparatus on the 21st and 22d, and made measures of the_ whole kilo
metre with ~ndary apparatus on September 24 an~ 25, and October 5. 
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1 t.nnst refer yon to the reports of Assistants Woodward and Titt
rna.un f"or the details of the work, ana the results obtained by each 
uiethod. 

COST OF 'l'HE DIFFERENT OPERATIONS AND EXPERIMENTS. 

A record, a:-; 11early as possible, was kept of the number of dayR spent 
iu each operation, with the number of officers a.nd n1en employed eaeh 
<lay, and an attempt is inade in tl1e table which foHows to give the com
parative cost, calling each officer or n1a11 einployed one day one day':-: 
work, and the results are expressed in day':-:; '''Ork of oue otlicer or ina.11. 

In regard to the time spent in preparing the standard kilometre for 
nieasurement, and the time spent in setting stakes, tliere was nece~
sarily so1ne eonfnsion, as frPqneutly son1e of the party would be at 
work on each of these operations on the same da-v, but the result givell 
is belieyetl_ to be substantially correct. 

'l'be tilne s1H·nt in measures with the tape could not be absolutely 
fixed, as the uwasures 'vere n1ade sometimes for a few hours in tl1c 
night with a detail of officers alone, souietimes with officers aud ineu 
in the day or night, and no complete u1easuremeut of the whole ba~e 
with the tape was ever 1nade but only by parts, seYeral ti1nes repeated. 

J\feasureuieHts were u1ade on fourteen different days or nig11ts, and 
assuining that each mea.sureineut took one-half day's time of each 
officer and n1an employed we would have sixty-nine and one-half days 
fr1r one mau spent in tave n1easure. 

J)istances of frorn 300 metres to 4,800 n1etres were ineasured at ouP 
tilne, inostly at night, and when 1ncu were employed we paid thew 
for oue-ha]f a day':-:; work. 

IIulton base line, 1891. Thne spent on the t11,_ffen~nt opera.tions. 

Kind of operation. 

Bui l( ling ice- house 
Building comparing liouse and laying track 
Opening lineis and setting section stones 
Leveling fro1n IJefa:ware to base line, two officers 
Leveling from Osgood to & Correct and ~ Re1zin, three officers 
Measuring base twice and two extra measures of the sta1hlan.I kilo-

1netre with secondary apparatus 
Testing length of bars of secondary apparatus in comparing house 
Measuring kilGmetre with secondary apparatus, twice 
Measuring 100 metres of kilometre with secondary apparatus 
Experirnent~ in comparing hou"'" with iced har and tapes 
Preparing kilo1netre for n1easurernent with iced bar 
Measurement of kilometre with iced bar 
Setting slakes and prt".pllring: for tape n1easurement 
Measurements of parts of base with tapes fourteen <lifferent days or 

139 
nights, or ~ 

2 
days 

Dav's 
work of 

one- man ... 

9 
• ·67~ 

15 
II= 22 

8= 24 

121t 
3ot 
18 
18 
65 

I 14 

35 
53t 

69t 
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SERVICES RENDERED. 

Assist.ant R. S. Woodward had entire charge of all measurements 
with tape and standard bar and all experimeutH conducted with the1n 
in the comparing hou:-;e and on the base line, including measurenieuts 
~with :-;tandard bar in ice of the kilometre. I refer you to his report f()r 
(lctails of methods, description of the instruments used, and di~enss]on 
of the results. .Assistant "\Vooclward joiued the pa.rty on .July :.!~ and 
k·ft on October l~. 

A:"sistaut 0. I:l. Tittrnann joined the party on .Tnly 2:.! anrl Jnft on 
Octnhcr 8. Ile l1ad full charge of all measn1·ernc11ts a11<l experiments 
m~Hle \Yith th(~ seeo11dary apparatus Oll the baHe line. h1l'lndi11g kilo
metre, and in the comparing house, and he has pre:-:.e11ted to you a very 
full and complete report of all the work done l>y him. 

Prof. J_ H. Gore joined the party on ,June .'.!O and left on September 
1-l. He rendered very efficient service while with the party .in assist
i11g in the ineasnrements with the secondary apparatus; also with those 
made by ~,\_ssistant 'Voodward with the tape. He had charge of the 
leveling party determining the heights of Yersai11es cou1·t~hom;i,e and 
the 1~'s Rejzin and Correct, being assisted by 1\1.essrs. GjertHen, Pen
nli1gton, and Cope. re.cor<lers. 

'.\fr .• John F. Hayford rendered very efficjent service in meai;;:nre1nents 
nnder Assistant Tittmann's charge and the corupnta tions pertain inµ: 
thereto, also assisting in the measurement8 nrnde with t.he steel tape 
<llld i11 the computation of the results. He joined the party on July 22 
and left on October 12. 

1\fr. ~Joh11 S. Siebert., temporary aid, joined the party 1\fay 21 an<l 
assisted in the building of comparing hmrne and railroad and in ~etting 
:-.ection stones alo11g· the base line. He had charge of the leveling 
from the B. JU. at Delaware to ~ North Base and ,~Glasgow. Ile 
asl";isted in all the measurements and experiments iuade With tapes 
aud standard bar in ice and in the computations. _He remained till 
the close of work at the Holton base line, and performed all duties 
entrusted to hiin with accuracy, :r.eal, and intelligence. 

Recorders Th. Gjertsen, Robert Pennington, and Frank B. Cope 
\Yere attached to the party during their summer vacation. 'rhey ren
dered satisfactory service in the leveling operations, and also in meas
urements with the secondary apparatus. 

M.r. E. E. Torrey, foreman, was attached to the party during the 
whole season, and, a.s usual, rendered most valuable se1·vice. 
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II. THE ICED BAR AND TAPE BASE APPARATUS AND RESULTS 
OF MEASURES MADE WITH THEM ON THE HOLTON AND ST. 
ALBANS BASES. 

Hy R. ~- \YoonwAHP. A1'sis1ant,_ 

Subnlit.t.ed for pnhli('ation .Jnne 2fi, 18!)3. 
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J,ETTl:T~ nr Tl?.\"'"'' ITT.\ L. 

T-XITEl' KT.ATE:-: ("uA;-;T Ar\11 GE{fIJETJC ,'-;:,1-R\T:.Y, 

n·u:·dl'inptv11. JJ. C.~ ·hot<' 2H, 1S11.'1. 
~ITI: I ha \'B the houor to transn1it ltt.~rp'°'·ith niy complete l'('port 0!1 

i iw I <"eel B:ll' and Tape Ba:-;e .i\.fJparatus of the S1uTey. aud on the n·
:-nlts ohtaiued >Yith the1u in the measureuwuts of Tiolton and St. .Alb;rn,.; 
Ln,.;e:-:.. 

:Sii1C:t' tht> attt;rnpt to usP sud1 fon11s of apparatns t·tnistitntes what 
...... 111e geodesists "·ould corn.-icler a. bold if 11ot <louhtful t·xperirnent. I 
lun~ tltonglit it dPsiral>Jt; to gi»t' a pret1y fuJI aef'onut of rl1t:'m a1Hl nf 
1 i.1· mPasurPs llHHh· with tl1e1u. ..A(•c·ordi11gl,\·. all of tlu-• n·sulls ohtainc·d 
in --t~111dardizing the apparatus alHl in 1ueasnriug li1ws with 111Plll an~ 
.:.~i n.•11 in detail. 

.\ltl1ongl1 tl1e «ritical reader will thus lw ahle to fonn lii.-.. O\\ll t•s1 i-
111:it1· of tlw eLara<'ter of thP8e form;-;; of apparatus. aud of the work do11P 
\\ ir h tliern, it may not b,~ out of place here to ;-;tatt~ hl'ietly wliat appt..•ar t11 
lfl<' to he attainable liinits of preni~ion iu rneasnre.s madt• with ea,·li 
lnnn. 

\\-ith respect to the jced-bar apparatuB, it se('llh practil'<lll,\- ('.t•rta in 
l'rnin our experience tliat a probable error of 011e fiYt.' millionth i •art in tl1P 

Jt.11; .. ::t lt of the 1neasuri11g bar is nttai1ia.blP, and that a11 l'qna1 ]ffl'('isio11 

\\ill n•snlt iH the n1eau of a few mea:-:.tn('S of a li11e made "·itlt tlie app<1-
1 ;11 ;1,.,:. Thi8 degree of precision l1as not hpt•11 reaehed i11 work a ln·ady 
d 11 nP with The apparatus, hut iti-:. attai11mn1t. f'hould it bf" dt•sirahk, 
d··1wnds onl;v on the removal of two obsta.elt.•,;;. These al'(', in thn 01·dt•1· 

«t t l11>ir importance, 1st, the nneertaiut.\· in tlie lPngtlt of the Prot~ •typP 
'ii_•l i·ps at 0° C., and, 2d, the uncertainty ii·orn peri-;onal equatirm~ d1w 
:it th(• case of the Survey bar to inequality in the widths of:itsterrni11al 
!..'..·ra1l11 ations. 

\Y]th respeet to the tape a.pparatu8, it seerni-; equally certain that a 
i"'1•<+-do11 indieated b.v a probable error of oue two-rnilliootb part or H 

iiir·;i ~nred Hue i~ au attainable limit. A proballle error of oHe 01H•-rni 1. 
lii,uth part appears to be easily and cheaply attainable with the long 
1 :q•1·"' aft.er they are standardized. Tl1is. would ::-:.Pmu to he amply sufti
('i1·11t for the present purpose~ of p;eodt~~y. lmt the Hole ohstade in tlic~ 
1'ny of much lligher preci~iou, .s110nlcl it en'r lie deemed essential, L"', 1 
hr·Ji('Y<:>, the difficulty of measuriug- the tapt~-8 tt•11qH·1·ature. 

Very 1·esped.fully your~, 
.H. !::). \\" 1 iollW ARI 1, 

Dr. T. C. J.1J<::NDE.~;IIA.L.L, 
A8Nb1tant. ('oost and Geodetic Surrc.11. 

Superi:ntcndl~nt Coast and Geudcti'.c Survey. 
S. Ex. 37-2~ 337 
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CHAPTEH I. 

J)ESCRIPTIOX OJ<' 'l'IIE ]CED llAH BASE APPAHA'l.'1'~ AND TT:S .A.PPL! 

CA'l'IO=" Tn 'J'HE :M1·~Af-n: .. ~RE>n:::-;;T (I}'' };_;\ ~}:; LI:'\ E0. 

(1) IIistorfoal .;..\ .. ofr.-TIH' usP of ice iu tht•rm0111etry to furnish a starn l 
~trd tempt~raturt.~ naturally Emggest~ tl1e availahilit;.· of ice to fix the tt·rn 
peratnre of a standard of leugth ·when used iu ]aboratory com.pa.ri~P11:--. 
or in ineasuring base lines. It does not appear, however, that ice h;1~ 
lH~e11 general1y used evt'n in laborator,y work vdth Rtandards of lcngtlL" 
alld 1 am. not aware that any atten1pt has been nuule hitherto to UH'il:' 

nre a base with a bar whose te1nperature is controlled by means Pt 
melting ice. The feasibility of using such an apparatus in baf:.\e nu~n~ 
nrement 11a:-;, neverthe]ess, been suggested and 1naintaiued by sever;tl 
person.s. One of the fir:-;t, if not the first, to outline a scheme for :Such 
au apparatus is, I believe, ;\:lr. E. S. V\-~heeler, a forn1er colleague on tlw 
l_r. S. J_.ake Survey. J\lr. \Vheeler's plan is advocated by Prof. ':r. ,\-, 
\\rrig-h t in ]1js treatise OU t.11e Adju1'tn1ent of Observations. t rrbe lat(' 
Capt. C. 0. 13outelle, of tlie lJ. S. Coast an<l G-eodetic Sarvey, al:->r• 
advocated the 11se of such apparatus. 

Soon after joining the l.f. S. Coa.l'lit all(l fieodetic Survey in July, 1K\IO. 

l 'Yf\$. re<111e8ted by l)r. 1\lendenhall, Snperinte.ndent, to devise uwau,; 
of testing in tlu· rnost thorough -way practicable the efficiency of tlw 
variou~ fiff1ns of base apparatus ust>d by tJ1e Survey, and especia11.Y ti:1· 

efficiency of long steel tapes or >Yires. Accordingly, con~itlera.ble 1:>t.udy 
was g-iven to this snbje<'t during the autumn of 1800 and the wiuter ,,J· 

lSOO~'Hl, a1ul the plans and speciflcation~ for the iced-bar apparat11,; 
con:-;idered iu tl1is 1Hl.Jlfff werf\ n1atured and approved e:.irl;v in the sprii:~· 
of lSHL Tt wa8 ('OD8trnett~d in vVashington, partly hy the rnaeliiui-:r~ 
:E. N. Gray & Co., and D. Ba Hanf, anfl partly by tlw Irn-:.trnme11t 1 >t 
vision of the Survey. 

Before proceeding t.o a description of the apparatus l desi1·p t-0 

acknowledge 1ny indebtedness to colleagneR or the Sur,·cy to!' val11aiik 

sug;ge~tion;-; and critidl'>m. 1 am. Apecially indehtc>d to J\.Ir •. John S. :-:.i•' 

·.• Frorn puhlisht·d ac:connt!-l it ''ould appear tha.t the 111ost exh:'n:siv•· sr.rfr- .,f 
labori1.tor~· con1parisonR of stnndartl">, \\'herein iee was used, arn tbnse of th" r- .. ~. 
I ... ake Survey, conducted 11nder t11e ;;nperintendencc of Gen. U. B. Conistoclc c .. rp" 
Engineers, U. 8 .. Army.. In these coniparisonl'1 ice 'Val'1 sncceBsful1y used tlurinl! ""'·
era.I years. See Profrssiona.1 Pacpers, Corp~ Engineers, U. S. Arm.y, No. 24. 

t D. Van Kostraud, N<nY York, 1884. See all'lo Am. Jour. Science III, vul. XSYllJ, 

p. 479. 
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IJe .... en°J_>fion <~l Iced Bar J~o .. 8e ...:.l})JHtrolw-1. 

bcrt, who verified all of the preliminary calculatiou.s rclatiYe to the 
stability and effi.cfoncy of the apparatus, and who daborated mauy of 
tlte designs and made mo.st, of the working drawi11g:,.; for its construc
tion. I am particularly indebted also to ::\Ir. E. G. Fischer, chief me· 
c:lianician of the Survey, whose knowled.1;1;e of and :-.kill in mechanical 
appliances were frequently appealed. to. Fi11ally. it affords ine pleas-
111·c to state that my t•riend, l\Ir. FJ. S. '\Yheeler, who hal'\ Jiacl exteusin~ 
•·:qwrience with basf' apparatus. happeHed to vi.sit \\~asl1ingtou abont 
the time the plauR for thi:-1 apparatus were complde•l. and gave Hie 

tht· h<·ne1it of his advice and criticism. 
(:2) Gencrnlfcatures of apparatus.-The jeed-bar apparatus belong~ to 

that type in whielt a single rigid bar is used as the element of length, 
aloug with n1icron1et(•r 1nicroscopes to niark its sueet•8sive positio11s. 
A 11 idea of the nature of the apparatus i.nay be gained frmn illustranons 
:) I and 32. The first of these shows the apparatus as u~ed on tLe loom 
<·omparator of Holton base, described at length in sc_'ctiou ~.Chapter Ill. 

The other plate shows the apparatus as usPd 011 tbP> staudar'l ldlo
Tnl'tre of tbe same base. It will be :-;een that the measuri11g bar is 
carried in a trougl1, where it can be kept surrounded by n1elti11tr h·t·. 
This trough is 1nounted on two can;, which move on tracks, stationary 
or portable, as t:be case inay be. The inicroscopef'., as slwwn iu the 
illustrations, are mounted ou ·wooden posts, ·whieh art•. ra.ug·ed out aud l':>et 
tirrnly in the ground beforehand. This Rort, of support for the micro
;-;eopes, though not ossential to the apparatm'{, is convenient and ecouonli
cal wlrnn a serie~ of nl.easurei-1 of the :-:arne liue is to be 1nade. 'l'l1e 
mieroscopes are easily clamped to and deta«h{'>(l from the posts, and are 
moved forward as the ineasure of a line progreR$e:':'. The trough carry
iog- the bar and ice load i8 like.,vise easily rolled forward on the ears 
;1 l011g the tracks. 

T~lle apparatus is 5m long, so that the miero~(·ope posts are set ;°)"' 

apart. J'he support8 for the ear tracks are ahm set 5rn a.part, but an· 
phwed half way between the 1nicroscope poRts, so as to avoid trans-
ntitting di.;;;turbance to the latter through the ground. , 

As slwwn in illustration No. 31, the apparatm;; on the loom e01npanttor 
wa:-; protected fro1n tlie dire(~t rays of the sun by a shed. For fiPld
work, on tlw. other hand, tlie tnieroscope~ "\vere f-;hielded by 1ueaus of 
large umhre1Ias, as shown in i1lu8tration No. 32. 

The geiu·ral features of the apparatus are thus appart>nt, and wp rna.\
J1t·oc·et-d to describe its parts in detail. 

\:;\ Th(' mea.surinlJ bar.-Tbe measuring bar of this a.pparatu~ is a 
l'l'<'t migular bar of tire steel. It was rolled in the steel works at l.1an
~·a1-;t(_•r-, Pa. lt i:-i 5·02"' long, 3mm thick, and 32mm deep. ..A crosR section 
l:-<. ;'-'hown at A in the acconipa.nying illustration, p. ;~40. 

fhc· upper half of the ba1· is cut away for a.bout 2cm a.t eiUH"r t>11d to 
l'N:e]vr· tlu~ graduation plug8 of plathnun-iridiun.'.l., whi<'l1 are iust·rted so 
that. their upper surfaces lie in the neutral surface of the bar. Three 
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lines are ruled on each of the~e plugs~ two in the direction of and one 
transverse to the leugth of the bar. These lines were ruled by Mr. Louis 
A. Fischer, adjuster in the Office of Standard Weights aud l\leaHure:-:.. 
The longitudinal lines, which serve to limit the partis of the tr~tll1Sversc;•. 
Jiues used, are o-2mrn apart. ~~!though great pains were taken to ha\'e 
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these lines of the i-;ame width, the transverse lines differ widely, t11e 
narrower one being 16·3µ and the broader one 36·2,. >Yide. 

This bar is known in the Sur\.-eyrecords as No. 17. It is designated 
in all the work done with it thu8 far as B 17• The end having the na.r
·rower transverse graduation mark is called the A end. 
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JJe.r;;cription f~l lcf'd ha r J->t1s(' Apparatus. 

To secure alignment of the bar. elnven Gerrnau silver p1ng:r::. of ;)mn• 

diameter are inserted at interval:-: of 4!)5 111 m alollg the bar~ so that they 
prqject about 1""" al>ove its top ~1Tface. The upper snrDtees of tht:>"f' 
plugs are all the same distatH't'. within a fow hundre<lth8 of a milli· 
metre, from the neutral surface of the bar. 011 the top of each Jllug i~ 
rnled a fine line in the direction of the bar. as sLo\VJI at Pin thci1Jw;;tra
tion. The length of the bar as regards alignmc11t i . ..;, deii11ed to be the 
cli.-stance between the transversf~ gral1natio11 inark1-> wlten the upper 
surfaces of the alignment plug·s are all in nne plane and \vlwn the lilws 
on these plugs are iu one straigl1t line. Tile meal!:-; of securing these 
two adjustments are describe(l lwlow.* 

(4) .The Y-Trougli.-'l'he most important and di.-;tinetiYe part of this 
apparatus is the trough which .-.:upports the bar. keeps it alig-ued. and 
1:anirn;; the ice loa.d essential to \•ontrnl the ha1··s tcmpe1·ature. Thi~ 

trough is called the Y-trough by reason of the rest•mblauce of its ('l'oSH 

seetion to tile Jetter Y. The drawin,l.!· shows a ('.ross section of this 
tl'(mgb. It is made of two steel plntes .:1·14'" Jo11g. ~;)·ti"'" wide~ aud :{"'m 

thick. They are bent to the augle 13 C D of tlrn tignrE:·~ and are rivi-'ted 
tllgether as shown at E, tbm;; making tit(· a11gh• of the trough B C F= 
~io::--. The bar, sho"vn in cross sedio11 at A, ii" snpported at every lialf 
metre of its length by saddles, otw of wlticll 1s sl1own ill tlte Hg:un·. 
Tbe:-;e saddles are rigidly attacbe<l to t1w :-;ides of the trongli l,y screws 
at S. S. Each saddle carrfos one vertical arnl two lateral adju~ting 
~r'l't'Ws as shown at V, I .. , L'. 'rhese screws :-;(•rve to fix tl1e alignment 
of the bar. The Ja.teral adjusting- S<'.rew:-i of the saddles at the ends of 
tl11\ har are of the same lleight, which is equal to that of thf• lower .screw 
L' of tl1e diagrmn. The lateral ad,iusting- t-l.CrewSc of tb\' interm"•(lia.te 
~;1IJ<lle:-; on either side of the bar are alter11ately high and low. The 
1 d~j1•£'t,of thi.s disposition is two-fold, to wit: 1.st, to JH'C\·eutpinehiugthe 
hHr. wl1ich 1night 1nore readily occur if the lateral screws wt•re all oppo
,1.;itc· to oue another; ~d, to afford means of rotating: the l>ar slightly 
ahont it~ longitudinal axis, so tllat for a fixed and nearly vertical posi
ti1111 of the. trough the gra.duated surfaces of the bar nHfY be made 
horizontal. The vertical adjusting screws of the saddles imdeet, as 
shown in the diagram, below the vertex of tlie trough, aHd their capstan 
ht>acl!'> are accessible through sloti-< cut in the web of the trongl1. 'rl1ei"e 
:-.lnt..:. :;;erve also as drainage ·way.s for the 1nelted ice. To prenc>ut cir· 
<-n1ation of air through them they are stuffed with cotton battiug, 
t iirnngh which the water percolates freely. The ends of the trough are 
dospi} with wooden V-shaped blocks. 

The trough is very rigid in all directions and es1lecia1ly so with 

. "The form of bar described is evidenth- no;the hest form. Theory and experience 
llidiuite that a bar having a Y-shaped ~ross section with. metric subdivisions on its 
l!entral surface would best meet the requirements. However, the question which 
~~~e~ted itself in planning the apparatus was not what is the best i'orm of ba.rJ but 

at ~s the moat e<:onomical form })Ossessing the requisite propertiea. 
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respect to vertical :-;t rl•sse:-;. It weigh:-;(":):? kilognuumes, exclusive of the 
bar and ice load. rrhe whole trough is covered by a closely-fitting 
jaeket of heavy white cotton felt, which protects the trough and ieP 
]oad alike from direct radiation. 

:For measuring gra<le angles a sector reading by two oppm;ite ve1·. 
11h·rs to 10" iR attached to one side of the trough near its middle poi11t. 
Thus arranged this sector has great stability. 

(::>) rz'hc ice load nnd ice cru.yher.-\Vheu the apparatus is in use tl1t> 
Y-tl'(mgh il5 completely tilled with pulverized ice, the upper surf<lce of 

wl1ich is rounded to about the height shown by tlJC curye B Il I~ in tlw 
diagram. The amount of ice required for this pnrpose is a.bout -!O 
kilogrammes, or 8 kilog-rammes per metre of the bar's length. The ice~ h,\ 
reason of its weight aud the sloping sides of the trough, is kept in clo;-;t· 
contact with the bar. This is especially the case when tlie apparatn,... 
is in use, for it is then trundled along on its cars with sufficient. jarrilq.:; 
to overcome any tendency of the ice to pack. Bor covering the end..; 
of the bar a sn1all quantity of ice is cut with a jack pla11e. Ice tlrn:-o 
cut, like wet snow, packs well and permits 111aking a s1nall conical hoh· 
through it to the graduation plugs. 

A. very essential auxiliary to the use of the apparatus is an it·P 

ci·nsher to pulverize the ice. '.l~he machine used is a 1nodification 1>1· 

the Creasey ice breaker n1a.nufitctured at Philadelphia, Pa. It iH ;1 

small light lmnd machine which, as modified, does its work very sati.'-' 

faetorily. 'Vith it40 kilogra.mmesofice1naybe pulverized in tenminnt•·~ 
or less. The particles of crushed ice vary in size frou1 the s1nalle-.;1 
vi~ib1e up to the bulk of a cubic centimetre; and this gradation rn 
1';i7;e appears to he advanta.geous as compared 'vith uniformly fint·l' 
intrticfos like thrn;;e of snow, ~;ince there is leRR liahilit.Y of regelation 
arnl packing. 

(fi) The ca.r~ and po-rta.ble track.-'J'he Y-trough i~ inounted on two 
cars, the saddles or bolsters of which are attached to the trough 40' '" 

from either end. J:<-:ach saddle is attached rigidly to the trough ahm·•· 
and to a jackscrew below. The jackscrew is attaehed to a slide rest 
which is connected rigidly with the base of the car. '1'be slide rest~ 
are proyided with screws to give slow motions in the direction of the 
trough's length and transverse to its length. 

The jackserew cylinders have right and left handed threads at theii· 
respective ends and are turned by a short capstan bar. They gin' 
thus the rapid vertical motion to the trough essential in bringing t !if' 
bar quickly to focus under the microscopes whieh define its positio11. 

The cars have each three wheels and run on a portable track who~t'. 
wid tlt is :)0"111 • Three sections of this tra.ck, each 5m long, are provided; 
and ea.dt section is carried forward as the cars are rolled along duriuµ; 
the n1easurement of a. line. It thus a.ppe~u·s that instead of lifting up 
and car1·ying forward the measuring bar as with most forms of appa· 
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ratns, this rather delicate and difficult operation i1.; ~nppla11ted by tliat 
of moving the portable tracks. 

(7) 'l'hl' micrometer 1nicrose(~fJes.-Tn detiue tlw succes:sive positi011s 
or the bar in 1neasuring a line, 1ni('l'OmPter rnieeoseope.s are u:-;ed. 
Tl1rnngh the courtesy of G-en. U:1sey, Chief of Engiueer:-;;, C. S. 
_\ 1·111.y, tbe Survey wa:.;; enabled to borrow the f(rnr tuicroscopes and the 
1·nt-uft' cyliuder of the Repsold base apparatus* used on the TI. S. LakP 
:-'.11n·ey. These are especially well adapte<l for use with auy 1iue 
11wasure. apparatu1-1. As designed by the Hepsolds and as used 011 thP 

• Lakf': Snrvey the 1nicro.scopes were n1ounted on irou tripod:'<. Tht·sn 
Litter haviug· been de,stroyt•1l by fire while stored at tLe Engineer depot 
at vVilletts Point, X. Y., it. wa8 esr-:ential to replace them by sonw 
P<1nivalent clevi,·.-. 111 view of the eeonon1ic autl otl1er feature~ of tl!P 
.-:.1wcial ·work contemplated with the iced-bar apparatus, it wa:o; decided 
to rnouut t.Jw u1icroseope;"-; on "n>oden posts set firmly in tlte ground. 
T11 conneet the microscope with the post ar cast-iro11 vost cap is pro_ 
,-i<led. It fits like a box cover ou the end of the po:-;t and is cla.mpPd 
i·igidly to it by means of a screw. 

The 1nicroscopes are provided -..vitL Jeyels and leveling- i->crev;·s, so that 
tlwir axes n1a.y bP made vertical. '.The,\- arc JUonuted on slide rests 
which give a nwtiou of 2""' in tlw direction of tlie Jine nwa::Hff(.~<l or 
t!'am;;verse to it. To Recnre additional clispla.cement iu the direction of 
the line a small n>tary inotion ii'< proddt"d for in the <:011 nectiou of the 
liii<"roscope with the post. cap. The mieron1eter head~ of the micro
:->c·ope are divided to read 1nicrons directly, one revolutiou of t11e screws 
r·nne.spondiug to 0·1 mm. V\'hen used in tlw field the microscope::-; are 
:-;b::uled from the snu by large umbrel1as. 

\\Tith this method of mounting the microscopei::; it. is ndva11tag-eous if 
not essential to set the microscope poRts aud those supporting the 
l ~·!!table track before beg-iuniug measuremeu t. 

·.SJ End niark.Y and 1ncthod of reference thercto.-'l'he method of marking 
foe end of a line is esseutially that of the Repsolds and fully descrilwd 
iu the Lake Survey Report reforred to above. It consists in the use of 
:i 111etallic bolt terminating in a spherical head, the bolt being embedded 
111 a stone or other stable nui,ss set in the ground. The center of tl1e 

lH)1t head is the fiducial point. To refer to this point a cylinder called 
<1 <·nt-oft' cylinder is use<l. It terminates at one end with a conical 
l11 ol1~ which fits over the spherical head. The other end i~ provided 
\\ i1 h a transverse level and graduated scale. The scale is brought by 
a : ack and pinion motion to focus under the microscope whose position 
l'("latjve to the fiducial point is sought. The scale and leve1. which 
m·{· parallel to each other, are placed parallel to the line measured. 
With the cylinder thus disposed, readings of the micrometer on the 

"Fully describe(l iu General Comstock's report referretl to in section {l). 
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~ealc and of thP position of the lcyel bubble are made. rI'he e,vliuder 
i~ then turnecl 1~0:-) jn azimuth and tbe seale and level readings an· 
again ohsery(•<l. Frorn these ob:-;;ervations a.nd th(~ height of the scalp 
abov<' thP bolt head, the horizontal difl.tance (in the direetio11 of t1w 
line) between the 1ni<·ro1neter zero and the fiducial poi11~ niay lH~ :H·ct1-
rately determined. 

(!l) A1~justmcntN of apparatu . ..,· .. -The most. i1nportant adjustment of 
the apparatus ii-; tl1e alignment of tlw bar in the Y-trough. 'Tl1is 
a,(}_justment is made ~Yhen the i<·e load is in the trongh and after tlw 
latter ha:-; l1ad time to assruno a :S.tahle shape. Thi:;; t:iJne does uot 
('xeeed 15 1ninutel'5. 

As already stated, the alignment nf the bar rPquirc;-; that the upper 
surfaces of the alignment plngB be in one plane, and that tht> line:-; 011 

these plugs be in the same straight linP. The fonner reqnh;it.(' j~ 

secured by a striding· level whm.;e fePt an• ~m··"' apart, so that they reael1 
fron1 a11y plug to the second adjacPnt plng. Beginning at one elld 01 

the bar the plugP. are nurnbe1·pd l, 2, :3,-11. By plaeing the ]en•l frl'l 
in succes:-don on plugs 1 and ;~, ;3 and G, etc., ])lug;.; 1, 3, 5,-11 <nT 

brought into the sa1ne plane by means of the ('Orrespond ing vPrti('a 1 
adjusting screws, the screws under plng·p. :!~ 4,-10 bning· 11 •mwue(l i 1" 

need be to secure this end. I-laving tlms adjusted plugs 1, 3, i3,-l 1. 
the level is placed on plugs 2 and ._, 4 and 6, etc., and tlw v«rti('a I 
screw~ are brought up to contact with the bar, but not raist~d e11ong·l1 

to disturb the previous adjustment of 1, 3, 5-11, which are the pri1; 
dpal defining plugs i~ tllb:; adjustn1ent. 

To place the lines on the pl11g:-; in the same straight line a P-11:11"]' 
pointed plumb bob suspended from a fine bras~ wire stretched over tl11· 
troug-h was originally used. This device, wit,h the aid of the later;d 
a.djn:-;ti11g screws of the ~addles, permits placing the lines in prop1'1 
pOKition within O·tmm when the trough is fully loaded \vith ice. Expi· 
rience with the apparatus, ho\vever, showed that the sirnpler method 
of stret.chiug the wire, or, better still, a fine thread, close over the p1n;.:" 
wheu the t.rough is about four-fifths loaRed secures equally good resnlr:--. 

It was feared before using the apparatus that the daily temperature 
range 1night produce au appreciable effect on the length of the h:1r 
through change in curvature of the trough. Hence the accurate method 
of measuring such change by the striding level was provided. Hnt 
experience shows that the change in i-:.hape of tl1e trough gives rii-;r ti 1 

(}Uite insignifieant chang(~S in length of the bar. Indeed, the a1i.~.::n· 
1nent of the bar 1nay be maintained so perfectly that the correction for 
its curvature will not exceed a few tenths of a 1nicron. 

'.l'l1e grade sector of the apparatus is adjusted to zero when the grad· 
uated surfaces of the bar are in the same horizontal plane. To see 11 n· 
the lattercoudition au eugineer'slevelisused; and with appropriate 1·are 
the difference in height o~ the ends of the bar can be made zero wHh a 
probable error not exceeding ± O·J. mm. 
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J)c.wripfion '!l 1ccd Bar Base Apparatu.<J. 

']'}1(' n1ieroseopes <HP 1n·oyiflecl witl1 frs::c:d level8, wl1icl1, when once 
:irlju:-;tf'd, enabh· the op•:rator to make t.J1e axes of tlH· 1ni<'roscopes ver
tical. They are alc-;o provided with damp sc-rews. :-;o that they inay be 
rigidly Lehl in proper position. 

\Vheu posts are used to support the microscopes. aH ha:-; been tlw r·ase 
with tltis apparatus thus fiu. they 1nust be :-;.(~.tin their proper position~ 
within a eeutiu1etre or two. It. is eas,,· aud co11\"(_•nic11t, however, to 
adjust their sides faciug thtc Jin(' to be nH:asured ,yjtb mncll greater pre-
1·?s1on. \'YJien :tirmly set, a Jill<' parallel to tlte ba~e nwy be deliberately 
r:rnged out with a theodnlite of high magnifying power, and thi.s linf' 
ma:v be defined by suitablt· marks ou ead1 post. The11 by simply noting· 
tl1e distance of the axis of tlw bar during measuremeut from tllis rcft·r
Pllce line au accurate co1TPct.lo11 f(n· deviation of the liar from parallelis1n 
with the uase n1ay be obtaiIJcd. This adju:-:>tmeut of the posts, thongJ1 
11ot e:-;sential to the use of the apparatus, has hep11 followed. 

Auothei· convenient adju;.;trne11t 'Which the use of posts iwrmits is that 
of rn:tkiug tlie tops of several or many postB conform to OJH~ grade. By 
tllis means, since the four microscopes used are elosely abke~ tlH' grade 
a11gles for several or many bar lengths are nearly tlw same, a condition 
t:1Yorab1e to prt>cision in determiniuµ; grade corrt>ctions. ~>\.s an addi
t i011al precaution iu t11e use of this apparatus~ the relative heights of 
1 he alternate post tops have beeH determiued with an e11g·ineer'8 level. 

110) ]~fethod of measu1·c1111'nf.-'1'0 conduct the mea.s11rernt~nt of a liJH' 
with this apparatus eigllt men are required, to wit: Tllre.- ollservers; oue 
n ·1·order; one lnan to move the 1nicroscopes; and three 1nP11 to move tlJe 
~«ir tracks, the microscope shades, and the ice a11d icP-<'rusher. 

The operation of measurement proceeds as follows: 'l'llf' position of 
t IH· microscope relatively to the fiducial point at the ewl of t11e line 
haying ueen observed as explained above, the rear end of the bar is 
inong:ht to focu~ nnder that 1ni~roscope by the rear ern1 ob1'eJ"ver. By 
01c·;H1s of a lever which grips into the track and hiuges 011 the car, the 
l:itt,,r observer holds the bar uear to bisection under the microsco1w. 
while tlie front end observer briugs his microscope into pot'lition over 
l1w front end of the bar; to do. whicl1 lie can make use of tlie lateral 
HHition of tlle trough, of the microscope, or both. "\Vheu the bar is 
ad,iw,ted at both ends t.he rear observer brings the rear end graduatiou 
•11 •1·urately to bisectiou between tbe micrometer wires by use of bis 
ln·er without turning the micrometer serew. SimultaueousJy he gives 
t 111· signal '"read" to the front observer, who briugs his iuicrometf'r 
wii·e8 to bisect the front, end graduation mark by moving the inicr<•· 
8 '.'.fpe, the micrometer wires, or both. The observers then read their 
Imcrometers and the recorder notes the1n down in his book, after which 
the rear observer turns his micrometer screw a half revolution or les~ 
ba(',kwards. The observers then excl1ange positions. The rear observer 
canying with him his lever applies it to the front car aHd brings the 
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front end graduation to bisection without disturbing the micrometer 
threads from their previous position; while at tlie signal "read" the 
:front observer bisects the rear end graduation by moving the threadi-> 
with the micrometer screw. They then announce the readings as be
fore and the recorder jots them. down, notifying· the observers at the 
time if the screw revolutions differ front their previous values. Thi"" 
process eli1ninates the personal equation of the observen;; and eheck~ 
any blunders of whole revolutions in readiug the 1nicroscopes, each of 
then1 bi~ing read four times, and the four readings being tl1e same within 
a few mic1·ons. The probable error of a bisection is less tlian :± 1"'. 

vVhile the bar is in position under the n1icroscopes, the third observer 
ineasures the tli~tance of· the frout f~nd (and the rear end at starting-) 
of the axis nf the ba.r from the referenee line, and adjusts the sector
level bubble to center~ taking care at the same time to keep away from 
the 1nicroscope posts wbeu the bar h; observed. The grade sector read
ing is then made and recorded, and the bar is rolled rapidly forwanl 
to a new position. 

As soon as the rear eud of the bar is brought safely to position nntk1· 
a 1nicroscope the one previously at the, rear end is taken up and carrit'<l 
forward by the microscope porter, who clamps and adjusts it on a new 
post. J,.ikewise as soon as a section of track: is passed over it is car
ried forward to a new position. 

The observers stand on plat,forms which rest at their euds on the 
ground at a distance of about 1 metre on either side of a microscopt> 
post. 

At intervals of twenty to forty minutes fresh ice is supplied, the 
trough beiug run to the rear of or ahead of the two microscopes which 
were last used. The trough is co1npletely uncovered in this operation 
and the ice stirred up and snpplen1entc~d by the amount requisite to 
replace the waste. This amount is usually 3 to 5 kilogrammes. 

The speed of measurement has varied somewhat with circumstance~. 
It has usually been about lOOm per hour; 75om were 1neasured in seY('H 

hours on two difterent dates; and a kilometre woulcl not be au exc(':-'· 
sive day's work. 

(11) Specfmen of record and computations.-Tables I and II followi11;.:: 
give a copy of the records of a ineasure with the iced bar of the interval 
of the lOOrn comparator of Holton Base described in section 3, Chapter 
III. In Table I the first colu1nn gives the number of the bar leng-1 lt 
applied in the measure, and the second the time of application. Tlie 
third column gives the number of the microscope used at the left-ha111l 
end of the bar, the left aud right-hand e.nds of the bar being to the lt_•fr 
or right, respectively, of the observer as he stands facing the bar while 
reading the microscopes. The fourth column gives the microsco1 1c 
readings on the left-hand end of the bar, the readings being expre:4~t·El 
in screw revolutions of O·lm"' each, so that O·Olr = 1"'· The fifth and 
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;-;ixth columns give the <·orrcspondi11g data for the right-hand end of 
the bar. The letters S and W p1·ece<ling the first two readings of mi
croscopes 1 and 2 show the orde1· in ·which the observation~ on the bar 
were n1ade. Thus observer S read •vith.1ni{'roscope No. 2 ou the right
hand end of the bar, while observer \.-V read with n1icroscope No. J 011 

the left-haud end of the uar. The observers tlwn exchanged positions, 
:--1 readi11g with No. 1 and vY with :No. :2; and this order of reading was 
followed throughout the work. Tl1e seventh eolnmn giveE the differ
t>l!Ces in inicron:-i between the 1nean readu1g,s of a11y 111icroscope at the 
two cuds of the bar iu the ordei· left minus right or (l-r). Thus the 
tir.st value in this column comes from tbe readings of microscope ~ o. :!, 
11amely, ~ (21·33·· + 21·201

') - :} (21·3~3r + 21 ·331
") = - 3,,., uegleeting tenths 

of ulicrons. Tl1e last value in thi:-:. cohunn is derived in the san1e n1a11-
H(·r fro1.n the readings of n1icroseopP No. 1 at the 1:wgiirni11g and ernl of 
the measure. The last column give;.:; t:he height of tlle loft-hand t•nd 
of the bar at starting, and the heig;bt~ of the rig;bt-harnl cud in its 
:-;pyeral positions, above the horizontal plane of referenee of the com
parator. This rnetl10d of determi11ing grade correctiow-1 was used in 
place of reading thP grade 8e(~tor. Tht• n1easnremeut in thi.'S ca.se 
proceeded tron1 left to rig-ht. 

Table JI gives the re.<·or<lt-1 of the cut-off measures at starting awl 
:-1tnp]liug. '.l'he first eolurnn gives the time of day. The :-;ecoud column 
dP . ..;iguate.s the orieutation of the (•ut-off Heale, the tern11:.; right and. left 
l 1eing; rn:'led in the same Hense as explained above. The third column 
:-:i nc-;s the uurrtbe1· of the graduation line of tlte 1-1cale nhRerved on >Yi th 
rh" microscope. "\Vhen the 111icroscope is to the right of the zero of the 
1·11t-off scale the images of the graclna.tion numberH appear inverted as 
st·e11 throngh the microscope. Heuce tlie letterH I (inverteu) and E 
'1·1·ect) serve to show thP poHition of t11e microl"cope with respect to the 
;ixis of the cut-off cylinder. The fourth eolumn gives the microscope 
l'eadings on 'the cut-off scale; thP fifth g·iveR the height of the scale 
al10\'e the center of the cut-off spliere: and the Ia:-o:.t. two eolnmns give 
t11e readings of the Ievt•I, l aIHl r deuotiug the loft and right hand posi
tions l'Cspectively of the bnbble. 
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TABLE I.-• .;;,,'p<.'eimcn '!/ rc<'ord. .l/('tf.-;urc o( J()f}m Oompanrtor intf:rral~ 
Auym.;t 7, 1.sru: 

No. bar 
l~~ngth:--. 

I 

2 

3 

4 

5 

6 

-
J 

s 

9 

IO 

I I 

12 

I, 
.) 

14 

15 

I 6 

Ii 

18 

19 

20 

····-----~------

..--I'in1e
1 

l" lll. 

3"54 

·56 

4·01 

·o, 
.) 

·05 

·oS 

·I I 

· 12 

. I 5 

·17 

·20 

• '> -__ ., 

·2K 

"31 

·34 

. ,6 
.") 

·40 

"44 

·48 

·49 

\ .. Lcft-h:ind end nf.I~".:: _____ R_i_,,.,_'.i_1t~~_:-d_~·~(~--'~~-~~:=: __ ' 

1 ~o. n1i-
! croscope. 

I 

3 

2 

3 

4 

3 

4 

4 

3 

4 

::\1icroscope 
reading. 

Rev. 
\V. 20·83 

S. 20·83 
21 · ~ ~ 

-'·' 21 ·26 

20·74 
::m·66 
20·2(> 

20·21 

21·22 
21F13 

22·03 

:.!2·03 
21·02 

20·95 

21 ·57 
21·47 
20·60 

20·52 
23·10 

23·00 

21 ·30 
21 ·26 

21·66 
21·50 

20·81 

20·72 
21 ·91 

21·94 
20·97 
20-84 

21·74 

21 ·77 
21·50 
21-52 
22·01 

21 ·91 

20·70 
20·(}6 

21 ·21 

21-28 

No_ rni- 1 :\{jnroscope 
croscope. 

1 

reading~ 

J>!ev. 
2 s. 21"33 

'"· 21·33 
20·73 

20·73 
21·26 
21·2() 

21 ·22 
21 ·22 

2 22·03 

22·03 
21·02 

21·02 

4 21 ·57 
2J ·57 
20·60 

20·60 

23· 1c) 

2_3'10 

21·30 

21·30 

4 21 ·66 
21·66 
20·81 

20·81 

21 ·91 
21 ·91 

,l 20·97 

20·97 

4 21 ·74 

21 ·74 

21·49 

21·50 

2 22·01 

22·01 

3 20·70 

20·70 

4 21 ·21 

21 ·21 

1 21·80 

21·80 

L.-R. 

'IL .') 

3 

2 

4 

0 

4 

5 

4 

5 

2 

-- 8 

5 

' 

7 

.. L 2 
' 

.. L. I I 

5 

2 

+ 3 

-97 

~.I' ABLE 1 [ .-f'ut-o.tf measurc."f. A-ugu.o;t 7, 18.91. 

J\T \\'EST 1 LEFT-HAND) END OF COl\·t PA l~.-\TOR. 

fRepsold cut-off cdinder.] 

: llei~ht oi 
bar. 

/II !JI. 

491 
504 

500 

502 

506 

507 

520 

5 1 5 

5 2 3 

520 

53° 

r------
En ti of cut

off sc.alct 
1·ighL 

i Seate 

·~~~~j:--~~~~-.~~-;-l 

_ • I I Len~l readu1gs. I 
Titne. 
l'. Ill. 

i 

I 
A 
B 

i dhcision ob
! served. 
i ____ ,, .,,. ____ _ 

29 J 1· 
29 I 

5licroscope i Heig-ht of i 
1·eading. ~ srale. · ..... -~--\----:.---

.. .......... ___ 1__ .. -------1------·-

/\.,el~. 

18·55 
20·83 

! 
d. d. 
5-5 9-o 
4·5 10·0 

-----
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Descr£p#on of Iced Bar Ba.1w AP.para.tu..-;. 

AT EAST (RIGHT-.HAND) EXD OF COMPARATOR. 

[ l.'. S. Coast a.n.J Geodetic SuiTey cut-uff cylin<kr.·; 

..,------ . -··--··-· 

I 4·46 , A 

·---,-----,.......--·-·-· ·-------··-

io F 
I I I·: 

25·70 8J8 
,.:~ -----~-~:-·1 _, .) I 

j __ _,_._~ - ---"·--·~-~- ---···~·----~-------- -

ISA6 5·0 1 ·o 

I ----

3-!9 

\"alue of I division of kvel on J{pp;;olcl cylinde1· --·· I ,r/.f, 

\"alue of I division of leYel on l'. l::i. Coast and ;;codctic :--;'""'") cylinder =-6//-o 

The computation of the mt~asnl'ed di:-;tauee 111·o<·ernl8 by mean:-; of the 
following formulas: 

f 1:1lling R and L the mean readiugi-; of any rnkruseope on the right 
aud left band ends re:-qiect.in·ly of the bar, tlw <·01Teetion due to these 
n·adings (supposing them to increase from n,: . .d1t to left as with the 
In ierometers used) is 

2; ( T.,-R). (1) 
t;imilarJy, if R., and L,. are the mean 1uicro:-;copt• reacling~ OH tlw ('llt~oft 
~wales at the right and left band ends, respeetively, of the line, they gin· 
a correctiou t·qual to 

-( ]~c-H<_). 

Deuote the l.'eading on the cut-oft' scale at the dgli1-11atHl 
!in" by S,,, and that at the left-hand end by .._••.\. The11 they 
n·i~t ion of 

( :>.) 
end of the 
give a cor-

(3) 
wlwre 8 1 and S,. are plus or 1niuus accordi11g as thl· nnage of the g;ratl
uation-mark nu1nber appears in-vertPd or erect. 

lA't I,. and .1.1 deuote the hwlina.t.ions of the «ut-off eylinders at the 
t \To <"nds of the line, aud llr and 1I1 the t·01Tespo11ding height:-; of the 
<·11t-oft· scales. Then, since the irn~linations are ahYays smalJ, t.hey give 
a 1·01Tection of 

Il1 I1-H,. T .. ; (4) 
wlwre the inclinations are expressed iu are and both are supposed to he 
toward the right from the vei·t.ieal. If li. f.1, r 1• r".! are the left mid right 
hand rea:dings of the level hubblt> in all;\" cas''· arnl r is the value of one 
divi~ion of the level in seconth; of an-. the con·espo11<liug· value of Tis 

v 
I =i (l1 +l2-r1-r2) p", 

wl11•re p"=206264:"·8. or the number of seconds 111 the radiul{. Using 
t11e values gh"en in the above t.able we have 

l .lf 1 - I~= .1 ·631-<, 
fJ 

J. Tl r -IH.l7"" • 
·1 ,. f./' -

Thp eorrection for grade or slope ot· any bar length is expressed with 

sufficient accuracy by the formula- (~zri, where Lilt is the difference iu 
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height of the two ends of the bar aud x its length. For LJh in millime
tres, this gives a correetion of -0·1 (.dh)2 microns per bar length, siuc·e 
s=5m very nearly. The correction for grades is then in micron8 

-0·1 2.'(.:Jh in millirnetres)2 • (5) 
The correction for alignment was computed by the same t<wmula, (5) 

in the case of the field 1neasures. For the Inea:-mres on the co1nparat01· 
here considered the correction tor alignment was made nil by alway" 
placing the bar in the vertical plane of the eomparator. Wheu grad«'" 
are observed b~y inea11s of a s(•ctor, as in field work, it is mo:-4 COJIY('

uieut to make n~.-·of a table giviug- the correct.io11:-; in ter1ns of the gTadt· 
a11gles. 

Finally, dc11oti11g tile 111nnbe1· or bar lengths mea:snred hy _.N, tLe 
length of tLe bar by B1-., a11d the distatH~e bet,veen the terminal sphen's 
by I>, we have 

]) = ~YB1;+ (1)+(2)+ (;~) +(4)+(5). 
Fsing the data given il1 the above taule8 we have the followi11;.: 

values of the several correctio11~: 
'ill/Ill. 

(1) - 0·149 
( :.! ) - + 0·.'.!3!J 
(3) - +:m-.>oo 
(4) -- o-oan 
er>) - - 0·075 

Sum - +39·47fl 
Hence, the length of the <·.omparator iuternil re'~ulting from this meas
ure is 

'Jnni. 
20 B 17 +39·476 
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CHAPTER II. 

LENGTH OF ICED BAR B1-:· 

DIRECT DETERMINATION ON OFFI<JE CO::\IPARATOR. 

(1) J)(~scri:ption of apparatu,-; and 1netlwrl.-'l'l1e 1uo8t hnportant opera
i:i011 attending the use of the iced-bar apparatus i8 tlw (letermiuation 
()f the length of the mea8uriJJg bar 111 tenrns of 011('._ of tbc luteruationat 
Prototype Metres. The geuenll iilan which ha.s been iollowed in the 
execution of this operation iH that of direct comparison of the bar a1Hl 
Prototype 1\Ietre, each being packed in meltiHg ice. _..t\._ccording to this 
11lan the use of tberm01neters is di~peused with entirely. It suffices 
:-;imply to n1easure a distance of five times the length of the metre when 
packed in melting ice, and then transfer this distance to the 5m bar 
packed in melting ice. 

The means available 'tor such work at the time the apparatus was 
cn11structed were the oftiee co1nparator and comparing 1·oom. The 
latter is an undergronud room situated between the front of the Survey 
1 milding and the adjacent street. The comparator consists of au iron 
I-heam about 6·5m long, Rnpported at its ends ou brick piers. Between 
i 1ie:·m piers 1nicron1eter 1nicroseopes can he attached to the beaui at any 
cl(•sired interval up t-0 6 metres. For :ompporting the bars nnder com
pa.rison, a car moving at right angles to the J:-beam is provided. The 
ear rails rest on piers well removed from those :-.upporting the beam. 

The comparing room. is lighted by electric lights which can be placed 
in m1y convenient position for il1uminating or reading the. microscopes. 

For the special com.parisons in question six micrometer microscopes 
were attached t,o the J:-beam at intervals of 1 metre. The means of attaclt
rnent were cast-iron brackets whieh could be rigidly clmnped to the 
heam, while tl1e microscopes themselves were fastened t.o the shelves 
nf tl1e, brackets. The brackets ar(~ adjustable on the beam; so that the 
t"ocal planes of the 1nicroscopes can he brought into the sarne horizontal 
1 •lmH·, very nearly, and the axes of the microscopes. ma-<1e vertical 
witl1in narrow limits. The microscopes in turn are provi1led with 
lat<·ra1 adjustments on tl1e shelves of the brackets. Hence tlu· optical 
:np,, of the microscopes can be brought into one Yertical plane, vei·y 
111 '•i l'ly, and the distances between consecutive axes can be nut<le <'los.eJy 
<·qnal to 1 n1etre. 

The microscopes used in all deter1ninations of the length of tl1e ieed 
h:u· X o. 17 are Nos. n and 6 of the Survey and Nm;;;. 1, 2, B, and 4 of the 
J~epsold base apparatus loaned to the Survey by the Corps of Engineers, 
'' · S. Army. The n1agnifying power of the two former i~ 50 diameters; 
of the four latter 27 diameters. The Survey microscope~ Nrn::.. ri and 
G were mount.ed _at the ends of the comparator, while the Repsold 
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mierol:'>cope:-; were placed iu the intermediate positiong. The1::.;e latter 
microscopes have each about 2cm lateral n1oiion by nwans of a fine 
screw, so that their axes could be easily pn t. i 11 line with the axes of 
the end microscope at any time. This adjustment was accomplished 
by bringing a fine thread well stretched to focus under the?terminal 
microscopes and then 1noving the intermediate microscope~till their 
axes were coincident with the thread. The error of this adjustme11t. 
has never exceeded 0·2mm. The field illumination of the microscopPs 
was secured by glass prisms· attached in front of the microscope o bjec:
.ti ves. Light was thrown into the prism and tlience to the objed 
observed by means of lenses in fii.ont of the illuminating lamps. 

In making comparisons the 5m bar B 17 was mounted in its Y-troug:li. 
iced, anc.l aligned in the manner already described. The trough was 
suppol'ted on its lifting jacks, which rested on the co1nparator ear. Tlw 
1netre used was Protot,ype No. 21. It was mounted in a 'vooden box 
whose interior depth, breadth, and length are 11·0cm,12·5cm, and 115·0c11

•, 

respectively. It was supported by light brass suspension hooks attach(•1l 
to wooden crosspieces which rested on the sides of the box. The hook" 
were placed at distances of 2ocm from the ends of the metre. In pat: k
ing the metre for comparisons it was completely surrounded to a depth 
of 5cm to 8"01 by a mixture of ice pulverized in the ice crusher a11 d l 1y 
the snow-like particles cut with a jack plane. These finer particll'k 
could be crowded into the grooves of the bar (which lias an X cro~:-; 

section) so that the ice would be in actual contact with the surfact' of 
the bar throughout its length. After thus covering the inetre coll! 
pletely small holes were made thi·ongh the sno'! packing at the ern l:--; 
of the box down to the graduated surfaces, which were the only pa1·t:--; 

of the metre exposed to the external air. To remove condensed rnoi:-.
tnre, which is sometimes troublesome, from these polished surfaees. a 
<lry camel's hair brush was found very effective. The upper snrfat·t., 
of the ice pack and the sides of the box were protected by a heavy felt 
"Wrapping, through which 'small holes were cut over the graduation 
marks. The box was provided with 3-foot screws which stood on plat(•$ 
of glass resting on the platform of the comparator car. These fool 

screws served to bring the ends of th~ metre to focus under the mkrn
scopes, the requisite lateral and longitudinal adjustments being secure1l 
by sliding the box on itfi foot screws on the smooth glass. 

To pack the 5m bar 40 to 45 kilogrammes of ice were used, and 10 t<> 
12 kilogrammes to pack the metre. The ice was renewed at intervals 
of twenty to forty minutes, but the melting was generally very slight 
during such intervals. 

Assuming constancy of temperature of the bars under compariso11. 
the precision of the method just outlined evidently depends on tlw 
stability of the microscopes used. The first series of comparisons, made 
in July, 1891, indicated marked instability of the microscopes; and sev· 
eral series made du.ring Ji""'ebruary to May, 18921 ~endered lt certain 



 

REPORT FOH 1892-P.\HT II. 

Length of Jced Uar Bi 7 • 

tliat the office comparator descriLed above was quite inadequate t-0 tho 
'vork in question. It is to be reinarkecl. howe\·er, that this comparator 
was uot designed to n1eet the requirements of such work, but rather 
for the intercomparison of bars of the sanw le11gth. Its use for the 
f'arlier determinations of the length of the iced oar was snggestecl by 
consideratiorn;; of economy, and it \Vas hoped that with careful manipu
lation it would auswer the purpose. The mo::;t important result, how-
1·,-er, of this earlier work was a demonstration of the necessity of a 
differellt sort of comparator. 

'rI1e defoets of the office comparator fin· our purpose may be ascribed 
1·liiefly to the mode of mounting the microscopes. Beiug attached as 
explained above by means of brackets clamped to the I-beam, their 
tiwal planes fall at a distance of about 0·5m below the beam. Any 
c·liange of curvature or temperature of that beam will therefore cause 
n·lative displacements of the microscopes. Hestiug as the beam docs 
with the friction due to its weight on the pier::;, it. is in general iu a 
~late of longitudinal stress, which is frequently relieved by vibrations 
i'o1nmunicated to the piers by vehicles passing in the adjacent street. 
TliP temperature of the comparing room changes very slowly from day 
to day when not occupied long by the observer, or when lighted. for 
1'hort intervals. But the comparisons in question required occupying
tl.H· room for some hours per day, and the heat from the observers and 
ekctric lights caused notable changes in the temperature of the beam, 
<l It hough it was wrapped with cotton batting and encased by a wooden 
box. These two sources of disturbance caused large irregular displace~ 
inents of the microscopes and hence large ranges in the resulting values 
for the length of B 17• 

(2.) Programme of obser-vations.-The observations were made in such 
a n1anner as to eliminate the effects of regular displacements of the 
mi(TOscopes. Thus, calling the 5m bar Br;, the prototype metre Xo. 
:.!l ~lI;1, and D the distance between the termiuaJ microscopes of the com
Pilrator, the following scheme was adopted iu the earliest determiua
tio1ti'> of Ju1y, 1891: 

(1) A measure of D with .1lf21· 
(a) (2) A measure of D with Bi,. 

(3) A measure of D with 1JI2 1 in reverse direction. 
In the 1-1ubsequent determinations of February and .1\Iarch, 1892, the 

ah11 ve scl1eme was supplemented by additional measures '\Yi th B 17• Thus 
tlte programme was: 

(1) A measure of I> with B17. 
(2) .A measure of D with _Jf21. 
(3) A measure of D with B17• 

(1J) (4) A measure of D with B17· 
(5) A measure of D with _]Jf21 in reverse direction. 
(6) A measure of .JJ with Bu. 

S. Ex. 37-23. 
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In some instances, also, in these later determinations but one measure 
of D was ma<le in the place of (3) and ( 4). 

Iu all determinations of length the observations of the two ends of 
B 17 an<l M 21 were made simultaucon~ly by two different observers. 
The ob:-:.ervers also in every case exchanged positions imme<liatel,\
and read on the opposite ends of the bars, in order to eliniinate personal 
equation, in so frtr as elin1ination can be accomplished by such iuter
change. In measuring the distance between the tern1inal microscop(~S 
of the comparator with .Mz1 care was taken to make the dependence 011 

the low-power iutern1ediate inicroscopes small by coufiuing the n1cas
ures with them to a few microns in each case. The small inequalities 
in heights of the focal planes of the microscopes were measured by 
observing the inclination of a suitably delicate level tube attached to 
_]Jf21 when the latter ·was brought to ffJCUS under the miuroseopel'.'. 
Repeated observations by thi8 method gaYe accurate corrections for 
such inequalities. 

(3.) Cmnputation of length of Bl'7--'l~he method of deriving the lengtl1 
of B 17 from the observations will depend in general on the hypothe~is \W 

adopt with respect to the motions of the microscope.s. rrhe number of 
hypotheses available is restricted, also, by the numuer of observatious. 
Ignoring for the rnomeut the displaceme11t of the intermediate n1icro
Hcopes, and considering the secoud programrne of the preceding secti011~ 
we m.ay suppose, for example, first, that the distance IJ between the 
zeros of the terminal microscopes remains invariable from the time of 
(1) to the time of (6); second, tbat J) varies· uniformly with tbe tirnn 
from (1) to (6); third, that D varies uniformly at a rate z 1, say, from (I J 

to (3), and uniformly at a rate z 2 from \4) to (6); fourth,. that D varit·~ 

at a rate z + 2wt from (1) to (6), z aHd w beiug constants and t the time 
beginning with (1). All these hypotheses ·were tried in computing the 
results of the observations of :E'ebruary and J\1arch, 1892, made accord
ing to the more elaborate progran1me given above. The residnals 
brought out by these processes were, iwwever, far great-er than ·Collhl 
be attributed to errors of the observational class, and they show 1·il 
clearly that the suppo:;.;itions were rarely in accord with the facts. rrltt• 
rea8on for this lack of accord is that the processes do not take adequate 
account of the irregular motions of the microscopes, and especial I;.- o1 
the intermediate microscopes. 

It does not seem worth wl1ile, therefore, to set down all the forrnn!:is 
which result from the above suppositions and wbich were tried :1.8 

stated. It may suffice to give those dependent on the fourth suppo~
tion. We observe, first, that the measures (1) and (6) and (2) aml (.l) 
were made at equal intervals, respectively, from the observations (;1) 
and (4). The latter two were made so near together that they nws be 
considered simultaneous. Secondly, the intervals (1) to (3) and (4) ttJ 
(6) were about twice the intervals (2) to (3) and (4) to (5). Now let q.,, 
be the 1nicrometric quantity measured in any of the cases (1) to (6), aud 
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let l'u be the corr_esponding- correction to q.,. Tlwu, a.ssuming the mean 
nf the times of (3) and (4) as the epoch for IJ, we lwve from the :several 
measures-

(1) /J = Bi, 
(.:!1 =•">Jl21 
(:~) = Bi-: 

(4) = Bi, 
(5) =f);l/.2l 

Wl - Bi, 

Putting for brevjt;v 

+ 

•)- + .Jir 

"' + IC 

- + w 
+ 4:w + ::.~ 

+ 
+ 
+ 
+ 
+ 
+ 

x = 5.M~i - Bt,, 
y = .D - 1lI521, 

</i + ,. , , 
q._,_ + ri, 
'/:: + l':i, 

q4 + r.1, 
q5 + r,,, 
'1.o + "l"6• 

the abo\·e relations give t.lw following oln~ei·vatiou equations: 

x + y + 2.::- 4·w - qi = 1.·1, 

y + - W - q2 = t·z, 

x +!I 
x+y 

- l)"J = n"J, 

1)4 o.c=-:: 'l'4, 

y - Z - W - I);, = C57 

KJ + y - 2z - 4 u: - q6 = r6. 

(1; 

Calling the weights of tbe measures of .lJ with B1 7 each unity, and the 
weights of the measures with JI:z1 p, ca.eh, the normal equations from 
( 1) give the followiug values: 

.v = -k (</1 + 3q:1 + ~;q4 + 'lo) - i (q2 + <J;,), 
Y = ~ ( qz + q5) - -k (<fl - q;i - q4 + q.,), 

9 . ) {'~) _ _ ~q1 + PlJ2 - pq" - :.qo, -
"" - ----~-~· s· +-2p, 

11' = k ( - qi + q3 + q4 - q6)• 

It will be observed tl1a.t tlte objective quantity 3: is independent of 
tlie weight p. Thi:::; "Teight p, iu fact, affects only tl1e rates z, z 1, ;:·2 of 
tlrn i':'econd, third, and fourth assumptions stated above. It may Le 
n~marked also that the value of xis the same for the first three assump
tions, and differs from the value given by the frlurth by the quantity w. 

In the case of three measures only of D, as in the determinations of 
.July, 1891, we are virtually restricted to three unknown quantities, 
aud hence to the assumption that D varies at a constant rate. If in 
this case q1, q2 , q3 denote the micrometric quantities of the three 
values of D we have--

x = qz - -2 (q, + q3), 
'!/ = ~ (qi + q3), 
Z = i (qi - qa). 

(3) 

Since the errors of observatfon in all determinations of Bl7 on the 
office compai-ator are completely masked by the large dispiacements 
of the microscopes, a.nd since these determinations are virtually :super-
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seded by much better ones m::lde as explained in ~ection 13, it does not 
seem worth whi1e to give auything but the resulting values of x from 
these earlier determinations. 

(4) Length of B 17 froni observa.tions of July, 1891.-Jt being deemed 
desirable to know the approxhnate length of B 17 before using it in the 
measures of Holton Base, a few determinations were made just prior 
to sbippiug the apparatus to Holton, Ind., in July, 1891. The 
observations were made by Assistants 0. H. Tittrnaun and R. S. Wood
ward, and the record was kept by l\Ir. John F. Hayford. The pro
gramme (a) of section 2 was followed. The computations were made 
by l\[r. Hayford and checked by l\Ir. Tittmanu. Table I following 
gives the resulting values of x = 5_2lf21 - Bi,. The first column givei->. 
the date, the second the orientation of _J{ii, the third the values of .r for 
the different orientations of .B17• The value of M21 at 0° C. is giYen, 011 

p. 83 of "l{apport sur la construction, Jes con1paraisons et les autrel' . -
operations ayant servi a dl-terrniner le~ (~quatious des nouveaux Prv-
totyvcs metriques," as 

,lf :i1 = l 111 + 2·5µ at 0° O· 

TADLE 1.- Faluc.o.; o./ x = [)_Jfn - B11 at 0° c.• 
-------- -------i------~:al1~:~-:~--

! I 
Date. 1· End of Jl.f~1 ) ---- -·--1 

north. • d f B' : J> d f "' 

I I 
... .,._ en o 17 . -> en o ~ i 7 

north. I north. i--------· -------! I I 
I 1891. I I 
I July 6

6 
A · +24·0µ 

17"8 
7 26·5 
7 ] 7-2 
8 A 22·6 

9 B +15·814 
JO 15·0 
IO 36-4 
I I 22-6 
II B 27-0 

*The average temperature shown by therruouwters alongside of the I-beam during 
f.he,se com1)arisons -wal'! 21 o C. 

Since it appears highly probable, as shown below, that the observed 
length of B 17 differs with differing aspects of its terminal graduations. 
we shall derive mean values of x in every case for each of the two orien
tations of B 17• '.£hus the mean values from the above table 11.re 

+ 21·6,... ± 2·0,.,. for A end of B 17 north, 
+ 23·4,._. ± 2·0""' for A end of B 17 south. 

The probable error assigned to eacl1 result here is derived in the usual 
manner from_ the ten observations of the two derived quantities. The 
probable error of a single value of' x in the system is :±: 4:·5"', which is 
a little less than the millionth pa.rt of the length of Bi"l• 
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To get the correspoudiug le11gth~ of lh-:. tla· ~;boYP menn Ya.Ines must 
be increased by l·O,,, tl1e correction for inequalities in heights of the 
focal planes of the 1nicroscopes in thi8 case, and the above value of Jltz1 

applied. Thm" we have the following results for length of B 17 in melt
ing ice. 

B 17 = ;Jm - 10·1µ :±: 2·0µ for A end of B 17 north, 
_B17 = 5m - ll·llµ ± 2·0"" for A end of B 17 ~outh. 

(.'3) Length of B 17 from obsen~atiou:c; of February an<l JJ£arch, 1892.-The 
ol>servations in the more extended sm·ies of determinations of February 
ancl March, 1892, were made by John S. Siebert aud H. S. '-'Voodward. 
:\I I'. Siebert also 1nade the record, and in or<ler to facilitate hi8 work all 
of the micrometer head readings (after the bisections had been made) 
were observed and called out by Woodward. Programme (b) of section 
:! above was followed except in a :few instances whe11 but one measure 
was made with I:Ji.7, instead of U>) and ( 4) of the programme. 'l'ablf', 1 I 
following gives the re~ults of these determinations, the arrangement 
heing the same as in Table I. The computations of the quantity x were 
made by Siebert, iu accordance with the simpler assumptions explained 
i11 section 3, while the corresponding values resulting from the fourth 
of those assumptions were deri-ved by V\Tood ward. '1-,he two ~ets ot· 
Yalues were checked by means of their difference U". This quantity 
never exceeded 2·8µ aud was generaJJy less than 0·5µ. Its use does 
not give residuals materially les8 than the simpler hypothesis. 

TABLE II.-Values of x = 51lfn - B 17 at 0° O.* 
I 

l 
End of 

Date. 11r21 
north. 

! 
1--~~1 

/ 1892. 1 
j Feb. 4 A 

5 B 
5 H 
6 A 
8 H 
8 B 

I IO A 
J IO A 
' I I I I B \ 

l 13 i L\_ 

13 I A 
15 B 
15 B 
16 B 
16 B 
16 ]~ 

17 A 
17 A 
18 A 
18 A 

I 

I
i Vame of .x. 

Aend of 
Bit north. 

!J 

Date. 

1802. 

+30·5/f I Feb.~ 19 
24"4 I 20 

23·3 23 
33·9 24 
37·6 z5 
27·2 25 
33·4 ! 26 
25·4 26 
22'1 

11 
26 

26·5 p 27 
24·4 

cl 27 
30·4 ,. Mar. 7 
31·4 ' 7 
22·4 !j 8 
18·6 8 
23·5 

11 
9 

13·2 IO 

25·2 

II 
II 

31·4 12 

30·0 
11 · 

I 
I 

j 
f 
I 
I 
I 

End of 
JII;1 

norlh. 

i Value of x. 
1 A end of I B,, south. 

-~-! 

A 
H 
A 
n 
A. 
A 
B 
B 
B 
A 
A 
A 
A 
B 
B 
A 
B 
A 
B 

+26·41£ 
IJ'9 
27·0 

24·9 
2~·' 

._) -~ 

29·8 
21·9 
35·o 
29·1 
31·3 
25·4 
33·6 
29·1 
28·6 
28·1 
36·7 
35·4 
_34·8 
24·0 

l 

.. During the time these determinations were made, the air tempera.tu re in the com
paring room varied from about 5° C. up to about 10° C., with an average of about 
6° c. 
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Computing· U1e mean Yalues from Table II in the same manner as the 
1neanR f"rorn 'Pablo I were co1nputed, we have, . 

x = + 26·7µ :::!: 0·8µ for A end of B 17 north, 
iV = + 28-.'..V' ::±: 0·8µ for A end of IJ17 soutll. 

The probable erro1' ot· a single deternlina.tion of .r from thi~ series i:-; 

::±: ~~·W'-, whicl1 indicates an appreciable adv-antag·e of the progra11mw 
(h) over (a). 

If we group tl1e results in Table II with respect to the orientation of 
the metre, we find the following nteau vaJues of .r: 

+ 27·4,. ::±: 1·2µ. for A end of 1JI21 north, I A d f B tl ( en o 17 nor · 1, + 26·1µ :::!:: 1 ·2µ for A eud of JJI21 south. J 

+ 29·7,.,. ± 1 ·0µ. for A end of JJI2 uortb ) > 
' ~ A end of I. .. 17 south. + 20·8,.,. :±: 1 ·4µ for A end of JlI~n south. 1 

'The yalues of .r in Table II require a correction of +0·4µ for inequal
itiei'l- in heights of the focal planeH of the microscopes. _,\..pplying thi:-: 
correction and the value of 51lI;i1 at 0° C. there result for the length of 
_B17 in melting ice-

B17 = f)rn - 14·6,.._ ±: 0·8" for A end of B 17 north, 
1Ji., = [)m - 1H·2,.,. d:: 0·8µ for A end of B 17 south. 

(6) BourceN r~t· error.-Tt 'Yill be oln;;;erved that the individual value:-: 
of x in TalJles I and II exl1ibit wide ranges; a1nounting to 21µ in the 
former and to 24µ. in the latter, or, at the maximum to 1/200 000 part of 
the length of B 17• Considering errors of observation alone, it appear:-: 
from t.J1e first of equations (2), section 3, that rhey should give to a 
single determination of x in Table II a probable error of ± !- E v 45, 
where E is the probable error of a single micrm-lcope reading. The 
value of E does not exeeed 0·5,.._, so that the probable e1Tor of a singlf' 
value ·of x due to errors of observation is less than ± 0·8". Since the 
total probable error of a Hing]e value of x in Table II is, as given above, 
± 3·{;,.._, the reason for directing attention to other sources of f'rror 
than those of observation is evident. 

This view of the inquiry was reached long before the series of deter
minations conclensed in Table II was coillpleted. Durin~; the progres.s 
of this work, in fact, many experiments were made with the hope of 
locating the larg-er sources of error and de-vising means for their elimi
nation or c"Orrection. Thus, (a), delicate levels were attached to tlw 
brackets of the terminal microscopes of the comparator. They irnli
cated that the microscopes were subject to both sudden and progressive 
displacemeuti:;;, which were frequently large in amount. (b). Tht• 
quest:ion whether these displacements could be due to the varying pol'i
tious of the observers and the micrm~cope car was exarnined, with tbe 
result that no effects due to the weight of either were produced. (c). 
The hypothesis was entertained that B 17 might be subject to longi
tudinal stress, and hence to changes of length, from friction on the sup-
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ports in its Y-trougb. This hypothesis wa!'I. tested by subjecting the 
trough to teiu.:.ion and con1pression alternatel~, in quick succession~ a]l(l 
observing the length of B 1, in terms of the dL.:::.tanee between the tei·rni
nal microscopes wlnch were sufficiently stable for the brief interval 
required. _..\Jthough the Y-trough was put under much greateT strer;::. 
than that to which it is ev-er subject in the uses it. is desiµ:1wd to meet, 
no <'.bange was discovered in the le11gth of _B17• Finally, it. may he said~ 
that a careful study of th~ variations in the intervals between con
fi1>cntive 1nicroscopes, as ineasured with 11!21 , together with the rer;:.ult::; 
of the experiments jm;;t ontlined, ]ed to the concltif'-ion that the irregular 
motions of the microscopes would suffice to account f(ff the wide range 
among~t the derived results. 

The important question then arose whether the results in Tables I 
arnl II were affected by detrimental constant errors. ThP ap1)lication 
nf the levels to the microscope brackets, as explaiued alioYe, ilJ(licated 
t1iat such 1night be the eaP.e. It became desirable, tlwrefore, to deter
mine t,be len gtll of B 17 in some other way. The method which sng
gP~ted itself by reason chiefly of its economy, :uul the results attained 
ill its application are explained in the following sections. 

DETERMINATION OF LENG'l'Il OF Bn BY AID OF Bn, ON 01~J<~1cE 

COMP .A.R.A'roR. 

(7) Description of m.ethod.-The time required to measure the distance 
between the terminal microscopes of the comparator with the metre, 
according to the direct method, was 1:3 to 20 1ninutes. It appeared 
pr()bable, therefore, that the errors due to motions of tl1e rnieroscopeH 
could be much reduced if not eliminated by diminishing t.bl:~ interval 
during which dependence must bang on their stability. To accomplish 
this end, a steel bar of the same dimensions as B 17 was prepared hy the 
Instrument Division of the Survey and subdivided into metre spaees. 
H was cut down to its mid depth at interval8 of one metre and platinu1n 
.iridium plugs were inserted to receive tlie fiducial lines. The plugs 
were carefully polished and the llnes were successfully ruled by l\'Ir. I~. 
G. Fischer. This bar is designated B 18• It js marke'l by a letter .A at 
one end and by a letter B at the other. 

The method followed in determining the lengt11 of R 17 by aid of B,q 
consisted essentially in comparing each of the sub-spaces of Brn with 
the metre M 21 , deriving thus the total length of Brn. an<l then comparing 
B17 with B 18• 

Brn was mounted in the steel Y-trongh where it could be aecurately 
aligned and 'vhere its flexure could be me.'tsnre<l. Each graduation 
plug having in addition to a single transverse line two longitudinal 
lines separated by an interval of 0·2mm, B 18 could be aligned in the 
~ertical plane by means of the five microscopes and the lateral adjnst
mg Rcrews of the trough. For alignment in the horizontal plane, the 
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long striding level w~1 ~ u:-;.ed. Its feet were placed directly over th~ 
graduation 1>1ugs, these hei11g temporarily protected by :-;bps of smootli 
paper. It ·was thus possible to measure the inequalities in height o1 
the plug surfaces to the neare!'l.t tenth of a millimetre when the bar wa.-; 
surrounded by ice. The vertical adjusting screws directly below tlw 
plugs were first brought to the proper positions. .After these wert' 
secured, the intermediate vertical screws were brought up to contac-t 
with the bar without disturbing its shape as Rhown by the stridiug
level; aU these adjustments bning· made after the trough had assumed 
its shape due to a f'ull load of iee. lt is to be remarked, also, that Ri~ 
remajned in the Y-trough in the same position throughout the com
parisons. I ts alignment as sl1ow·n by the microscopes did not change 
at its graduation 1narks by so much as o-2mm. 

For cornparif~ons with B 18, B 17 was 1nounted in a wooden box provid<'d 
with adjusting screws in aJI respects similar to those of the Y-trough. 

The following progran1me was adopted in tlljs deterrnination of tlH• 
length of B11: 

(l) Six measures of the sub-spaces and hence length of Brn in term~ 
of .Jlf21· 

(2) Nine measures of B 17 in terms of Rm. 
(3) Six measures of Brn as in (l). 
(4) Nine measures of B 17 as in (2). 
(!J) Six measures of Brn as in (1). 
Ju comparing the subspaces of Blfi with th<> metre _,l(!l the following 

J>rogranune was observed: 
(1) Microscope readings on subspace of 1318• 

(2) J'.\.ficroscope readings on M21• 
(3) l{epetition of (1). 
( 4) Hepetition of (2). 
(o) Repetition of (J ). 

Si1nflarly, for the comparison of Rr: and .B18 the pJa.n foJiowed was: 
(.1) Microscope readings on B 17• 

(2) Microscope readings on B 18 • 

(3) Microscope readings on B 1;. 

IJ11 and B 18 being interchanged alternately. 
The observations at tbe two ends of the bars or sub-spaces were made 

simultaneously by two observers who always excl1anged places and 
repeated the readings. The observers were John S. Siebert and n.. 8. 
Woodward, l\Ir. Siebert keeping the record as explained in se,ction 5. 

{8) Oomputa-tion of results.-In deriving tbe lengths of the sub-space-=. 
Qf B 16 it is assumed that the distance DH say, between the zeros of any 
pair of microscopes used varied uniformly with the time. Hence, if we 
designate by qi, q2, ••• the micrometric quantities observed in accord
ance with the second progra1nme of section 7; by 'V1 , v2 , ••• the corre
sponding corr&tions to these observed quantities; by z1, the ra.t.e of 
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('hanµ:e of D 1 ; by.<?;, tl1e length of a snb-space; and eonnt time from the 
Ppoch of the rniddlf' observation, we shall haYe-

JJi = .<;i - 2z; + '11 + 1'i. 

= ~1I"21 Z; + f]2 + 1'2, 

=Hi + (/:l + 1':1, 

Jin + Z; + f/4 + r 4 , 

- Si + ~Z; + (/;; + l":;. 

l f. for bJ'(-lYity. W<' p11t-

X; = ~lI:.!1 - si, 

!/; = I>; - ;u~1, 
tltP a boye re la tio11s µ,-ive tl1e ft)llowinµ: ohseryati<m ecinations: 

.T; + J/i + ~..:·; - f/1 = r1, 
y; + Z; - (/t, = 1'2, 

X; + Yi - 'h = 1':1~ 
y; Z; - 'f 4 = l'o 

ff'; + ?Ii - 2.z, - "" = r;,. 
The normal equations corresvmuliBg to these give-

X; = ~ (lb + 'l:l + Q;,) - ·~ (</2 + q4), 

Y; = + ·~ { l/2 + q .. ), 
Z; :::= )lo (2q1 + q2 - q4 - 2q:;). 

(1) 

rt mny be observed that the values of .r; and Jli in (2) are preciseI~· the 
Harne as those which would result if ]); wer<' assumed to remain inva1'ia
ble, or the same as if Zt were omitted from (1). The introduction of zi 
i.<t>rves simply to give the change in JJ; and diminish tlie residual.s v. 

The computations were made in duplicate according to the above 
formnJas by Messrs. Siebert and '\Voodward, the residuals as well aA 
1 he objective quantity Xt being worked out in eye.ry Case. 

ht deriving the length of B 17 in terms of 1:18, the computation was iu 
all reApects similar to that just outlined, and it was made hy the same 
)lt'Ti-;ODS. 

( 9) Summ.ary of results.-Table III fo11owing giveR tl'ie resulting 
Yalnes of x 1, a::z, ••. , or xi, for the several sub-spaces of Rm. x 1 refers to 
the first sub-space of Bui counting from the A end towards the Bend; .r2 

to the next space in the same order, etc. The first column of the table 
g·ives the date of the determination; the second the orientation of the 
Irl('t.re 11f21; the next five give the values of :ci; the eighth gives the sum 
of the x;, or the excess of 5M21 over the wl101e length of Brn; and the 
la;-;;t. column gives the mean values of ~x; for the three groups of 
dPtBrminations. lt will he remembered that tbe length of any sub
space si is given by the equation 
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TABLE III.-Values of xi a-nd ::Ex, for B 18 at 0° 0. 

I End of \ 
: 11/ 21 north.\ 
I i 

·-·-- -----:--- -~·

1
1-~--·i-~x [:'>lean '>aluc·~· 

xi~ :r~. ~s- x.._~ 54 - i~ of :::.xi. 

-----··-----·--! 

-+-~i-4- -·- ~-~-~ 1~-s +~·2 J- +/~.-:1 -T-5~·2 / - -
1S92. 

__ i4·0 , 2·2 -f-10·3 +4·1 ! -t-29·3 ! -1-00·~ I 
+15·1 ---1·3 + 9·8 -+-3·1' -+-30·9 '57·(): 

Apr. 25 A 
26 H 
26 B 
27 A 
27 A • 

+ 9·8 -Lj'I + 6-2 +5·71 +30·4 --7-. 55·2 . 
+1T3 +2·2 + 9·3 --l-4·6 +29·6 + 59·0 µ 

May 

28 A 

2 

2 

3 
3 
4 
4 

7 
7 
9 
9 

IO 

IO 

B 
n 
A 
A 
B 
B 

i\. 
.'\ 
B 
H 
.A. 
B 

+10·7 _j_-4·7 T 8·9 -:-2·9 I +JO'J -;-5/"5 -f-58·2 
-L 11 ·6 
-~- 15·2 
_;_-14·0 

' __ '.__ 11 ·6 
---13"2 

14·9 

-'--14·6 
-·-12·2 
_:__12·2 

-+-I 2·4 
~· 12·9 

-:-- I 2·9 

-·'.---1 4 2 
_.;._z·3 
J..2·5 i 
--;--4. 3 

~c;:l 
+1·2 
-0·1 

+rs 
-6·<; 
-6·6 
--s·s 

' 2·6 
_L_ 8·1 
-r- s·s 
_J_ 5·2 
+ 3·5 
+ 5·6 

_J_ 3·8 
.. L 4·7 

I 7·o 
--l- t 0·9 
-.;-11·9 
-'- 9·5 

+o·o 
+1·4 
+3·2 
+4·4 
__ 1.yo 
+4·6 

-1·0 

-+-2·8 
--0·2 
_J_2·4 

-··I· I 

-i-0·8 

-t--32· 3 
+30·8 
+25·0 
-f-29·8 
+31·8 
-\-29·3 

-+30·0 
-i··JC-3 
_.J 31'4 
+33·8 
--l-34·8 
-+-27 4 9 

-t-47"7 
+s1·s 
+50·2 
_.;_ 55·3 
. ..;_ 54·8 
-+· 58·0 

-'-48·6 
.;_49·9 
+51·9 
+s3·0 
+s4·1 
+45·6 

+s4·0 

+so·s 

Table IV gives the results of the comparisons of B 17 and Brn. Tlt1· 
first eolurnn gives the date of the comparison, the Aecond the orienta 
tion of .B,7, the third the individual value of I~17 - .Rm fron1 a set of 

oh~ervations, the f<>urth the mean value of tl1e Sf"t, and the fifth tht· 
group nlean. 

1-':aeh result in the third column is derived fron1 three readingR 011 
B1 7 and three on B 18, the order of readings being B 17, B 18 , B 17, and B1;1. 
Br-.~ I:Jrn, with an interchange of the bars fron1 set to set. The orienfa· 
tion ot· Bis· as explained above, remained unchanµ;ed througl1out t1H' 
work. J)uring the intervals between sets of observations the ban:i. wt>re 
re-iced and the curvature of B 17 observed with the long Rtriding lf"vel. 

TABLE IV.-Vaiu,e8 of .B17 - B 18 at 0° C. 

Oa<c - • "!~·~·:~: n,. =~~J ~~~>of~e:. i ',;,~';.'~_ 1 
1892. 

Apr. 29 A 

.,0 
.l A 

30 J\ 

May 5 B 

5 B 

5 R 

I' 
+29·4 

28-0 
30·2 
28·4 
29·8 
30·2 

33"8 
30·0 

32·5 

+26-0 
28·6 
26-5 
32·6 
33·5 
31·3 
30·8 
32·4 
27·4 

µ 
+z9·2 

-+ 29·5 

+J2'1 

+z7·0 

32-5 

30·2 

µ 
-+ 30·3 



 

REPORT FOR 1892-PART II. 8'13 

(10) Sources of error.-Tbe principal sources of error to which the 
re~n1ts in Tables III and IV are subject are: (a) those of observation, 
(b) those due to instability of the microscopes, and (c) those due to flex
nre of Brn. The results involve the aggregate effect of these three 
F:.onrce:-;, but 1t is practicable to estimate their separat€ effects. This 
we now proceed to do. 

'l'he quantit1es q in equations (1) and (2) of section 8 are of the form 
q=-2-(Ru+R'n -Re -R 1 

.. ), 

where En, R'n, and R., R'. denote the microscope readings at the north 
a1Hl south ends respectively of 1lf:n or of a sub-space of B 18 , as t11e case 
may be. Hence if c is the probable error of a single microscope read
ing-, the probable error of q due to this source alone is also c; and it 
follows from the first of equations (2), section 8, that the probable error 

of a single determination of .ri is± c J~. The value of£, a~ f-<hown h~v 
direct observation, is less than 0·51'-. Hence the probable error of a 
i-;i11gle value of xi due to errors of observation alone is less than 0·5"". 

The assumption adopted in computing the values of the sub-spaces on 
RJ:j i:-; that the interval between the zeros of the pair of micro8cope~ 
11st><l in 'letermining any space changed uniformly witl1 the time 
reqnired to make the observations. If this is not a true as.sumption, 
m if the microscopes were subject to large irregular displacements, 
we ~hould expect to find the probable errors of the quantities q and .r.i 
derived fro1n the residuals '1J of equations (1), section 8~ larger than 
thoi"e given under (a) above. Such is, in fact, the case. 

It is essential to observe here that errors due to flexure of B18~ or 
eh:n1g-cs in length of the sub-spaces, if they were at all -formidable, did 
not appear in the residuals v of the equations used. Such ehanges can 
only occur slowly, from day t-0 da.y, or during longer periods~ since tbe.v 
a1·tJ primarily due to the change in sha.pe of the Y-trougb, which is 
affected only by marked changes of the surrounding air temperature. 
The time required to make a set of observations in a comparison of .1ll21 

with a sub-space was only 6 to 8 minutes. It appears practically cer
~ain, therefore, that the residua.Is brought out in the computation 
111voh-e only the two sources (a) and (b). 

In the 90 determinations of the 5 sub-spaces there were 450 rei•ddnal8 
antl 270 unknowns, as shown by the formulas (1) and (2) used in the 
computation. The sum of the squares of these residua1s is 351·4, the 
llllit heing a micron. Hence if e1 denote the probable error of a singlf' 
obi'erved value of q, 

Whence 
E1 = ::1:: 0•67 45J ~r)i;:.~ = =1- 1 ·3 >'· ; 

probable error of one value of xj = E1 J-~ = :-1:: 1·2/L, 

probable error of ~mi = €1"\~=::I::2·7,... 
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Comparing these errors with those due to observation aloue, it appem·i' 
that the probable error of a valne of q due to.instability of micro.scope8 is 

and t11at the corresponding value for x 1 is only slightly less. 
Au examination of the individual residuals of the different sets of 

ob8ervations indicates that the asstunption of a constai1t rate of change 
of a microscope interval was frequently not realized. In the entirt' 
number of residuals there were t.wenty whose valn~s rose to or exceedNl 
2,.., while six exceeded 3,..., the maxiruum being 3·7,,.. These large resid
uals, it is be1ieved, are due to sudden displacements of the microscopes. 
Xo other hypothesis appears competent to e:q)la.in them, unless it lw 

that of sudden changes in temperature of the bars under compariso11. 
The above probable error of ~x1 , or the probable error of one deter-

n1ination of the length of Bui is ± 2·7µ.. The corresponding value for a 
single determination of B 17 by the direct process, as given in sectiou ti. 

is ± 3·6 µ.. Hence it would appear that the process of getting the entire 
length of B 18 was subject to considerably less error than the direet 
determination of B 17• 

The group means in the Jast column of Table III indicate a progrf•Sl' 
ive change in the length of Brn during the series of comparisons, whidi 
extended from April 25 to May 10, 1892. The cause of this cbanA'<'. if 
real, is important, and much study was given to it. 

It 1nay be observed, before considering any other cause, that the two 
sources of error already examined are not altogether incompetent to 
account for the range which these group means show. That raugc i'> 

about 8µ.. The probable error of one group mean is, if we adopt t1H' 

probable error of ::Ea;. given above as a basis, ~ 1:1 = ± 1·0µ.. Thns n 

range of 8µ. would be accounted for by errors of opposite sign:". 11° 

b"I'eater than four times this probable error, but the probability of snt'h 
an explanation is 'too small to be e1atisfactory. Hence we Jlroceefl to 
examine the question of the effect of flexure of B 18 on its obserY<'d 
length. 

Since the surfaces of the intermediate graduation plugs of Brn are 
not in the. neutral surface of the bar, any change in its curvature will 
t~nd to displace the :fiducial lines on those intermediate plugs. 'fhis 
source of difficulty was anticipated, and the measures of the flexure 
with the long striding level, as already explained~ were made for the 
purpose of supplying any needed correction. It is obvious that no 
corn;;iderable variation in the whole measured l~ugtb. of B 18 could occur 
except through large changes in its curvature-such, for example. 
as a change from marked concavity upwards to marked convesi~Y 
upwards. No such change occurred, however, the bar remaining, as will 
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prPsently appear, coneave upwards throughout the work. Again, 
since there could be no displacement of the terminal lines of B 18 from 
thb cause, the snm of the sub-spaces, as measured at any time, should 
be :-;ensibly free from the effects of displacements of the intermediate 
lines, unless the bar was subject to marked changes of curvature dur
ing the 30 or 40 minutes required to compare the sub-spaces with Jl:n· 
Tlwre is no indication that B 1a uuderweut any changes of curvature 
other than those due to the slowly tluctuatiug temperatures of the air 
in the conipariug room, which were i:o:.ufficient, it would appear, to affect 
tl1e web of the Y-trough and hence B 18 by small amounts. 1\Ioreover. 
the observed variations inleugth of the sub-spaces, if due to displace
ment~ of the intermediate graduation lines arising from slow chauges 
in curvature of B 18 , ought to appear as a linear function of the ob:-o;erved 
1·.ha11ges of curvature. 

Such, in brief, were the coni-:iderations which led to the use of B 18 for 
thP imrpose in question, notwithstanding the obvious objection to- it8 
form, if invariability in length of the sub-spaces is required. Let us 
uow examine the facts brought out by the ob!'lervations. 

I"l'Om an inspection of the results in ':rable III it is seen that. the 
variations of the quantities xi are greate:-;t for the iutermediat,e sub
spaces. Taking mean values of .x~i for the three groups of observations, 
we have 

-•'"_c_! ---·•-----.. , 

Date. 

~- --- -- -- -----,-----~-:----·-- -----------1------- ---
1892. µ µ µ I 1-' 

Apr. -25-28 +12·7 --'-1·8 -i-9·6 I -,-4·0 
!-.fay z- 4 --1-13-4 -+- 2 ·s +s1 I --+-3·1 

7-10 I -j-12-6 --2·7 +8·o f -;-1'0 

-----------j 
i ,, I 

-30·0 . 

- 29·8 ! 
--; 3 I ·4 i 

.,, ____ ! 

Thu:-; it appears that while the observed values of the ternnnal sub
i;pat'.i.'S are very accordant in these means, the correspondiug values of 
the intermediate sub-spaces are very discordaut. The most striking 
~:af.;es a.re those of x 2 and x 3 , which varied by 5·2µ. an<l 4·5µ., respectively, 
~u thl·ir mean values; and one inight be led to the inference that the 
1 ~ 1 termediate sub-spaces were suqject to marked ehaugei:; in length. In. 
lnie with this inference it is instructive to compare the above mean 
valuet:> with the ranges an:wng the corresponding individual values of 
..t·i for the several groups. These ranges are for-

Date. x 1 • / .r.,. 
---------8--------·-- ----------µ·- ,--~--- -----

1 92. \ ,I.I. µ 
Ap1'. 25-28 5·3 6-o 6-6 
May 2- 4 3·6 ! TI s·s 

7-IO 2·4 J 7·8 ~-I 
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:Frmn these it would not seem safe to infer that the terminal sub-spaees 
were suuject to less error iu their determination than the other spaee:-;, 
although the mean values of those terminal sub-spa.ccs are by far the 
most accordant. Moreover, an examination of the above group n1ea11t:' 

of xi does not indicate such displacements of the inter1nediate gradua
tion marks as would result front slow changes iu curvature of Bw; for, 
since the length of any sub-space '"'i is 

s i = J.lf 21 - xi ' 

it would appear from those llleau:s that, while s 1 and .~5 ren1ained invari
able, ;s2 and 84 both increased, the 011e by 4·5,.,. aud the other hy 
3·0", and that the middle space s 3 increased by 4·5,.,. from the first to the 
second group aud decreased by 2·9,.,. from the second to the third 
group. It i:meIUN very improbable that the intermediate g1·a.duatiou,.; 
could have been so di8placed as to leave 8 1 au<l .<J5 invariaule and at tlic 
same tin1e cause the specified changes in x2 , x::,, s 4 • 

The observed changes in curvature of Brn are given in Table Y 
below. r_rhe:-;;e were measured with the long striding level which 
reached from any plug to the adjacent plug on either si<le. The vahw 
of one division of the bubble used on this level was 15". The level wa:-:: 
always reversed in observing the relative heights of adjacent plug·s; 
and as the time required to make such a n1easure was less than two 
minu_tes, the observed quantities are suhject to no important errors. 
The quantities given in the table :tre the ordinates of the intermediate 
graduation plugs measured at right angles to the straight line joiui ug 
the terminal plugs of B 18 • They are designated by yi, the suffix eor
responding to the number of the plug counting from the A end toward 
the B end. The minus sign indicates that the plug is below the liue 
of reference.• 

*If h 1 , ~ ••• h 6 denote the differences in height of the plugs for the succe!-\she 
spaces, ands the slope per metre of the line joining the terminal plugis, the qmwti• 
ties y; are given. by the following equations: 

Yi =h1-B, 
Yz=h1 +hz-2~, 
Ya= hi + h.,; + h3 - 3a, 
y"- = h, + h'Z + ha + h 1 - 4-a, 
0 = hi + ll':! + h3 + h,. + Ji,5 - Gs. 

The quantities /il, h2, ha. h 4, h 6 a.re observed directly with the striding level. 
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TABLE V.-Obscrvcd ordinates of curvature of B 13• 

--~-----------------

Date. v,.. j Ya· 
1
i _y4 • I y 5 • J ::?y;. 

- I '1 ,I . 

1892. - ·-mm. i--:,IJl_--1--=~-J--v-u_Jl ___ j-,-11-11-t.-i 
Apr. 25 --0·25 J -0·23 ! -0·14 ---0·37 

26 ·rz j ·09 I ·oo ·18 
27 ·05 1 ·17 i ·03 
2 7 . I 5 · 24 ·I 2 
28 ·rz ·rz ·oo 

3 
4 

5 

7 
9 

10 

IO 

·35 
·35 
·54 
·50 

--·04 
-+-. f 2 

---~02 

·06 
·27 

·35 

·25 
"3i 
·37 

·31 

"3'1 
·27 
-37 
·35 

·12 

i ·61 

i·25 

1·09 

1"74 
1·69 

···-······ ! 
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The results in this table sbov .. - that the bar was concave upwards 
throug·hout the work. The mean values correspondiBg to the thi·ee 
groups of comparisons of the sub-t:>pace~ are 

3'2· ...1'6· 

·------,-- ----.-------- ----- ----· 

1111n. nun. 11/Jlt. 1111n. 

Apr. 25-30 --0-14 -0·17 -0·06 -0·28 
May 2- 4 ·25 ·31 •I 2 ' ·42 
May 7-10 ·35 ·43 • ~I 

.) -34 

1'hesc, with the exception of :1f5 , show an increase by sm.lll a1nounts 
0 1' t·he concavity with the time. This is precisely vd1at we should <.'xpect 
from the slow seasonal rise of the air temperature in the comparing 
room. They do not appear to bear any relation, however, to the 
nh,_erved ehanges iu the values of the sub-spaees. 

\Vliat, then, could have been the cause of the large variations in the 
values of the group ineans of the inter1nediate sub-spaces "l I am unablB 
to answer this question except with the suggestion that the shiftiug 
of the iced bar and metre from oue position to another under the beam 
to which the 1nicr~scopes were attached produced at times systematic 
changes in the intervals between those microscopes. If such changes 
oeenrred, one would expect them to be great-er tor the intermediate 
tni<:roscopes tl1an for the terminal ones, for neither the Y-trough nor the 
box in which the metre was iced projected beyond the terminal micro
scopes, and currents of air due to the nearness or remoteness of the ice 
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loads would obviously be most effective in disturbiug the intermediate 
microscopes. 

Piually, recurring to the comparisons of B 17 and B 18, the result.is of 
which are exhibited in Table IV, no indication is seen of a chaug:e iu 
tile entire length of B 18• In fact, the results in Table TV do uot 1-1lww 
any :;;triking ano1nalies. The rauge amongst the means of the different 
Rets of comparisons is but 5·51-", and the group means agree quite a:-; 
well as one could expect. 

(11) Adopted length of B 17 derrved by aid of B 18.-In the absence of a 
satisfactory explanation of the variation of the observed va]ues of B 11, 

in terms of .J.£21 , we can do no better than to take the mean of the thn'•' 
group means iu the last column of Table III for the relation of the:-;e 
two bars. This relation is 

the probable error being derived from the discrepancies between the 
three individual values and their mean. To thi!4 value there i.s to be 
added a correction of -0·1,..., which is the average amount by wldch 
the distance between the terminal marks of Brn fell short of the sum of 
the sub-spaces. It is found by pr~jecting· the sub-spaces on the liue 
joining the terminal marks, the data for such prc~jection being given j11 

Table V. Applying this correction and introducing the value of }Jl~1 
at 0° C., namely, 

11I:t1 = l "' + !!·5,..., 
there results 

In deriving values for the relation of B 17 to Brn we may take the means 
of the observed values for the two orientations of B 17 and compute the 
probable errors of these 1neaus from all the discrepancies between them 
and the individual measures on which they depend. Thus we have 
from Table IV -

B 17 = Brn + :10-::>"" ± 0·9,..., A end of 1>17 north. 

B 17 = B 18 + 29·9 ± 0·9 , A en<l of B 17 south. 

Introducing in these last equations the value of B 18, given above, 
there result for the length of B 17 in melting ice 

B 1, = 5 111 -11·5µ ± 1·8µ, A encl of B 17 north. 
B 17 = 5 - 11·9 ± 1·8 , A end of B 17 soatb. 

(12) Values of ,<Jub-spaces of B 18.-Since the subspaces of Bia afford 
multiples of one metre up to fi. ve metre~ it m.ay not be out of place to give 
the values of the beveral sub-spaces resulting from these comparisons. 
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Taking llH'\Hll8 of 'the three group nwaw~ given in section lO f(ff eaeh 
value of .r;, we fiud 

•l'1 =- + 12·W' ,_t 0·71'-, 
.rz = + 0-."} ± 0·7 , 
.r:1 = + i ·G ± 0·7 , 
•l»t = + 2·7 ± 0·7 
;1J5 = + :30·4 ± 0·7 . 

The probable errors a;-;signed to tlWS(' v:.tlue;-< an:' derived from the 
residuals resulting from a eomparisou of e:·M·h adopted mean with its 
three group 1neans. Thus the ~nm of the squares of all the residuals 
i8 3:J·O. The number of residuals is i.;~ and the number of un kno\vus is 
;>. Hence the probable error of .one group 111ean is ± 1·2"', aud the 
probable error ofeaeh arlopt('.d va1ne of.r; is+ 1·2"' .. ,/3 = ± 0·7"'. 

Since any sub-:-ipace s1 i:-; expn•ssed by the relation 

wherein 
11.r - 1rn + ,,_-1-< 

_J._t~ 21 - ~ - 1') ' 

1 here results for the sub-spaces 011 Urn when it is packed in melting ice 

s 1 = l"' - l(hV :±:: 0·7µ, 
8z = 1 + ~·O ± O·i , 
X:; = 1 - 5·1 :L 0·7 
84 = 1 - ()·:! ± 0·7 ' 
s:; = 1 -27·9 :.L 0·7. 

'i".teHe spa<:es, it 1nay be again rmnarked, are the successive spaces ou 
/:1,,, counting fron1 its A end toward its B end. It must be observed, 
also. tbat these values appertain to Brn wlleu supported and aligned in 
t lie Y-trough, as already explai11etl at length. 

DE TE RM IN ATlON OP Rn ON NEW COMP AR.ATOR • 
• 

(!:~) L>escription of opparatus.-On completing tlte determinations of 
l;,; hy aid of the offiee comparator, aud studyi11g the results after the 
1na11ner detailed in the pre('eding sectioHs, it ht~t·:cune e\'ident that auy 
Yalue which might be adopted for B 17 would not have a precision com-
1• 1rable with that attained in the use of the iced bar apparatus on the 
101111 ' comparator and foltaudard kiloinetre of Holton Base. It was plaiu, 
:iJ:-.:,,, that the principal source of the difiicnlty which t11us presented 
ii '-'.f•lf lay in the instability of the microscopes of the office comparator. 
Tlu~ question which logically followed, and which it appPared essential 
fo answer, was whether this in8tability gave rise to any systematic 
l'lrOl' in the length of Bi•· rrhe long series of tlireet tletermiuatious of 
Fl'l>ruary to March, 18H2, did not seem to justify an affirmative answer 
to this question; but tlte indirect determinations by aid of B 17 did not 

8. Ex. 37-24 
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warrant a negative answer. There appeared to be no way out of this 
dilemma except to build a comparator designed especially for the pur
pose of getting t11e length of Br:· Accordiugly plans for a new com
parator were drawn up and approved by the Superintendent of the 
Survey, and the work of construction was completed during June and 
early July, 1892. It was designed with a view to direct determination:-; 
by 1neasuring a distance of 5m with a Prototype in ice and then tram•
ferring this distance to B 17 in the manner already deserihed. 

This comparator was constructed in a vacant lot adjacent to the 
Survey Office. B-tiefty described, it consists of six brick piers resti11g ou 
a continuous foundation of 6 cubic 1netres of well-ra.nuned concrete. 
The foundation is 1 m by 1 m in cross t-5ection and rises to the level of the 
ground surface. The foundation aud piers ar(~ both set in Portland 
cement and their combined weight is ahout 12 tons (11 000 kilo
f.Tarnmes). The exposed partR of the foundation and the ground near 
about are covei·ed to a depth of a decimetre with sawdust. The ternd
nal piers were arranged to receiye the Survey microscopes 5 and n, 
already described in i:-;ection 1. Connection between these microscope~ 
and the piers was secured by means of heavy cast-iron plates, held fa:-;t 
by long bolts built into the piers, insuring thus ample rigidity. The 
intermediate piers had built into then1 heavy stone posts, on which the 
post caps of the Hepsold microscopes could be mounted as when ns('d 
in fieldwork. These connections were also very rigid; and the gri:>at 
weight of the piers and foundation, which were virtually one nws;.:.;. 
gave a very satisfactory degree of stability. The piers were ranµ:ed 
in an east and west line, nearly. ~ro protect the1n from the sun all(l 
stor1ns a shed 8·6m long by 3"' wide was built over them. The IH)l'tl1 

side of the shed was left open until after the c01npa.risons of July a11d 
August, 1892, were completed, a temporary cover of canvass bein;r 
applied at night-time, or when the co1nparator was not in use. It ,ya:-:; 

thus possible to use daylight for illuminating the microscope&, and a 
free circulation of air was permitted within the shed. To proteet the • 
microscopes from currents of air and from the iee packs of tbe bar,.:;, 
their tubes and their metallic connections with tlie piers were heavily 
wrapped with cotton batting. 

The axes of the microscopes were made vertical by means of ltffel,..; 
attached to their tubes. Their axes were put into one vertical plane 
and their focal planes made nearly coincident ]Jy bringing them all to 
focus and bisection ou a fine thread stretched under them. The remain
ing small differences in elevation of the focal planes were 1neasured 
from tin1e to time by observing the readings of a level (haviug 12·f;" per 
division) attached to Prototype No. 21 when it was brought to fo('ns 
under the microscopes. 

The metre and 5m bars were moved under tbe 1nieroscopes on portable 
tracks supported on posts isolated fl"om the piers~ The track for the 
metre was a stiff truss of cypress wood. One rail of this truss bad a 
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c1·oss section shaped like a trnI1cated A_, -while the other was ftnt. The 
car carrying the inetre box was tnade to slide on these rails. ny 1neans 
of suitable lateral and lougitu(liual stops this truss could be held in 
:stwh a position that only small lateral motiou14 of the metre box on its 
eat· ·were required. Tliese smaIJ lateral rnotious and s1nall longitudinal 
ni.,tions as well, of the box on the car, ·were accomplished by 1.nea11s of 
a syste1n of slow-n1otion scrcnvs. 'l'he 111etre box was al~o provided 
with three leveling screws. These provisions made :it 1iossihle to briug 
the metre to focus, and to position withiu a few n.iicrorrn, with ease and 
rapidity. 

The 5m bar was 1nonnted iu its Y-trough a1Hl moved on the same cars 
mid track used with it in the fieldwork. 1 t was handled, in fact, in 
tlie determinations abont to be given, in precisely the saiue manuer as 
in measuring a line in the field. 

Both bars were moved under the microscopes along the south side 
of the piers. When the metre was not under observation it was 
1·t•ruoved, together with it:-; car and track, to suitable brad,;:ets on the 
:-;outh side of the co1nparator shed. \\'hen B 17 was not under observa
tion it was run out of the east •loor of the shed on the })ortable track 
and left urnler au awning alongside the supply of ice and the ice
eru:-;her. 

'l'he plat.forms on 'vbid1 the ob.-;crvers stood \Vere isolated from the 
piers and from the track supports, so that the moveme11ts of the ohserv
e1·~ produced no disturbance of tlw piers or of the bars. TJw, piers were 
about 25m frotn tl1e uen.rest l'ltreet. Only heavily loaded vehicles, ·which 
pas:-;ed quite infreqneutl.v on this street, produced auy pereeptible 
vihratiou in the piers. On no occasion was it considered essent.ial to 
:->top observing on account of such 1ninute vibrations. 

The piers aud the adjacent parts of the shed 011 the north F;ide were 
\\'t1itewashed, and this aided in producing an abundauee of white light 
for- illuminating the'- microi-;copes. In this regard the conditions for 
t";1:-:e and <'omfort in observing were n1uch superiot· to those afthrded by 
tlie electric lights of the ofnce compuring room. 

(l.J-) ]Jfethods t~f' ob.<?en_;a.tion.-The study of the earlier direct det.ermi
nations of July, 1891, and I•'ebruary and 1\[arch, 1892, indicated the 
d(·,.irability of i~tereasiug the number of measures witl1 the prototype 
llJ(\tre relatively to those with B 17 in any set of observations. Accoru
i11,:.J.\· the followiug programme was adopted and adhered to throughout 
the determinations on the new comparator, the symbol D represe11tiug
a-; hitherto the distance between the zeros of the termiual microscopes 
5 and G: 

(1) A measure of 1> with the prototype M21. 
(2) A measure of D with R1,. 
(3) .A measure of .D with Jlf21· 
(4) A measure of fl with B11· 
(5) A m~ure of D with _,lf~1· 
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Tlie measures with the inetre started alternately from the west and 
east ends of the comparator. The n1icrometric readings on ejtber bar 
were ma.de simultaneously by the two observers, who exchanged posi
tion:-; in every case to eliminate personal equation. S1nall distances, 
amounting to a few microns only, were measured with the ilit'ermediate 
Repsohl microsco1)es, whose nutgni(yiug powers are but twenty-seven 
diameters, while the terminal 1nicroscopes 5 and 6 have a power of 
fifty d:iamete1's. 

The measures with B 17 were made Jn the manner described at length 
in section 10 of Cllapt.er I. That is, the i·ear (west) end of the bar 
was first brought to bisection hy means of the car lever, while the 
oisection at the front end was made by turning the micrometer screw 
at that (east) end. The observers then exchanged positions, and the 
same operation was repeated in tho reverse order, the bar being; 
brought to bisection by the ca,r lever at the east end and the microme
ter threads moved to bisection a.t the west end. Two sets of such 
observations 'Yere generally made. 

Both bars were fully iced from half an hour to au hour before obsen~
ing on them. A slightly greater quantity of ice was used on both barR 
than in the previous determinations made during the winter in the 
comparing room, where the air te1nperature averaged about 50 C. Thl' 
average air temperature during July and August, 1892, when the pres
ent deterrninat.ions were n1ade, wa.s about 350 C. However, when 
protected by the felt covers of tile n1etre box and Y-trough, the ice ditl 
not appear to m.elt 1nnch faster than it did under the far lower winter 
temperature. Throughout this series of comparisons the ice about Bn 
was shaken up and replenished just before bringing it under the micro
seopes tor observations, and tho prototype was similarly treated at 
intervals of twenty to thirty minutes. lfrom very careful personal 
attention to the J)acking of these bars, I am confident that they were 
subject to no sensible variations in length due to variations in tem
perature. 

The observations were made by Messrs. John S. Siebert and R. S. 
Woodward, and the record was kept by Mr. Orville G. Brown. 'Thr 
computations were made and checked in all parts by the same parties 
as the work of observation progressed. 

(15) Metlwd of computation.-The considerations on whiCh the method 
followed in deriving the length of B 17 depends are similar· to those s(·t 
forth in section 3 above. But since t,be data were in some respeAs 
difterent, it seems proper to state the present cas.~ briefly by itself. 

If the positions of the microscopes of the comparator remained in Ya· 
riable, or if the measured quantities were affected by errors of observa
tion only, the distance D between the zeros of the tex·minal microscope8 

would be given by each of the following equations, corresponding to 
the several measures of the programme in section 14. 
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(1) ~J = fi1ll21 + Qi + 'l'1• 
(2) = Br-;+ ()z + V2• 

(3) = 511£21 + Q;i + 'l'3• 

(4) = B11 + Q4 + 1'4• 

( 5) = 5.J1f~n + (b + 'l\;• 
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In these, Q1 Q2 •• • are the 1nicrometric qnantitie8 resulting from the sev
eral measures, and i·1 r2 . •• are the eorreRponding corrections. But 
the hypothesis of constancy of position of the microscopes, or of invari
ability of D, is inadequate. It appears, howeyer, from t.l1e obseryations, 
that the assumption of a constant rate of variation of Dis quite satis
factory, aud this is the one adopted. 

The time intervals between the several measures (1) (2) ... (ti) are 
nearly equal, being about 7·5 n1inutes each on the aYerage. Hence, if 
we call z the rate of change of J) and put as hitherto 

x = 51l:f21 - B11, 
y = _D - 51lf21, 

and take the time of the measure (3) as the epoch of J), the following 
observation equations result: 

y - 2z - (!1 = V1, 

x + y - z - <)2 = r2, 
y - (/; = '1'3, (1)~ 

x + y + z - (/4 = 'l14, 

Y+ 2.z - <):.=Vs. 

If we assign a weight unity to each of the measures with B 17, or to (/2 

and (;J4 , and a weight p to ca.ch of the mea~ures with Jf21 , or to (J1, <Ja, 
and (J5 , the normal equations are 

2..r + (3p + 2)y = p( (/1 + ();i + ()5) + <h + (J.,., 
2 + 2 - ()2 + <.!4, 

These give 
(Sp+ 2).z = 2p( (Jr. - Qi) + (/4 - (Jz. 

x= ~ ((lz + Q4) -A(Q1 + Q3 + Q5), 
Y= !(<)1 + Q3 + Q5), 

_2p(Q5-Q1)+ Q4+ Qz 
Z- - . --· -· ----. - . ·-··- - ~--·-------

8p + 2 . 

(2) 

f ~ \ 
~l • .,) / 

'-. .. 

Since the quantities Qi, Q:i, Q5 depend on the half alg-ebraic sum of 
twenty independent u1icroscope readings, ·while Qz and Q 1 depend on 
the half sum of four to eight such readiugs, the probable errors of the 
former would stand to those of the latter as .,/ 5 to 1, or as ,/5 to 1/2, 
as the case may be, provided the errors involYed are of the a<·cidental 
~ort. If the errors are those of ob8ervation only, the ratios jm;:t given 
are the proper ones for determining the relative W(~ig-hts. But it is 
eert.a.in that the most formidable error~ are not due to defects of 
observation, and hence ~ome doubt 1nay be entertained as to the best 
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value of the weight 11. In order to test the matter· with the aetual 
data, half of the ob~ervations were treated on the supposition that 
p = 1 and half on the supposition that p = 1/5. The results indicated 
that the latter :-;uppositiou is the 1uore appropriate one, and it was 
therefore adopted for all the work. _,c\_ 1nere inspection of the data, in 
fact, shows that the "\veights of Q 1, Qa, Q5 , should be imich less !'han the 
weights of (h and Q4. 

(lG) J)ata and results.-T'able Vl fo11owing giveB the principal data 
of the series of determiuatiorn·; of JJl7 ou the new con1parator. The 
observations extended from .July 18 to A_ngust 10, 1892, and the table 
einbraces everv deter1nination n1ade. rrhe fir:-;t colun1u ~ives tl1e date: 

~ ~, I 

the ~eeond gives the times of beg-inning aud ending of a set of obser-
vations; the third designates the orientation of the prototype 1n(•tre 
1Jl~1 • The next three cohunns give the qumitities Q 1, Q:1, (/5 , which 
are the observed exceSKeS of the distance J) bet"\veeu the zeros of the 
tenninal microscopes O\,.er ;;_Jf:n, -while the la8t two colun111s give tht• 
quantities Qz, Q4, which are tho exce.sses of 1J over ·B1-.. It is to he 
remarked that these Q's change from time to tim.e hy reason of changes 
iu the adopted zeros of the m.icroscopes, as well as by reaRon of change:.. 
in the relative positions ot the microscopes themselves. Those zeros 
·which were n1ost convenient i11 computing the Q's were, iu geueral, 
adopted, but the san1e zeros were retained throughout any day's \Vork, 
so that the stability of the terminal micr-oscopes is wen shown by Q2 

and Q 4 especially for any date. For greater clearness of perception the 
sets of observations are spaced off with extra leads in groups by dates. 

TAilLE VI.-Da.ta for length of B 17 'in ice. 

I Date. I Time of day. 
: _____ ! __________ _ 

1892. 
July 18 1:15 to 1:56 p. m. 

2:14 3:02 

20 10:5 I 
1:08 

1:54 

21 10:52 
11:40 

1:16 
1:58 

22 10:37 
I 1:21 
la8 

27 10:45 
I 1:20 
12:00 

~:IS 

I 1:29 a. m. 
1:41 p. m. 
2:31 

I 1:27 a. m. 
12:13p-m. 

1:46 
2:26 

11:09 a. m. 
11:51 
2:00 p. m. 

2:26 p. m. 
2:59 

11:13 a. m. 
11:48 
12:26 p. m. 

1:51 

---jE~d~-

1 metrei Q1 

/~est. --------I 

A + ~-41 
+ 6-4 \ 

B 

A 

B 

A 

B 

-30·9 
-17·4 

9·4 

+ 9·8 + 0·5 + 0·2 
+ 6·6 

+14·3 
+13·8 
+ 2 s·s 
- 4·4 
-- 6·4 

+19·5 
+18·2 
+z2·1 
+25·9 

l 

µ 
+ o·S 
+u·S 

0·2 

+ 1·8 
1·3 

+ 1·7 

+14·2 
+19·6 
+z6·2 

-10·6 

- 7·2 

+18·2 
+19·0 
+zo·3 
+z6·4 

r Q 2 I Q~ 
---' ------ ·---· 

3·0 
+ 0·9 
+ 6-1 

4·6 

-f-12·8 
+17·5 
+z6-8 

- 6-4 
- 4·4 

+17·3 
+18·7 
+19·4 
+z3·8 

I +1~·0 \ +1~-0 
+31·9 I +34-9 

+ 3·1 
-/- 10· I 

+ 5·1 

+28·8 
+26-8 
-f-25·6 
-f-27·7 

-f-42·0 
+J9·6 
+s2·0 
+12·6 
+ 0·9 

+4fr3 
-f-38·5 
+46·5 
+s2·9 

+ 1·0 

+ 8·9 
+12·1 



 

REPORT FOR 1892-PART II. 375 

Length of Iced Bar Bi:• 

TAnLE VI.-J)ata, for length of Bi, in ice-Continued. 
, --------- --------- -

: End of. 
Date. Time of day. jmetr<-' j Q, Q3 !Jn Q2 Q4 

------- , ____ ! we~t_. I ____ 
i 

·----- ,·--~~~---

1892. /1 µ µ µ µ 
July 28 11:00 to 11:32 a. m. A + 12-1 -i-2r·8 -+-17·1 +40·9 +4T8 

I l:J8 12: IO p. Ill. + 16-3 +21·5 -;-19·3 _;_41·8 -i-41·9 
1:07 1:36 .+18·5 -r 25·s +21·4 -T-4S·3 +45"4 

Au~. 4 l 1:54 12:33 P· m. A -:-13·2 +16-8 +17-7 -f-.p-9 -T-45·8 
1:z:36 I: 13 +12·2 -:- 20·0 ' 21 "<) -+49·2 +46-4 

5 10:25 10:58 a. !TL B- + 15·6 +11·2 -+r r·S +41·5 -t-4r·4 
I I: I I I 1;43 -~13·2 ·1-I y6 +17·4 +46-1 +43"3 
II:53 12:23 p. m. I(,-S +14·2 + 11"6 +44·3 +4T6 
I: !8 1:48 J 5·0 +1s-6 -~-I 7·8 -j-48·2 +48·7 

6 10:28 ll:I2a.!n. A --1 fr_:: -18·8 ···- 15·6 +16·6 +16-6 
I I :22 I 1:59 -I_:;-b -12·2 -14·7 -r-15·8 +15·9 
12: lO 12: 37 p. m. ---15·7 -14·8 --10·6 17·0 +20·8 

I.,,_, 
·J- 1:.)8 -17·6 --12·6 -- 7·2 -r:-22·9 -j-23·4 

s 10:40 11:06 a.1u. A 7"3 - s-~ --10·9 +z1·3 +z2·7 .) 

I I: l J II:38 2·1 - 4·0 2·9 +24·3 -j-24·0 
11:59 12:26 p. m. 3·1 o·o + 1·0 +25·7 +31"2 
I; 14 1:41 + 5·2 + o·6 + 2·z +32"1 +3T7 

9 10:27 II:ooa. 111. B +42"7 +44·6 -t-46·3 +13·5 +73·5 
r 1:05 I 1:35 +46·9 +46·7 +48·4 +16-0 -j-80·5 
I 1:45 I 2:17 +47·8 +so·1 -j-49·9 +19·5 -t-80·4 

I :07 1:36 p. ni. +s 2 ·3 +s0 ·7 +sz·S +85·1 +s9 ·o 
1:41 2:04 +60·1 +s3·0 +s9·6 +92·0 +91·6 
2:08 2:31 + 51::;.7 +ss-3 +59·2 +95·3 +92·7 

IO 10:41 I 1:06 a. Tl1. A + S·o + 3·0 + 5·6 +31"0 +35'1 
I I: I 2 I 1:37 J_ 3·0 + 7·7 + 5·1 +31·1 +337 I 

I I :43 12:07 p.m. + 7·5 + 4·7 + 9'9 +33'4 +33·2 

Table VII following gives tlle results of tlie computation, according 
to equations (1) and (3) of section 15, based on the data of Table VI. 
The first column gives the date of observation. The seco1ui column 
~ives the quantity x = 5.il:f21 - B 17, resulting from a set of observations; 
tlie third gives y = D-5,U~1; the D here being the most probable value 
of the interv~l between the terminal microscopes at the middle time of 
the observations in any set; the fourth gives z, the rate of change of D, 
or the most probable change in Din 7·5 minutes, a.bout. The next three 
eolmnns give the residuals ·n1, v 3 , t'5 , or most probable corrections to 
(h, Q3, Qs, respectively; while the two following eolumns give the resi
duals v2, v 4, for Q2 , Q4 , respectively. The la.st column gives the sum of 
~he weighted squares of the residuals, this sum. being designated by 
iPl'i']. The value adopted fnr p is 1/5. It may be remarked t.bat the 
~urns Vs._+ v 3 + v 5, and v 2 + i14 should each be equal to zero within a 
tenth of a unit. The groups of values for the several dates are spaced 
off by extra leads as in Table -vI. The times of day when the several 
sets of observations were made are given in Table 'TI. 
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TABLE \T"II.--ResultB of comp1dation. 

Date. y I z 

i892. 

July 18 

20 

ll __ 1_1._I µ 

-+-[IS«)] _L 3'7 i -0-29 
23'3 +10·1 1-1·47 

~- 29·3 

26-6 
17·0 

-.--2j·3 I +o· 18 
---l]"I : +-0·21 

8·4 +-2·17 

21 : + 28·6 -t-- 2·2 
25·9 + 1·1 

26-1 : + 1"7 
26-2 i + 1·2 

-0·34 
+0·18 
+1·85 
--1·44 

22 + 28·3 l -LJj"8 
23·0 \ -.f-17·0 
25·6 I +26-2 

--0· 11 

+o·6~ _, 
+0·06 

---- _" _____ ---- ----""" _____ -----

JL 
-----2· 1 

+o·8 

+3"2 
--0·1 

-3·3 

-0·4 
-+4·4 
- -0·9 

fl 
--0·7 
+0·9 

+2·9 
----4" 2 I 

-4·3 

--6-9 
-+0·2 

+2·4, +4"5 
-0·7 I -t-0·6 

--2·2 

-2·5 

--0·3 -0"4 
+1·9 ·----2·6 
+o·6 I o·o 

--0·7 
2·9 

+o·8 
-:-0·8 
---0·5 

fl 
--0·3 

o·o 

---1 ·3 
--o'·8 
+1·3 

+z·3 
o·o 
0·4 

---- I· 1 

+0·2 
-0·2 

----0·3 

fl 
+0·3 

o·o 

-+ 1·2 
--r o·S 
--1.3 

---2"2 I 

---0·1 
- -0·3 
--1·0 

--0·2 

+0·2 
-: 0·2 

6·89 
8·6~ 
9·42 

24·8S 
0·19 

3·12 

5·39 

0·26 
2·28 
0·26 

~ ! 
26 1 --J ·[21"9]: -- ]"J +1·00 -4·7 

12·2 . - 6·o --f-3·14 -5·9 
-i 3·5 
-f-1 ·2 

+1·3 --'--1·2 
--f-4"7' +2·2 

Aug. 4 

5 

6 

! 
+ 25·8 ! --f-18·3 

2]"6 ; -i- I 8·6 
25·8 ! +zo·6 
28·5 ! --f-25·4 

22·8 

25·4 
24·9 

+ 28·5 
29·8 

+ 28·5 
29·3 
31·8 
3 2 ·3 

+ 33·6 
29·3 
32·6 
35·7 

+19·0 
+17·0 
+z1·9 

+15·9 
+18·0 

i +12·9 

: + 1 5·4 
+14·2 

i +16·1 

--17·0 
-13·5 
-13·7 

: -12·5 
! 
! 

8 + 30-8 i - 8·8 
2]"2 i- 3·0 
29·1 I - 0·7 
30·2 ! + 2·7 

9 ; --i- 29·0 l --f-44·5 
30·9 l -l-47"3 
30·7 I +49"3 
35·1 / +51·9 
34·2 I +ST6 I 35·3 . +58·1 

JO l + 27·5 i --+ 5·5 

1 ;r; / t fl 

! --1·47 
! +2·08 
1-0·38 
+0·32 

+0·36 
+1·36 
-0·48 

-0·45 
-0·31 

+0·36 
+ 0 ·35 

+0·10 
--0·09 
+1·62 
-+- 1 ·29 

-0·01 

---0·17 
! +1·98 
+0·08 

+0·40 
+1·42 
+0·48 
+1·14 
--0·17 
-0·67 

-Lo·87 

J 
+0·96 

. -Lo·21 ! j 

+1·7 i 
---j"8 
-0·7 
-1·1 

-1·8 
+2·8 
-----3 ~ 3 
-+-0·4 

-----0·7 
+0·3 
-1·2 

+z·s 

---1·5 
--0·6 
--- I ·6 
-2·7 

+1·0 I -2·41 

+0·1 
----0·4 
--t-0·3 
----1·0 

--2·5 
- 4·8 
--3·9 

--0·9 
-----2·0 

+1·7 
---0·2 

o·o 
+0·5 

+1·8 
-1·3 
+1·1 
+0·1 

-0·5 
--f-1 ·o 
---0·7 
+2·r 

-0·1 
-Lo·6 
_.'._o·S --f-0·5) 

-2·7 J -+-1 ·2 -2·21· +4·4 
+1·3 +o·s 

-1·9 

-t-4·1 
·-1 0·4 
-'-2·2 

+0·4 
+2·6 
-0·5 

+o·8 
---3·3 

--f--0·2 
-~2·6 

+3·3 
--1·0 

--1·2 

+1·0 
+0·1 
+2·7 

--1-2·1 

-0·4 
+2·3 
+0·7 

-1·0 
+1·7 
+0·4 
+1·4 
--2·3 
-1·8 

-0·7 
+1·6 
+0·3 
--:--0·7 

--0·4 
+0·1 
--1·0 

+0·2 
-1·7 

+0·3 
--1·1 

+1·3 
----0·2 

-0·1 

-+·0·1 

+0·3 
-1·0 

+0·7 
+-0·1 

+0·7 
+0·7 

---0·4 
+o·8 

o·o 
-f-o·S 

o·o 
-0·6 

+0·7 
-1·5 
-0·2 

-0·7 

-0·1 
+1·7 

-0·4 
+1·1 
--1·2 
+0·1 

--1--o· I 
I • 

---0·2 

-0·3 
+1·1 

-0·7 
o·o 

-0·8 
--0·7 

+0·4 
-0·9 
--t-o·I 
-0·9 

o·o 
+'o·6 

2·28 

I 1 ·09 
0·28 

2·39 

2·33 
6-94 
8·77 

I ·4::\ 
5·35 
7·6q 
o·.,.., 

.)..) 

1·05 
o·6' .) 

o·s ! 

4·9 2 

2·36 
0·31 

2·80 

3"42 

0·72 

3·25 ! 
0·22 

3·59 
5·9o 
1·76 

-4·1 i +2·5 +1·6 +1·1 -1·2 T7i 
+0·4 I -2·41 +z·1 +0·3 -o·3 2·25 

-=o· 5 l +2:_ __ 2_·_1__!_ ___ 0_·_3--L._-1_·--_o_· 3___!~-2-· 5-7~-

(17) Corrcction'8 to the computed -values of x.-Tbe eom1lnted values. 
of x in Table VII are subject to two sniall coi.·rections. The first of 
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these depends ou the inequalities in heights of the focal i)lanes of the 
microscopes. The 1nicroscopes were adj nsted to near equality in 
heights of their focal planes by the method explaiHcd in section 13, but 
owing to some unexplained cause, u1icroscope 6, which was attached to 
the east pier of the comparator, was given a position about 2mm too 
higb. This, maladju:-:;tment was discovered on July 19, but since it 
eoul<l be measured accurately it was not corrected until .. A~up:nst 3. 
1\Ieasurements of the inequalities in l1ejghts of the fcwal plaiies were 
made on July 19, 20, 26, and August a, by means of a level attacLecl 
to the prototype inetre, as already explained. 'l'Le micro:-:;cope:-:; 
were arranged in the order 5, 1, 2, 3, 4, H; 5 being 011 the west pier, 6 
on the east pier, and the otl1ers on the intermediate piers. The follow-
1ng are the mean values of the differences in height of the focal planes 
resulting from the uieasnre~, seven in all, for the detenniHatious 
extending from July 18 to July 28. The plus sign preceding a result 
1"-hows that the focal plane of the eas~ microscope of any pair is the 
higher. 

llllll. 

Difference for 5 and 1 -0·34, 
1. aud 2 +0·52, 
2 and 3 - 0·30., 
3 and 4 + 0·32, 
4 and 6 +1·85, 

Sum +2·05. .;;:; 

These results show that the sum of the projections of the metric 
spaces on the horizontal focal plane of microscope :; is 2·0µ less than 
th(· sum of those spaces. l.iikewise, since the plane of microscope G is 
'..!·05mm higher than the plane of•">, the line joining the foci of 5 and 6 is 
0·4µ longer than the projection of this line on those planes. llence the 
dl'ective correction to the quantitjes Q 1, Q:i, Q5 is - 2·0µ. + 0.41L = - 1·6µ, 
or the correction to x is + 1 ·6µ . This is to be applied to ev-ery value 
of .r up to July 28, inclusive. 

On August 3, microscope 6 was re-adjusted, and it and the others 
were then left undisturbed throughout the remainder of the. compari
~ons. Measures of the relative heights of the foeal planes were made 
on August 5 and 10. The resulting mean values from the three meas
ures are a.s follows: 

n1m. 
Difference tor v alld 1. -0·26, 

1 aud 2 +0·4:8, 
2 and 3 -0·31, 
3 and 4 +0·40, 
4 and 6 -0·12, 

Sum +0·19. 
The corresponding correction to x is +0·3,... , and this is to be applied 

to all values of :x: from August 4 to 10, both inclusive. 
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The second correction depends on tl1e curvature of Br; in a vertica1 
plane. 'l:'his curvature is measured by means of the long 1:-\triding· level 
as explained in Chapter I, section ti. The correction is so small that 
it has been neglected in all preyious ·work, though its an1onnt was less 
in that work than in the work now considered. '"-rhe theory of the 
c01nputation of this correction from the level reading:-; is given in 
Supplement A. It may suffice here to give the values of the computed 
corrections. They are as followR: 

July 18, 
21, 
:n, 

Aug. 4, 
6, 
s, 
H. 

10~ 

µ. 

um~, (MH, 
·09, 
·35, 
·05, 
·07' 
·09, 
·31, 
·13. 

These are so small that they inight be ignored witl1out materia1 
error, but since it is believed that they represent determinable quan
tities, we shall here apply them. It may be remarlfed that their vari
ability is undoubtedly due to the effect of the external air temperature 
on the web of the Y-trough so long as the. vertical adjusting screws 
under the bar are left undisturbed. The observations show, in fae1, 
that if the bar is made straight for any given external temperature, i1 
becomes convex upwards for an incrt•ase of tha,t te1nperature. ThP 
adjusting screws were left undisturbed during the series of determinn
tions extending from July 18 to July 28, and it will be seen by referenee 
to Table VIII following that the maximu1u correction of July 27 cor
responds to the maximum air temperature of the series. A like 
remark applies to the series-extending frmn August 4 to 9, the nia-xi
mum correction corresponding t.o the maximum air temperature of 
August 9. (See Table IX). 

Considering the small number of determinations of corrections in the 
series of July, we n1ay adopt a single mean value for application to .i'~ 
viz, 0·2,.... For the series extending from August 4 to 9 we shall adopt 
0·1"" for all dates except August 9, and the observed value 0·3"' for tl1e 
latter date. The value adopted for August 10 is also the observetl 
value, the bar having been turned end for end and re-adjusted on that 
day. 

Since the curvature of .B17 diminishes the interval between its termi
nal lines, these corrections must be applied to the quantities x with 
the negative sign. 

(18) Adopted individual and mean values of x.-Tables VIII and IX 
tullowing show the adopted values of x and various data pertaining 
thereto for the two ol'ientations of B 17 in the~'( -trough. 

In making up these tables the results of' July 18 and 26 have been 
-reje.cted for the following reasons: On these dates the microscopes 
were taken apart. cleaned, and wrapped with cotton batting just 

"' 
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before observing with them. Iu additiou, the leveling and clamp 
screws of the intermediate u1ieroscope~ 1, 2~ 3, 4 \\-ere tightf•ned. It is 
thought that the anomalon.s re:-i.nlts of these two days are due to move
ments of the n1icrot'l.copes before reacld11g t11eir 1nost stable positions aft.er 
replacing their objeetin•i-; and rewrapping theu1- in cotton. Subse
quently, when any such adjustment was made, tJie apparatm;; was 
allowed to stand at least oue day before u;,.;iug it. Shnilarity of con
ditions, then, if there were 110 otlwr reason, would seem to require that 
these results be omitted. 

Table \7TII gives the resulfs obtained witl1 t1w A-end of Ri-; west, aud 
Table IX those obtahwd with the A-end of Br; Pa:-;t. 'l'he first column 
of eit11er table gives the date: the secoud the maximun1 air tempera
tlne of the day as observed under the comparator 8hed; the third 
1"lweifie1" the orientation of the 1netre; the fourtb g"iYes the computed 
Yahw of ;1~ from r.rablc VII; tlw fifth the COlTeetion for inequalit.y in 
1tf•iµ:hts of focal planeH of t11P mierosco1ws, or slopes of iuetre; the sixth 
the correction for cn1·vature of 1h,; tlw seventh the. adopted va.Iue of a:, 
awl the eighth the residual~ found by suutracting any observed a: from 
the mean value. 

TABLE VIIL-Adopteil val·ucs of X=5M21-B 17 (A-end of B 1-: 1cest). 

i-·-------1~.~~:~~~-. En:~~ 1lco:1p~ite)-~~~~re~tio~~ f:r-__ I Adnnted Mean x 
I Date. tt1.re metre ; ,,- al u e ' I J _.,! ~ for date-

!
[ of day. west. I of x. , Slopes of'. Curvature' 

v. 

I ) metre. ! of Bl•· ! 
I 1------- i----l l-----i-----.----

' 1892. 0 I µ µ I f.l ! p ' 
'July 20 +29 ·3 +1-6 -o 2 I +30·7 

26·6 I ·6 ·... I, 2S·o 

21 

22 

28 

IO 

32-oC. B 17.0 i·b ·2 1S·4 

o:; I 
31·0 A 

33'5 B 

B 

36-0 A 

A 

25·8 
23·6 
25·8 
28·5 

+1-6 
1-6 
1·6 
1-6 

+1·6 
1·6 
1-6 

! 
27·5 +0·3 I 
27·1 ·3 I 

-0·2 
-2 

·2 

-0·2 
·2 

·2 

-0-2 

·2 
·2 

-0·1 
. I 

·1 

29·7 
24·4 
27·0 

27·2 
25·0 
27·2 
2 9"9 

24-2 
26·8 
26-3 

27-7 
27"3 
26·1 

µ 

28-1 

-1·1 
-4-8-5 

-3·1 
--0-4 
-0·6 
-0-7 

-2·8 
+2-5 
---0·1 

-0·3 
+1·9 
-0-3 
-3·0 

+z·7 
+0·1 
+o-6 

--0·8 
~0·4 

+o·S 25·9 ·3 ! 21·0 I 
_____ .:,_ ___ _.___ _____ i -- ··~-------! ----------------~ 

!\1ean value of x, 26-91_. ±0·4µ 
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TABLE IX.-Adopted t'al·ues of x= 5M21 -B 17 (A-end of B17 east). 

Date. 

1892. 
Aug. 4 

5 

6 

8 

9 

1\lax. air · 
tempera

ture 
of day. 

End of 
n1etre 
west. 

:

1

' ~ I Correction for- 1• J i 
,Computed1 l · 
! value I ! Adopterl l Mean x \ 
1 of ·, le 1 x. , forda.te. 
i -""· I Slopes of urva.ture ' ____ · I metre. \ of B,,. I I j 

--o-- \~-:-·1 fL ·-:-1 µ µ i---µ-
1 · +z8·5 I +0·3 -0·1 +z8·7 +2·6 

34·5 C. ! A :<9·8 I ·3 ·1 30·0 +z9·4 +1·3 ' 

30·0 

32·5 
i 
I 
J 
I 

34·5 I 

37·5 

B 

A 
; 

A I 

B 
i 

28·5 
29·3 
31·8 
32·3 

33·6 
293 
32·6 
35·7 

30·8 
27"2 
29·1 

30·2 

29·0 
30·9 
30·7 
35·1 
34·2 

35·3 

I 
l 

I 
\ 

r 

I 

-f--o~3 

·3 
·3 
·3 

+0·3 
-3 
·3 
·3 

·-t-0·3 
·3 
·3 
·3 
·3 
·3 

I 

-0·1 

·1 
· 1 
· 1 

-0·1 

• 1 
·1 
·1 

-0·1 

· 1 
·1 
•J 

-0·3 
·3 
·3 
·3 
·3 
·3 

1\1.ean value of x, 31·34µ ± 0·4µ. 

28·7 
2 9·5 
32·0 

3 2 '5 

33"8 
2 9·5 
32-8 
35·9 

31·0 I 
27·41 
29·3 
30·4 I 

29·0 

30·9 
30·7 
35·1 
34·2 
35·3 

30·7 

33"0 

29·5 

32·5 

I 

+z·6 
+1·8' 
-0·7 
~1~2 

-2·5 
+1·S 
-1·5 
-4·6 

+0·3 
+T9 
-+2·0 
-t-cr9 

-1-2·" . ..) 

+0·4 
+o·6 
-3·8 
-2·9 
-4·0 I 

The individual values of x in Table VIII or IX are, so far as known, 
of equal weight. The values of x in the two tables differ systematica11y, 
however, for reasons given at length in section 20 below. Hence we 
shall, for the sake of distinction, call the n1ean of the adopted values of 
x in 'rable VIII, xw, and the mean of those in Table IX, xe, the suffixes 
defining the orientation ot· B 1 7. These means are 

Since 
and 

Xw = + 2'3·9.u ± 0·4..,. for A-end of B 17 west, 
Xe = + 31 ·3 ± 0·4 for A-end of B 17 east. 

x = 5M21- B17 
5JJI21 = 5m + 12·5P., 

these equations give 
.B1"' = 5m - 14·4"' ± 0·4µ for A-end west, 
B17 = 5 -18·8 ± 0·4 for A-end east. 

The probable errors assigned to these mean va,lues are derived from 
the residuals in the last columns of the tables. Thus, the su1n of the 
squares of the residuals in Table VIII is 135·5, and the corresponding 
sum from TablP. IX is 118·1. The number of residuals is forty and the 
number of unknowns two. Hence tbe probable error of an individual 
value of :x: in either table is ± 1·7"'; and sinee the weights of a;., and Xe 

are each 20, tlteir probable e1Tors are ea.ch equal to ± 0·4:"'. 
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(19) Sou/rces of accidental error.-The principal accidental errors 
affecting the quantities x, y, z of Table VII, and likewise the adopted 
va1ues of x in r_rables VIII and IX, are, it is b<>lieved, errors of obser
vation and errorH arising fron1 irregular uwvements of the six inicro
:scopes of the comparator. An idea of the relative magnitudes of these 
two species of error can be derived in the fo1lowing manner: Referring 
to equations (1), (2), and (3) of section 15, it is seen that the resultant 
of the errors involved in the quantities Q, ou which the values in Table 
YII depend, appears in the sums of the weighted squares of the resid
uals given in the last columu of that table. These sums vary very 
greatly for different sets of observations, but a trustworthy value for 
the resultant error may be derived from the. aggregate of the sums 
µ;iven in the last column of the table. Omitting the Yalues of .Tnly 18 and 
~G for the reasons assigned in section 18, the aggregate of the sums is 

[pli·V j = 168·8. 

Tbe total number of residuals in the 40 sets of determinations is 200, 
and tl!e total number of derived values of .:r, y, z is 120. Thus the 
probable error of an observed Q of weight un.ity (or of any Qz or Q4) is 

( 
168·8 \~ 

± 0·6745 ~200-=I:!oj = ± l·Oµ. 

This applies to a single measure of the distance between the terminaJ 
microscopes with the 5m bar B 17• Since the \Veight of auy ()1, Q3, Q5 , 

or of a single measure of that same dh;tance with the inetre ~1I21 is 1/5, 
the probable error of one such measure is ±-:: 2·:Y" . 

Since the Q's which enter the formulas of section V> are independent, 
it follows that the probable error of a single value of x derived by this 
process is 

J39 ± 1·0µ. 18 = ± 1·5" . 

This value is only 0·2µ less than the valuederived by a difterent proc
f'l-l~ in the preceding section. Tbe latter process, it will be observed, 
takes account of any changes in the quantities x which may occur front 
set to set of observations or from day to day. The close agreement of 
the two probable erro1·s is, therefore, au indication that such changes 
were small, and also that the assumption on which the method of coin
pntation depends is esRentially correct. 

An examination of the resiuuaJs in '-1'able VII shows a satisfactory 
distribution. Thus, of the whole number of residuals used, namely, 
200, 99 are plus, 93 are minus, and 8 are zero each. The maxi1num 
residual in the class whose weigl1t i8 unity is 2·3/L. The maximum 
residual in the class whose weight is 1 / fi is H·9,. , which is about three 
times the corre;;ponding probable error, or ± 2·2µ , as given above. 
. Jt will be noticed that the [pvv] for the earlier sets of determinations 
~11 .July are considerably larger on the averag('I than for the later ~e~ 
in August. The only reasons I can assign for this are, first, that the 
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piert4, which were completed only a R]1ort time before beginning to use 
them in .J n1y, grew inore and n1ore stable with the drying and harden
ing of the ce1nent; and, secoud, that. the smaller time interval required 
to make a set of ob~ervations after the observers had become well 
accustomed to the work diminished the chance of error from moY<'
nients of the 1nicro1-;copes. It does not appear, however, as shown in 
the preceding se<·tion, that the resnlting values of x were appreciaLly 
less precit::.e in the earlier t11an in the later co1nparisons: 

Now, as to the relation of the e1Tors of observation to the aggTegate 
errors, we n-iay assunte as hitherto tbat the probable error of a single 
nticroscope reading does no~ exceecl O·!Jµ. The pro bah le error fro1n tl1is 
source, then, in au obse1·ved (/2 or (J.4 is ± 0·;1'\ if we Rnppose but four 
readings to be ma<le on B 1,. The cotTBSJHmding value for an observed 
()1, lb, or Q;, i~ ~±: O.tiµ v:".i= ± l·P'. rrhese are exactly half as greHt 
as the value:-; derh-ed fro1n the resultant errors. I.Jenee we conclnd1· 
that the probable error in a single <letermination of ;,r, due to instability 
of microscopes, etc., or to all extra.-observat.ional sources, 1s 

± I ·5µ J 1 - -! = ± 1 ·3~. 
This shows a ver;\'" satisfactory degree of stability of the microsieopes. 
since it is but little more tha11 1 /4 000 OOOth part of the length of Br: or 
of the distance bebveen tlH~ terminal microscopes. 

Finally, frotu whatever point of view we regard tlie adopted vahw~ 
of x in Tables VIII and IX, their accorclance leaves little to be desired. 
It appears plain that for eitlwr orientation of B 17 the same quantity. 
essentially, 'vas observed on every date. This is well shown b;y tlu· 
constancy of the 1nean valn~8 of .r fhr the several dates. Iu Tabk 
VIII the nu1ximnm diverge11ce of auy date mean from tile adoptl·d 
mean of all values of :r: ii'I hut 1·21-L, and the corres11ondiug n1axirnuJ11 
divergence in Table IX is but 1·91'. ThP- averag·e of these is no greater 
than the probable error of a sing;le value of x as derived in this se 1·

tion, namely, ::!:: 1 ·5"; and it is less than the probable error of a si11gk 
va.lue of x derived in the preceding section, namely, ± 1·7µ. 

Taking this last probable error as a basis it appea,rs that the menn 
of four determinations of IJ 17 in tnrms of 1V/~1 on the new comparat-or 
would have a probable error Jess than 1µ or less than l/<.1 000 OO(lt It 
of B 17• "'1~e must conclude, therefore, that the te1nperatures of .ilfz1 all(l 
B 17 were fixed within Yery narrow limits by the melting ice with 'W11icl1 

they were surronuded. 
(20) S.l/xtema,tic error.-The precision of the reE<ults attained on tlH' 

new co1npara.tor brought to light an unexpected source of systenrntie 
error. This source of error a,pf•ears to be due to the fa.ct that the 
transverse grad nation n1arkH at the ends of B 17 differ much in wiclth, and 

' to the fact that the personal equati011R of the observers differ widely in 
amount. As already stated the width o.f the graduation mark at the 
A end of I~17 is lfH3,..., while the width of the mark at B end is 36·2,.... · .It 
11ad been known frmn the experience of the observers, Siebert and 
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\Voodward, on Holton Base that their perso11al equation8 differed; but 
it 'vas not known that their equations varied with difl:(•ring widths of 
graduation 1narks and micro1neter wire intervali'i until the fact was 
deYeloped in the cour:.;;e of the determinations detaileu above. It was 
then easily seen by direct observation that such. difference might intro
duce an appreciable consta11t error. 

Fortunately in nearly all the work d011e >vith tbe apparatus tl1e 
observers l1ave been the Sl'une, ua.mely, Siebert and '\\~oodward; tl1e 
only exception being the few deter1ninations of length of B 17 made by 
Tittmann and ,,~oodward in ~Tu1y, lS!H. 

Before proceeding to examine this question ini11ntely it m:iy be 
remarked that all defa,1·miuations of Br, indicate a sy.stematic differeuC'e 
i11 jt~ length depending on its orieutation in the Y-trough. To show 
this clearly we will collect the results given in the preeeding section:-;. 
For this purpose it i8 desirable to introduce a more general designa
tfon for the orientation of R 1, than that used hitherto. ~~e shall adopt 
the convention that the A eud of B 17 is left or right according as it i8 
to tl1e left or right of the observer as he stands alongside of the bar 
vdiile reading a microscope. Thus _A etHl left corresponds to A end 
west for the work on the new comparator and to ~.\... end north for the 
work on the office con1parator. 

Collecting the results of the direct determinations for length of B 17 

from sections 4, {), and 18 we have-
.July, 18Hl, B 17 = 5m - 10·1,,, ±: 2·01'· for A end left. 

B 1, = 5 - ll·U ::b 2·0 for _A_ end rig11t; 
:.E'eb.-Mar., 1892~ B 17 = 5 - 14·6 :± 0·8 for A end left, 

1:17 = 5 - 16-2 ::I: 0·8 t<:n· A end rig-lit; 
July-Aug., 1892, B 1, = 5 - 14·4 ±: 0·4 for A end left • 

.B17 = 5 - 18·8 ± 0·4 for A end ri~ht. 
1'11e differences shown here are all of the same sign. Their amounts 

with their probable errors are 
~July, lS!H, 1·8µ ± 2·8µ, 
Jt-...eb.-1\'far., 1892, l·6 ± 1 ·1 , 
.Tuly-.Aug; .. 1892, 4·4 :±: O·G . 

A clifference with tbe same sig·n but of much smaller amount is shown 
IJ.\' the comparisons of B 1 , and Brn, a.s may be seen by reference to Table 
IV, sectjon 9. Its amount i8 0·4,,, ±:.1·3P-. 

Although these quantities differ widely mnougst themselves their 
probable errors show that they are not ineousistent wjth one another, 
while their persistence in sign renders it highly probrtoble that they are 
due to a cou1mou cause . 
. The 01ily cause which appears adequate to explain t.hi s discrepancy 
hi that mentioned at the beginning of this section, and although the 
eYi<lence of this cause is not conclusive there would seem to be little 
(:ouht that it is the principal cause. V\'~e proceed to examine tbe ques· 
hon at length and to present all the available evidence. · 
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It- is esseutial to the inquiry, in the first place, to know precisely how 
personal equation or error ma.y affect_ the ob8erved data. Since nearly 
all the observations were inade by Siebert and \Yoodwa.rd it will be con
venient to use a notation referring especia11y to their equations. Let-

Sa, Sb =the corrections to the 1nicroscope readings of Siehert on tlrn 
A end and B end of J>i-;, respectiYely, 

TVa~ Wb -:-the corresponding corrections to the readings of\-\' oodward. 
Ri, L 2 = the observed reading:;;; of Siebert on the right and left lta11d 

ends of the bar, respectively, 
R 2 , L 1 =the corresponding readings of \Voodward; 

Then, supposing the microscope readiugs to increase from right to 
left,* we have for the distance I> between the zeroi-; of the terrnhlal 
microscopes 

(-"'\_ en<l of /J1; left.) 
I>= B 17 + L1 + lV,. - R1 - Sb, 

= B1, + Lz + Sa - R2 - lV b· 

Tl1e Hum and difference of these give 
D = Bl7 + -2 (L2+ /Ji) - ~· (Rz + R1) +~(Sa+ lVa) - :tU'i'h + TVb), (1) 

(Sa - lVa) + (Sb - ll\,) = - ( Lz - L1) + (R2 - _}(1). (~! 
""-..-hen IJi 7 iR reversed in the Y-troug·h we n1ay aRHnme, iu order to l'e 

entirely general, that o\ving to change in the aspeets of the marks and 
to the difference in wire intervals of' the two microscopes the correc
tions s., '\V K' ... change in value. J)esignati11g the new values of the cor
rections and of the new readings by the same 1etters with an acee1it, 
\Ye have-

(A end of B 17 right.) 
D = B 17 + ~ (L 1

2 + L 1
,) - ~ (R 1

2 + R'i) -i(81
a + lV1a) + :!(S1

b + W\,). r:n 
(S1

a. - \V'a) + (S1 b - lV1 b) = - (L 12 - L 1 1) + (R'2 - R'i). (-!} 

For brevity, put 
'lt = i (Sa + lVa) - l (Si. + Wi.), 
u/ - 2- (S'a + lV'a) - Q (81

11 + W'b), 
v = (Sa - lVa) + (Su "'"'.'"" lVb), 
v' = (S'a. - lV'.,) + (S'b - 1V1b)· 

If now we denote the mean valueR for length of I.J17 correRponding· to 

its two orientations by l"1 an<l V 2 , the above equations (1) and (3) sl10w 
that 

BIT + it, = V1 for A-end of JJl7 lefr,, 
B 11 - -u' = 1'~2 for 1-\.-end of Br; rig·ht. 

If the personal equations re1nain the sa1ne for both positions of tlie 
bar, -u = u/, and the half sum ot· (ti) gives B 17 free fro1n this source of 
error. On the other baud, if those eqn.ations differ, the error of JJ17 

derived frorn the mean of (H) is 
(7) ! (u - it') =!-(Sa - S'n. + W,,.. - lV',. - Sb + S'b - U'"b + W'v)· 

--------- ··--·--- -- --- --·-·------ - --- - - ---·· - -- -· ---· -----~·--··-·-··-------- -·-------"----- ·---·- ·- ·------ -- - -·. I 
"The n1icro"1copes were so used on tho uew comparator and in all the work wit 1 

the ioed ba.r on Holton Base. The increase -..vns in the opposite ,urection with the 
niicros<'opes a8 monnte<l on the office compura.t1Jr. It will be noticed that the l'.or
rections S., rr. change sign with such change of direction. 
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It. appears from the equations (1) to (4) that the obserT"ations are 
insufficient to determjne the corrections Sa, 1r,,,, ... without additional 
relations between them. It is clear~ howeyer, that if the widths and 
a1'\pects of tbe graduatfons were the same at both ends of the bar, and 
if the wire intervals of the micrometers were equal, no error from this 
~ource would appear in the resulting lengths of tbe bar, and it is a 
matter of regret that tltese theoretical eonshlerations were not duly 
appreciated when the bar was constructed. It is clear also that the 
orientation of B 17 oug·ht to have been changed from day to day, for the 
en•ors in question would thus have beeu more certain of elimination in 
the final mean. 

'Ve may nevertheless g·ain some idea of the nu1gnitude of the cor-
1·ections desired from equations (2) and (4), which giye the quantities 
r arnl v' defined by tlie last two of (f-i). Each set of observations on 
Bl"i gives a value for 1,' or 1'', as the case 1nay he, and there were 4 to 12 
i;;uch sets for each day's work. The mean yalues of the resulting v and 
r 1 are collected in Table X following', which is arranged in two parts 
corresponding to the two orientations of R 1,. The first column gives 
the date, the second the nu1nber of individual values of 'l', and the 
t11ird the mean value of v for the date. The l';econd half of the table 
gives the corresponding values pertaining to 'O'. 

TABLE X.-Obsen.'ed 1:alues of v and v', JHly nnd A,ugust, 1892. 

\ 
A-end of R 17 left. A-end of B ..- right. 

:-----

Date. 

1892. 
July 20 

21 
22 

27 
28 

Aug. IO 

; Nu1nher of ; l\lcan ,-alue :; j :-;umber of i\fca 1 val e 
, valnes I f 

7
, Date. ...-ah1Ps ' • { ·v' u 

observed. ! 0 
· I obser>·ed. 

0 
· 

6 
8 
6 
8 
6 
6 

·--~------]!-----,~~-~ 

µ 
+s·9 
+4·8 
+6·o 
+4·1 
+4"2 
+4"2 

,. 
:1 1892. 
:I Aug. 

Ji 

!l 
:1 

:1 

4 
5 
6 
8 
9 

4 
8 
8 
8 

12 

·----

µ 
-0·9 
+o·r 
....t-2·6 

+1·0 
--1·5 

If we assign to the several mean values in this table weights pro
portional to the 11umhers of obl"erved values OJI whieh those means 
depend, the following weighted n1eans result: 

v = + 4·8µ. ± 0·2µ.' 'l' 1 = + 0·2µ. ±: 0·6µ.. 
It thus appears that the quantities t' and ·lJ' are no Jess definite than 

the corresponding yalnes for length of B 17 already derived. But the 
faet that 'ti and v' differ so wftlely nmkes it necessary to suppose that 
the personal equations changed with the change in a~peet or-the bar. 
~low such a change can arise I am unable to explaiJ1, but some addi
tional observational evidence indicates that it took place_ T11is evi
dence was obtained by measuring the differences (B. - lV.), (Sh - Wb), 

8. Ex. 37_,.25. 
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(f./fa - W'a), and (S'b - W'b) directly. For this purpose the observerR 
made readings alternately at either end of the bar while it >vas held 
still in its Y-trough. Several such series of readings ·were made during 
August 30 and 31, 1892. They were not very satisfactory f(n- th<, 
reasons that the bar was not iced ::.tnd that it eould not. be kept ver,v 
stable. The following mean values were derived: 

S,.. - lV .. = + 0·78,,. i · f ts\, _ lf'h = + 0 .78 } , A-encl of B 17 le 't, 

S' a - H 71 
a = + l·80 l A l f B . l 

8'b - ll''b = - l·OH .~ ' -en( o . t• rig tt. 

The su1ns of these pairs of Yalne::; give in aceordauce with the last 
two of eq11ati011s (•)): 

These value~ nre 1nueh less definite tha11 the iuean values g-ivPu 
above aud differ ·widely fl'Olll thein, hut the cli:o;conla1we L·; so m1H·l1 

greater than can be attributed to other 14onrees of error, tlu\l't it se.-rn~ 
essential to entertaiu, the hypotheses first, that the personal e(1uatio11:-< 
of the observers varied fro1n tin1e to titne; or second, that the work 011 

the new coniparator was subject to some con~tant error which ehanµ:etl 
sign with the change in orientation of the bar; or third, that both tlH•st• 
possible causes were operative. These vie.ws al'e, in fact, suggested lly 
the variations of the values of 'V' in the second half of Table X. 

It becomes desirable, therefore, to glean sueh information 011 tlii~ 
point as is afforded by the obser-vations on B 17 during Februal',\- to 

May, 1892, on the office con1parator, and likewise by the obRerv:1tion:;.; 
in the use of the apparatus on Holton Base in 1891. The values of r 
and v' resulting fro1n the direct determination:s of B 17 on the office com· 
parator are given below in Table XI, which is arr~.tnged in the sa11H:~ 
manner as Tab1e X. 

TABLE XL-Observed ·va,lu.es of 1J and v', February to Jllarch, 18.'J:l. 
1-----·------ -------·---· -·---·~------------------------·---

'I 

A-end of B 
17 

le:t. -----f 1----~-A--~nd-~~~_'~-r-ig-,h-t_. ----• 

Number of I M 1 II Number of I 7\f l 

1892. 
Feb. 4 

5 
6 
8 

10 

II 

13 
15 
16 
17 
18 

values can va ue 'I Date. •·alues · ean ·~ ue 
observed. I of v. i obser\·ed. ~~-· 

! 11 

3 
8 
4 
8 
8 
4 
8 
8 

12 
8 
8 

µ 'ii 1892_ µ 
+o·8 - Feb. 19 4 +2·9 

2·8 ii 20 4 2·8 
2·4 I 23 4 3·s 
4·4 24 4 5·1 
4·0 25 8 1·6 
i·o 26 12 1·9 
2·0 I • 27 8 2·0 
3·4 Mar. 7 8 1·2 
1-9 8 8 2·0 
3·0 9 4 2·0 

II 4 2-0 

12 4 .g·3 

4"1 Ii IO 4 t•9 

l-.-----..,.:.------=-----..1'---·----=-----__;_-~·--t 
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Giving the values in this table weights proportional to the number 
of measures for each, there result the followiug weighted means: 

't' = + 2·91'- ± 0·2..,, ' 1-1 1 = + 2·3µ, ± 0·2"' . 

These values, it is seen, not only agree well with each other but are 
determined with a preeisiou quite equal to that of the correspondiug 
mean values from Table X. It may be rmnarked that the precisions 
should not differ m.uclt in the t\vo cases siuee the readings from which 
r and 1.1 1 are obtaiued are. inade in less than oue minute, and hence 
stn.bilit,y of the microseopes is depended oil for this short period only. 
There are, however, nearly twice as rnauy detern1iuations represented 
i11 Table XI as in Table X, and this fa.ct accounts mainly for the 
:-;;maller probable errors of v and v' deri\Ted from Table XI. The range 
amongst the daily means is nearly tlle I'm.me i1i the two tables and 
:Hnounts at 1nost to 4·1µ.. 

The observations on B 17 at the times it >n1:-; compared >vith IJrn giye 
tht.~ fo1lowing values: 

Apr. ~9, 1892, v = + 2·8"' (mean of 10 measures,) 
30, 1892, v = + 2·2 (mean of l 7 measures), 

J\:lay r1, 189~, 11 1 = + 1;9 (mean of 27 measures). 

These values are likewise fai•rly accordant with each other and with 
the values just given above. 

Finally, the values of 1'' * derived from the observations on the 1001
" 

cnmparator of Holton Base in 1891 are (see Chapter III, section 6): 

Aug. .4 to Ang. 7, 18lll~ 'l'
1 = + 3·8"-', 

Sept. 24 to Aug. 6, 1891, ,,_,,i = + 3·3. 

\.\"""ith respect to the latter results, it is to be remarked that they were 
obtained with the lower power (27 diameters) Hepsold microscopes, and 
n1ay not be strictly comparable with the results obt.aiued with micro
:-;c1,pes 5 and. 6, which have a power of 50 diameters. They do not 
1liffer materially, howe"~er, in the mean from the average values of 'l' or 
i·' obtained on the office comparator. 

Collecting all these mean values for v and v' and taking their half 
"Hms and half differences, we have the following- condensed statement 
of all the direct information bearing on tiie constancy of the person.al 
equations of the observers: 

Date. 1--;c,+v' ). I i (•!--v' >-
-----------1--~- -·--·-·---

1 +2-if I +0·3µ Feb. to Mar., 1892 
Apr. to May, 1892 
July to Aug., I 892 

+2"2 +0-2 
-j-2·5 +2·3 

The agreement of the quantities ! (1' + v') in this statement is no less 
1:t·rnarkable than the disagreement of tlw last of the quantities § (v - v') 
iroin the other two. It appears that the <~am;e of the divergence of 

B,1 w~ use(l With the A-ond~~lghti~--;llth:;~ w~d~--;;~ Holton Bas;.--:H~nce the 
qUantity v' only .appeal's in this work. 
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!(v - v') in July and August, 1892, whatever it may have been, waR 
such as to increase v and decrease v' by about the same amount. A 
change of t,his kind might have occurred in several ways through 
changes in the eight quantities Sa, Wa, ... as may be seen by refereuce 
to the last two of equations (5); but the data do not indicate that the 
change is more likely to have occurred in one of these ways rather than 
in another. 

In view of a.U the evidence presented in this section, it appears cer
tain that the observers as8igned different lengths to B 17, depending on 
its orientation in the Y -trough. It appears equally certain that this 
difference is due to personal equation of the observers or to change iu 
aspect of the graduation 1narkR, or to both these causes. The two 
causes are entangled with one another and can not be separated with
out additional data. "\'Ve conclude, however, that the effects arisiug 
fron1 these causes are well eliminated in the mean of lengths of the bar 
in its two orientations, or that the error of this mean length, expressed 
by equation (7), is s1nall. 

The conclusion j}.1st stated does not require the assumption of con
stancy and equality of the quantities u and u/ of equations (5), but it 
see1ns b~st to adopt this assumption in deriving the final lengths of Brr 
for A-end left and A-end right. The justification of this view is to he 
found, I think, in an exau1ination of the observed values of rr ( v + v 1

), 

i (v - v'), and u + u', given above. Thus the first of these quan
tities varies by 0·4µ. only for three different sets of determinations 
extending over half a year's time, the second varies by 2·1µ , and tile 
third by 4·0..... With respect to this last, however, or to the quantity 
u + u', we must re1nark that it might be expected to vary in observed 
value much inore than the others, since it conies fro1n data dependent 011 

the stability of all parts of the apparatus, while the other two depentl 
only on the stability of B 17 and the terminal microscopes. But the coll· 

stancy of u + ·u/ in the determinations of July to August, 1892, renders 
it highlyprobable that the value then derived is a real quantity, wbich 
was nu\.sked by errors of the less precise determinations on the office 
comparator. 

ADOPTED LENGTHS FOR B17. 

(21) Sutnmary of results.-Collecting the results for length of Bn 
given in sections 4, 5, 11, and 18, we have the following summary iu 
Table XII: 

TABLE XII.-Sumrnary of results for length of Brr· 

Br.r 
Date. 

A-end left. A-end right. 

July, 1891 Sm - u·d' ± :z.·d' 5m - I 1·9"' d:: 2·d" 
Feb. to Mar., I 892 5 - 14·6 ±0·8 5 -r6·2 ±0·8 
Apr. to May, 1892 5 - II-5 ± 1·8 5 - 11-9 :::1:: I ·8 
July to Aug., 1892 5 -14·4 ±0-4 5 - 18.8 ='= 0·4 
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The probable errors in this table differ widely, but so far as is knowu 
they are the best available indexes of the precision of tbe several results. 

In accordance with the conclusions and assnruption stated iu the 
preceding section we shall derive three valuetS fol' leugth of B11, 
namely: First, a length for A-end of I]i., left; second, a length for A-end 
of B 17 right; and, third, a mean length, which it is assumed will be free 
frmn coustant error. 

It will be recalled that the results of July, 1891, ·were obtained by 
Tittmann and Woodward, while all the rest were obtained by Siebert 
and Woodward, who used the bar also in the position A-cud right in 
all the work of Holton base. vVe might, therefore, use the results of 
1891 in getting the mean length of B 1,, but they should be excluded in 
getting the other lengths. In any case, however, it cau make but 
little difference whether we include or exclude the results of 1891, 
since the weights we are constrained to adopt amount practically to 
the exclusion of those results. The same remark :::tpp1ie8 also to the 
results of the indirect determinatio11s of April and 1\Iay, 1892, since 
their ·weights must be small in comparison with the weights of the 
ret'!ults of the direct determinations. 

(22) Derii~ation of lengths of B 17 in terms of llf2 1.-It is assumed, as al
ready stated, that the length of B 11 ouserved by Siebert and "\Voodward 
is greater or lesi.; than its mean length aecordiug as the ~q__-eud is left or 
right by a constant which we 1nay denote by u. In confor1nity with 
this assumptiou, if B 17 denote the 1nean length of the bar, or the length 
free from systematic error, B 17+ u will be the observed length for .A-end 
left and B 17-tt the observed length for A-end right. 

The observed lengths given in Table XII afford a series of observa
tion equations from which B 17 and 'll may be determined. In writing 
these equations the question whether the theoretical weights of the 
o1Jserved quantities should be modified in any way presents itself: 
l"Tsiug the probable errors of the observed lengths of 1892 as a basis, 
the weights of these lengths are proportional to the numbers 1, 0·2, 
mal 4. These seem to present great disparity, but in view of all the 
(·ousiderations set forth in the preceding- sections, I am not disposed to 
cl1ange them. Other numbers presenting less disparity might be used, 
but the resulting values for B 17 and u would not be much changed 
thereby. Adopting these theoretical weightH, then, and '.vriting for 
bre,'ity, /3=B17 -5m, the observation equations given by the results in 
r:I'al>le XII become 

fJ + 'U + 14·6"' 
fi- u+ 16·2 
fl+ u+ 11·5 
fl -' u + 1-1 ·9 
fl+ u+ 14·4 
f:J-u+18·8 

= +0·27'"", 
= -1·83, 
= -2·83, 
= -6·13, 
= +0·07, 
= +0·77, 

Jf'"cight. 
1, 
1,. 
0·2, 
0·2, 
4, 
4.. 
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The nornrnl equations from these are 

whence 

10·4 /J = - 168·28 µ.' 
10·4u = + 1H·28, 

/3= -16·18µ ± 0·40,.., 
'U = + 1·85 ± 0·40. 

The sum of the weig·hted Rqmu·es of the re.siduals is 14·93. Hence the 
probable error of au observed quantity of unit weight is ± l·:Y', arnl 
the probable error of either f3 or 'U is ± 0·40..,_. IAkewise, the probable 
error of f:i + 1u or j3-u is ± 0·81', or exaetly twice that of f1 or u. 

Hence the values we adopt for the length of B17 in terms of Proto
type :Metre Jlf21 are the f()llowing: 

B 17 = r;m - 14·3µ ::!::: 0·81'- for ..c\_ end left, 
B17 = 5 - 18·0 ± 0·8 for A end rigl1t, 
Br; = 5 - 16·2 ~±:: 0·4 for mean. 

It is to be remarked that the first two valueis here given apply espe 
cially to the work done with tile bar by the observer:-; Siebert and "'\Yood 
ward. Other obserYers having different personal equations miglit 
assign different lengths for the left and right orientations of the \Jal'. 
The last value, on the other hand, is supposed to be free fro1n r-y:-;
tematic error dependent on personal equation and on the orienta,tirm of 
the bar. It is the length. \Yhich should be app1ied iu deriving tltf' 
mean length of a line 1neaRured tlle same uurn ber of times for eael1 
orientatiou of the bar. 

"\Vith respect to the adopted m~ean length of B 17, it may be furtht>r 
remarked that it differs but O·!V from the mean of the direct determina 
tions of February and J\Iarch, 1892, and but 0·4,.. from the mean of tlic 
direct determinations of .July and August, 1892. 'rhese two series 01' 
deterininatious were die most extensive and accordant of all the deter
minationK made, though differing much in precision. It is seen, how
ever, that if this difference in precision were ignored, the simple me:rn 
of the two values for either orientation or for the 1nean of both woul!l 
not differ widely from the adopted values. Thus, the mean with eqnal 
weights for A-end. Jeft is 5rn_14.5µ; that for .A-end right is 5m-17·;V' ; 
and for the mean of these two 5 111 -16·0,.... Finally, it may be reruarkl'd 
that tlie rrn;;ult8 of .Tuly, 1891, and those of April and May,. 1892, wl1kl 1 

are practically rejected by reason of their small weig11ts, do not ditfor 
at most from the adopted values by amounts much in exeess of the 
millionth part, of the bar's length; the discrepauces being, in fact, ~{·:V' 
for A-end left, 6·1,.. for A-end right, and 4·8"" in. the tnean. Moreover, 
these discrepances ·are quite within the range indicated by the prolm
ble errors of the inferior results. It appears 1noper to conclude, there· 
fure, that the va1 ues tor B 17 adopted above, are irustwo~ t-0 the extent 
shown by their i>robable errors. 
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(23) Lengths of B 17 in ter1w; u_f' the lntcrnatimwl metre.-The values for 
]e11gtlt or B17 deriYed iu the preceding section are expressed in terllls of 
Prototype 1\letre No. 21. It remai1rn, then. to comLiue the probable error 
of the length of this inctre vd tlt the JH'O ha bJ e error~ of those derived 
leugths in order to get the 11rooable l'lTor"°' of tfie lengths of B 17 whe11 
expressed in terms of the International J\lctn~. Iu the Happort i-;ur la 
construction, les co1111mr:thmlls et le~ a utrcs Operations ayant serYi ;\ 
determiner les Eqnation;;s des Xouveaux Prototype J\Ictrique, p. 82, the 
prol>able errors of the Prototype~ are said to vary from ±. O·lµ to 

0·2fL between such limits of temperature as are ordinaril;v met in 
metrology. Since in the application of .ilf21 to the deterrniuation of B 17 

ouly one temperature, nau1t_·ly, that of melting iee, has been used, we 
,..,hall adopt the extreme Yalnc ± 0·2µ for the probable error of tLe leugth 
of JI21 • The probable error of 5 .. ZJI21 is then ± l·OfL, and the prolmble 
<~l'l'or of the leugtb of Bi-, for ~-'\..-end left or right bet_·omes ± 1·3,,,, and 
fo1· the mean length ± 1 ·l µ. IIeuce \ve have fo1' the length of B 1, in 
terms of the Interuational Metre, the followiug values, the fin;t two of 
wlddi apply ouly to the work done with the bar by Siebert and "\Vood
ward: 

Br7 = 5m - 14·3µ ± 1·3µ for .l\..-eud left. 
B 17 = fJ - 18·0 ± 1·3 for 1\..-e11d right. 
B 17 = 5 - 16·2 ± 1 ·l for mean. 

(21) Concluding remarks.-In designing and using the iced-bar appa
r;1 tus many questions not referred to in the preceding pages were raised 
and considered. Son1e of the8e have important lJearings ou the practi
<'a l :succesA of the apparatus, and most of them will naturalJy arise in 
the mind of the critical reader. It is proper, therefore, to <levote some 
att(•ntion to them here. 

The most obvious aud importa11t of these questions is wl.tetber the 
bar a:'->sumes the temperature of melting ice when fully pa.eked in it. 
).; 41 absolutely crucial mode of answering this question is kuown to me, 
hnr there appears to be no reason to suppose that it takes a materiaUy 
different temperature. R.e}H~ated observations on mereurial thermome
h'l':-< p1a.ced in the ice alongside of the bar show that they re.ad zero C. 
withiu the unavoidable errors of a few hundredths of a degree. That 
th(• bar assumes a fixed length within very narrow Ihnits is, it would 
i:it·t·n1, demonstrated by the small rauge amongst the determinations of 
ih length on t11e new co1nparator, and tlte Pqnally small range amongst 
th<' meas.nres made with the apparatus 011 the lOOrn com1)arator aud the 
i;;tandard kilmnetre of the Jlolton Base. Considcrin~· these ran:res, and 
tlie fiwt that the liar's expansion is about ;-,;,µ per d(~gree 0., there is but 
Very small margin for variation in the bar's length. An independent 
mHl perhaps more couelusive a.nsw('r to this question is afforded by the 
re;,.;uits of the two most important groups of determinations of the length 
of the bar, namely, the group of J1'ebruary to .l\farc.h, 1892, and that of 
July and August, 1:892. During the period covered by the first group 
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the air temperature about the Y-trongh varied fro1n 50 to 10° C., while 
for the latter group the air temperature varied from 25° to 400 C. If 
the bar is affected to any appreciable extent uy the externai air tem-
1>erature it ought to haye beeu longer at tl1e time of the second group 
of" comparisons than at the time of the first, since the average air tem
perature for the :-;econd group was higher b;\- abont 30° C. than for th{' 
first group. The mean lengths for those groups differ, ho\Yever, l>y 
ouly 1 ·:!,.,., the indicated fongtb of thP har being so mucll shorter at thP 
higher tha11 at the Jo,ver temperature. 2\f~v co11clusion, t11en, is that tlte 
bar assunies a sensibly eonstaut temperature 'vheu properly iced in tht' 
Y-trougl1. 

The time required by the bar to reach a stable length is less than ten 
minutes. The rate of teinperature change is so great in the early stage:; 
of freezing that 90 per C'ent or more of the contraction of the bar occur:-:. 
within a niiunte after it is well surron11ded by ice. The correspon1linµ; 
time required by the prototype metre to reach a, 15table le11gtl1 ~1'ppear~ 
to he less than :five n1inntes, which is less than the time required to 
properly pack it in ice. In the use of the apparatus, 110weYer, the bar 
and metre have been, in general, fully packed iu ice from half au hour 
to an hour before observiug 011 them. 

A question which received attention in deHigning the apparatw-; i:-:. 
whether the friction of the bar on its supports iu the Y-trongh may uot 
affect its lei1gtl1 apJH"Cciab1y. Since the cross section of the bar i!'." 
2·56 square centimetres, and the modulus of elasticity of steel about 
2x106 kilogra1nmes per square cm1timctre, it would require a loll
gitudinal :stress of 1 ki1ogramm.e to cllange the bar':->. length 11nicro11 it' 
the bar were free to respond to such stress. Fro1n this calculation and 
fron1 a consideration of the actual circu1nsta11ces under which the bar 
is rn.;;ed, it ·was concluded that this friction ·would produce no appre<·ia 
ble effect. Some direct experiments to test this point were rna1le, 
however, during the course of the comparisons with the Prototype l\Ietn' 
of February and l\Iarch, 1892. lu these experirnents the Y-trough ,yas 
subjected alternately in quick succession to tension and cornpres:-;iou 
while readings were made on the ear. Several such trials were 1rnttle 
without disclosing any change in the bar's length. It is, indeed, difii
cult to see bow any frictional stress could mauif"l~st itself, especi~dlr 
when the apparatus is trundled along on its cars as in measuring a line 
or as used on the new comparator, since the jarring incident to such 
motion ought to relieve the bar from all but the sn1allest stress. 

A query may also arise as to the effect on the bar's temperaturl' of 
the exposed gradua,ted surfaces. It might be inferred tl1at the bar is 
perceJltibly hotte1· by reasou of these exposed parts, small though they 
are, than it would be if entirely coveretl with ice. But a study of the 
physical relations here presented does uot justify sucl1 an inforence. 
The reason is that the conductivity of the steel is so inuch higher tltMl 
its emissivity in air that the exposecl 1larts of tlte bar cannot differ in 
tem1•erature by more than a few thousandths 0:f" a degree from the 
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unexposed parts.• Whatever this excess may be, it can affect only 
sliort portions of the bar, and hence produce only vanishing changes of 
leugth. The sanie conclusion, it would appe~lrr, applies with greater 
certainty to the Prototype J\-Ietre. A simple aud direct experiment 
hearing on this question has also been frequently tried. It consisted 
iu microscope readings on the e11ds of the bar jnst before and just after 
pressing the bare finger for a period of ten to thirt;v- seconds against 
one of the graduation plugs. If the heat thus conducted from the hand 
to the bar is not speedily dissipated, the bar should liave been ineasura
bly lengthened thereby. No such change, however, was observed. 

An obstacle which sometirnes prove~ troublesome in the use of the 
apparatus, is the condeusation of moisture on the gntduated surfaces 
of the bar. The most effective means fouud for remoYing this is a dry 
1·arnel's-hair brusi1. Such brushes were nl".ed in the loug sel'ies of con1-
parisons of the bar and Prototype :Metre in July and August, 18H2, and 
no material delay from n1oisture occurred. 

Finally, experience with the apparatus leads 1ne to recommend a bar 
having a Y-shaped rather than a rectaugul~u cross 8ection. Such a bar 
would possess the requisite rigidit,y with small 1nass per unit length. 
It could be subdivided into inetre spaces by n1arks on its neutral sur
face, and its entire length determined by 111easuriug those ~paces 
·"eparately as well as by the 1nethod depciulent on Ute use of six micro
xt·opes. Its fiducial lines should be of equal width within a micron or 
two, so that personal equation would be certain of elimination by 
exclrn11~e of po:-:;itions of the observers for either orientation of the bar. 
J•rovision might also be made for protecting the graduated surfaces 
fnnn direct contact with the ice. For this purpose Jrnrd rubber tubes 
might be fitted a.round those surfaces, a ud if desirable they could be 
ma.de long enough to extend up through the ice pack. Such tubes 
would prevent abrasion of the polished surfaces by grit in the ice, and 
would also protect them to some extent fr01n currents of air, which, 'if 
huien with moisture, produce troublesome condensation. r.rhe 1ength 
1 u melting ice of a bar possessing this degree of refiuenient could be 
rt>adily determined by the method follmved on the new comparator. It 
would appear, in fact, from our experience in the use of that comparator 
that the length of such a bar in terms of a prototype inetre would be 
k11own with a probable error not exceeding 1 micron from the mean of 
~'~:':u measures, wltich might be made in one day, or in tw<) days at most. 

·----~~-~~~--

~This conclusion is based on au inYestigat.ion nrntle by th~ author in 1888, namely, 
Un the diffusion of heat in ho1:nogeneous ree.tangular nrnf'.ses, with a, S}H~cial reference 
to bars nsed as stan<.L°'rds of length. Annals of :Mathematics, vol. 4, pp. 101-127. It 
a1.ipears from this investigation, which is founded on Fourier's 1nethods, that a bar 
01 "mall cross section (less than 4cmx4cm, say), cooling or heating in air from an 
:ntt.ial uniform temperature, maintainl'I a sensibly uniform tnmpcratnre throughout 
lt,; n1ass during the entire process of cooliug or heating. That is, the difference 
between the temperatures within aud at the surface of the mass is Yery sn:mll when 
the cross section is sma.ll. 
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CHAPTER IIJ. 

1\fEASrREYIENTS MADE vVITH ICED BAR APPARATUS AT 

HOL'l'O~ BARE JN 1891. 

(1) Plan of opcraMon.s idth appa.1·atus -in 1891.-Tbe plan subn1itted 
by me to the Superintendent of the 8nrvey for the use of this apparatus 
ob the Holton Base of the trani;;continental triangulation in Indiana. 
contained the following reconnnendations whicb were approved aud 
carried out during the sunnner of 1891: (a) To construct a 100-inetre 
coin para tor near the Holton Rase; to standardize this c01nparator by 
repeated n1easurements with the iced bar, and to use thh; comparator 
in turn to standardize and study the behavior of 1oom tapes or those of 
less length, or ·any other forn1 of base apparatus; (b) to use the iced 
bar in addition to make Reveral measures of a kilometre at least of tl1<'
base line, so that the efticieucy of the different form~ of apparatus usetl 
in nieasuring the whole base could be tested on the actual ground over 
which they were applied. 

Before giving the results of tbe 1neasnres made with the iced bar it 
is proper to give a brief desc1·iption of the loug comparator and of tlH· 
kilometre '\Vhereon the apparatus was used. 

(2) The 100-metre cmnparqtor.-The l<>O-metre comparator of tlw 
H-01:ton Ease was a line lOOm long fitted for measurement with the iced 
bar apparatus. Twent.y:one beech-wood 111icroscope posts, 1·8"' 1011µ: 
and 15cm x 15cm in c1·oss section, were set firmly in the ground, 5m apart. 
on a leve1 1)lat near the north end of tbe base. A lougsi<le of the post" 
a stationa,ry railway tr~ttck was laid, the support post.8 of which wt'r(' 

half way between the microscope posts. The ends of the line were 
marked by brass, spherical-headed bolts cemented into the up1Jer crnl~ 
of stone posts, which latter "\Vere well set i11 bedH of concrete. TJH· 
comparator was covered by a shed ll()m long by 3 111 widl•. Its~ 1enµ;tb 
ext.ended nearly east ai1d 'vest. It was covered .at the ends and on tlw 
south side as well as overhead, but t.l1e Horth ~ide was left open iu 
order to Jlermit free access of daylight and air. (See illustration No. Bl·) 

This comparator vas built by Assistant A. T. J\fosmnn after pJa11:-; 
drawn up by l\'[r. Siebert. It answered it:-; 11urpose very sath;factoriiy. 
An efficient auxiliary applied by Assistaut Mosman was a sawdust 
covering to tlie ground along the con1parator. This covering absorbed. 
the dust and moisture, and prevented the transmission of disturbances 
through the ground to the microscope l)Osts. The stability of these 
posts ntay be interred from the measures of the eo1nparator interval 
given below. 
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(3) The standard ldlmnetre.-A -uear]y level portion, one kilometre in 
Jm1gth, of the Holton Base was selected b;y Assistant J\losmau for meas
urement with the iced bar apa.ratus. The base line, whose entire 
leugth is 5·5 kilometres, runs in a nearly north and soutb direction 
across tbe Crawfish Flats of Southern Indiaua. The portion selected 
for the iced bar inea.sure.s pas::-; es for 600rn of its length through a dense 
forest growth, leaving about 2001

•
1 at either eud i11 opell fields. The 

whole kihm1etre h.; on lo''' ground and the part within the forest is, in 
a wet season, suoject to partial inundatiou. Tlie soil along tbe kilo
rnetre is a stiff clay, 'vhich i:-; Yery firm wl1eu dry, but "-bich assumes a 
idly-like mobility and elasticity whe11 ~aturated 'Yith water. 

The way through the fbrest was cleared, and the eud stones of the 
kilon1etre were set under the direction of Assistant l\Ios1na11 duri11g 
~lay and .Tune~ 1891. During the latter half of the following August 
and early September the microscope and track posts were set along the 
li1te. Owing to frequent and heavy rai11s this was a tedious operation. 
l\lany of the posts were set in the water which filled the post holes as 
fast al'\ they were dug. lt is ilnpossib1e, therefore, to present auy sta
ti:->tics as to the speed with which thh~ work can he done under usually 
fovorahle circumstances. Jt may be remarked, however, that it is a 
work w-hich requires but little skil1ed labor. In addition, it should oe 
l':1i1l that the microscope posts were set with coui-;iderable precision. 
A4'(_:nra.te spacing of the posts to ;3'" apart was secured by means of 
Journ and shorter steel tapes, while the posts were aligned by means of 
a theodolite. The probable error in position of a post face ·with respe<,'t 
to the kilmnetre line does not, I think, exceed ± ;{mm, while the proba
hlp error of the reference line fixed on the posts, as explained in section 
ti, Cl1apter I, does not exceed ± 1mm. 

The bolts ma1·king the termini of the kilometre were cemented in the 
e11fl stones by Assistant l\fosman early in August, after their proper 
relative l)OSitions had been determined by .Assistant 0. II. Tittmann 
with the Survey secondary apparatus. Inter1nediate stones dividing 
t ht' kilometre into four nearly eq nal sections were set op. September 7, 
1::-.~ll. Each of them consisted of a half cubic metre of concrete set in 
tl1t· ground so that its upper surface was about even with the ground 
~llrface. On the top of each stone was cemented one of the Repsold 
(T 1 off plates, which are provided with spherical headed bolts for nse 
Wi111 the cut-off cylinder previously described. • 

\Yhen these intermediate stones were set, tl1e ground along the line 
Was 80 wet that it was a matter of difficulty to keep the wa.ter out of 
the excavations whi1e the concrete was beiug rammed into place. 
'l'Jiese stones did not become dry and hard until deep trenches were 
dug about them on September 18, 1891. For this reason it is probable 
thrit these stones were much less st~ble lluring 'the first two measures 
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of the kilometre (September 10, 15) than during the last two m.easures, 
(September 26, 30) . . 

( 4) Results of meas,ures of comparator interval.-The distance be-
tween the terminal splleres of· the lOOm comparator was measured nine
teen times. The first nine measures were made between July 30 and 
August 7, 1891, and the re1nainder between September 24 and October 
6. A measure as here designated means a deterrnination of the com
parator interval without interchange of the observers in reading on 
the ends of the bar. Such interchange of observers took place in all 
cases except for tlle first five measures, during which direct· observa.
tions for personal equation were rnade on the bar. These observati\:rns 
proceeded on the assu1nption that the relative equation of the observ
ers was the same at both ends of the bar. But, as shown in section 
20 of Chapter II, this assumption is not correct. It becomes essen
tial, therefore, to recur to the inveRtigation given in the section just 
referred to in order to understand how the personal equation affect:' 
the measures in question. 

In all measures of the comparator interval the A encl of B 17 ·was 
right, and the observers were S (Siebert) and W (Woodward). \:Vhen 
a measure proceeded from left to right (or west to east) S always 
observed at the right or A end of the bar and Wat the other end, if 
they did not exchange positions. vYhen tliey did exchange positions. 
S always observed first on the A end and Wat the Bend of the bar. 
"°'~en a measure proceeded from right to left, S always observed first 
at the B end of the bar and -v\T at the A end. 

&In conformity, then, with the notation of section 20, Chapter II~ let 
L 1, L 2 , R 1, R 2 , denote the left and right hand rPadings respectively of 
a pair of microscopes for any bar length; and let Su Sb, Wa, TVb 
denote the correctious to these readings for personal equations of the 
observers at the A end a.nd 13 end of the ba.r, respectively. The11, sup· 
posing the measure to proceed from left to right, the distance betweeu 
the pair of microscopes considered is 

.B17 +Lr - R1 - (Sa - Wb)~ 

fhr the :first position of the observers, and 

B11 + Lz - Rz + (Sb - W.), 

for the second positio11. 

(a) 

(b) 

Now the derivetl length of B 17 for A end right corresponds to the 
mean of these two expressions (a) and (b); but when, as in the case 
of the first five measures of the comparator interval, the expression 
(a) only was observed, the use of" the derived value of B 17 gives a dis· 
tance .. too large by (Ss. - Wb) for each bar length. Similarly, tlle 
distance in the case of the use of expression (b) only is too small by 
(Sb - W.) per bar length. It is necessary, therefore to treat the first 
group of measures of the comparator interval in such a way as to take 
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dne account of the inequality of the numbers of measures in the two 
cases denoted by the expressions (a) and ~b). 

Let D 1 denote the most probable value of the apparent distance 
between the terminal spheres when the expression (a) is used, and D 2 

Hie corresponding value when the expression (b) is used. Then the 
resulting observation equations will be of tlie forms 

D1 - 20B17 - Q' = v', 
Dz - 20 R1, - Q"= v", (1) 

wl1erein Q' and Q" are the quantities measured with the microscopes 
a11d cut-off cylinders, and 'l'' and ,,_,u are their n1ost probable co1·rec
tionR. If, on the other hand, I> denotes the most probable value of the 
actual interval between the terminal spheres, we shall have 

D = ~ ~D1 + Dz). (2) 

In the case of the second group of measures, the observers ex
changed positions in every case, so that we might use the values 
resulting from the means of the expressions (a) and (b); but inasmuch 
a:-::. it is desirable to get an idea of the constancy of the personal equa
tion effect, we shall treat the second group in the same manner as the 
tirst; that is, by means of equations (1) and (2). 

The greater part of the 1neasurcs were mtlide by moving the bar 
frnm west to east (or left to right) along the comparator. Some of the 
later measures were ma,de in the opposite directiou, aud they disclose, 
apparently, a source of systematic though minute error, depending on 
the direction of ineasure. The same sort of error is iudicated also by 
the measures of the standard kilometre given in detail below. We 
shall exl1ibit the data, then, in a way to disclose these effects as well 
a!' those arising from personal equation. 

Table I following gives all of the data observed for the length of 
tl1e comparator except the special observations for personal eq uatiou 
alluded to above and referred to again below. The first column gives 
the date of the observations. The second column gives the direction 
in which the measure proceeded; V\T to B, for example, signifying that 
the measure started from the west end of the comparator and pro
ceeded towards the east end, or proceeded from left to right. The 
third column gives the observation equations in the forms (1) above. 
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TABLE I.-.Datafor length of 1oom _cornparator. 
---·--·--·------~-----------

I 
Date. : Direction of I 

i i measure. j 
l-------1-----1-- ·-·----·---

1891. , J ·nun. mni. 
July 30 ( W to E . D 1 - 20 B 17 - 39·532 = -1-- 0·055 

30 j \V to E J D 1 - 20 ·574 = + ·013 
30 t \.V to E i D 1 - 20 ·b6o == - ·073 
JI j \V to E D 1 - 20 ·548= + ·039 

Aug. 3 I \V to E D, --- 20 ·643 = - ·056 
4 I W tu E D 1 --- 20 ·624 == -- ·037 
4) \VtoE D"-20 ·476=- ·026 
7 t \V to E D,-20 ·528=+ ·059 

Observation e4uation. 

7 : W to E D~ - 20 ·424 = + ·026 

Sept. 24 \. \V to E D 1 -20H1 7 --39·272=+o·r34 
24 \Vto E D 2 -20 ·r91=+ ·149 

Oct. 2 I \V to E D 1 - 20 ·394 = + ·012 
z r \V to E Dc:-20 ·320=+ ·020 

-
: ', E to \V D 1 - 20 ·4 '" -- ·026 
·• 1 E to \V , D ~ - 20 · 369 ;;;;-: = ·029 
6 I \V to E l D; - 20 ·422 = - ·016 

.. i _______ ! LJ ;~-~_Llt-~~ --- :~1~ __ ]~ 
(5) Deriva,tion of lengths of Gmnparator.-An iuspection of the results 

in the above table indicates that the length of the com.parator interval 
changed during the period of about two months which elapsed betwet'll 
the determinations of the two groups. That such a change might ocenr 
seems not improbable, since the stones carrying the terminal spheres 
rose to a level with the ground surface, and siuce a marked change in 
the amount of moisture in the ground took place during the period. 
The results of the second group of determinations indicate tl1at sucll a 
change was.taking place at the time they were made. Additional evi
dence that such changes are likely to occur is afforded by the measures 
of the sections of the standard kilometre, as explained below. It "\Yill 

be assumed, therefore, that tlie values of D for the two groups shoulcl 
differ, and t.he observed quantities will be treated accordingly. 

Attributing equal weights to the observation equations, we haY(' 
from the first group 

mm. 
D 1 = 20B17 + 39·587 
D2 = 20B17 + 39·450 

The sum of the squares of the residuals, using the millimetre as nnit. 
is 0·0193. The number of equations is 9 and the number of unknowns 
2. Hence the probable error of a single equation is d::: 0·036mm, and tlie 
apparent lengths ~Di and D 2 have probable errors of ± 0·014111

"' an•l 
± 0·026mm, respectively. 

But the objective quantity is D = i(D1 + D 2). Using the above 
numerical values and observing that the probable error of Dis 

d:: 0•026mm .J ~' 
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we l1ave from the first group of observation:o;-

1) = :JOB1-; + 89·518m 11
• :f-.: O·Olornm. 

From the second group of ineasures "-"l' find 

·mm. 
D 1 = 20 R 1, + :~!l·40fl 
J>2 = 20B1, + ;j9·340 

399 

Tbe sum of the squares of tlw residual~ is O·Ofifi a.nd the probable 
error of a, single equation is ± O·Ootmrn. Hence we find for the length 
of the comparator from the 8econd group of measures 

D = 20B17 + 39·373""" ± 0·019"' 111
• 

(u) T>i.r.;cu8:-;iou <~/" results of comparator mca...:u n·s.-The two values of 
J) .inst derived differ hy 0·14;")"'rn, a <1nantity 14·5 times tbe probable 
Prror of the first valnf· of J) and fr4 times the probable error of the sec
mul Yalue of I>. It seems pi·ohable, therefore, that. whatever may be 
the cause of this difference, it is a. real quantity, although it is but 
1 GSH OOOth part of tl1e com11arato::.· interval. 

[ am unable to explain tlle greater magnitudes of the residuals in 
the second group of comparisons over those in tl1e first group. It may 
h(• observed, l10wever, tlrn.t the hypothesis of a uniform increase of the 
i11terval D 1 or Dz, from September 24 to October 6~ satisfies the observed 
\~:uuel':i very closely and renders them quite as accordant as the first 
gl'oup of values. So far as skill in handling the apparatus could aftect 
the measures, those of the latter group should he the more precise, 
since in the interval between the two groups the obsen-ers had the 
benefit of a large amount of experience witl! the aJ)pa.ra.tus on the 
standard kilometre. Judging from our experience on that kilometre 
during the second set of measures of it, when the conditions were about 
(•qually favorable to those presented on the comparator, it would seem. 
irnpo:-;sible for the normal errors of 1neasure1ne11t to produce a range as 
gn:at as that shown in the second group of comparator measures. 

The length of the comparator interval was used in turn to stand
anliz.e the lOOm steel tapes, as explainetl in Chapter IV, and also to 
~tandardize the bars of the secondary apparatus. To get working 
](•ngths of the comparator for these purposes, it wiU be assumed that 
tlip, length changed uniformly with the time which elapsed between the 
two groups of measures. Fortunately the greater part of the<l.ctermina
tii nrn of the tape lengths was made at about the times of the groups of 
me;1sures of the comparator il1terval. · 

l f we take the difference between D 1 and D 2 for the two groups of 
comparison, we find 

/.L 

+ 137 for the first group, 
+ 66 for the second group. 
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These quantities represent twenty times the function (Sa - Wb) + 
(Sh·- lYu.) of the personal equations of the obst:rvers, as shown by the 
expressions (a) and (b) of section. 4 above. This function is also the 
sam.e as v' of section 20, Chapter II. Hence we have 

v' = + 6·8,.,. for the :first group, 
-v' = + 3·3 for the second group. 

The first of these values is less trustworthy than the second, since the 
latter is independent of all sources of error save that of the character 
of person.al equation, wltile the former involves other sources of error. 
If we use the observations of .. A.ugust 4 and 7 only in the first group, 
the resulting value of v' is +3·8"", which does uot differ materially from 
the value coming from the second group. 

Had we assumed the values of (S,.. - Tlrh) and (Sb - W,,.,) equal, as wa8 
done in a preliminary account of this work published in the American 
Journal of Science for January, 1893, the 1·esulting value of D for tlrn 
second group would have been identical with that derived above, while 
that for the first group would have differed from the value adopted by 
only 4,... 

The direct observations for personal equation referred to in sectioa 
4, and published iu the number of the American Journal of Science jnst 
cited, were made on July 30, 31, August 3, 4, 1891. They give 2·4,,. for 
the value of (Sa - llTb) or (Sb - Wa), supposing these to be equal, arnl 
4·8µ for the quantity corresponding to v'. 

It appears, then, that the relative personal equation of the observer~ 
would have been an appreciable source of error in this work bad not 
care been taken to elimi11ate its effect. 

Finally, attention may be called t-0 the indication of systematic error~ 
due to the direction of measurement, fnrnisl1ed by the m.easures of 
October 2 and 6, 1891. Referring to Table I, it is seen that on 

Oct. 2, 

Oct. 6, 

mm. 
D = 20B17 + 39·357 for direction W. to E. 
D = 20817 + 3!J·400 for direction E. to W. 
.. D = 20 B 17 + 39<mG for direction W. to J;J. 

D = 20B17 + 39·480 for direction E. to W. 

It thus appears that the measure tr01n E. to W. exceeded that from W. 
to E. on Oetober 2 by O·o43mrn and on October 6 by O·OS4mm, a.nd in the 
Inean by 0·064mm. This amounts to 1·6"'" per bar length relatively to 
the mean of a forward and backward measure. 

Taken by itself this evidence would not appear to justify the assump
tion of the existence of such systematic error; but since a similnr 
discrepancy is shown by the ineasnres of the kilometre (as expla.ined jn 
sections 9 and 10 below), it is important to note that the circumstances 
attending the comparator measureR of October 2 and 6 were closely 
comparable with those attending the last set of measures of the kilo· 
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metre. The extent of th~ 1~1Tol' in tlie latt<-'l' 1neasnres is so1newha t less 
than that just indicated, hut there sef'rn:-'- to bP little don ht of it1-> real
it~·. A probable explanatiou of tl1e smtrct• of tl1is error iu the kilometrP 
11wasures and in the comparator nH::>nsnn~s of Octoher :.! aud (; is give11 
in :-;ectiou 10 below, but souw don ht is eutertai11ed as to its application 
to all the co1uparato:i· ineasures. If tltt> expla11atio11 referred to iR cm·
rt-et and applicable to the comparator measures, the computed values 
of n may need· a correction of about 0·03mrn; but ~ince we can not estah-
1i:-;h the validity or magnitude of such correction. tile only ·way to allow 
for it is to increase the assigned prohal>le errors of the Yalues of JJ. 
Tliis will be done in the following sectio11. 

1 7) Adopted lengths for the 100"' comparator.-Siuce we have as:-;u1ued 
tliat the length of the lOOm comparator cbaug-ed dnriHg t.lw periocl 

' wl1ieh t'-1apse<l between the two groups of d(~termi11ation:.;, it is proper 
to assign a11 epoch to eacl1 derived length given in seetiou 5. If wt· 
attribute weig·hts to the several dates of ohservation proportional to 
thP nnn1ber of 111easures made on eal'.h, thc>se epo('lts are _.:\.ug·nst ;3 and 
Oetober 2, 1891. The derived lengths and their epochs are tbeu 

nnn. ntm. 
J) = 20Rr7 + 3!J·r;1s ± 0·010 for Augnst ;), 18Hl. 
_D = 20B17 + ;39.373 ±: O·OHl for October :.!, 1891. 

The probable errors attached to thel"le values do not inelud(• th<' 
probable error of Br;· The latter error for A-e11d 1'ig:ht, as gin•11 in 
t"Pdion 23, Chapter II, is :±: 1·3u. To allow· f<M.' tlle possible source of 
Pnor mentioned at the cloae of the pn•ecdiug i-;ection, it is COU:'\idered 
"'II ilicient to iucrease the average of tl1e probah]e errors in the a hove 
eqnations, or ± O.Ol;)"'n', by one-third its amount. 'I'hiR ·will make tlw 
probable error deperulent on errorH of measurmnent ± O·O::!Om 11

• for each 
,.,due of D. Combining thit'l wit1• ::L 1-;3µ x :!O, -we 11ave + O·O:;;;mm a:-; the 
pi-1d1able error of either value of _D wl1e11 expressed iu tenn:-; of tJ1(• 

I r1tei-uational Metre. TLis i:-; equivalent to the 1 ;3 000 OOOt11 part of the 
](·Jt:.!:th of tl1e cmupnra1 or. 

Tlie values we adopt, tht.·n~ to1· the length of the comparator iu terms 
or the luteruatioual Metre~ are 

mm. 1nrn. 
I>= ~OB,; + 3!HH8 ± O·O:~:~ for An~ust :;. 18!H, 
./.J = 20 B 1., + 3n·:{7;J :::t 0·0:3:{ for l' ctobct· :!, l8Hl. 

Ur: = ;")"' - l R·tP-' • 

. I·") Ncsults of mt'aHurcx of standard kilomctn:.-Tlie method followed 
111 u1a king the mea.sures of the kilometre of Ifolt-0u Base ha,8 het>n brietly 
40 x plai11ed in i;;ectiou 10 of Clmpter I. rl'he specimen record giveu i1i 

:-<Pdio11 11 of the same cha11ter serves in all ei:;sential rcspectF- to show 
1111

"" thf' recordR of t.lie kilometre measur(~~ were kept. In the latter 
Wqrk, how<'v{u·, g-rades wcl'C dctcnnint~Q. by nu.>~n:o; of t·h~ sc<.'.tor att.a.chctl 

s. Ex. 37-:to 
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to the Y-trougl1, and tl1e '-h·fect of alignment, instead f)f being made 
zero for each bar length, was n1easured with a millimetre scale. 

In all measures of the kilometre sections the observer:s exchangt•d 
JlORitions to elin1inate pm·R01n1l equation, so t11at we have here to con
sider results of the form J) = ·~ ( 1>1 + ~Dz) only, irn;;tead of the separate 
quantities D 1 and JJ:.i. as in the case of the first group of the comparatm 
measures. 

Throughout these kilometre 1neasures the~~ end of B 17 was right al' 
in the COlllparator Int:>asnres. 

The kilometre lies in a north and south direction, nearly, and tl1e 
direction of measuren1cnt ·will be desiguated as N. to S. (north to southi 
or S. to N., as the case may be. The rlirection ~- to S. corresponds to 
the direction left to right of our adopted convention and to W. to E. 
("Test to east) in the designation of tlie direction of the meat-;ures of the 
] oom cou1parator . 

.. A .. s explained in section ~~,the kilometre was divided into four nearJ_,. 
equal sections by intermediate 1narking :-:.tones set a few days before 
the first measure was bep:un. Subsequently it was thought desirabh· 
to have a 8ection loom loug at the north end of the ki19metre n1easured 
with the iced har, for the purpose of studyiug the behavior of the barf' 
of the secondary apparatus. Accordingly, a section stone was set 011 

September 10, 1891, lOOm sou.th of the north end of the kilometre. 
'I'he first set of measures of the kilometre began on September 9, 1891. 

Starting a.t the north end of the kilometre on the afternoon of this date, 
it waH thought best to n1easure the first section for practice only, since 
the 1nen were nearly all unaccuston1ed to the 'vork, and since the port
able tracks and some n1inor parts of the apparatus were then used for 
the first time. Owiug to isome delays but 150m were measured before 
uigbtfall, when the four microscope:-; were 1eft in place on their pot-;tl' 
t,o inark the terminus of the day's measure. The work was continued 
to the end of the section on the following date. The result of thiR trial 
1neasnre is not included in the adopted results given below, thon,e:h it 
is given in a footnote to Table II fol1owing. Although obtained under 
the nnthvorable con<litio11s stated, it does not dift(~r materially from 
the re~ults for the sa1ne section obtained a few days 1ater. 

ln all the kilometre rnt~ctsnres the observers on the bar were J. S. Sic· 
bert and H. S. '-Yoodwar<l. Siebert in all cases adjusted the micro:;;cope 
at the fro11t end of the bar, while Woodward held the trough aud oar 
by 111eans of the lover, as explained ful1y in section 10 of Chapter I. 
The gea<le-sector reading1:> and the alignment nicasures were observed 
by ~John F. H~1yford. The record was kept by Robert Penington, 
except. fiw the last day's work, September 30, when Mr. Hayford per
formed this task iu additiou to his work of observation. 

The cornpntations entailed by the work were 1nadc by Siebert, Hay
f(-.rd, and ~' ood ward in the ti"eld, and carefully revised at the oftice by 
8iebert and Woodwru.·d. 
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Table II following gives the resn1ts of all tJie measures of the kilo
metre sections e.xcept that· of the trial measure alluded to above. Since 
tlJe several corrections resulting: fro1n these measures are large rel:t
tively to those of the nieasures of tlu.• 100"' comparator~ it is considered 
<lPsirable to give them in full detail. rrhe first column gives the date 
of the :measure. Tl,ie second column dcsig11ate8 the se('tiou 1neasured as 
well as its length, 0 111-lOOm, for example, denoting the section between 
the north termina.1 sphere of the kilometre and the next sphere south. 
The third column gives the direction in which the measure proeeeded. 
'l'he following four eolunurn give in succession the inicro1neter, grade, 
alignment, and cut-off corrections. The last colun1n gives t11e sum of 
the,;;e corrections, or the excess of the length of the section over a rou11d 
rnnnber of bar lengths, which unmber i~ 20, 30, or 50, a.ccordiug as the 
:-;ection js 1oom, 15om, or 250"' loug-. 

TABLE II.-Dnta for lrn9fhs of ...-;cctions of standrinl kilometre.• 

P -t .. --i-~~~- -ll Dir-e,·ti:,::,f ! ;.~-kr,:r:~-- l~ra~---~lign)~?_e;:r·~,it-off c-nr-1 -~:~nn of [ 
.~ c. jj ......, c 10 • n1cu ~ure ; 1 re .( l · - 1cort-ection C'( - 1 rect:o;1 : corrc' tinns [ ' · i rcctlo1L i · rcct1on. ! · J ,,_ · ~· i 

1S~-,-. - .. 1-,-,l-~1-------1 mm I 11111: :-----:::,:· -· 1nm il,--m:-·1 
C-ept. 15 l o-100 N. to S. I --0·478 i - .. 0·338 -0·245 4·814 -- 5·875 I 

15 S. to N. 1--0·24:7 : -0·328 , -0·225 5·009 I - 5·8rn) 

1

. 

26 j K. to S. , -0·084 '--o· :;24 : -0·145 4·914 - 5'467 
30 S. to ~ 1---0·145 I --o-J15 ! --0·137 5·003 I' - .5·600 

' I 15 ' 100-250 l\.". to S. 1- 0-125 ; --0·270 : -0·292 -t t2·909 -+-12·222 
15 :-3. to ~- , -1. 0"'>05 - .. 0·2(,4 ·- 0·334 +-12·722 I +12·329 

~~ i:.· :~ ;;;. I r~:~~l =~~~~ =~:~~~ t:~~;;;: I ;:;:ii~ 
IO 250--500 N. to S. l +0

0
:0

7
8
5

6
2 

--0·2~9 -0·197 5·030 JI' 5'430 
15 S. to :X. 1 --0·302 --0·439 3·060 4·553 
2C> i N. to S. . --0·670 : ·-0·290 --0·214 4·321 5·495 
29 s. to ?\. i-0-022 i-0·336 -0·303 4·940 I 5·601 

1 I 500-750 N. to S. , ... +-01 >83~41· -o·q62 : ·--0·472 -l 20·864 · -f-19·076 
14 S. to N. , -1·048 +--0·535 +19·118 +19·366 
28 N. to S. ! -0·100 -~-0·950 - 0·376 -j 21·095 -~-19·669 
29 S. to N. I +0·079 --0·9S:? : -0·350 +21·019 . .L-19·766 

I I 

14 
28 
29 

7 50-1000 N. to 
S. to 
N. to 
S. to 

I s. : -~0·812 -·- 5·8;;;;2 
:'.'\". i+o·265 - .. s·si'io 
s. 1-0·960 ---5<.;12 
N. j -0·3(14 --s·SS9 

~o·577 

. -0·461 
'--0·49:; 
: -0·~9i I -~ 

I~·~..,~ - ,) .)-.~ 

---13·223 

-·-14·016 ' 

-14·54<) ! 

-20·564 
-19·279 
--21 ·283 
--21·193 

=The length of the section o'" to 250 111 derh·ed from the pr:ictice mea>;ure of Septeml>er 
9 and IO, 1891, was 50 B 1.-f- 6·45 nun. 

. (9.) Deriva.tion of the lrnt[/lhs of the kilmnetre sections.-As explained 
in 8ection 3 and more fu11y in section 10 below, the conditions which 
obtained during the time of the first two measures of the kilometre 
Were very unfavorable as comparl"d with those 1net during the time, of 
tlip last two measures. In addition, it is probable that. the section 
stones underwent some small though appreciable displacements dur-
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ing tl1e inte1Tal "-l1i<'.11 ela1H•ed behn'e11 the two sets of mear;nres. Fur 
these reasons an<l otherR wliid1 ,,-il] appear belo-w, it is d<'emed be Rt 
to con::-1ider the two sets of n1easures separately. 

Shiee the division of tlH• tir:-;t quart~::>r seetion of the ki1ometr<" 1uto 
two parts by the JOOH• stone di<l not materially affect the precision of 
the snn1 of tho,-;e parts relatively to the preeisiorrn of· the other quart<>r 
sections, we sl1all in the first place derive t11e lengths of the seve1·;d 
quarter sections, and eousider the. n1casures of tlie lOOm section sub:-<(; 
q ueutly by themse.Ives. 

As rernnrked in the discussion of t11e 111eaRnres of the 10()m cornpar
ator id section 6 above, the nwaRures of tl1e ki1onu:'tre sections indicntc 
a syste1natic difference depending- on the dirPction of nwasurernent. It. 
is desirable, tl1erefore, to exhibit the reHnJts in sncll a way as to clearly 
briug ont this peculiarity. _.c\.ecordingly the ic>llowing Rtatement i:-;. 
derived from T::lble II, the ~u1ns of the quantities therein being ron11tk1i 
to the nearest hundreth of a millimetre: 

T.AnLE IIf.-Statement of result.~ of measures of standard kilomdrc. 

... ,------~--- -

: 3 ).;:,t():-;. 
! 4 S. to N. 

3-4 

[Ffr-,t set, ~eptember io to 15. IP9r.] 

-1-frr)? 
+7·07 

·-0·10 

-5·50 -l--19·67 
-5·()0 +·l~J·7t> 

0rn-I,(')(j()m. 

m111. 

-0·56 
!-2·0(, 

-21·28 -o-r4 
--- 21·19 +0·04 

0·09 -0·18 

It is SCl'H that in ::-;even ont of the eight inclependeut cases pref.le11r1 11 
in this statenwnt, the 111easnre ntade fron1 Horth to south wa:o; Jes!'> th: 111 

tbat made in the reverse direction; and it appear~ worth while to µ·i \"t' 

an idea of the exteut of t1ds disc1·E·1rn.u<-y before addudng what apJH'<t1':-' 

to he its cause. To this e11d, 1Pt s., f>I~, .<?:1, ~4 denote tl:ie moi:>t pro bu l>le 
values of the excesses of tlie inea.sured lengths of the several sectiolls 
over fifty ba.r lengths, ou the aRsnmption that the 1nea.n of a forward 
and backward ineasure of a section is free from svstf'ma.tk error; and 
let x denote the mo~t probable Ya1ue of the systematic error 011 t Iw 
suppositions that it is prnportioua] to the <li~tanet~ 1neal"'11rcd and tlint. 
it cbanges sign with the direction of measuruteut. Tuell a. vair of 
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measures of a section will give a pair or obsernttion l'CJtui.tions of the 
fol'm 

8 + .1' - U I = ?'I~ 

s + :r· - n.: = r_,; 

and each set of measures of tlH' sPctious of t11e kilometre will ()·iye 
"" t'ight eq uatiou;-; of tl1 is type eontaini 11g five nukno\Yns, namely~ s 1, s-i, s 3 , H4 , 

:trnl .r. On the other hand, we 1nay e11t\.~rtaiu the simpler assumption 
tl1at no systematic error is eliminated in the inean of a forwaitl and 
l1ackv;ranl uiea.sure.: in wili1·l1 <·ase the quauti(y .,~will disappear from 
t lie above observation C(}ltatious, but the Ya1nes of tlle quautities .<;will 
]1(' the same as before. The validity of the qnautity .v will therefore 
•h•pe11d, so far as the pu1·ely obsern1.tioua1 evidence µ:oes, ou the efteet 
it~; nse has in dir11iuisl1ing the re~idual:s wl1kl1 result fr01n tlw si111ph·r 
''"l'Position of no s;v:st<-•matic error. 1 n order to eompare t1a~ two sys
tt·ms of rPsidnals we shall give those resulting- from tht> suppression 
ol' ,1· along8ide and to the right of those resulting fnnn the use of .c i11 
1111• observatio11 equatio11:-; bdow. 

l~eferring, then, to Table IIL the first '"'et of 111ea:-:Hll't>S of the s1:.~ctio11s 
gin.:s the followiug syst('W of e<111atio11s: 

mr11. nlm. 1nm. 

81 ,J' ().;;;-; - 0·:?4, + 0·0!1. 

81 + .r (;·5~ + 0·2°;), O·llS, 

s;! .(' + .)·4~) + 0·11, + 0·44,. 
'-'-?:! + ;X' + 4·5;") O·ll, 0·4---l-. 

s.i .l' 1 !1·0:'-i - O·l!), + 0·14, 
.... _, + ,(' I~l·.TI + 0·1,..,, O· It;, 
Xi r . ' + .:.!\ ~·.)[; +- o·::i, + (Hil, 

M4 + .1' + 1 H·:!,..:. - o.;; 1, - O·U4. 

T!i(·se give 
1llJll. -/JllJl. 

81 - + H·4-t., -""2 - -t·!W,_ 
~;; + lH·:.!~, ,-;_. - 1 U·U.'.!, 

mm. 
.i: - + o-:n, 

to.'..u·ther with the residuals in the secrrnd members of the observation 
eq nation;-;. 

The surn of t11e sqnareR of the residuals in the above system wherein 
.r i" Ul'led is 0·4050. Hence the probable error of one equation is 
± 0·:!5•m", that of either yaJue of s is ± 0·18m"', and tJ1a.t of x, ± O·O!J 111

"' • 

. 'flip sum of the squares of the re~idna1~ resulting from the Hnppres-
1'\](•11 of xis 1·2G3. ~rbe probable error of a single equation is :±: 0·38111111

, 

an(l that of either value of s, ::±: 0·27i:n"'. . 
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The ''nrreRpondiug data of the :;:,econd set of measures give the follO\Y· 
iug system of equations aud Yalnes: 

s, .x -
Si + .r -
82 :r + 
.._'.'2 + .r + 
8~~ ;'' -
.-i.: + .r -
84 ;r + 
84 + J' + 

81 - + 
83 - + 

11UU. 

G·H7 -
7·07 -
5·50 
•"H;o -

H.Hi7 
lH·70 
:21 ·2~ 
~l·H) 

11UJI. 

7·02, 
10·72, 

x - + 

inni. 

+ O·O:i, 
0·0~1, 

0·0'4' 

+ 0·07, 

+ o-o:~, 

{Hl2. 

+ O·O:!, 

- 0·03. 

S2 -

84 -
1n1n. 
O·O~. 

nnn. 
+ 0·0;"), 

O·O.J, 
O·O.>, 

+ 0·05, 
+ O·O.>, 

0·04, 
+ 004, 

O·o."J, 
nt rn. 
O<J:G, 

21·24, 

The sum of the S()Uares of the residuals in the Rystem involving xis 
0·014:!. Heuce the probable error of one equatio11 is :±::: 0·046mui, that. 
of either.-; is ± 0·0:;:3un11

, and that of xis± O·OH>'"'". Suppressing x, the 
sum of the squares of the residuals js 0·0182, the probable error of one 
equation is ± o-045m• 11 and tlie in·ouable eTror of either sis ± 0·03~'""'. 

(10) .J)i8CUNsion of res,,,dt8 of kilornctrc measures.-Judging from the 
numerical evideuce as presented in the preceding section it ·wouhl 
appear tl1at there 'vas an a.ctiv_e cause of systen1atic error during the 
time of the first pair of measures of the kilometre, and that this can~e, 
though present, produced very small effects during the time of tlw 
second pair of 1neasurcs. As already stated in section 3, the grou11d 
along the kilometre at the time of the first two measures was very 'vet 
and in some 1ilaces inundated, and in view of the differences in magni
tude of the discrepancies (1 - 2) shown in Table III, for the sen•ral 
sectio11s, it is important to consider a number of circumstances wl1i<"h 

were present during the time of the first pair of measures but ab:"-l'llt 

during the time of the second pair. 
Those portions of the kilometre whereon the stahility of the micro

scopes was leaRt, fell in the sections 250m to oOom and 750111 to l,000"
1
• 

Along about lt>0111 of the first of these the gi·ou1ul was more or h•:-;s 
u11der water and very elastic, so tbat wben a length of the portahle 
track was carried forward considerable vibrations were transrnirtetI 
throngh the soil to the microscope posts. Along the other sectioll t be 
ground was in general much d1·ier, and hence the posts were in g'l~n
eral much stabler. But near the middle of the section was a low stretch 
of about 50m whel'e the ground was wet, and where the posts wert· set 
to a less depth tl1an elsewhere in order to avoid steep gradients; so 
that tlie microscopes had here much less than the average stabi1it~·· 
On recurring to Table III it is r;eeu that the differences (1 - 2) f~r 
these sections are much larger than those for the other sections, aull it 
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if'> difficult to avoid the inference that the lack of average stability of 
the 1nicroscope posts on these sections gave rise iu so1ne way to the error 
i11 qnel".tion. A way w-hieh 11aturally sug·g(•sts itself is the f()llowing-: 

Corn"ider a measure of the kilmnetre proeeecling- frmn north to south. 
It wa.H the habit of the n1icroscope porter to stand on tlie south side of 
the tnicroscope postR wlH~n clamping the miero:-:copes to then1. Ile 
thns turned the clamp screw >d1id1 ti:~ll on tlw east side of aHy post 
wjth his right hand. If in this operation la• hahitnally pmshed the 
posts towards the north, they would not !".Jl('('dil;v re(:ovei· their normal 
positions when set in 'vet or viscou:o; 80il. . .:\ 11y .iarriug about them, 
however, would tend to hasten the recoyery of tlwi1· normal positions. 
Such jarring was always eaused by the moYern<·uts of the OJH'ratiYei.i. 
with the heavy car tracks and by the rolling of the c~ns along tl1e 
tracks. Under these conditions each rnicroseope would undergo more 
or less displacement t.owards the soutl1 r~ftcr it ·was used at th(~ fro11t 
eud of the bar aud before it was m;;.ed at the rear end. This would m.ake 
tllt:• measured value of the distaHce too snwll. On tbe other hand, 
when the 1nea.sure proceeded in the 01)posite direetion, the porter stood 
OH the same side of tlie posts as before stated jn fastening the rnicro-
1'-l'Opes, and hence their dis1l1aeements would still be towards the south. 
The measured value of the distance would thus be, in this case, too 
g_'l'Pat. 

l'his hypothesis explains all the discrepancies between the forward 
and backward ineasures of the kilornetre as ·well as those of the com
parator measures of October 2 and 6, to which attention is called in 
~ect.ion 6 above; for in the measures of the comparator on the two 
latter dates the porter who inoved and clam1)ed the microscopes ·was 
tlw one who handled them in all the kilometre measures, and it is 
practically certain that whatever habit lie followed in the Jatter work 
'\Yas adhered to in the iorn1er.* 

ln the light of this bypotheRis the larger valnes of the discn:~pan
f.'iPs developed in the measures ot· the kilometre sections on wet and 
])la:';tic ground, and t11e practical disappearance of Hu<·h diRcrepanci~s 
iu the second set of measures lnade when the ground was tlry a.n<l the 
n1ij'.roscopes very stable, are easily understood. 

ln view of all the evidence, the explanation just given is regarded 
as the most plausible one assignable for the systematic error in ques
tion. But there are some other circumstances affecting the first two 
rw•mmres of the south half of the kilometre which are worthy of meu
tinn. In the :fi.rst ineasure of the section 50om to 750m oue stop was 
Ina<le and the measure transferred for a half hour to a cut-off plate, 
'Yl1il(· some posts which had been slightly misplaced were put in proper 
po:-:.ition. In the first measure of the section 750rn to 1,ooom a stop was 

~- D1uing the earlier measures of the comvarator the microscopes were handled by 
another porter whose ha.bit, unfortunately, was not observed. 
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llHHh· h.\~ rea8ou of a shower of rain. r_rhi:-; delay hrought us to tlu• 
e11d of the St~<'tiou after uig-htntll, aud a still (urther delay was caused 
at that end by a 1naladjnstment of the terrninal mieroscope post vdth 
reference to the (·ut off sphere. Lamps fc)r illuminatiug the n1icro
:-;copes -were at hand, so that no difficulty on this score resulted, but 
during the delay i 11 tl1e 1 a.st. instance dependence had to be plaeecl 011 
the stability of the microscopes. Although great care was takeu i11 
aH these eases to a void the iutroduction of error, the opportnuitie:-1 fo1· 
iti-; occurrence -..vere, of <·ourse, greater thau when no delay took plac(~. 
J)nring the reverst_• or second measure of this section the rear iuieru
:-;cope wal'> 8et torwarcl or backward five tilne.s by nteans of its sli<k 
rest in order to bring the fc)l'ward microscope within reach of t.l1e ewl 
of the bar. This metho<l of shifting the microscopes was also resortPd 
to three thnes 'lu1-iug the second n1easure of the section 5001

"' to 7;30111 .* 
These (lisplacem(~nts were 1nca:-;ured with a inillimetre scale, aud it i,...:. 

possib1e, though I deen1 it very improbable, that son1e formidable error 
-was introduced thereby. Finally, a fear was entertained that s011w 

di~placement of the cnt-off sphere at the 75om stone took·place duriug 
the interval of two days which elapsed between the first two measun·;-; 
of the south half of the kilometre. The bas.is of thili fear lay in tlw 
fit et that by acdden t or design on the part of' s01ne one unconneetcd 
with the work a heavy block of wood used as a cover to the stone wa,...:. 
allowed to fall on tl1e cap of the ent-off sphere. The cap -..vas tlrns 
driven on the sphere so tightly that considerable force was requisite 
to remove it; and it is possible, though not very probable~ tbat tl1i:-: 

douhJe disturbance produced some displacement. 
Witlt regard to the circun1stances attendiug the second pair pf 

measures of the kilometre, it should be said that they were in nearly 
every way more favorah1e than those attending the first pair. TlH' 
gnmud along the line had become dry and firm; the intermediate Rec

tiou stones had had time to settle and to become hard; all of the dith
cnlties in the use of the apparatus had become familiar to the observ
ers, and the ineasurements proceeded without a single unexpect(·d 
1-;to1) or delay. During the course of these measures several tests were 
n1aclc of the stability of t11e microscope posts as aftected by the 11t>:n-

1aess of tbe operatives to them. It was found that no appreciable mo
tion of the microscope~ occurred unless the operatives approaclwd 
111nch closer to t11e poRts than waR permitted iu the actual work. 111 a 
trial made on one of the ]east stable portions of the line, the presence 
of five nieu alongside the Y-trough produced no tlisplacements of the 
1nicroscopes at the ends of the har so Jong as the man nearest to a po~t 

_,,In no otlter caaes -was this questionable method of shifting the microscopes re
sortucl to. It shoulcl be sai<l, in :fact, that the experience gained dnrlng the finit 
two tneasnres of the ki101uetre enahled us t,o avoi<l not only this difficulty, l>llt 

other difficulties which, while they n1a,y not have -vitin.tPd the work perceptihly, 
caused 1norfl or less df'Jay and YPXHtion. 
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was 'listant two flecinwtres. It i;0; believed, tlieu, that the microscope 
post!-l were ve1·_y staule during these 111easure.s, aJtlionµ:li it appea1·s not 
improbable that they under~:ent sligltt displa1·e111Pnts due to the pres
:-;u1·e a.pplietl in clamping the mieroscope:o; to them. 

It remains to consider brietly the qnestiou wl1ether ·we can safrly 
a~,.;nme that the terminal and ~wdion marki-; of the kilometre nmin
tai11ed coustant relative positions. As;;;;uminµ: that the systematie 
error is well eliminated in the ine-a,n of a f"onvanl an<l backward 1neas
m·e. au idea of the stability of the end and sediou marks u1ay be 
g;ti11ed from Table 111 by computiug the <liffere11<·t~s hetwt>en tlie mean 
leug·ths of the several sectious resulting from the 1ir:-,;t pair aud secu11d 
pair of measures. Thus we l1ave; 

.:\lean of first pair minnx 1nea11 of :-;econcl pair of 111enstu·cs for-

rm. '}Jt. mm. 
SeC'tion 0 to 250. - -0·58 

~50 500. - + o-.>n, 
5UO 75U, - - O·:;o, 
7;m 1000, - + 1 .· .. , 

•.)-. 

These tii;.rures indicate considerable m.o,-ementi-; of tlle ma1·kil1g' stones; 
:rnd it seems not in1probable that moveuwuts of sneli 111ag11itude di<l. 
adually occur, since the stones rose to t,he surface of the ground and 
tl1e moisture in the ground varied frotn the extreme of saturation to 
tli1• extreme of dryness during the iuterval of fifteen days which elapi;;ed 
ht•t wt-eu tLe two sets of measures. It will l>e seeu also, from these .fig
lll'PI'\, that a 1nove1nent towards the south of 0·5""" of the first sectiou 
~1cn1e would account for the discrepancies presented by the nieasures of 
tht~ tir:'lt two sections. This stone, set origiually i11 ground saturat,ed 
with water, is perliaps more likeJy to have moved thau tlte other two. 
~imilarly, it is inferred that the :stone u.t 7.")0"' is more likely t.o have 
111oved than those adjacent to it, although its -movement alone would 
ll':1n" appreciable outstanding discrepancies . 

. \dditioual evidence of relative nwtious of tl1e markiug stones is 
atr1,rded by the measures of the 100'" section of the kilometI·e at its 
north end. Thus we have from Tttble Il the followiug values f{,r the 
111pasured excesses of that section over twenty bar lengths: 

Sept. 15, 1891, N. to S., excess 
Sept. 1.5, 18Hl, S. to N., excess 

J\l ean exeess 

Sept. 26, 1891, N. to S .. excess 
Sept. 30, l 89L S. to N., excess 

· l\leau excess 

mm. 
- - ;t•88, 
- - 5·81, 

- ;"')-~-!. 

= - 5·47, 
= -5·HO, - ~~~·., - - ,, "~.__}. 

\lean of first pair of measures mintis mean of seeond pair = - 0·28 nun 

'.fbi:-; result, so far a.s it goeH, 11grees with the first of thoH(• µ-iven above 
111 H1dicating a movement of the tenninaJ stoue towards the north. 
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From the evidence just submitted, together with that furnished by 
the measures of the ioom comparator, aud fro1:11 an intimate knowledge 
of tlte conditions attending the work, it is impossible to doubt that we 
were dealing to a quite appreciable extent with actual movements of 
the marking stones. For thi.s reason it would seem essential to the 
highest precision in measures with the iced-bar apparatus to place the 
markiug· stones well under ground and to give them plenty of time for 
settlement before using them. 

(11) Proba.ble errors of the kilomctr~ measures.-From the data awl 
discussion given in the preceding sections, it appears' that the errors 
affecting the kilometre measures as expressed in terms of B 1 , are of 
three kinds, namely: First, error of operation of the accidental clas~; 
secoud, error of operation of the systematic class; and third, error ari~
i11 g from motions of the marking stones, ·which latter may be assumed 
to be of the accidental sort. 

In the case of tl1e tir:-;t t'vo rneasures of the kilon1etre it would seem 
that the systematic error surpassed by far the resultant of the other 
two. In the case of the last two rneasures the systeinatic error, tlwugh 
probably still the controlling one, was very small and to so1ne extt•ut 
concealed by the resultant of the otLer t\vo. It would seem quite safe 
tl1en to deduce the probable error due to the accideutal errors of 01>era
tion from the second set of measures on the supposition that the twn 
other sources of error were inoperative, since the value thus reached 
will be too large. No such limiting value, however, can be assigned 
:for either of the probable errors dne to the other sources, since t1w 
uneliminated portion of the sy-stematic error is entangled with the error 
due to ~tone 111ove1nen ts. 

Recurring to the sacond system of equations and values given in 
section 9, it is seen that the probable error of a single measure of a sec
tion (of 250m length) is ± 0·04[imm; and this is the upper limiting value 
for the probable error of operation when the apparatus is used on stable 
ground. From this it follows that the eorresponding probable error 
for one measure of a kilometre is ± O·o9mm. 

It is of interest to compare this with the value deducible from tla~ 
measures of the 1oorn comparator, where the conditions were essential];\' 
the same as those which obtained during the second set of measures of 
the kilometre. Referring to section 5, we have ±: 0·036mm and ± O·Oul"'m 
as the probable errors of a single measure of lOOm without exchange of 
observers to eliminate personal equation. Taking the average of the~e 
two values, dividing it by v 2 to allow for exchange of observers, and • 

multiplying the quotient by ../10, we have for the probable error of 011e 

measure of a kilometre, as inferred from the comparator work, ::I:: O·ll"''", 
which agrees well with the value just giv-en above. 

It is clear from these figures that, with stable microscopes and with 
stable section marks, the error of measurement may be rendered quite 
insignificant in cmnparrison with that of the length of the measuring bar. 
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(12) A doptcrl lengths anr7 probable errors of f.lte kilonudre sections and 
kifomctre.-In deriviug final values for the lengths of the sections and 
for the whole ki101netre, we should deal only with the means of the for
ward and backward lnea.sures, siIH:e in these m.eans the systematic 
error is partly, if not largely, eliminated. 'rhn lengths in question 
slionld appertain to an epoch falling: nearer to the epoch of the second 
Ret than to that of the first set of m.easures of the kilometre, since it 
waR used from September 8 to October 8, 18H l, as a standard in testing 
the behavior of the 1oom steel tapes and the secondary apparatus. What
ever lengths we derive will be affected by the changes which took place in 
the relative positions of the marking stones. It is believed that these 
ehanges were considerable in comparison with the actual errors of 
measurement affecting the mean results in either set of tneasures. In 
view of tbe::m considerations, it. if;; deemed best to a~sign double weigl1t 
to the mean results of the second set of measures, and compute probable 
errors for the weighted mean values of the sections accordingly. 

In conformity with this plan, then, the mean values given in Table 
III, or in section 9, furnish the following system of observation equll
tions and values, 81, 82, s:i, 84, being, as in section 9, the most probable 
values of the excesses of the sectious over 50B1;-: 

mm. 

81 - 6·44 -

81 - 7·02 --
,f.}'2 + 4·9!l -
S2 + 0·5;) -
S:i - 19·22 -
S:; - 19·72 -

S4 + HMJ2 -
84 + 21·24 -

1nm. 

81 = + 6·K~, 
8:1 - + 19·55, 

mm. \Vf!i;rhts. 

+ O·:.>n, L 
- ·19, .. -, 
- ·37, I, 
+ ·lH, .. 

-; 

+ ·3~~, 1~ 

- ·17' •) ....,, 
- ·88, ] ' 
+ ·44, 

,, 
-·· 

1nm. 
r. ...... -

82 = - .J".)'' 

84 = - 20·80. 

The sum of tl1e w·eighted squares of the residuals in this svstem of 
1·11llations is 1·76. Hence the probable error of oue equation of weight 
I i~ ±:o-45mm and that of either sis ±~ O·~()nnn. rrhus it appears tl1at 
when tlie movements of the marking stones are included with the 
f·nors of operation, the probable error of our adopted values for the 
quarter sections of the kilometre amounts to the millionth pm·t of their 
h•11gth. 

If it were proper to infer the probable error of the whole kilome
tre. or (s1 + s2 + s3 + s 4), from the above calculation, we should find 
+ 0·45mm x i v'3~~ :!: O 52mm. Bnt this is manifestly too large if tlrn 

measured values of the whole length of the kilometre are free to any 
extent from the effects of the motions of the interm.ediate marking 
l:ltones.. The mean values of the excesses of the kilometre over 200B11 
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for- the two pairs of nieasures are as seen from Table III, section !I, 
+ o-75mru a.ud - O·()jnirn. (iiving the second of these double weig:lit, 
their weighted mea11 is + 0·22"11

" ± 0·2Gm"'. The probable error is here 
only half that given above, and thus confirms the supposition that tl1e 
values for the whole kilometre are not to auy considerable exte11t 
affected by the 1novements of the intermediate marking stoner.;. 

l<'or the whole length of the kilou1etre 've shall adopt the yalue ju:-.t 
derived. This length i:-; 

200JJ17 + 0·22"'rn J:~ 0·2G"'rn. 

The values of the quarter sect.ions of the kilometr~s are not needPd. 
but tbe halves of tbe line were used in testing the secondary apparatu;-;. 
Deriving the le11gtbs of these hal n~s and their probable errors by tlw 
method just applied in gettiug the entire line, we fin<l the 

North half= IOOB, 7 + 1·46""" ± O·lH'"m. 
South half= lOOBn - 1·25 ± O·IH. 

It remains now to combine the proba.b1e error of B 17 ·with the prohn
hle errors attached to the aboye values iu order to g;et tLeir total proh<i -
ule errors when expressed in metres. The prol>able error of B 17 for A 
end right, as given in Chapter II, Hection .. 23, is ± 1 ·3µ, and hence tl1t> 
prohab1e errors of 100B17 and 200B17 are ± O·l3mm and ± 0·2Gmm, re~ped
ively. Finally, theref()re, we liave f(Jr the lengths of the kilomet.re aIHi 
its lu.th'es, when expressed in terins of the lnteniatioual :Metre, 

\Vlwle kilometre= 200B17 + 0•22m 111 ± 0·37lllm, 
N ortlt half = 100B17 + 1 ·4H ± 0-2:~, 

South balf = 100B17 - 1 ·25 ± 0·23, 
J~l7 = 5m - 18·0"'. 

(13) Adopted lengths a/nd. probable error of 1oom sectfon.-The 100"' 
section at the north end of the kilornetre was used in so1ne experiment:-:. 
with the secondary bars, and it is important to adopt some lengths for 
it. Since the dates of use of this section did not correspond with tl1t' 
dates of its measurement with the iced bar, it seems best to adopt ;1. 

1nean length fro1n each set of n1eastues. Then for any date of m~e 11t' 
the Rection a value for its length 1nay be interpolated, assuming tli:1t 
the relative positions of the inarking stones chaiuged pro1>ortio11ally 
with the tin1e. Thus we have from 1'able II, section 8, 

Mean length 1oom section-
Septe1nber 15, 1891, = 2os11 - 5·84mm ± o-04mm, 
September 28, 1891, = 20B1:- - 5·53 :±: 0-CM. 

Introducing the probable error of B 17 we have finally, for the lengths 
of this section when expressed in metres 

Setltember 15, 1891, JOOrn section = 2(}B17 - 5.84mm ± 0·0510111
, 

September 15, 1891, 10()m sectiou = 20B17 - 5·53 ::L 0-05~ 
B17 = 5m - 18-0,<4 .. 
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CHAPTEH IY. 

TUB l\lETALLIC 1'APE HA~E ...:\..PPAU,A TUS. 

A.-DESCJ{lPTION OF APPAriATr~ A.XU ITS UKE. 

( 1) Hi."ltoricnl note.-The investigatio11 of the practieahility of using 
1011g metallic tapes for measuring lines of precision was taken up by 
tltt· Coast and Geodetic Snn~ey in the autumn of 18HO. This work was 
:t8 . ..;igned to t,he.writer, who devised the.• apparatus and mPthodR described 
11erein. 

During the winter of 18fl0 and 18D1 a great nu1nber of experiments 
"\q•rp made with a view to deterinine the best method of stretchiug and 
a1ig11i11g- a tape, and e:':\pe.cially with a view to discovering the most 
effective way of getting the tape's temperature. For this purpose a 
100'" comparator was set up in the Botanical Garden at '-Yashington, 
n. C. This comparator consisted simply of a ~eries of equidista1it 
iitakes, lOm apart, bearing support nails for tbe tape, and a post at 
eit lier end, on which were attached scales for defining the tape's posi
fon1 at any time. Iu addition, a large number of laboratory experi
H1P11t~ were made with varionR thermometers to determine their sen
:;;iriYities under differing emHlitio11s. This preliminary work serYed to 
hx attention on most of the points essential to the use of tapes in pre
cis .. work. 

1 >urjng the spring of 18Hl the apparatus a8 herein described was 
«1n1structed by D. Ballanf of"~Vashington, D. C., and by the Instrument 
J li,-i;..;ion of the Survey, and in July following, the apparatuA was taken 
to I Ioltou Base, where the long tapes were standardized on the lOOm 
t·omparator described iu section 2 of Chapter III. The tnpes were in 
tnn1 used to 1n.easure llolton Base during the san1e su1nmer. The five 
l"-t•J"tions of this base (of 5 500"') were measured from six to thirty times 
t'itdt under various circumstances as to temperature, thne of day, etc., 
a11 1 l the behavior of the tapes was well shown by the measurei:; of the 
kilo111ptre section whieh was staudardized hy n1eans of the iced bar 
apparatus as explained in Chapter III. Iu the fhllrnviug year, namely, 
( 11 ·toher, 189'".J, another base (of 3 900m) at St. Albans, W. "\1 a., was 
HH•:1snred • 

.:'ilercurial thermometers were used iu all the:-:.e meali>ures to determine 
tlw lPmperatnre of the tapt"'. _,\_n attempt was ma.de i11 1891 to use a 
1 ~ro11ze tape in connection with tho steel 011,.·s f(.r temperature indica
ti.ous. hut the brouzp tape was t(nuul to have too 1ow a rate of expau-
1"-IHl! for successful \~tnupctitiou with nu.~rniriaJ tlic,1·momcter1-;. Tbe 



 

414 U. S. COAST AND GEODETIC SURVEY. 

feasibility of :-;tretching two tapes shnultaneously was demonstrated, 
however, and if a suitable metal for use with'steel can be found it may 
prove advantageous to discard the 1nercurial therrnoinete-rs. 

In all this work, save thar pertaining to St. AJbans base, very efficient 
service was rendered by l\'Ir .• T. S. SiPbert, who made 1nost of the work
ing drawings for the construction of the apparatu~ and who partici-

pated equally in thn large amount of observation and computation 
entailed. 

(2) The 1oom tapes.-Thesc tapes are of steel. r.rhey are 101•0lrn long, 
and are 6<~4mm by o-47mm in cross section. They weigh 22·3 gratnllles 
per metre of leug·tb. They are ~ubdivided into 2om spaces by gra.dull· 
tions ruled on the surface of the tape itself. Being 101·01m long, tl.ie 
end graduations fatl abm:it 0·5m from the tape ends, which terminate in 
loops formed by annealing and riveting the ta.pe back on itself. The 
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IJe.";cription of tape npparattt& and it.'> use. 

:-;unace of the tape, wliere it is uot poli~hed to re(:eiYe the graduations, 
is of a dull black color. YYhen not in use the ta1,es are rolled up on 
reels, aud they n1ay be thus transported with ease and safety. 

(3) The tape-stretchcrs.-'rhe uature of the tape-stretchers used to give 
tension and alig·nment to the tape may be best understood by a glance 
at the cut on page 414. They consist of a lever hinged by a universal 
joint to a platform on which the operator stands. This leYer is made 
of a piece of steel tubing terminatiug iu a hickory handle. Aloi1g the 
upper two-thirds of the tube. ii-; cut a scrmv thread on 'vhich a wheel 
nut plays freely. This nut giyes a verti<'al motion to n gimbal-jointed 
1".upport to which a spring ba]a,nee is attached. The balance is con
nected with the tape by means of a short piece of i-;ash chain. It is 
evident from the figure that the stretel1er has all the n1utions necessary 
tu enable the operator to align the tape aud to give it the proper ternsio11. 

The balanee, which is simply a comrnercial artieh• a<lapted to the 
purpose, reads to ounces, and may be easily held to the nearest ounce 
hy the operator. 

Au important item for the safety of the tape used is a breaking link, 
or a link which will part under a tension of about 14 kilogrammes or 
:JO pounds. A link of this sort is provided at each end of the tape, so 
that it can not be overstrained by accitleut. 

It will be noticed that the balance carries two hooks. The extra 
hook, which is attached t-0 the balance frame, was intended to carry 
t.lte additional tape in case it proYed advantageous to use tapes of dif
ferent metals simultaneously. This plan of stretching two tapes 
'''orked very satisfactorily, the tension of the steel tape being given 
hy one balance and that of the bronze by the otber; hut, for the rea
son stated above, this plan was followed only in making a few of the 
tave comparisons n1entioned below. ·'.l1he extra hook, it may be stated, 
ii-' provided with a longitudinal screw motion, so that by means of this 
and the links of the connecting chains the tapes may be always broug·ht 
to the proper tension, whatever their temperature. 

\Vhen a single tape is used, the rear end is attached to the extra 
liook of the rear end balance, while the desired tension is given by the 
balance at the front end of the tape. · 

An objection to this form of stretcher lies in its weight, which is 
about 45 pounds. Contemplated improvements will lighten it by 
t:it•vera1 pou1uls and bring the balance to a position concentric witl1 the 
1e\·er shaft. Experience has shown> however, that an able-bodied 
0 1 •erator can handle the stretcher successfully when ineasuring at the 
rate of 2 kilometres per hour. During the measurement of St. Albans 
hi~e, in 1892, 8 kilometres were measured on one occasion between 
I :'.30 p. m. and tniduight withont excessive fatigue to the operators. 

~·4) The thermometers.-The thermometers used are of t.he Centigrade 
type and are graduated on thefr stems to half degrees. They were 
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made by f;ree11, of Xew ~-ork. They were originally rno1111ted ou brass 
scales. 'l'he preliminary experiment1-; showed that the n1ass of tl.H-·;--•, 
sca]es ca.used the thern1ometers to lag very <'Onsiderabl;\- ·with rei.;pt•ct 
to the tape te1nperature. Hence tlie scales were removed, aucl 1ig-l11 
wire loops were attached to the upper ends of the steuu.;;, so that tlj(' 
thermometers could be snspeuded by a cord and thns isolated frm11 
adjacent 1nasses or whirlerl in the air when necessary. J<:xperimm1b 
also shffw«c>d these t11er1nometers to he ~lig11tly n1ore sensitive wh1•11 
the bulbs "\Yere eoYerefl with sheaths of blaekened aluniiunm t<•iI. 
though this increase, if real, is probably unbnportant. l>uring the 
1neasn1·t•1nent of St. Alba.us base, in 18U:!, tl1e alun1iuu111 sheath::.; Wf'lT 

rep] aced by Htecl sheaths, made b.v coiling and annealing Vf"ry tlti11 
steel tape into Jeugtlts jrn;;t long enough to Alip over the hulhH awl 
clasp the tlwrmoineter stenis. These are u11donbted1y :-;uperior to t\11· 
alumi11nn1 sheaths in simnlatiug tbP Rurftt<'e of the tape, but the;"~ an· 
of soH1ewhat greater 1nass than the n1nminun1 sbeatlt8 and cause nion• 
lag ot· the thf•rrnomr•.tt•r:-;; with respect to the tape. In any case. it 
seemi.; desirable to blacken the bulbs of thermo1neters used with st1·t·I 
tapei.; presenting a blackPned surface. 

A great nnmher of experin1ents, made in the Botanical Ga.rd<>n ll1ll'

.ing the winter of 18H0-'91~ Rhowed that with the thermo111C'te1·s 
arranged as just described (i. e., with aluminum sheatlu;:.) they folJowed 
the tape temperature without serious lagging when observation8 wen· 
1ncule nuder a clPar sky at night. 

Snhse11uent experienee in determining the tape 1engthH on the JOO'" 
co1nparator of Holton Base showed a very satisfactory accordaHCt' uf 
the tape and tl1ern101neter te1nperatures, whether observations wt're 
1na(le during the day or nig·ht. This co1npara.tor was covered, howe\'t'r, 
except on itH north side, by a shed which screened the tape from tl1t> 
direct rays of the sun. 

Sometinws three of the therinometers were used with the tape, awl 
at other ti1nes two. '\Vhen three were used, they were placecl one nt 

the midtlle of the tape's length and one at one-sixth that length from 
either end. ~rlten two were used they were generally J>laced at one

fourth t.he tape's length from. its ends, re8pectively. For the most pre
cise work, as in comparisons for deter1nining the tape lengths, t.be i.11ree 

thermmneteri-. were each r<~ad twice, once just before and once just after 
the obHervations on the tape. ':rhe meau of the six t,hermometer re.:1,l
ings thus 111ade gave the tape's te1uperature with a probable error nf 
about :±: 0·2r' C., equivalent to 500-1rrno part of the tu1le length, wlicll 
observations were made at night or under the comparator shed. 

(5) Method of supportin,_r1 and ma,rking _pvx·itfrnt of tape.-When in n:-,;e 

for measuring a line the tape is supporte•l a.t equal intervals of 10"' or 
20"' throng·hout itH Jeugth. rr11e supportK fi~nnd inost convenient awl 
amply ~nflicim1t ar(~ Ht<~(~l-wire naHs driven iuto sta.kes ~et a.t the prop:·r 
iµtervals ftloug tbt~ line. 'l'hese nails are rauged iuto a. straight liuc !or 
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any tape length by means of a small theodolite whose teh.·~·H~ope axis 
may be brought to the right height at one end of that tape length. 

The ends of the tape are supported by the -tape stretchers, by means 
of which the tape is aligned over the marking stakes. The latter are 
i-:.ta.kes of scantling cut off or driven down to the proper heigl1t and 
t·apped with a small table, 011 whfrh a plate of zi1w ii-: held in place by 
lig'ht na.ill"l. 1'hese tal,lm> and plates ai·e reetangu1ar, ;)cm by 2ocm, say, 
arnl the longer sides are placed parallel to the line. On tbe plates the 
position of the forward-end ·graduation of the tape is marked as the 
measure progresses by nlean:-: of a sharp brad-a,vl held agaiust the edg·e 
of a. srnaJI try-square, which is aligned against the longer edge of the 
111arking plate. 'l'he rear-eud graduation of tue tape i8 in turn brought 
iuto coincidence with the snceessive 1narks on the zinc plate:.;.* 

(G) Operat,ion qf 1ncusurenient.-The marking and support staket' for 
tltf" ineasurement of a li11e are inost advautagemu;ly range(l out and 
adjusted beforehand. This is especialJy essential tor 'vork of the highest 
precision carried on at night. Assuming this to have been done, and 
that nigl1t work is contemplated, the operation of measurement, if car
riC'tl on rapidly, will require twelve u1en, to 'vit, tw·o observf:'rs of the 
taw', one at the front and one at the rear end; two observers of ther
mometers, who also help to carry the tape forward; oue reeorcler; two 
operators of the stretchers; five inen to handle lamps aud to t'arry the 
tape forward. 

The.co-operation of the observt:>rs and other operatives is secured by 
means of a code of signals 1ilade with whi1.:.tles held by the observers. 
Thrn..;, when the observer at the rear end of the tape is ready to have 
tlu· tensiou applied, he gives one blast of his whistle. The stretcher 
at the front end immediately brings hi.s balance to the proper reading-, 
when the observer at that end announces tbe fact with one blast of his 
""histle. 'Vith the tape under tension the rear-end observer adjusts 
thi· 1·ear-en<l graduation of the tape to coincidence with the definin12: 
1uark on the zinc plate at that end. When thi:-; is accomplished he 
c:.:·i\·e1-1. two blasts from his whistle. Ou hearing these, the recorder, 
whu 1-\tancls at the middle of the tape length, immediately lifts the tape 
a li·w centimetres from the support nail near him and lets it fall back. 
T11•· effect of this is to tnake the tape straight and relieve it from fric
tion on the support nails. "\Vhen the vibration of the ta.pe ceaBes the 
rea1· observer gives one b1ast, which signifies that. the position of the 
front end of the tape may be marked on the zinc plate. The mark i8, 
lllade by the front-end observer, who, on completing the operation.,. 
t!i n:~ one blast fi'om bis whistle. Then the tlicrmometer readings, 
whi('h are observed while the mark i.s made, are called out to aud 

·Th~ nse of sneh plates was introduced in 1885 by Mr. 0. B. 'Vheelcr, assist.an.t 
" 11 g: 11 H·1.·r, I\lissouri River Counuission. 

l:l. E~. 37-2'l 
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r(_•peated by the reeorder. Finally, the rear observer sounds two blast1-; 

fron1 his whistle and tl1e tape and tape stretchers are carried forward 
to a new position. 

The speed attained in this process has been about 2 kilometres per 
hour, though a single kilon1etre has been measured in twenty minutet-1. 

Hy reason of the expansion and contraction of the tape, it is frt>
quentlJ- desirable to set the tape back or forward by a round numuer 
of centimetres. This may be done on the zinc pJates by means of a 
suitable pocket scale. Sneh displacements are recorde<l as "set-back:"~· 
and ''set-ups." Their a1nount is e11graved on the pla.H~s, which may 
be appealed to if any doubt ari::;e coueerning M1e record. "\Vhen "set
backs" or ''set-ups~' a.re 1natle, aud when 1nore than one measure i~ 

l'eeorded on the plates. it i::; advantageous to number, orient, aud date 
thein for filing as pa,rt of the records. 

B.-DETERMINATION OF EQUATIONS OF TAPES. 

(7) Apparatus for obscrdng lengths of tapes.-It i:-; obviously necessary 
to the successful use of long tape:s in measuring lines of precision to 
provide suitable nteaus for observing the tape lengths at different tem
peratures. Such data for any tape give its length at some assuruecl 
tei~perature and its rate of expansion, and thus enable us to write an 
equation from which the length at any observed temperature cau be 
computed. In order to meet this requirement in a way which wonld 
leave least room for doubt concerning the actual behavior of the tapes: 
the JOOm comparator described in section 2, Chapter nr, was devi:"ed. 
The features essential to a study of the tapes e1nbodied by tlie com
fntrator were, 1st, that its length could be determined by mean~ of 
the iced bar apparatus with a precision superior to that attainable with 
the tapes; 2d, that the tape could be stret.che<l and aligned ou the 
comparator in precisely the same way as when used in the field; aud 
:>d, that the tape length at any tiine could be quickly and accurately 
referred to that of tbe comparator. 
· As explained in section 2, Chapter III, the ends of the comparator 

were .marked by spherical-headed bolts, or cut-off spheres. The •·u<l 
1narks or graduations of a tape when under comparison were obsern~d 
by uieans of micrmueter microscopes mounted over the cut-off split>re>' 
as when used in measuring the length of the comparator with the ict~d 
bar apparatus. The positions of the tape ends could thus be accura rely 
referred to the cut-off spheres through the n1edium of the cut-off cyliu
ders described in section 8, Chapter I. 

Th~ tape stretchers were mounted on the stationary car track of the 
comparator, and by means of their vertical adjusting screws the gradu
ate<l surfaces of the tape could be easily brought to focus under the 
microscopes. 

The ta1,es were supported at intervals c.f 1om on wire rods attaelted 
t-0 the alternate 1nicro:.;;cope posts of the comparator; and the method 
of handling the tape was in every wa.y similar to that followed iu field 
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measure1nents with the tape, except that its graduation marks were 
ob;-;erved with rnicronwter microscope~. 

The thermometers were hung from light wooden supports attached 
to tlie 1nicro1-1cope posts of tlie middle of the comparator a.ud at 15m 
from either end. The sterns of tlie thermometers were upright and the 
bulbs ·were kept at about tile same height as the tape. 

(.~) Jlfethoil of obsc1Tation.-The programme adhered to iu all deter
minations of the tape leug;tl1s made ou the 100"' <'.omparator is the 
following: 

The tape being monHtf•d Oil its support nail>' and attad1ecl to the tape 
stretchers, was fir~t put nuder teu1-<ion, aligued, and hrong-ht 1.o f()cns 
under the 1nicroscopes at the m1<ls of tlw comparator. ''-'lieu thi~ opera
tion was eornpleted at the east end of tlie co1nparator, the observer of 
that end gave one hla:-;t. from 11h; whii-;tle. TltP oh:servt~1· at tlie "\YPf'-t eu<l 
au.s\Yered this signal by one blast from his >diistJe as soou as the a.d
.i11:-;tments at his end were completed. r.t.,he olH5t'"l'\'er"' then read the 
tht·rn1ometers nearest to the1n, "\-vhile the reconler who :-;t;u1ds near tlte 
middle of the comparator read the thermometer at that point. On 
aimouucing their thermometer reading""' to the recorder and hea1~11g hi.~ 
n'petition of them, the obsHrvers returned to their respective euds of the 
('ornparator and re-e:xa1nined their ndju8tmeut:s of the tape and 1nicro
:o:;copes with respect to one another; a11d the tension, which >vas always. 
i1 ppJied at the west end of the comparator, was hronght to its normal 
value. On completing bis adjnRtment th~ observer at the en<St end 
J.!':!YP one blast from hi.s wllii"ltle. Tbis was responded to by one l>last 
from the whistle of the observer at the west eud as soon as hi:-; adjnst
m1·nts were satisfactory. Tbe observer at tlw ea::--;t then g-avt' two blasts 
fro111 his whistle, whereupon the recorder lifted the tape a fow eeuti
llldres fron1 and let it fall back on the middle support nail. This 
:-;ei·,·ed to relieve the tape from friction on its support nails; arn.l as 
l'.11nn as the tape ceased vibrating the observf'r at tlle east eud gave one 
Lla,.;t from bis whistle. This was responded to by one blast from the 
WhiKtle of the oi:her observer, and the microscopes wtc>.re immediately 
lir11nght to bisection on the graduation marks of the tapes. This com
p1ded, the observers excl1anged :;;iguals, and proceeded at ouceto re-read 
tl1P thermometers. Fiually, after completing the n·cord of the ther-
11111rneter readings, the observers re,fl•rred their respective n1icroscopes 
to ! he cut-oft" spheres of the comJlarator. 

The time required to 1nake such a set. of obseryat.ions, ex.elusive of 
thi· nit-off 1neasures, was two to thret.'l minutes, while the cut-off meas
ure.~ reqnired about two mi11ntes a<lclitioual. 

1 u observing on the tape it was generally found moi-:t eonvtmient to 
m'.iv, .. the whole microscope by mea.us of the longitudinal screw of its 
slidr· rest. 

The reading of the balance index was noted immediately after 
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observing on tlie tape, so that a correction could be applied for any 
departure fro111 the normal tem.:,ion. 

Tables I aud II follo'iviug give the records of a complete set of obst•r
vatious for temperature and length of 10om steel tape No. 88 on the 
comparator. 

As will be seen by a glance at Table I, the thermometers were n~a(l to 
tenths of a degree. ln order to make such rea.diugs with ease, hand
n1agnifyi11g glasses were used. 

'I~he standard tension adopted for the lOOm steel tapes was 25 pomHb, 
9 ounces (11·596 kilog-rammes). This is the tension given by the hal
aiwes rn.:,ed when they are horizontal, whe11 they are free fron1 ind(•x 
error, and when tlle;\' reacl 25 pound8 eveu. The departure from thi~ 
even readiug was obsen-ed to the near('st ounce; or what amounts to 

the same, the actual rcadiug of tl1e balance at the tin1e of observin,!!' 
with the 1nicroscope on the tapes was noted. 

Since it was generally easiest to moye the whole microscope by 
means of the longitn<linaJ sm·ew of its slide rest in reading on the ta pt>. 
the micrometer scre,vs \vere usually set to the same readiug at the 
two ends of tlie <'Ornparator in order to simplify the computation whkh 
requires the difl'e1·ei1ce of the n1icrm;;eope readings. 

The records of the cut-off measures are in all respects similar to tl1o~e 
obtained in 1neasureme11ts with the iced bar, and f"ully set fort.11 in ~ec
tion 11, Chapter r, to which reference may be made for a.n explanation 
of the meaning attached to the symbols in '.Uab1e II. 

TABLE I .-Record of ob.~erved temperature an<l length of steel tapr' 
No. 8$, October 4, 1HfJ1. 

71me of 
day. 

a. vi. 
10·10 
IO· I I 

. -- -1 

l
j TJ1ermo1netcr readings. ! . . f hficroscope readings. J 

-----· . Balance reading. '·-----· --· ; 

J No. 5598. J No. 5599. J No. 5601. j :,vcstend,L. ! Eastend, 1'. 
' 1 ! ! f I 
:----1-~----, ------1 :----,------

! II"i"C- I 11·7°C. j 11·5°C.1 25 pounds. 2o·o0 20·00 

.
l I I ·7 / I I ·9 1 I ·6 : 2 ounces. ~ 
! I ! ' ----- -----~----------------------~----- ------ ---- ------ ----·-----~·----~---~-----~---------

TABLE II.-Rccord of cu.t-off 1neasures corresponding to observations. in 
Table L 

f 'Vest cml-Repsoht cylinde:~-----·-11-~~st elnd-~~· C .. and G. Sunr_~~--t~~.:_clc:. ] 

I j I I Lev<ol ' 1 I J.c,c' 
T' , of End i Gr~d11a-i l\ficro- 1 readings. 1'! T" f Enrt I (?rad\la- l\11cro- readiloc"· 

nne. of scale.: t1on \ S<:<>J>C l 1; ~Inc 0 :ot scale, i . tion scope --··-··· 
day· eabt. i'observecl.

1

. reading. I- ·--)! lay. I east. Jubserved. readings.---- ,· 

' ' I. Y. ii I /. '--- . 
:~-~1~ ~-.-Ii-:-;~ l 24·00 l 9·0 116-0 ~~-7;1~ A. t l. 19·61 c;·o q·) i 

B. 21 I. I :~:~_!I 5·o -~o·o Ji B. 1 I. 22·72 S·o __ 6·:.J 

(9) Length of tape in terms of co<tnpat·ator i'nterval.-Let T denote the 
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h•ngth of the tape under compari...;;on at the time of any set of observa
tions. and let I) denote the co1Dparator interval, or distance between 
the terminal spheres of tlie comparat11r, at the same tin1e. Al:so, as in 
st·etioti 11, Chapter I, Jet 
L. R = readings of the microscopei:-; 011 the tapn at the left and rigltt 

hand ends of the con1parator, respeeti\·ely, 
Le, J?e =corresponding inea.n readiugs of the isarne inicroscopes on the 

cut-off scales, 
81, Sr= divisions of cut-off scales ouserved at the respective <'IH1s of tlie 

comparator, 
Ii, Ir= corresponding inclinations of cut-off cylinders, 
11~, Hr= correspondiug heights of cut-off scales. 

11'ina.Uy, ]et .:::1 r Le tlte excess in ounces of the applied tension over 
tile normal tension of tlle tape. 

'l'hen 

11 =I) T Si±: Sr- (L - R) +(Le - Re) - H 1 I 1 +II .. Ir- o-05mru x LJr. (I) 

In this formula the upper signs apply to S 1 and S 1. w.lJen the gradua
tion nu1nbers appear inverted (1), and the lo-wer ones when tb~e 11u1n-
1,ers appear erect (E). The inclinatious I 1 and Ir are positive when the 
left-hand end of the bubble i~ the higher. The tension excess Llr is 
positive when the balance reading is greater than 25 pounds. 

'!'he corrections for inclination of tl1e cut-oft' cylinders Hi Ii, Hrir 
WPre generally very small, and lience negligible. The factors by which 
tli(· difference of the sums of the level bubble readings must be multi
plied to get these corrections are, for the Repsold cylinder 1·6"" and for 
the U. S. Coast and Geodetic Survey cylinder G·lµ. 'These apply, of 
com·se, on]y to the special values of the heights Hof the cylinders ns 
u::-;pd on tl1e comparator. 

'!'he value of the coefficient of Lfr,used in the actual computations of 
leHgth waB 0·047mm as determiue<l by experiments on the cmnparator in 
l"'HL Additional determinations made in 18~}~ indicate that the value 
O·O;)nim per ounce when the normal tension is 25 ponndi'! is more precise. 

The computation of the length .1' by formula (I) iu the case of tlw 
oh:;;ervations in Table I aud 11 ho; then as fo1lowi'I.: 

mm. 
=r= 81 - - 21-500 
± 8,. + 1·000 

(L - U) - 0·000 

+ (JJc - Re) - 0·082 
.1I1I1 - + 0·003 

+ J-f~.lr - 0·018 
0•0471UHI x .dr - 0;092 

Hence we have 
Sum = - 20·689 

T = I) - 20•689mm • 
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rrlic yalue actually used was D - 20·G7mm, which comeE from neglect
ing the corrections for inclination of cut-off cylinders a1Hl rounding 
all computed corrections to the nearest hundredth of a millimetre. 

(10) :L'hermometer cor.rections.-The thermometers used in all deter
minations of tape leng·ths on the 1oom comparator were Nos. 5598, 50UH: 
and 5G01 by Green, of New York. Their corrections were determined 
by Mr. 0. H. Tittmann, assistant in charge of the Office of Standard 
"\Veights and .l\ieaFmres of the Survey. 

Table III fbllowing gives the corrections essential to reduce tlw 
observed readings of these thermometers to the hydrogen scale as deter
mined hy As8istant Tittmann on August 19, 1890. 

TABLE III.-T hermorneter correct-ions August 19, 1890. 

Correction to-
Temperature. 

5598. ----~~-:~--·--/-- 560I · --

--:.--::-;;-- ·-----~-.~~:-~~ ~o· ~;u f~--1 ~o·z~o-;;-
3·6 ·24 ·18 ·16 

10·2 ·19 ·19 ·16 

15 ·18 ·.18 ~18 
19·6 ·rS ·21 ·24 
25 ·17 ·17 ·17 
30 ·14 ·22 ·17 
31"9 ·19 ·14 ·29 

---- -----~----~:____------'------

The reading;.;; of these thermorneters when packed in melted ice on 
August 19, 1890, were + 0·25°, + O·oso and O·ooo, respectively. Their 
freezing point readiugs were not again determined until ~January ~I, 
1892, wl1en they read + 0-150, + 0·17o, and 0·00° respectively. 

To take account of tl1ese cl1anges in the freezing point readings it is 
assumed that they varied directly as the time during the interval whid1 
elapsed between the two deterininations of August~ 1890, and Januar.-.-. 
1892. This assu1nption gives for the zero point readings at the epoch 
of the tape comparisons, September, 1891, say, +0·17:::J, +0·15°, aud 
O·ooo, respectively; and tbese are the values adopted. 

The changes which these readings entail in the corrections in Ta.ble 
III are found by adding +o·oso t-0 the corrections for No. 5598, l'Y 
adding -0·07° to the corrections for No. 5599, while the corrections for 
No. 5601 remain unchanged. 

Since the thern1ometers always had the same readings within a· 
degree, it has been considered sufficient to apply the mean of their cor
rections to the mean of their readings in computing results from com· 
parions on the lOOm comparator. .Accordingly, the mean corrections 
in Table IV following have been a.pplied in deducing the temperatures 
of the tapes from the observations on the comparator. 
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TABLE IV.-lJJeans of corrections to thermometers Scpteniucr, 1891. 

' Temperature / 3·6° i 10·2° ; l t;·o0 ! 19·6° j 25·0° i 30·0° I 34·9° 
~ ! I -- ! I i ' 

·-i ----- ·i ------· -···--·-···- · 1 ----····-· • ------- ---

! --0·2::> : -0·19 
\ i 

Correction -0·18 '--0·18 --0·20 ' --0·17 -0-17 '-0·20 

·-------------~--

The means of the six tLern1ometer readings 1vere carded to 11un
dre<lths in the cmnputatiou, and the abovt> corrt><'tions were then applied 
iu getting the adopted tape tempera ture8, which an• likewise carried 
to huudredtl!s of a degree. This is to some extent a needless refine
ment, but its application cost little labor. 

(11) Adopted lengths of the comparator.-As explained in section 5, 
Chapter III, it is assumed tlmt tl1e comparator interval or length IJ 
changed during the period of t'-YO mouths wl1ieh elapsed between the 
two groups of determinations of that interval. l~'ortunately, the large8t 
groups of tape comparisons were nearly coincident in time with those 
of the comparator measures. J~or the s1nall number of tape eompari
sous made between August 30 and Septe1nber 5, a length of the e0111-

parator interval i.s derived ou the assumption that it char:.ged directly 
as the time between tbe two epochs for which lengths are given in :<.ec
tion 7, Chapter III. Hence the following values are adopted for the 
comparator interval D in terms of the iced bar B 17 : 

1nm. 
Aug. 1 to 8, 18HL D = 20 B 17 + 3H·52, 

Aug. 30 to Sept. 5, 18Hl, ./) = 20B17 + ;{H·-!4, 
Oct. 3 to 9, 1891 '. D = ':JO Hi, + ;m·37. 

B 17 = 0"' - 18·0 µ. 

(12) Oorrectionfor index error of balance.'(.-The S})l'i11g balances used 
to give tension to the tapes were tested frou1 time to time by the metliod 
explained in section 4, Chapter V. They ·were also testell frequently 
with known weights to see that they gave the tensions indicated.• 

The standard tension adopted was 25 pounds 9 ouuces, which is the 
tension given by the balances when horizontal, wheu the-y are free from 
indl~X error, and when they read 25. poun<h; even. By reason of some 
a(·dde.nts to the balances their index errors chang·ed to some extent 
during the season. They were always accurately observed, however, 
aiid the corrections applied are without sensible error. 

The correction for index error is of the same forin as tllat for excess 
of tension explained in section 9 above. The adopted elongation of 
the tape per ounce was o-047mm; and tlrn corrections actually applied 
to the lengths of the tapes as computed by equation (1), section 9, are 
the following: 

Aug. 1 to Aug. 8, 1891, O·OO, 
Aug. 30 to Sept. 5, 18Hl, -0·16, 
Oct. ? t-0 Oct. 9, 1891, +0·16. 

--------~-----:_____ -----·----··· _____ " _________ , ----------
.. See Chapt~r V, section 4, for details of observed index corrections. 
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(1;)) Obserned data for lt:Hfftlu·; and ratt'S of expansion of steel tapes Xo8. 
8/; and 88.-Tables Y and v'I following· give· tl1e rm~u1ts of all olH~t~rY<J· 
tions made on the 100"' com1Huator to determine t11e equations of tlu· 
steel 100m tapes Nus. 85 and 88. The first column gives the date of 
observation, a11d the ~:.econ<l tlie tiuw wheu the observations were 111ade. 

T11e third eolumn gi vcs t11e temperature of the tape corrected to tlie 
h.ydrogen scale as explained in section 10 above. The fourth colunrn 
gives tlie le11gth of the tape h1 terms of the comparator interval J) :i:-; 

computed from equation (1), section 9. The fifth column gives tl1e 
leng·th of the tape in terms of the iced bar Bin in accordance with tlw 
relations given in section 11. The corrections to standard tension of 
25 pounds 9 ounces given in section 12 are also applied in deriviug the 
values iu this column. The last eolumn gives the residuals wl1 kli 
n>:snlt from t.he equation~ of' the tapes deduced in the following section. 

TAllL1'-: V.-Re.~ult.o.; n.f ohsen•ationx for length and rate of ed:pan8ion uf 
1 OO'" .o.;fnd tape .Yo. ,•:e;. 

7 

8 

, Tin1e of day. 

I I : 29 :l, nL 
I ;02 p. n1. 

2:06 
3:o5 
4:02 
5:00 
9:02 
9: I 2 

7:02 a. m. 
8:02 
9:02 

10:02 
I I :OI 
I I :48 
2:04 p. m. 
7: 16 
7:3 2 

8:38 

7:28 a. m. 
8:34 
9:35 

10:32 
I I :_:p 
12:38 p. m. 

1:,:)3 

2:34 
7:.p 
8:34 
9:34 

(Jbser,·e•l ten1-. 
perature of 

tape. 

29·02° C. 
30·56 
30·07 
29·88 
28·92 
28·01 
19·58 
18·44 

20·96 
24·53 
2 6-73 
27·96 
29·26 
30·1 I 
30·21 
31.35 
21·51 

20·15 

24·66 
27·06 
29·14 
30·34 
3 1 '39 
32· 12 
31·54 
30·32 
21·48 
20·93 
20·38 

' 
Obsen·ed length of I 

l"pe. · 

.lJ~ 

111111. 

4·01 
] ·83 
3·37 
2·67 
4·38 
4·94 

14·86 
15·7 2 

12·68 
8·68 
fr55 
4·q5 
3·57 
1·98 
2·24 

1·05 
12"48 
14·21 

9·09 
5·63 
3-63 
2·62 

1·13 

0·29 
0·80 

2·75 
12·42 
12·96 

13·32 

20 /}11 ~- / 

J 

l/Ull. 

35·51 
37·09 
36-15 
36-85 
35·14 
34·58 
24·66 
2~·80 ,) 

26-84 
30·84 
32·97 
34·57 
35·95 
37"54 
37-28 
38·47 
27·04 
2~· .. I :i _, 

30·43 
3'3·89 
35·89 
36·90 
38·39 
39·23 
38·72 
36-77 
27·10 
26-56 
26·20 

I 

Residual 
(computed 

minus 
observe<! 

,-alue) . 

11/ /II. 

+0·12 

·34 
-+ ·63 

·28 
+ ·38 

·06 
+ ·63 
-1 ·25 

·03 
· 1 ~ _.., 

+ ·15 
·It 
·06 
·70 
·35 
·29 

+ -37 + ·60 

+ ·43 
·41 

-17 
•I] 
·21 

-33 
+ ·28 
+ ·27 + ·21 

·03 
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TABLB V.-Rcwults of observations for length, etc.-Coutinued. 

Date. 

I 1891. 
I .• ! :-iept. 5 

Oct. 3 

4 

5 

6 

8 

9 

Time of day. 

2:40 p. rn. 
3:24 
5:04 
7:35 
9:08 

10:40 a. in. 
I I :48 

1:41 P· UL 

4:54 P· m. 
6:50 
8:08 
8:58 

10:20 

5:00 a. UL 

6:04 
6:54 
8:04 
9:00 

I 2:_:;8 p. IB. 

7;03 
8:08 
8:58 

10: 16 

4:32 a. m. 
5:28 
6:2S 
7:56 
8:54 

7:54 a. llL 

8:48 
9:52 

10:46 
1 I :52 
l 2:5S p. m. 

2:06 
3:00 
4:06 

5:52 
7: 12 

II: 16 
I I :58 

2:04 a. nl. 
3:04 
4:08 
5:06 
6;JO 

6:56 
8:00 

I 

! Observed tem
perature ot 

tape. 

14·88 
14·70 
14·26 
13·88 
13·98 

26-7 3 
27·24 
27·06 

13·85 
12·67 
12·32 
I 1·70 
11· 38 

7·20 
6-66 
7·97 

10·24 
I 1·80 

15· q. 
7·o7 
6-72 
6-38 
5·04 

3·51 
3·47 
4·76 
9·59 

I I ·95 

8·62 
10·89 

12·55 
J J'bO 
14·fi3 
15·02 

15·63 
14·(17 

I J'87 
9'45 
]"38 
7·25 
7·70 

5·31 
5·49 
5·49 
4· IC) 

4·47 
6-68 
9·33 

Obsen·e1l length of 
tape. 

D-

?Jllll. 

19 08 
19·5 I 
19·91 
20·02 

20·16 

20·12 
21 ·60 
22·35 
22·68 
23·35 

27·86 
28·34 
26-89 
24·82 
22·99 
19·23 
27·95 
28·51 
28·82 
30·01 

31·95 
31·78 
30-52 
25·30 
22·75 

26·03 
23·51 
21·57 
20·97 
19·55 
19'29 
18·76 
19·77 
20·76 
25·26 
27·70 
27·49 
27·05 ! 

2~}' 7 3 
29·48 
29·56 
30·77 
30·58 
28·15 
25·31 

1JUI!. 

20·20 
19·77 
19· 37 
19·26 
19·12 

19'41 
17·93 
17·18 
16·85 
16· 18 

11·66 
I I' I 9 
12·64 
14·7 I 
1b·54 
20-_.:;o 
l l '58 
I 1 ·02 

10·71 
9·52 

7·58 
T75 
9-01 

14·23 
16·78 

IJ'50 
16-02 

17·96 
18·56 
19·98 
20-24 

20·77 
19·76 
18·77 
14·27 
I I ·83 
12·04 
12·48 

9·80 
10·05 

9·97 
8·76 
8·95 

IJ•38 
14·22 

Residual 
(computed 

n1i11u:--. 
< >Dser\·ed 

Yllhll'). 

1Jll/I. 

40:=; 
+ ·18 
+ ·10 

4 21 

. 13 
.4. ·14. 
_.J_ ·10 

·39 
·20 

+ ·17 
·I 8 

+ ·q. 

-1 ~07 

·04 

·os 
·36 
·24 

-i- . l 2 

·02 

·20 
-~ · 13 

·14 

~ - . I 3 
·16 

·20 

·24 
·36 

-+- . I 9 
·I I 

-i· ·06 
+ ·20 

·13 
·18 
· 10 
·29 
·20 
. 21 
·15 

------......!.-------~-----------........!.-----__;._----~------' 

425 
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TABLE VI.-Rcsults of ob:wrrations for length and ra ti: (!/ c.rpansion of 
1oorn steel tape No. 88~ 

I Obsen·ed tern-

I 
ObserYeci length of I Residual 

tape. (com_puted 
Date. Time of day. I perature of 

1111nus 
tape. i 20 Ii17 + I 

observed 
D- Yalue). 

-----"-~---
! 
------~-

l ! 1 

I I 
----·--1-------. I 

1891. I nun. I 1ll1Jl. mm.1 Aug. I Io: 14 a. 27·460 C. ,·66 35·86 +0·42 I HL -~ 

1 
I 1:52 p. 111. 29·28 0·86 38·66 - ·40 

I 
2:50 24·96 6-5S 32·94 -+- ·61 ; 

24-(>I (>·04 I 33"48 
j 

3:32 ·31 
4:10 22·86 8· 17 I 31·35 ·09 
4:56 23·34 7· 1 I 

! 
32·41 ·63 

5:56 23·97 7·6.1 31·89 + ·58 
7:25 20·46 I 1 ·35 28·17 -+- ·46 

3 7:52 a. 111. 14«)9 16-79 22·73 ·06 
8:29 14·46 17·69 21·83 + ·26 
9:59 14·30 16-95 22·57 - ·65 

I 1:05 14·70 17·56 21·96 + ·39 
1:32 p. ))). 16·45 15·35 24·17 + ·09 
2:08 16·95 14·73 24·79 + ·02 

4 8:22 a. Ill. 20·84 10·40 29·12 ·07 
9:02 21·66 9·70 29·82 + ·13 

10;02 2y24 7·93 3 1'59 _J_ ·08 
' 

10:56 24·14 6·61 32·91 ·26 
I 2:02 fl· Tll. 24·01 6-65 32·87 ·37 

1:02 25·01 5·92 1,·60 - -~ + ·oo 
4:46 24·77 6'49 33'03 ' + ·31 
9:04 I 7~72 14·36 25· 16 _J_ ·49 ' 

5 7:15 a. rn. 21 ·71 9·57 29·95 -+- 0·5 
8:32 , 24·29 7·02 32·50 I ·32 ,-
q-_,..,,.,.,. 25·28 6·05 33·47 + ·43 . ·-~-

10:32 25·71 5·69 33·83 + ·54 
I I :32 28·01 2·44 37·08 + ·21 
1:32p.ni. 28·01 2·53 36·99 + ·12 
2:32 28·27 2·49 37·03 + ·13 
3:32 27·89 2·92 36-6o + ·15 
4:30 26·31 4·78 34·74 + ·28 
5:32 26·27 4·64 34·88 + ·10 

8:56 17·67 14·46 25·06 + ·54 

30 6:46 p. rn. 16-41 15·35 23·93 + ·29 
8:14 14·26 17·79 21·49 + ·39 
9:30 I J' I 5 18·63 20·65 + ·01 

I 

1 
I 

Sept. 5 ; iz:os·p. m. 14·55 I 16-70 22·58 \ - ·39 
~ I: I (j 15·10 J 5·92 23·36 ! ~--~ ·57 
' I 5·7S I 15· 19 

I 
24·09 l 

·56 I :42 ; -
! I 
I 2:24 ! J 5·28 2.5'79 I 2 3·49 - ·50 

j 
j I I 3:45 14·28 ! 17·32 21·96 - ·o6 

i 
I I 

4:54 14·26 i 17·26 I 

I ·15 
i 

I I 
I 22·02 -

I l Oct. 3 10:55 a. UL \ 27·08 3·22 36-31 - ·46 

r· I 1:39 I 26-99 3"09 ! 36·44 - ·67 
I 

I 1:49 p. m. I 2 6-93 3'0CJ 1 36-44 - ·74 
j I ' 13·83 ·54 4 4:44p. m. 
I 

17'59 21·94 -
7:02 

\ 

12·6o 19·37 

\ 

20·16 - ·10 

8:01 12·30 19'55 19·98 - ·25 
9:10 I 1·53 20·61 18·92 - ·03 

10:10 11·50 20·67 18·86 - ·10 
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T.A.DLE VI.-Results of obserrations for len!Jtlt, ctc.-Uontinued. 

I , Observed length of Resid11al 
(co1uputed 

I 
Obsen-ed tern- ' t::<pe. 

Date. Tnne of day. perat.:re of ! _____ , _________ _ minus ' 
ohsen·ell Ii 

,·aJue). 
1 t·.1pe~ ! 
· ,,_ • 20 r:J7·-!· 

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

1891. ///ill. 1lll/IT 

Oct. 5 5: 12 a. Dl. 7·03 25·38 14· 15 
5:56 fr4(:. 25·87 IT06 
7:00 8·25 24· I(> I 5· 37 
7:56 'F97 22·()3 I b·90 
9:04 I 1·70 20·68 18·85 

I 2:30 p. Ill. 15·35 16·4S 2J"05 
7: 12 7·02 25·82 I_...,_...,. I 

·' I 8:02 6-42 2tJ"26 lJ' 27 
9:08 (,. 5·l 26· 1 I 13'42 

10:04 5· 12 27·50 12·03 

6 4:42 :1. UL 4·39 2S·33 I I "20 
5:22 3·46 29"40 ro·r 1 

.) 

6:34 4·66 28·24 I I ·29 
7:48 8·82 2_1'41 Ifr I 2 

9:02 12·70 19·5 z 20·01 

8 7:50 a. Ill. S·15 2_-,-96 1 5·57 
8:54 I 1"20 20·96 I .S· 5 7 
9:48 I 2· L+ 20·09 19·44 

10:52 13·85 18·29 21 ·24 
I 1:46 14·05 18·43 21· IO 

1:04 p. n1. I 5·25 16.7 2 22·81 
2:00 I 6-12 I 5·98 23·55 
3:06 14·62 I 7~32 22·21 

4:02 14·22 17·80 21·73 
5:58 9•'?1 -..:> 2 3--+5 16·08 
7:06 7·57 25·09 q·44 

l I:o6 7·35 24·86 14·67 
9 12:08 a. 111. j·52 24·82 14·71 

I :56 5 39 26·96 12·57 
3:10 5·29 2i"49 I 2·()4 

4:04 5·67 26·97 I 2·56 
5: 12 4·21 28·67 1o·S6 
6:04 4·1 I 28·6q 1o·S4 
7:02 7·07 25·28 14·25 
7:56 9·10 22·82 1(r71 

·------·-------

--------1 
I 

I 
"nl!ll. 

. I .S 

-~-

-+-
~- ~ 

_l__ 

·30 
·06 
·29 
.,.., 
-.,:, 

·or 
·25 
·05 
-o--. 

-~ 
·13 

·10 

·04 
' ·I I 

·18 I 

+ ·16 

.--.6 
-"' ·04 

+ ·16 
--;--- ·19 
-+- ·54 
_L ·14 I 

+ ·35 
' ·06 

--\.- ·10 

-;- ~20 

+ ·13 
·34 
. I'} 

·38 
+ ·04 

·06 

+ ·04 
·04 
·22 

·47 

(14) /)erivation of (:qnrdions of ta}Jc.-;.-T.;et t denote tbf' observed tem
perature of the tape at any time, and .r the exces8 of the tape':-; length 
ov,•r 20 B 17 at the same tin-ie. Let x 0 denote the corresponding excess in 
lf~ug-th at any assumed temperature t 0 • Then if we call the rate of 
Pxpansion of the tape y, and denote the most probable corrections to 
~r' and t by L1x and Llt, respectively, each pair of observed values in 
l ables V and VI will give au equation of condition of the for1n 

.-:r0 + y (t + Llt - t 0 ) - X - L1x :.::::;: 0. (2) 
If now we denote the weights of x and t by p and q, respective1y, 

the method of least squares requires that, subject to the conditions (2), 

fp (.dx)2 ) + lq (L1t)2] =a miniJnu1n. (3) 
The solution of the problem llr~sented by equations (2) and (3) is 
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not difficult, espceiall.Y wlwn the ratio of the wei~hts p and q -is c011-

stant. The 111ethod usuall,y followed in trei\tiug this prohlen1 is lnt~(·il 
ou the assun1ptiou that q = :x;, or tl1at the temperature ollscrvations art 
not subject to error. In the pre:-;ent application, it seems more fitti11g 
to n1ake the other extreme as;-;umption, viz, that p = ~, since the tern· 
perature errors surpass hy far the resultant effect of all other errort". 
Both these extrmne assumption8 were 1na.de in the con1putatio11s a~ 
actually carried out, and it may be said that the resnlting values of ,r 
and y do not differ appreciably, so that for practical purposes mw 

method is as good a8 another. Hence we shall adopt the usual metlwtl. 
which converts (~) into an observation equation of the form 

x 0 + y ( t - t 0 ) - x = L1x, with weight p. 

Since t 0 is arbitrary~ we may conYeniently g·ive it the value 

[pt] 
to= LPf' 

(-!} 

since thiR facilitates the solution of the normal equations and tht• com
putation of the probable error of the tape lei1gth at auy temperat url'. 

Thus, with this value of t 0 , we have 

[p . .r] 
x - ----, 0 

- LP] 
[p (t - t 0 ) (.r - x 0 )] 'l/ = . -- -. . . . .. 2 ··- • 

• [P (t - to) j 
( G) 

The observations in ~rables V and VI wonlcl give erp1ations of e•111:tl 
weight, but iustead of treating these equations separately tLey lwYe 
been grouped into means with respect to temperature limits in ordt>r to 
]earn what extent the errors of observation are co1npensatiug. 'J'lw 
resulting values of x 0 and y are, however, the same as "vould co1ne from 
considering the several equations separately. 

Table v~ II following gives the values in detail whicb result from tl1e 
processes ot· grouping just mentioned as applied to the data for Tape 
No. 85. The first column gives the limits of the temperatures included 
in any group. The second column gives the number of observed tem
}lcratures or lengths in the group, or the weight p of the mean tt-m· 
perature or mean length for the group. The third column gives the 
mean temperature t and the fourth the mean length excess x for the 
group. The last column gives the residual which results from the :-:,;n~· 
stitution of the computed values .x0 , y and the group means t and x 111 

equation (4). 
Table VIII gives the corresponding data for Tape No. 88. 
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T.ABLI<~ VII.-Summary of data for cquatiun of tape Xo. 85. 

i ' 
: Residual..'.!. x. I 

Temperature C\\- . 1 t «: '\lean ,-alue '.\lea11 value· {i"on1putecl 
range. ' eig 1 .r·: of t. : of .x. m111u>< observed 

j value ) j 
---------· ·----- ~--·--- ----------- --·-------

0 0 I 0 Nl!Jl. 111 !JI. I 30 to 35 I I 

·I 
30·72 3r64 -0·150 

25 10 11 27·92 34·42 + ·004 -~ 
20 25 8 21 ·S2 27·54 ' ·207 

I 
,-

15 20 6 16·44 21 ·66 . 197 
IO 15 18 I 12 94 18·0I ·016 

I 
' 

5 IO 18 7·18 I 1 ·78 ·059 
0 5 5 4·08 8"41 ·083 

---· ------ ·--·-----

TABLE VIlI.-Su.mmary of data for equation f~l tape A'o. 88,, 

Temperature 
range. 

-------1 "'-·------, 
' Residual ~ x. 

'\
• · ht .,, i J\Iean ,·alue ! l\1ean Yalue · (C0m1111te<l 

. eig , •' f . f . I d 
yaluc.l 

· I o t. i o ..r. 'tll1..nus o >ser'\----e 

J------1--- ____ ; _______ _ 

0 0 0 1nnt. V!!ll. 

25 to 30 15 26·89 3y66 -0·004 
20 25 l3 23·07 3r47 + ·017 

15 20 12 16·09 23·85 + ·019 

IO IS 22 1]'14 20·68 ·030 

5 IO 18 7·22 14·18 + ·009 
0 5 5 4· 19 10·86 + ·072 
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From the data in Tables VII. and VIII we tiiul by means of equations 
U>) aud (f>) 

f 0 - 16·89° 0., ) 
x 0 = + ~2·:3n 111111 , with weig-bt 77, ~ T·u>l~ No 85 
y 1·0!.H7 1111", with ·weight ()4.36, ~ ' .. ~ . • 

~r.o = 
15·72) c., 

+ 2;3.47mm, with weight 85, ( r.rape No. 88. 
1 ·0914mm, with weight 4687' ) Y= 

~rltese values substituted in equation (4) give, in connection with the 
lllean values oft and x, the residuals shown in the last column of Tables 
~.,.11 autl VIII. Likewise, these values of t 0 , x 0 , and y, when substituted 
ni e'}uation (4), give in connection with the individna1 values oft and x 
the residua1s of the individual determiuations of le11g·th shown iu the 
last column of Tables V and VI. 



 

430 U. S. CO~\ST AND GEODETIC SUl{VEY. 

The sa1ieut features of the latter residuals are shff\Vll in the followiug· 
statement: 

Number positive rcsi<luals 
:Nu111ber ncgati•.-e re:;;iduals 
Average residual 
:t\faxinnun residual 
Sun1 of squares of residuals --'---" 

----------·----~I 

T._ pe 85. Tape 88. ! 
I ···--· ---- ,-----·-----·-1 

36 ! 45 
41 I 40 

o·zomm I 0·25mrn 
0·7onu:n . c..·74mrn 
4·82 ! 8·b2 

i 

1------------------~---l __ 

Fron1 the sums of the squares of the reisiduals just given~, it follow·:-; 
that the probable error of a single deternlination of length of these 
tapes on the 100"' comparator is 

tnnt. 
± 0·17 for tape No. 85, 
::!: 0·!.!2 for tape No. 88 . 

.Applying the \Yeights of .r0 and y, given above, there result 

Probable error r 0 -~ 

.Y = 

Tape 88. 

1'11171. 

±0·024 
±0·0032 

,-~-T-ar~e ;~:-_] 

, :t£~~. I 
--'--------

If~ now, we denote the JengtJ1s of" tapes No. 85 aud No. 88 by T85 awl 
Tim, r(~Spectively, the preceding data enable us to write the follo\viug 
equations: 

Te:;;= '20B17 + 22·3finmi ± 0·02Qmm 
+ (l ·094 7inm :±: 0·0021 mm) ( f - 1G·89° C.) 

( 'i) 

T 88 = 20B17 + 23.47rnm ± 0•024m111 

+ (l ·O~n4mm ± 0-0032111111 ) (t - 15·72° C.) 

(15) .Di.scuss,ion of results.-An exan1i11ation of the residuals in Ta.bJe:.,; 
V and VI shows that, ou the whole, the observed leng·tbs are well repre· 
sented by eqmition (4). Thus, the whole number of the residua.ls in t1ie 
two table1'4. is 16:!, and of these, as just slJown above, 81 are positive a.1ul 
81 negative, while the prolmblc error of a single determination of Ieugth 
is ± 0·17mm for tape 8£> aud :±. 0·22"'°' for tape 88. Taking the averag·e 
of these two probable errors, or ±: 0·20mm, as representative of the wlwle 
group.of residuals, we may 8ay tliat the probable error ora single dete~
mination of the lengths of these tapes was 1/500 OOOtb part of tlieir 
length. The maxin1um residual is ()'74mm, wl1ich is less than four times 
its probable error. Takiug tl1c values :::!: 0·17•11m and :± 0·22mm for tlie 
probable errors in the two cases as a basis for eom.putation, and then 
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combining the two groups of residuals into a .single group, the follow
i11g comparison of the actual with tbe theoretical distribution of the 
residuals results: 

1111/t, VI HI -

o·o and 0·2 

l ;\ctua~1mh~-~-- Theoretkal I 
i of re,;iduals. 11urnher. \- ----~~---1 
I i I 

85 84 i 

Between limits. 

0·2 OA 
0·4 o-() 

o·6 o·S 

51 52 I 

I 7 2 l ! 

l 9 5 

The agreement thus shown between the actual and tbeorctk>al distri
bution of the residuals is, in general, quite cloRc. ~-'\.s is ui'oual in such 
eomparisons, the depnrtnre from. theory is greatPst. in the case of the 
large errors. 

On the whole, therefore, it appea,rs that the errors to ·which these 
determinations of tape lengths were subject are of the compensating 
elass. A confirmation of this view is afforded hy the residuals of 
the group mean values shown in Tables VII and \:-III. If the errors 
to which the individual determinatio11s are snq,ject were not of the 
eompensating class we should expect large residuals to result· front 
those group means. The residuals are largest in the ease of the results 
for tape 85; but they reach only 0·211n" at the maximn1n, and this for 
group means having relatively small weight. 'rlw degree of compen
sation was manifestly best for the eompnrisons of tape 88, since the 
maximum group residual shown in Table VIII is ouly o-03rnm, while the 
individual residual!:> for the comparisons of tape 88 were-, on the average, 
~omewhat greater than those of tape 85. The average of the residuals 
in Tables VII and VIII, regardless of weights, is O·Of)nun. This is 
Pqnivalent to an error of 0·0()0 C. in temperature of the tape and to 
;) ,-; 000 OOOths of a tape length. 

Xotwithstanding the compensating eharact.er of the errors in ques
tion when taken as a whole, a careful examiimtion of the residuals in 
TaUies V and VI indicates that the determinations were subjeet more 
or less t-0 some systematic errors. These seem to be chiefly of two 
kiuds, namely: First, errors due to lag of the tape ten1perature rela
tively to that of the thermometers; and second, that due prouably to 
})eeuliarities of radiation which produced at times somewhat persistent 
differences in temperature between the tape and thermometers. The 
lag effect is best shown, perhaps, in the observa:tions of October 8 and 
9, 1891, which were continuous for twenty-four 11ours except for an 
interval of four hours on October 8, when the apparatus was nsf cl in 
measuring a section of Holton Base. The an1ount of this lagging 
mny have been as much as 0·2° C., though it is entangled with other 
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errors to sucli an extent that oi1e cannot draw a definite coucln:sion from 
the residuals of the tables. J<Jxamples of what I have provisionaIJy calle1l 
the "radiation effect" are afforded by the observations of Se-ptember .>, 
October 3, and October 4, in the comparisons of tape 88. For these dates 
the residuals are all relatively large and of one sign. On the same dates, 
however, no such persistence in sign is shown by the residuall'> of tape 
85 which was alongside and ·within two centimetres of tape 88 on the 
con1parator. It S(·ems impossible that there could have been R1H·l1 a 
difference in temperatnre of the tapes thus situated as would appear 
from the residuals just cited; but similar persistent differences between 
the tape and thermon1eter temperatures appeared at tilnes iu tlw 
n1easures of Holton Base. on cloudy days, especially, aud there seem~ 
to be little doubt of their reality. (See section s, Chapter v.) Tlw 
only reason I am able to assign for the difference in behavior of the 
two tapt;s when lyiug a]ougside of' one another on the comparator on 
the dates referred to, is that the lower surface of tape No. 88 l1ad 
becmne son1ewhat polished, presenting a bright, rather than a dull 
black surface, front much use in preparing the standard kilometre and 
other sections of IIolton Base. Otherwise the tapes were in all respects 
alike, having been cut fron1 the sani.e coil. 

This radiation effect, or whatever it 1na.y he, was observed to he 
present in a somewhat greater degree in some experin1euts on the 
behavior of the tapes n1ade in the open air and in sunshine on a portion 
of St. Albans BaRe in 1892. Since t11ese experiments will be referr~~d 
to in section 2(), Chapter v, I may dismis~ the question here with the 
reinark that it is the only anomaly presented by the tapes in my expe
rience, and that it is probably tlrn ouly serious obstaele in the "\Vay of 
making the long tape a standard whose equation can be rletermiued 
with a precision little short of that attained with laboratory standards. 

(16) Probable errorH of tape lengths.-The probable errors of the mean 
lengths of the tapf~s given in equations (7) and (8), Rection 14, are dtH" 
to the errors of comparison only. 'rhe total probable errors of thm~e 
inean lengths, when expressed in metres, depend, first, ou the errorR of 
comparison just 1nentioned; second, on the error in length of the e01n

parator as measured with the iced bar B 1:; tbird, on the error in leugth 
of B 17 when expressed iu ter1us of the International l\Ietre, and fourth, 
on the thermometer errori-. with respect to the hydrogen scale. 

For the probable error due to tl1e firist source of error we may adopt 
the mean of those given in equations (7) and (8) above, namely, ± 0·022'""'. 
This amounts to 1/4 550 OOOth part of a tape length. . 

The resultant probable error due to the 15econd and thir<l 15ouree,-.; of 
error is given 1u section 7, Cha.1>ter u:1. It is± o-033mm, or 1/3 000 OOOtlt 
}la.rt of a tape or com1larator Jengtb. 

An idea of the uueertainty remaining in the 1uean of the corrected 
readings of the three thermometers m~~ed may be formed by an inspei'.· 
tion of' the data for the thermomet.er corrections given ~ section 10 
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above. It is estimated that the probable error due to this source cau 
not exceed :± 0:02" C. This is equiva.Ieut to :± O·O:wmm or 1/f; 000 OOOth 
part of a tape length. 

'raking the square root of the sum of the squares of these independent 
probable errors, there results ::I:: o-044mm for the total probable error of 
the length of eitlJer tape when expressed in term~s of the International 
Metre, and when its temperature is the mean of those observed during 
the comparisons. This probable errm· is equivalent to 1/ 2 270 OOOth 
part of the tape length. 

The probable errors of the rates of expansion of the tapes given in 
e11untions (7) and (8) ~ue :± o-0021rnrn aud :± o-00;~:!11 •m, and for the sake 
of unifor1nity we may adopt the mean of these, or :± 0·0026111 m, as a 
working value for either tape. 

With t.hese values of the probable error of a tape length at its mean 
temperature and the probable error of the rate of exparn;;ion, it follows 
that the probable errol' of a tape length at auy temperature tis given 
by the expression 

:± { (0·044111 m)Z + (0·0026mm)2 (t-t0 )
2 } i' 

wherein t 0 = H>-8B 0 0. for tape 85, 
= 15·72 for tape 88. 

(9) 

The values given by expression (9) for such extreme temperatures as 
0° and 30" C. are :± 0·062111 m and :± 0·055mm, respectively, fhr tape No 85, 
arnl :± 0·060111m aud ± 0·058""", respectively, for ta.pe No. 88. The 
:-;q nare root of the average of the sqnares of the errors given hy (9) 
betweeu 0° and 30°, supposing al1 temperatures within these limits of 
equal frequency, is :+: 0·050mm. Jleuce it is coneluded that for such 
temperatures as are likely to be had in the use of these tapes, the 
proba,ble errors of their absolute lengths will not on the average exceed 
± 0•05mm, or 1/2 000 OOOth part oft.heir length. 

(17) Practical form of equations of tapes.-For the purpose..s of com
putation it is n1ost convenient to cotnhiue the products of the mean 
tf•.mperatures by the rates of exparn.;ion in equations (7) and (8), of 
f'Section 14, with the mean excesses over 20B17• Thus, making this com
bination, omitting the probable errors, and adding the numerical value 
of B 1., as given in Chapter n, section 23, we have 

tn1n. 1nm. 

T 85 = 20 B 1., + 3·86 + 1·09·17t, 
T 88 = 20 B 17 + 6·31 + 1·0914t, 

B 11 = ·5m - 18·0 ... , 
Standard tension = 25 pounds 9 ounces. 

In these, t is expressed· in degrees of the centigrade scale, and B21 is 
s. Ei. 'IR-28 
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the leugth of the steel 5 01 bar No. 17 when in :melting ice. Introducing 
the valne of B 17 there result, finally, for the equations of these tapes 

Ju. nun. 1n 1n. 
Tg5 = 100 + ;_{-;";() + 1.fHl47t, 
ri'sn = 100 + 5·!l5 + I ·O!• '4t, 

Standard tension = 25 pouu<ls 9 ounces. 
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CHAPTER V. 

l\IEA.SUREMENT OF HOLTON .AND S':I.'. AI~BANS BASES WITH THE 

TAPE APP .ARATUS. 

A.-HOLTON BASE MEASUREMENT. 

(1) Loca.tion of ba.se and prepa,ration for meas,urement.-Holton Base 
j:-; a line in the Transcontinental Chain of Triangulation along or near 
the thirty-ninth parallel of latitude. It is situated nf'ar the village of 
Holton, Ripfoy County, I11d·. It is about 5 uoom Jong, and extends in 
a nearly north and south direction across what is known as the Craw
fish Fla.ts. As will be inferred from this desig·nation, the ground along 
tlu• line is generally level, although a few rat.her abrupt changes in 
altitude are met in crossing the drainage courses. 

This base was located in 1890 by Assistant ~Iosman, who made a 
pr<·limiuary measure of its length with a 50rn tape the same year. Early 
hi the following summer Assistant :Mosman set the terminal and section 
stones of the base and provided all materials requisite to the measures 
made with the 1()()"' tapes. 

During August, 18Vl, the marking· and support stakes for the meas
ureK with the long tapes, were set under the supervision of the writer_ 
The support stakes were set at equidistant intervals of lOm throughout 
the length of the line, exeept on the standard kilonietre 8eetion, where 
t.ltP microf:cope posts for the iced-bar appnratus rendered such stakes 
um1Pcessary. The tapes were supported on steel wire nails driven to 
th~ depth of· 2·5cin into the stakes. Since t~ese nails projected horizon
tally from the stak~s for a distance of about 12cm, no great precision .. 
was essential in placing the support stakes along the line. The rnark
in.g- ~takes, which fell loom apart, were aligned with considerable pre
cision, and the support nails were placed at closely equal intervals of 
10"' by the method explained in section 5, Chapter IV. 

(2) Measurements of the secUons of the base. -Since the tape apparatus 
Ui"ed was new and untried, except in the experiments of the Botanical 
Garden and in the comparisons on the 100111 comparator, it was essen
tial to a considerable extent to develop the methods of operation suit
able to field measurement as the work progressed. At the same time 
tl1at. this work was under way, the work of tape comparisons, and the 
preparation for and measurement of the standard kilometre with the 
iced-bar apparatus, were also in progress; while the einployes of the 
pa.rty were often needed for otlier work conducted by Assistants Mos
man and Tittmann. Hen<~e no attempt was inade to n1easure the wh~le 
base on a.ny one date; but the various sections were measured from 
tune to time as opportunities occurred. The earliest measures were 
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made -0n the section 5 OOOrn to 5 500m during the last days of Angm;t, 
1891, and the work continued at intervalR until October S, 1891. The 
several sections were measured from six to thirty ti1nes each, the 
largest number of measures beiug made on the kilometre section, whose 
precise length was designed to give a thorough test of the effectiveness 
of tape apparatus. 

1\fosj; of the measures of the sections were made at night, but a con
siderable number also were made during cloudy or partly cloudy days. 
Some of the latter were made under circnrnstances of wind, rain, and 
sunshine, ~Yhich would now be considered quite unfavorable; but since 
it was desired to learn as mueh as practicable in the allotted time con
cerning the behavior of tlrn tapes, a wide variety of circumstances was 
purposely en conn tered. 

In general, the measures were made by laying each tape l~ngth once 
as the work proceeded along a section. In a few cases, however, the 
experiment was tried of laying each tape leugth from two to five times 
and reading the thermometers as many times; and in order to make 
these measures independent, the rear end of the tape at starting was 
placed successively in coincidenl'e with marks a centin1etre apart. 'Ibis 
experiment served to give an idea of t!Je error in laying or placi11g a 
tape length. 

In all these measures but two thermometers were used, and these 
were read but once for each tape length. When a sufficient number of 
operatives were available tl1e thermometers were carried aud reml by 
observers who did naught else but assist in carryiug the tape. At 
other times the tbernwmeters were carried and read by the obsen-ers 
who fixed the ends of the tape. In the former case, the therrnomf'ters 
were held at arm's ]eugtb by ligl1t strings so that the bulbs were near 
to and at about the same height from the ground as the tape; while in 
the latter case the thermonrnters were suspended fr om a 11 ail or brad
awl attached to a support. stake so as to fall in about the same relative 
position with re8pect to the tape as before. In both cases, the ther
mometers were placed at 2om fron1 the tape ends. The same thermome
ters used in the determinations of length of the tapes on the 1oom com
parator were used also in the field measures, and the thermonwter 
corrections given in section 10, Chapter IV, were applied in computing 
the tape tlemperatures for tl1ese measures. 

In all measures of the sections of Holton Base, Mr. J. S. Siebert was 
the observer at the rear e1Hl of the tape and R. S. Woodward at the 
f'ront end. During the ea,rlier measures the temperatures were observed 
for the most part by Messrs. 0. H. Tittmann and J. F. Hayford. The 
records were kept by Messrs. HayforJ and Robert Penington. 

(3) Determination of grade oorrections.-The differences in height of 
the marking stakes or tables, essential -to the compatation of grade 
oorrections, were measured in duplicate by Messrs. J. S. Siebert, Th . 
.13..;......_~~.1111.'W'!I. ~,....A T '"'Ci' ""Cl'" I'm-...,..~--~ 
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The method of computing grade corrections front such data is very 
simple and easy. Thus, let h be the difference in altitude of two con
~eeutive ma.rki11g tablei:;, or what is esscntia11y t.1Je smnc thing, tlte 
difference in altitude of the two ends of the tape when placed in meas
urement over these tables. Let s be the length of the tape or right 
line dh~t.ance between its terminal graduatiom~ when in place over 
these taoles. Then if we call c the grade correction, or the quantity 
which must be added to s to give its horizontal projection, 

whence 
c + s = -vs2-~h2; 

Ji2 Ji4 
c = - 2s - Ss3 - • • • • 

Since sis in general large in comparison with h, this series for c con
verges very rapidly. For a lOOm tape 

h4 
88-3 < 0·01 nun for h < 2·9ni. 

Values of h as great as 3 01 are rarely met. Hence for such length of 
tape, in nearly all cases, 

c in millimetres = 5 (h in metres)z. 

The grade corrections for the sections of Holton Base were cou1puted 
in the field by J. S. Siebert and R. S. Wood ward, and revised subse
quently, in 1892, by 1\-1, V. Sa.fiord and Woodward. Table I following 
i.!'ives the grade corrections for the several Rectious of the base. The 
Zt"ro end of tbe line is here taken as coincident. with its southe.rn ex
tremity, or South Base. The section 3900m to 4900m is the standard 
kilometre measured with the iced bar apparatus. 

TABLE !.-Grade corrections for sections of Holton Base. 
-

I Section. Section Section Section Section 

I 
Section ! Section 

om-120::>~. J:2<J"(JUl.-2 loo'J'. 21oout-3ooom~ 3ooom ,_ 39oom-• 3900"'-4900"'. .f900Ill-5000R· • I 5oeo"'-55oo"" . 
l --
I 

fllln, mnl. mm_ nun. 1?llll. nzm. tl111t. 
-25·02 -1·64 -5·92 -49·83 -5·39 -o·S4 -8·72 

(4) Correction for index error of balances.-If the spring balance used 
~o give tension to the tape is adjusted to give correct tensions when 
In a vertical position, it will indicate (by its face readingg) less than the. 
actual tension when in a horizontalposition. Sncb balances are liable 
also from wear and other causes to have an appreciable -index correction. 

'l1o determine the actual tension in any case "With sue11 balauces, let 
r be the index correct.ion. It is the reading of the index wheu the bal
ance is vertical, hook eud down, and without load on the hook; it is 
minus when the index reads greater than zero and plus when it reads 
less. Let B be the readiug of the index when the balance is suspended 
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by its book, hook end up. Let W be the total weight of the balance 
found by weighing it on anoth(n· balance.· Then if T 1 denote the 
observed or face reading of the balance when 11orizontal an<l T denote 
the corresponding actual tension-

T = T1 + r + -2- ( W - R -r) 
= Ti + -2- (vV - R + r). 

The standard tension adopted iu all the base-line measures, as well 
as in all the determinations of the tape lengths on the lOOm comparator, 
is 25 pounds 9 ounces, this being the value of 7' when the balances are 
horizontal~ when they are free from index error, and when they read 
25 pounds even. We are concerned here, then, only with the excess of 
the actual ovffr the observed or nominal tension in any case; but in 
order to show the data for these excesses, which apply to the tape com
parisons as well as to the 1neasures of the sections of the base, we giYe 
the observed values of W, R, and r and the resulting values of 
~ ( W - R + r) for both balances in full in Tables II and III following. 
The last column of these tables gives, also, the corresponding corn·e
tions to the standard length of the tape. These corrections are fouud 
by multiplying the excess of g. ( W - R + r) over 9 ounces by 0·047"'m, 
the observed elongation of the tape per ounce excess in tension '\vheu 
the actual tension is near to the standard value, 25 pounds 9 onrn·e;-;. 
Later determinations of this constant indicate that it should lie 
increased to about 0·0£)0mm per ounce, but the value given above was 
used in the actual computation. (See s{·ction 5, Supplement Il.) 

It should be observed that the value + O·lJ)m"' was used in the com
putations :for the correction to the tape length when undr,r tension of 
balance No. 52 for the dates Angust 6 to :::;eptember 18, 1891, and tlte 
mean value + 0·4.imai for the dates September 25 to October 3. Jn 
addition, it may be remarked. that the vadations in the values of ff 
and R were due partly to the occasional removal of the extra hooks 
from the balances, while the large chauge in r in the case of No. 52 "'-as 
the result of an accident to that balance. It ·was used but little after 
this accident, although the computed correction due to it in this case 
could have given rise to no appreciable error. 

TABLE IL-Data for tens-ions by spring balance No. 52. 

i 
Resulting 

Date. 
I w R r ! (l,V-R+r) correction to 

tape Iengi;h. 
- - --

1891. Ounces. l Ounces. Ouna!s. Ounces. Millimetref-
Aug. 6 50·0 32·0 o·o + 9·0 +o·oo 

30 49·5 28-0 -t-3·5 12·5 + ·16 
Sept. 3 44·5 23·5 +~2 12-t + ·15 

18 45·0 23·5 -t-3·2 12·4 + ·16 
25 44·2 l]'O +9·8 18·5 + ·45 

Oct. 3 49·0 22·2 +9"5 18•1, + ·43 
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TAilLE III.-Data for ten.'lion.-; by .~pring balance J\~o. 53. 

Date. 

T 891. 
Aug. 6 I 

30 
Sept. 25 
Oct. 3 

8 

Ou nus. 
50·0 

49-5 
49·2 
44-"5 
44-8 

R 
I ke,;ultin<T \ 
~ l 11--R+>·) corrcctionto 

1

. 
tape length. 

- ------- ----- - ------ --1 
Ounnc'. 

35·5 
35· 2 

35·0 
30·2 

30·2 

Ounu:s. • 

-·~3·0 

-- -J"O 
-~-~1-2 

-3-5 

0111u·,-_,._ 
_:;·5 
5 ·t> 
::;·6 
5·6 
5·6 

,-1l.li!!1 md :·,·s.\ 
: ---0·10 
'. --- -16 
, ·16 

1

· 

·16 
-16 I 
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(5) Specinu·n of record a-nd computation.-A_ form of reeord suitable 
for tnpe measnres will readily sug·gest itself to the reader; hut for the 
:-;a ke of co1nplete11css, and in order to present tlata ior the cmnpnta
tion of the n1easured value of a section, a speci1nen of the re•'-Ords 
actua1ly n1ade in the Holton Ba:::>e work is given belo\v in Table IV: 

TABLE IV.-Specimcn oj' Record. Holton Base, Septmnber B, 1891. 
LMcasure of standard kilometre.) 

No. of Thennornete£ readings-
t:-tpe Thne of --~~~~---------

leugth. day. · 
.Meant. 

Remarks. 
1 N<•. 56oi. j No. 5599. ! 

___ i_~---- __________ i ____ I ____ ----------~--------! 

The computation of the length of the standard kilometre from the 
da.ta given in the above table may be made as follows: 

The actual or working length of the tape T, say, may be most con
veniently expressed in the form 

' 
T=A+a+at, 

wherein A is the nominal length of the tape, a round number ot 
metres or lengths of some standard; a is a small excess over that 
nmud nun1ber; a is the rate of expansion of the ta,pe, and t is the 
tape's temperature in degrees centigrade. Then t~te sum of N such 
lengths, t being supposed t-0 vary from one length to another, will be 

.:ET= NA+ Na+ a ~t.-
'l'o this sum must be applied the sum of the set-ups, the sum of the 
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end corrections, and the grade correction for the whole section of N 
tape lengths. 

Thus, to illustrate by means of the data in Table IV above, we have, 
first, from section 17 of Chapter IV, for the length of tape No. 88, 

Tfm = 20B17 + 6·31mm + ]•0914mm t 

for the standard tension of 25 pounds 9 ounces. The tension in this 
case was 3·2 ounces in excess of the standard value, ancl hence the 
tape was, as explained in section 4 above, 0·16n>m longer than tl1e 
standard length just given. We have, therefore, 

A=20B171 

a = + 6·31mm + O·_l6mm = + 6·47mm, 
a = 1 ·0914mm, 

N=10. 

Likewise, from Table IV, the sum of the observed temperatures is 
128·00°, aud the sum of the corrections to this for errors of the tlier
morneters used is - 2·12°, as found from the table of thermometer cor
rections given in section 10, Chap'ter IV; so that there results 

::St= 125·88". 

The several terms of the computation are, then, the following: 

NA 
Na 
a :::Et 

=200Bm 

Sum of set-ups -
Sum of end corrections = 
Grade correction 

+ 64·70TnID' 
+137·39, 
-180·20, 

10·60, 
5·39, 

Resulting length = 200Bm + 5·90. 

In this particular case a correction of - o-4rnn1 is to be added to the 
resulting length in order to refer it to tlie kilometre as measured with 
the iced-bar apparatus, the reference marks for the tape measures hav
ing been to that extent eccentric with respect to the terminal cut-off 

'" spheres. 
The computations of the lengths of the sections of Holton Base were 

made in the field in 1891 by Messrs. Siebert, Hayford, and Wood wo.nl. 
They were revised in 1892 by Messrs. Safford and Woodward. 

(6) Results of the measures of the sections of Holton Base.-Tab1e V 
foJlowing; gives all of the results obtained from the various measures 
of the several sections of Holton Base. The first column of the table 
gives the date of the measure; the second, the time of day when the 
measure was made; the third, the nuntber of the tape used; the fhnrtli, 
the direction in which the· measure proceeded; the fifth, the mean tem
perature of the tape for the measure; the sixth, the temperature 
range for the measu·re, or the difference between the highest and 
lowest observed temperatures; the seventh indicates by the letters 
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F, R, V whether the temperature was falling, rising, or variable during 
the course of the measure; the eighth gives the degree of cloudiuess, 
estimated on a scale of tenths; and the ninth column gives the length 
of the section, cmnputed in the inauner explained above, in tern1s of 
the iced bar Bm the excess over a round number of tape or bar 1eugtlrn 
Jiaving been measured witll a miJiimetre scale. Results for length 
obtained from measures made before sundown are iuclosed in square 
brackets. 

Date. 

1891. 
Sept. 1 

4 

I 4 
16 

I 16 

\ 
16 
16 

I 
i 

i 

Sept. 2 

' 3 I 

I 4 

I 17 
17 

! 17 
17 

I 17 

I 
' 
i Sept. 3 I 

3 

I 

4 
18 
18 

I 19 I 

I 19 

1· 

j Sept. 3 
3 

18 
18 
19 
~9 

TABLE V .-Results of 1neasures of Holton base. 
fSection south base to ',2oom stone, 2~0 B 11 .] 

Time of day. 

5;55- 6:39 p. m. 
8·04 8·44 a m - . . -
8:52- 9;46 
7:03- 7:56 p. m. 
8:12- 8:59 
9:20-10:07 

10: 14-1 I :03 

~?· IDirectionof Mean 1 
tempera-· 

tape measure. ture. I 
used. 

" ,. 
88 S. to N. 
88 IN S 
88 s. N. 
88 N. s. 
88 s. N. 
88 N. s. 
88 s. N. 

0 

.) 

15"44 I 
19·20 
18·25 
18·03 
18·42 

! 

Tem
pe1·a
tu re 

range. 

I Tempera- \ 
! ture fall-
! ing-, F· Cloud-; Length of 
~rising, R; iness_ ! sectiona 
~ vari-
i able, \l. 
I ______ _ 

-o-\ --

\ ~ 
mnt. 

4·1 
0·9 
4·9 
1·4 
1·2 
1·8 
2·8 

! 

R 
F 
F 
F 

R,F 
I 

o·o + 41·3 
1·0 I [32·1 J 
1·0 [ 18-1 J 
o·o 31·4 
o·o 38·5 
o·o 28·2 
o·o 32·0 

I 
[Section l,2oom stone to 2,100"' stone, 180 B 17.] 

5:5g- 6:25 p. m. 88 s. to N. 19·10 2·6 F 0·2 - 23·0 
4:46- 5:09 88 N. s. 18·05 1·4 F 1·0 27·5 
9:52-10:30 a. m. 88 s. N. 16-68 2·6 F 1·0 (40·5] 
6:53- 7:25 p.m. 88 N. s. 19·31 1·2 v o·o 

I 
27·7 

7:44- 8: 15 88 s. N. 18·20 1·0 v o·o 27·4 
8:24- 8:58 88 N. s. 17·82 0·9 v o·o 29·0 
9:07- 9:34 88 s. N. 17·15 1·6 F o·o 

\ 
26·9 

9:40-10:10 88 N. s. 16-74 I 2·4 R o·o 26·0 
! 
t I 

[Section 2, 100"' stone to 3 ,ooo"' stone, 180 B 17 .] 

2:01- 2:30 p. m. 88 s. to N. 23·92 ! 3·4 F o-8 +[52·8] 
4:21- 4:42 88 N. s. 19·69 I o·8 F 0·9 t62.o~ I 

10:3'-'-t1:og a. m. 88 s. N. 16-16 I 1·1 v 1·0 58·0 I 

7:40- 8:33 p. m. 88 N. s. 17·82 \ 1·8 v o·o 70·9 
8:47- 9:23 88 s. N. I 7·16 

I 
1·9 F o·o 71·4 

7:50- 8:17 88 N. s. 18·33 1·4 F o·o 73·3 
8:30- 9:o6 88 s. N. 17·07 0·9 v o·o 68·1 

[Section 3,000"' stone to 3,9oom stone, 1So B 17.) 

2:41- 3:33 P· m. 88 s. to N. 23·45 17 v 0·7 + [8·o~ 
3:35- 4:12 88 N. S. 21·98 2·4 F 0·9 [15·7 
6:38- 7:37 88 s. N. 18·62 1·7 v o·o :z2·3 
9:32-10!16 88 s. N. 16-51 3·0 F o·o 18·4 
6:48- 7:32 88 N. s. 18·56 1·3 v o·o 20·8 
9:14- 9:55 88 s. N. 16·25 2·2 F o·o 19·3 
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TABLE V.-Results of measures of Holton Base-Continued. 
--

[Section 3,goom stone to .i,goom stone, or standa•d kilometre, 200 fl17_] 

I I Tempera_] l No. 
Direction of! 1\fean 

Tem- tlue faH- I 

Date. Time of day. of per a- ing, F; lc1oud- Length of 
tape measure. itempera- tu re ,rising,_ R; l iness. I sect; on_ 
used_ 1 tu re. range. \ Yan-

~ I I able. V. _

1 

mm 

1891. I 
0 0 

Sept. 8 5: 2 5- 5:54 P· m. 88 S. to N. 14·82 3·0 F,R 0·1 + 3"3 
8 5:58- 6:33 88 N. S. IJ"52 1·8 v o·o + 1'5 
8 6:37- 7:12 88 S. N. 12·58 1·4 F o·o '+ s·s 

23 6:27- 7:03 88 N. s. 20·72 1·4 v o·o I- 2"4 
23 7:16- 7:49 88 S. N. ' 19·90 1·6 v I o·o I - J"lj 

23 7:56- 8:23 88 N. s. 19·43 1·6 F 

I 
o·o 1- 4"' _) . 

23 8:37- 9:3 2 88 s. N. 18·65 1·8 v o·o 

l ~-
I· I i 

30 6:33- 7: I I 88 N. S. 13"94 2·4 R I o·o o·I I 
30 7:17- 7:55 88 s. N. 13-67 2·7 F 

l 
o·o o-6 

i ! . 
Oct. 6:50- 85 N. s. 18·52 F I --;-

. 
I 7:25 0·5 o·o 2·~ i I -~ 

1 7:32- 8:07 I 85 s. N. 18·07 2·8 v I o·o --r-· LS 
2 6:48- 7:18 85 N. s. 19·88 

I 
1"0 v I o·o + 1·4 

2 7:25- 7:55 85 S. N. 19·45 1·6 R,F l o·o + TI I 

3 2:5~ 3:18 85 N. s. 24·03 2·4 F,R 

I 
0·9 -- [ 5. I J 

3 I 3:26- 3:48 

I 
85 s. :N. 2J"62 2·4 F,R 0-9 --- l4·1J 

3 J 3:53- 4: 13 85 N. s. 
.1 

28·16 1·5 
. F 0·9 - [6'<J] 

3 4:17- 4:38 

I 
85 s. N. 22·66 1·1 v 0·9 - [ r-.n 

ll 
14·09 3·2 

ll 
- [.S-5] 

14·22 2·5 -[11·1] 
7 10:02-11:31 a.m. 85 N. s. 14·20 2·4 F,R o·S - ['r61 

14·20 2·6 -- [~·f] 

14·26 I 3·5 -[II'(!] 

ll 
6-53 I 1·3 

}I 
- I· I 

8 8:45 p. m. 88 N. s. 6·54 1·6 R,F + 0-1 I 

7:44- 0·2 i 
6-55 1·6 + I ·7 

i 
6-51 1·9 -+ 2· 1 i 

}j 
i 

l 5·75 1·1 - --:>·Q 1 .- i 

8 8:53- 9:58 88 s. N. 5·84 1·2 R,F o·6 
I 

0·9 ! 
5-87 1·2 x·+ i 
5·89 I 1·3 001 I 

[Section 4,90om stone to 5,000"' stone, llO B 17.] 

Aug. 27 4:24 p.m. 

I 
88 N. to S. 20·32 0·7 ~[52·4]1 

28 7:37 88 :&. s. 11·44 o·o i:;~·o : --~ 

i1 
•4081 [55·9] 
14·48 [5<n1l 

Oct. 7 9:30- 9:55 a.m. ' 85 i N. s. 14·48 o·6 v o·S r 55·c>] 
13·83 (55·9] 
14·03 [55 I J1 

I 
11 5"75r 

::;5·7 i 
:ss·.:; I I 5·751 8 i 10:05-1o:o8 p. m. 88 N. s. 5·70 0·1 v o·6 55·7 

5·65 5~4 

l 5·65 I 
~ :_,+ I 

' I 
::._, _I 

[Section .i,900"' stone to 5.<XX>"' stone, too B 1T.] I 
-

l +[803·9]1 Aug. 27 4:24- 5:10 p. m. 88 s. to N. 20·26 0·2 v 0·7 

28 7:37- 8:13 88 s. N. 11·05 I o·8 F,R o·o 80S·9 ! 
808·3 ! 29 5:58--c 6:10 88 N. s. 16·12 l 3·0 F,R 0·2 

[Soo·~]i 31 4:35- 5:07 88 s. N. 21·67 1·2 F o·6 
l I I I 

so;·6 I 31 5:52- 6:03 88 I N. s. 17·92 1·1 F 0·3 
31 6:07- 6:17 

I 
88 I s. N. 16-95 

I 
o·8 " o·z 808·0 I 

JI 6:22- 6:33 88 I N. s. 15·86 0·4 F 0·2 SoS-3 

L ---
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(7) Interpretation of results.-It is essential to a proper interpretation 
of the results in the above table to state certain additional information 
relative to the conditions under which the nrnasures were made. 

The day ineasures of September 3, 18~)1, were made during the after
noon of a day whose earlier part liad been hot and sultry. The field 
notes of the mea.sures of this day state that, although the sky was gen
erally cloudy, tlle tape and thermometers '\Vere occa:sioually exposed to 
tlte direct rays of the sun. The measures of September 4 were Inade 
while a strong breeze, rising to a gale at intervals, was blowing This 
breeze, accompanied by more or less raiu, sufficed at time!S to blow the 
tape when under tension off its supports. l"or these reason~ the results 
of September 4 can not be regarded as at all trustworthy in compari
son with results obtained under ordinarily favorable conditions. 

The day measureK of the standard kilometre of October 7 were made 
at a time of general cloudiness, but the tape and thermometers were 
exposed at intervals to direct sunshine. \Vhen the sun appeared on 
this date the measures were suspended until the clouds again cut off 
hiR rays, but in a numoor of cases the later measures of the set of five 
made on this occasion were not completed before the sun's heat was 
manifest in the thermometer readings. 

The night measures were made, in general, at times when dew was 
deposited to a greater or less extent in open fields. The only marked 
exception to this rule applies to the measures of the standard kilometre 
of September 23, 1891. The night of this day 'vas an unusually warm 
and dry one, and the wooded portion of the kilometre, which is about 
6001

" long, had a notable store of radiant heat. 
The measures of the short section between the 4900m and 5000m stone 

of August 27 and 28, l 891, present a wide divergence from the later 
measures of the same section. These earlier measures wei·e the first 
made with the apparatus iu the field, and it was in laying this par
ticular tape length that the operatives, with the exeeptiou of Siebert 
aud vVoodward, acquired their first experience. On these dates, aJso, 
a temporary and rather unstable marking table was used at the 4900111 

stone, pending the" preparation of a rigid post which served subse
quently as a microscope post at the terminus of the standard kilometre, 
rrnd as a stable support for the marking table used in the tape measures 
of September and October. For these reasons the measures of Augnst 
:n and 28 must be regarded as untrustworthy iu comparison with the 
later measures of this short section. · 

All of the measures save those of August 27 and 28 and September 
4~ a1luded to above, were made under favoraule conditions, it is believed, 
so far as the manipulation of the apparatus was concerned. 

\Vith these explanations in mind attention may now be called to a 
marked peculiarity exhibited by all the results of the day ineasures 
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except tha.t of August 27 of the short section 4900m to 5000m. .A glance 
at Table ·v showl'; that tho~e results are all small relatjvely to the 
results of the night measures save in the single instance noted. Di~

regarding those measures of August 27 and September 4, concerniug 
which tJ1ere are grave doubts as already explained, the discrepancy iu 
question is most marked in the results of A.ugust 27 and 31 (Section 
5000rn to North Base), September 3 (Section 2100m to 390001

), and October 
7 (Section 390()m to 4.900m). It appears, al:;;o, from tbe measures of 
August 31 (Section 5000m to North Uase), Septemoer 3 (Section l'..W0'" 
to 2100m), and October 3 (Section 3900m to 4H00'"), that this discrepa11l'Y 
disappears, or tends to do, so with the going down of the sun. The 
unexpected fact thus brought to light is that under the conditions pre
sented by the dates cited, the thermometers gave a temperature too 
low for the tape by amounts ranging up to about a degree Centigrade 
at the maximum- How this fact is to be explained I am unable to say 
at present, but of its existence there can be no doubt. It is probabl.v 
due to the differing capacities of the tape and thermometers for absorp· 
tion and radiation under different conditions. 

In view of this peculiarity of the day measures it becomes essential 
to inquire carefully into the behavior of the tapes in the night measures 
during which the couditions as to radiation differed inuch less from 
those of the 100m comparator whereon the tape equations were detN· 
mined. The data for this inquiry are furnished by the measures with 
the tapes of the standard kilometre, whose length was determined with 
the iced bar, as explaiued in Chapter III, and we proceed to examiue 
these measures in detail in the following section. 

(8) Conclusion~ from tape measures of sta·ndard kilometre.-In order to 
give a clear idea of the performance of the tapes in the numerons 
ineasures of the standard kilometre, a summary of those measures is 
drawn up in Table VI following. The first column.of this table gives 
tbe date of a set or group of IUeasures; the second gives the liruiti1q.~, 
tJnies of the date within which the set of measures was made; the third 
gives the number of measures in the set; the fourth gives the mean of 
the results for length of the kilometre, and the last column gives the 
error of the 1nean length for any date, the true length of the }r:ilometre 
being assumed to be 200B17 + 0·2mm as found from the iced-bar measm·es 
and given in Chapter III, section 12. The results from the day measures 
are inclosed in square brackets: 
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T.A.nLE VI.-Suuim ary of results of tn.pc meas'urcs o.f kilmnctre. 

No. of Date. Time of day. ru easu res~ 

1891. p.m. 
Sept. 8 5: 25- 7:12 3 

23 6:27- 9:32 4 
30 6:33- 7:55 2 

Oct. I 6:50- 8:07 z 
2 6:48- 7:55 2 

3 2:56- 4:38 4 
a.m. 

7 10:02-11:31 5 
p.m. 

8 7:44- 9:58 8 
I 

i 
I 

i 

I 

I 
I 

-
1'.f ean lengt h for i Actual error 

of mean. date. I -------
m ni. nzm. 

200B17+ 
-
-
-

+ -[ 

-[ 

-

3"4 
z·S 
0·2 

0·4 
2·2 
4·4] 

I 
I 

+ 

3·2 
3·0 
0·4 
o·6 
2·0 

[4·6] 

9·8] -[10·0] 

o·z - 0·4 
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It is clear from the result:;:,; iu this table that the errors of the night 
measures are small in con1pariso11 with tllose of the day measures. 
'l'he mean of the night measures, giving weights to the taLular means 
proportional to the number of rci·mlts on which they depend. is 200B17 

+ O·()mm, which differs but o-2mm ti·om the value derived from the iced 
lmr measures. The n1axi1num error of any group inean from the night 
rnea:;:;ures is 3·2mm, or 1/300 OOOth part of the kilometre; aud the aver
age error of such gronp means (disregarding weights) is only 1·6mm, or 
1. 000 OOOth part of the kilometre. On the other hand, the day meas
ures are largely in error and in one direction only, the maximum error 
of one group mean beh1g 1/100 OOOth part of the kilometre. 

It seems safe to conclude, therefore, fro1n these 1neasures of the 
~tandard kilometre, that tlJC temperatures of the tapes when used at 
Hight in the open air were substantia1ly as well defined by the mercu
rial thermometers as when used under the shed of the 1 oom cmnparator • 
.'.\loreover, this conclusion is substantiated so far as it can be by the 
evidence afforded by the measures of the other sections of the base, 
which do not present a siugle wel1-defined exception to tbe rule that 
the day measures are relatively· sl1ort. 

lu accord.a.nee with this eonclusion, we Rhall use the uight measures 
only in deriving tlte adopted mean lengths of the several sectiotJS of 
the base. It may be observed, liowever, that auother method, which 
does not require the rejection of the da.y rnea.-.;ures, is available fi)r 
the determination of the mean lengths of those :o;ections. This method 
consists in deriving the working lengths of the tapes for the day meas
ures from the day measures of the standard kilometre whose length 
WaR measured precisely with the iced-bar apparatus. A glance at the 
data shown in Table V makes it apparent that this method would bring 
the day measures into close agreement with the night measures of 
any section. The computation accordh1g to this method bas been made, 
and the resulting mean lengths of the sections will be given below. 
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It will be remarked, also, that the numer01,,1s night measures of the 
standard kilometre afford ~mfficient data for a good determinatiou of 
the equations of the tapes, especiallyf'or tape No. 88, since the tempera
ture range for it in tl1e kilometre n1easnres is about 1.JO C. But, as 
sho,vn above, tlie equations of the tapes derived fro1n observations 011 
the 100°' comparator are in so close accord with those data that therf:' 
is no need of appealing to them for snppleinentary informatioll coneeru
ing the equations of the tapes for the night work. 

Finally. attention may he called to tbe substantial agreement with 
each other and with the trne value ot· tlle nieans of the night measures 
of the standard kilometre from the two tapes. These means are 
200B17 + 0·9mm for tape No. 85 and 200B1, - 0·2mrn for tape No. 88. 'l'lw 
actual errors of these measures are thus, with respect to the iced bar 
value (200B1 , + 0·2rnm), only + o.7mm and - o-4mm, which are in each 
case lesR than the mi11ionth part of the length of the line. 

(9) Melln va1ues of lengths of .<?ection.~ of bar:;e.-_.A_s stated in the pre
ceding section, the lengths 'ye shall adopt for the sections of the ba:-:.e 
wi11 be made to depe11d on the night measures only, for the reason 
tlJat thest• were made under circumstances closely compa.rab1e with 
thos<> whicli obtained on the lOOm comparator in <leterinining the e.f1na
tions of the tapes. It will be of interest,, however. to see to what extent 
the mean lengths of the sections and the length of the whole base wonl<l 
be affected if the day nieasnres were incJnded and given equal weight 
along ·with the night measures. I...1ikewise, it will be instructive to lenrn 
tbe effect of tbe inclusion of the results of the day measures wheu com
puted by means of working lengths of the tapes de.rived from the day 
measures of the standard kilometre. Accordingly, tl1e values wliieli 
result. from each of these three suppositions are given in Table VJI 
following. The data for this table are derived from Table V. The fir...-t 
column designates the section of the ba:-;e. The second column giY(•s 
the nlean length of the seetion derived from the night measures alone. 
th~se being considered of equal weight. The third column gives tlie 
mean length of the section derived by considering all day and night 
measures of the same weight. The fourth column gives the mean by 
equal weights of all measures of a section after the day measures haYe 

• been increased by o-74mm per tape length. The results of August 27 
and 28 for the short section 4 900m to 5 OOOm and those of September 4 
for the sections South Ba.se to 3 OOOm are, however, excluded in the 
first and third of the~e computations for the reasons given in section 8. 
The correction + 0·7 4run• per tape length is a mean of the correction~ 
furnished by the kilometre measures of October 3 and 7. A mdre pre
cise value might be derived, it is believed, by making such correction 
depend on the time of day, since the evidence indicatei:; that the error 
in question was due to solar radiation; but the data are insufficient to 
justify such a degree of refinement. 
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TABLE VII.-Mean 'l'alues of lengths of sections of Holton Base. 

Section of base. 

m. 
South Base- I 200 

1200-2100 
2100-3000 

3000---3900 

3900-4900 
4900-5000 

5000-North Base 

' South Base to North 
Base. 

Mean of night l :Mean, including uncor- ! Mean, including cor-
, ___ m_e_a_s_u_re_s_. ___ 

1 

reeled day measures. 

1

!_r_ec_t_e_ct_d_a_v_m_e_as_u_re_s_._ 

11tm. mm. mtn. 
240B11+ 34·3 240B1;~ 31·7 240B17+ 34·3 
180 27·0 180 28· 5 I 80 27·0 

180 + 70·9 180 + 65·2 180 + 68·6 
180 + 20·2 180 + IT4 180 + 19·6 
200 + o·o 200 2·2 200 + 0·4 

20 55·5 20 55·2 20 55·3 
100 + 808·2 100 + 806-5 100 + Sors 

I IC0.811 + 85 I ·9 

It will be observed that the meaus in t.he third column of this table 
an• in e\~ery ca.:se smaller thau the corresponding vahu~s in the second 
column, so that there ca11 be no doubt of the wide divergence of the 
day measures from the night n1easures obtained with the apparatus as 
used on the Holton Base. The total length of the base found by 
including the day n1easures is 17·0mm !Shorter than that found by exclud
ing them. This atnounts to 1./325 OOOth part of the length of the 
ba~e. This total length, however, is affected to a marked extent by 
tht\ 1neasures of September 4, made during rain and \Vind as already 
es11lajned. These adverse circnmstarn_'.eH afford sufficient reason for the 
re.i1cction of those rueasures; but it is proper to explain that the gen
eral effect of the winll on this {late was to increase the distance between 
tlie tenninal marks of the tape, and hence to ma.ke the resulting com
pntefl lP>I1gths of the sections mea:-::nred too small. Thh; arose from the 
fad that the wind blew briskly from a northerly direction, or nearly in 
tltt' (1irection of tl~e base, and lumee it tended to straighten and thus 
in('n•ase the working length of the tape, just as a strong breeze tends to 
t':.tra ig;ht.en a string attached to a fixed poiut at one end or to render it 
Parnlle.J to the direction of the current, w1licl1 is in g-eut•ral horizontal. 
The maxi1uum increase which such a cause conld prodnce in the dis
tance between the terminal marks of the tap~ as used is·1·55m•.u. This 
increase is much greater, of course, than a11y which is likely, but it 
set·tus probable that a quite appreciable fraction of that amount per 
tape length entered as an actual error into the 1neasures of the date in 
q lH_>Htion. 

A:-- to the results in the last column. in Table VII. it may be said that 
their agreement with those of the second column is fairly satisfactory. 
!t appears, however, that the day measures are not sufficiently 
lllcreased. 

( l 0) Errors of measurement.-· -The errors which give rise to the dis
cr:epancies between dllferent results for the length o-f a line measured 
Wlth a long tape may be conveniently divided ]ntO the two following 
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classes: (l) Errors of manipulation, or errors incident to the mere 
operation of placing or laying a tape length. They include errors due 
to lack of coincidence of the terminal marks of the tape with the defi11-
ing marks on the zinc or other marking plates, errors due to incorre<"t 
tension of the tape, errors due to friction of the tape on its supports, and 
errors due to defective alignment of the tape. (2) Temperature errors. 
'l'hese include all errors tending to give incorrect te1nperatures to the 
tape, except such constant errors of the thermometers as may affect all 
1neasnres alike. 

Uelatively, the second class of errors is by far the most formidable, 
since they tend at times toward the constant type of errors, but it. i;,; 
important also to give such information as is available with respect to 
the minor source. Accordingly we shall endeavor to separate the two 
classes of error. 

It 1nay be remarked that the errors of manipulation enumerakd 
above are all of the con1peusating sort, except that due to clefectiYe 
alignment of tlie tape. This error must, however, be "·ery small, sim·e 
flipping the tape when under tensio11 tends to make it perfoctly straight 
on lts supports. Even if the udddle of a 1oom tape lay one decimetre 
to one side of the straight line joining its ends (an error of alignnH'nt 
which may be regarded as hnposF.il>fo) the resulting length would be 
in error only 0·2111m; so tl1at, errorR of this kind, it is believed, are abso
lutely negligible. 

It appears from an inspection of the 1-esults in Table V, especially 
those for the length of the standard kilometre, that any set of 1nea:o;.ul'es 
of a section made within a short interval of iime was affected by more 
or less persif.;;tent temperature errors. This is, as already exp1ai1wd, 
very 1narked in the case of the da.y nieasures as cmnpared with the 
night measures; hnt the latte1' exhibit al~o some traces of the ~arne 

sort of error, whieh arises, it is thought, fro1n the rela,tively constant 
conditions of ra<liatio11 pertaining to any short line during a limited 
period of time. The full range of the resultant error of measurement, 
therefore, can be expected to appear only in numerous measures of a 
section made under widely varying conditions. Measures satisfying 
this requirement were made on the standard kilometre. The various 
measures of t11e other sections of the base, when taken as a whole, 
satisfy the requirement also, and we thus have two independent :--cts 
of data for determining the aggregate probable error of measurement 
of a section. 

In computing this error we shall consider the night measures only, 
since they alone, as shown by the measures of the standard kilometre, 
conform to the adopted equations of the tapes, and they alone are used 
in deriving the adopted length of the base. 

The standard kilometre was so accurately known from the iced bar 
measures of it that the discrepancies shown by the tape measures maY 
be treated a.s actual errors, and, other things equal, as affording tbO 
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best data for estirn.ating the probable error of a. single measure of a 
kilometre. The residuals found by Rnbtractiug the iced bar value of 
this kilometre (200 B 1, + 0·2rnm) from the se-Yeral night measures, taken 
individual1y, range from - 4·5 11u" to + 5.3mm. The uu1nber of these 
residuals is 21 and the smn of their squares is 117·:!; so that the proba
ble error of a single night niea::;nre of the standard kilonietre was 
± l•()mm. 

On the. other hand. if we cousid.er all the night 1neasnres of the sev
eral sections, iucludiug the standard kilonwtre (but excluding the 
~hort sectiou of lOOm for the reason that one tape length does not afford 
an opportunity for the development of the errors iu question), there 
are in all 4G measures of 6 sectio11s. '.I'hese sections vary in length 
from 5ooiu to 1,2oom, and hence it is essential to have recourse to weights 
in order to derive the probable error of one 1neasure of a kilouH.~tre. 
~1.ssumiug that the resultant error desirell is of the eompensating class, 
tlw weights of the different sections will va1•y inversely as their lengths; 
aud if we call the weight of one measure of a kilometre 1, the weight 
of one measure of a section n tape lengths long (nlOOm) will be 10/n. 
Iii order to exhibit the data furnisbed by the several sections for the 
probable error desired, the details are brought together in Table VIII 
f)(·low. The first column of the table gives the designation of the sec
tion; the second gives the number of measures of the section; the third 
gives the range an10ng those measures; the fourtb gives the weight of 
the section; and the fifth gives the su1n of the 'veighted squares of the 
residuals found by comparing the iudividual measures of a section with 
their mean. 

TABLE VIII.-Data for error of measurement. 

No. meas- Range of I Section. ures of Weightp. [.PvvJ 
section. results. 

vi. "'-· f1Zf'll. 

o to 1200 5 13· I 10/12 97'{ 6 
1200 2100 7 fro 10/9 23· }9 
2100 3000 4 5·2 10/9 I' 40 
3000 3900 4 3·9 10/9 )"80 

3900 4900 21 9·8 ( J 6-58 
5000 5500 5 1·3 2 1·82 

The total sum of the quantities [pvv] in the above table is 265·55. 
llence the probable error of one measure of a kilometre as shown by 
them is 

8. Ex. 37-29 
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This, it will be seen, is slightly larger than the value derived from 
the kilometre measu'1·es alone. 

Now, by means o:f this valne and the data afforded uy the determi11a.
tious of the tape lengths on the lOOm comparator, it is possible to 
derive an estimate of the maguitude of the error due to manipulation. 
By reference to Chapter IV, section 14, it is seen that the error of ont' 
determination of a tape length on the comparator was ± 0·20mm, and 
this is due almost wholly to error in the assigned temperature from rhe 
mean of six therrnorneter readings. Assu1ning that the ten1perature 
errors were no greater in field work than on the comparator, the proba
ble error of one tape length from the mean of two in place of six ther
mometer readings should be :±:- 0·20mrn v3; and heuce the probable 
error in the length of a kilometre, or the sum of 10 tape lengths, shoul<l 
be ± 0·20mm v30 = ± 1-Imrn. Since the probable error of measure
ment due to all 8ources of error was tonnd abov-e to be ± 1 ·7""11

, at mrn;;;t, 
we in:fer that the probable error due to errors of n1auipulation in one 
measure of a kilometre is 

± v-(1·7)2-=- (l~I)2 = ± 1-3mrn. 

It appears, then, that the prolmble errors due to the two classes of 
error (error of manipulation and error of temperature) were about eqnal 
in the case ot· the night 1neasures of Holton Base. Son1e doubt nrny he 
entertained as to the correctness of the above estimate of ± 1 ·lmm for 
the probable error due to ten1perature errors. Subsequent experiern·c, 
on St. Albans Base, in 18H2, unde.r somewhat different conditions, as 
explained in sections 20-27 below, does not confirm this estimate, bnt 
seems to show conchudvely that the error of operation is quite negligihJe 
in comparison with that of the ten1perature. 

(11) Probable errors of mca:n, lengths of sect·ions. (a,) Probable errors 
due to errors of me,a.'turement.-The mean lengths of the sections we 
shall adopt are those given in the second column of Table YII aboY('. 
The J)rohable errors of these mean values may be derived in two wa_y~, 
na1nely: First, by considering the several n1easures ofa section by them
selves; second, by considering the measures of all the sections aR a con
nected group of observations with weights dependent on the lengths of 
the sections for the individual llleasures and weights dependent on tlie 
numbers of measures of the sections for their mean lengths. The <lata 
for these two probable errors for the several sections and the resulti 11 f.' 
v;ilues of the errors are given in Table IX below. The first column of 
the tab1e designates the section; the second gives the number of meas· 
nres of the section m; the third gives the sum of the squares of t.lie 
discrepancies between the individual measures of a section and their 
mean, which sum is denoted by (vvJ; the fourth column g1ves the weight 
of tlie section p, which is the reciprocal of the n·umber ~of tape lengtbs 
in the section, unit weight being here attributed to one mea.s1Hf' of a 
siugle tape length, or lOOm; the fifth column gives the sum of the 
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weighted squares of the residuals, or r prnl, aud the last two columns 
give the pr9oable errors of the mean values of the sedion:-; computed 
frmu tl1e forn1nlas 

(1) =::I:: 0·6745 J-Jr1·} _,,and(:!)= ::±-: O·G74-5 /_ f J>~i·]~-. 
1H \nt-1) \, UIJJ (.:)1-') 

TABLE IX.-I)ata. for and prolHrble errors o_r mean len.r;ths of sections. 

Section. 

m. m. 
0-1200 

1200-2100 
2100-3000 

3000-3900 
3900-4900 
4900-5000 

5000-5500 

,:-.:o. rr1eas-
ures 1n. 

i 
! :----
i 
i 

5 .., 
I 

4 
4 

21 

5 
5 

[;--1r1J i >Yeight P.. 

-----~! 
117-55 1/12 

21-59 1/9 
I ~-S- 1/9 ·' -' 8·X2 l/9 

11fr58 1/10 
0·14 I 

0·91 I/~ 
'J 

I 

I Probable error. 

Uc·~·J 
I 1----··----

I 
I (r) (2) 

i 
I 
----- -

I 
I """. 7J1nt. 

9·55 I ±1·64 ±0·81 
2'40 ! :.+: ·48 ± ·59 
i ·54 ± ·73 ± ·78 
0'()8 ± -58 ± ·78 

I 1·66 ± "'6 ·' ± ·36 
0·14 :::L ·06 ± ·23 
0·18 ::! " ·15 =f ·52 

It will be observed that the probable error8 i11 the last two columns 
of the above table agree fairly well, and thus .iu:-;tit\ tlte assumption 
that the errors of mea.sure1nent with the tape apparatut> are of the con1-
pcusatiug sort, or tllat the aggregate error of measnrernent increases 
as the square root of the distance measured. \Ve conclude, also~ that 
tlw probable errors (2) are, on the 'vhole, the more tn1:-i,hvorthy, since 
they are not unduly affected by the exce~sively large or the excessively 
8Bia11 errors which appear in the measures of some of the sections. 

The probable error of laying a single tape length, as shown by the 
proeess (2), is ::I:: O·;:J24mm. Hence the probable error of one 1neasure of a 
kilometre is, by this process, 

± O·f>24rnm ../IO=± 1·66mm; 

and this may be regarded as the most trustworthy value afforded by 
thp mea:-;ures of Holton Base. 

'l'l1e probable error of m.easurement in the whole length of the base 
is, if we regard the measnres of the diffcre11t sections as wholly inde
pendent, the square root of the sum of the squares of the probable 
errors (1) in Table IX. This va1ue is ::I:: 1-99rnm. On the other hand, by 
tlw process (2) the probable error of the whole length of the base is 

l (12 9 9 9 10 l l) 1 l (" -
:r: 0·524·_~m rr + 7 + 4 + 4 + 21 + ~o + = :::r: • wnnn. 

These are equivalent to the 1/2 770 OOOth and the 1/3 330 OOOtb part~ 
respectively., of the whole base. 
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(b) Probable errors due to crror.r; of tape lcngths.-The probable error 
of the absolute leugth of either of the lOOrn tapes use(l in the rneasnre~ 
of Holtou Base may be taken as not exceeding ± O·O.')mm, as shown hy 
the discussion in section lu, Chapter IV; and we shall adopt this lilll
iting value in compnting the probable errors of the absolute lengt.li of 
the sections. Multiplying this error, ± 0·05mm, by the nnmbers of tapfl 

lengths per section, there result tor the probable errors of the several 
sections from this source 

1n. ni. mni .• 

Section 0-1200 ± 0·60, 
1200-2100 ± ·45, 
2100-3000 ± ·45, 
3000-3HOO ± ·45, 
3900-4~~00 ± ·50, 
4900-5000 ± ·05, 
5000-5;'.)00 ± ·25. 

It is worthy of remark that these errors are in c~very case bnt one 
smaller than the errors of 1neasurement shown iu Table IX above. Tlte 
exceptional case is that of the staudard kiloin.etre, who:o:.e adopted mt·irn 
length de1Jends on twenty-one measures. The probable error of 1 be 
whole base due to this source is± 55 x o-05mm = ± 2-75mrn, or 1/2 000 000tl1 
part of the base. 

(12) Adoptt~d length.~ and errors of sections.-Collecting the mean 
lengths of the sections given in the second column of Table VII, arnl 
combining the probable errors in the last column of Table IX with those 
given under (b) of the preceding section, there result for the lengths \YC 

adopt for the several sections 

m. m. mm. m1n. 
Section 0-1200 = 240B17 + 34·3 ± 1·01, 

1200-2100 = 180 27 ·O ± ·7 5, 
2100-3000 = 180 + 70·9 ± ·90, 
3000-3900 = 180 + 20·2 .±: ·9~, 

3900-4!l00 = 200 + O·O ± ·62, 
4900-5000 = 20 55·5 ± ·24, 
5000-5500=100 + 808·2 ± ·58, 

B 17 = 5m - 18·01.i. 

(13) Adopted length and proba.ble error of Holton Base a.~ memn1rrd 
witk the tapes.-The length we adopt for Holton Base as measured (JWt 

reduced to sea level) is the su1n of the lengths of its parts given in the 
preceding section; that is, 

liOOB17 + 851 ·9mm, 
wherein 

Bl'l = 5m - 18·0."' 

The probable error of this value, so far as it depends on errors of meas-
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11rement or those developed in the repeated 1nea . .;;ures of the ~e('ti011s, 
is given under (a) of sect.ion 12 a.s ± l·H!)mm or 1-(i;')"'"', }U'('.onli11g: a"' WP 

:ulopt the process (1) or the process (:!)of that seetio11. Tlu' probahle 
error iu the whole length due to error in the adoptt~d tape fo11gth:-; is, 
a::< stated in (b) of section 12, ± 55 x o-05mm = ± 2·75mm. 

It remains to consider the possible effects of errors of grades and 
alignment. These errors, though quite negligil,le iu the length of a 
~ingle section, may yet rise to an appreciable quantity in the. length of 
the \Vhole base. 

As to errors in grade corrections, it will be observed that they are 
of the comperrnating class, since errors iu determiuing the differences 
iu altitude of consecutive marking tables are as likely to be of one sign 
as another. The grade correction c for any tape lengtb, as explained 
iu section 3, is given by 

h2 
c - - ----' - ~s 

w1iere his the difference in altitndP of the two ends of the tape ands 
it;-; leugth. The effect of an error .:Jh in h is expre:ssed by 

h - J} 
.de= - "• ':!.Jh = - 2c -,, ,::.,8 i 

For a constant value of .Jh, therefore, the value Jc will vary as h. The 
~-:·1·atest value of h for the tape lengths on Holton Base was 1 ·72m, 
giving rise to a value of 14-79mm for c. Since the values of h were 
measured by two different observers at different times, and since all 
(liscrepant values were redetermined, it seems impossible that an error 
a:-; great as 2cm could have entered any adopted h. In the case of the 
al.Joye maximum value of h, the error in c due to an error .dh = 2cm 
would be 

.de= (14·79mm) x 4/172 = o-34mm. 

The average vaJue of h for the base was less than 0·4m, so t.J1at the 
average correction for grade was thus less than O·smm per tape length. 
U ence, since the errors under consideration are of the compensating 
~ort~ it is believed that their aggregate effect on the whole line was 
inappreciable. 

Errors of alignment in tape measures may manifest themselves in 
two ways. In the first place, the tape as stretched from length to 
length may not be parallel to the base. A lack of parallelism with the 
base to the extent of a decimetre iu the length of a tape 1oom long 
W-onld give rise to an error of 0·05mm. Similarly, any departure of the 
tape from a vertical plane through its ends won.Id give rise to an error 
of the same sort and sign. In the second place, any imperfections in 
the alignment of the support nails to a uniform slope for any tape 
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length would also produce a cumulative error. Both of theRe align 
ment errors make the measured length of' the base too great. Both 
errors are, ho-wever, very small. .A.n error as great as 0·2nnn from crook
eduess of the tape with respect to a vertical plane through its ends i::;, 
it is thought, of very rare occurrence. Errors (lue to defects in setting 
the support nails to a uniforin grade must be smaller per tape leng·fo 
tlian the former and of sti11 rarer occurrence. The 1uetlwd of setting 
the support nails is so easy and accurate that au error in position as 
great as 1 cm can arise only through accidents or blunders. 

Not.withstanding the indications that the errors in grades and align
ment are negligible, we shall attribute ± 1 mm as a probable error to 
each of these sources, since it is possible that so1ne blunders occuned 
in this first aJ)plication of the method and apparatus. 

"\\
7 ith respect to the two errors of1neasnreinent, :±: 1 ·99mm and± l·G;i"1111

, 

given above, we shall adopt the larger, in order that the precision nwy 
be underestimated rather than overestimated. 

Colle(~ting the several independent probable errors, which are to lw 
combined to produce the resultant probable error of the base, we have 
the following statement: 

Probable error due to errors of measurement ± 1·99m=, 
Probable error due to errors in grade ± 1·00, 
Probable error due to errors of alignment ± 1·00, 
Probable error due to errors of tape length ± 2·75. 

Taking the square root of the sum of the squares of these, tl1Ne 
results for the total probable error of the base as measured with tLe 
tapes 

This is eqnivalent to the 1/1 fiOO OOOth part of the baRe. 
For the measured Jeng-th, then. of lfolton Base, when expressed in 

terms of' the International l\.ietre, we n1ay write 

1100B1; + 851 ·9nllll + 3·GSmm 
= 5500·832m ± 3·6Smm. 

(14) Data for red1wtinn. to sea lei,el.-The heights of the marld11g 
tables used in the tape measures were all determined with refe.renec to 
the tops of the marking stones at the ends of the base. The stone at 
north base was found to be 2·61"' above the stone at south base. The 
average heights of the tape lengths for the several sections above the 
stone at south base are given in the foBowing statement. The valnes 
are derived by taking the average of the half sums of the heights of 
the ends of the several tape lengths for the sections. The slopC'H of 
the sections as measured with the tapes are so gentle that these 
average values are amply accurate for computing the reductions to sea 
level. 
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Average height of tape above south base: 

Section south base to l~OOrn stone 4·45m, 
12oorn stone to 2100111 stone 6·46, 
2lOOm stone to 3000"' stone 5·49, 
30oom stone to ;:moorn stone 3·48, 
3900111 stone to 4HOOrn stoue 4·63, 
4Uoom stone to north ba8e 3·99. 

B.-ST. ALBANS BASE MEASUREMENT. 

455 

(l5) Location of base and preparation for uwwmrenwnt.-St. Albans 
base is a line in the transcontinental chain of triangulation along or 
uear the tl1irty-ninth parallel of latitude. It is situated in the valley 
of the Great Kanawha river, near the village of St. Albans, Kanawha 
County, 'Yest Virginia. lt is about 3 900"' long, and extends in a 
liearly east and west direction along a closely level po1·tion of the val
l1 ~y. It is on the north side of and is parallel to the Chesapeake and 
Ohio railway, the west end being 17·Sm and the east end 18·4m 
from the nearest rail of the main track in 1892. 

This base was located in the summer of 1891 by Sub-Assistant 
\Yalter B. Fairfield. The terminal marking stones were provided and 
Het under the direction of Assistant .1\Iosman during the autumn of the 
sa.me year. A profile of the line and a determination of its height 
with respect to an adjacent triangulation station of known height 
were also made under Assistant l\1osman's direction by Mr. J. S. 
::)iebert. 

~rhis base was measured with the tape apparatus in the early part 
of October, 1892, by a party in charge of the writer, aided by Assist
ant E. E. Haskel1, Recorders 1\I. V. Saflord and Orville G. Brown. 
The line was cleared of brush, brambles, grass, and other obstacles, 
and the marking and support stakes for the tapes were set during the 
days October 1-9, 1892. These stakes were set iom apart, and the 
iuarking stakes were all carefully aligned with a theodolite. Special 
pains were also takeu in this work to make the spacing of the support 
nails uniform and to bring them accurately into coincidence with the 
1ine of slope for any tape length. Some special provision had to be 
made for supporting the tapes at an elevation of 3m to 5m for two tape 
lengths where the line crossed a ravine. But the supports for these 
t,wo tape lengths were no less stable than at other parts of the line, 
n11<l no difficulty was met in handling the tapes successfully at such 
altitudes. 

(16) ~£easurements of the base.-A measure of the base was made 
during the afternoon of October 10 with the 1oorn steel tape No. 85 in 
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order to afford practice iu manipulating the apparatus to the opera
tiyes, all of whom, except the writer, had had no experience with the 
apparatus. In this practice measure no record was kept of the set-up8. 
and some tape lengths were omitted, so that no results can be derived 
from it. The work of actual measurement was begun on October 11 
a11d continued until October 14. Two measures of the base, one in 
each direction, were made at night witl1 eacl1 of tl1e steel tapes Nos. 
8;3 and 88; and a daytime measure, in bright sunshiue7 was made with 
tape No. 88. 

In all the 1ncasures, l\Ir. E. E. 1:-Iaskell was the observer at the rear 
enu of the tape a1Hl l\fr. H.. S. vVoodward t11e observer at tbe front end. 
Tile thermo1neters from which the tape temperature was in:ferred were 
also read by these observers. An additional ther1nometer with a 
bright bulb, as explained more fully below, was read at the middle of 
the tape by J\fr. J\L "V. Safford, who also attended to the operati011 of 
flipping tbe tape and assisted in carrying it forward. The records 
were kept by 1\ilr. Orville G. Brown. The whole number of operatives 
employed in the work was ten. 

The base 'vas divided into four sections. These were all nearly one 
kilometre in length, except the easternmost one, which was about 86flm. 
The fractional part of a tape lengtb, uameJy, 69m, in tbis latter case, 
was measured on the tape when under the usual tension; 60m of this frac
tion (or, rather, three-fifths of a tape leugth) was obtained directly from 
the 2om sub-spaces on the tapes, while the remaining portion of um, 
a bout, was measured by rneans of an auxiliary 15m Chesterman steel tape 
divided to millimetres. The particular portion of the latter tape used 
was tested on the Mural Standard of the Survey on returning from the 
field, and found to accord sufficiently well with its nominal value. The 
whole fraction of a tape length (69m about) was on each occasion fixed 
on the tape by means of a light transverse line ruled with a brad awl. 
Tbe distance between the 60rn mark on the tape and the temporary 
line was measured in each case with the auxiliary tape immediately 
aft.er ruling this line, but as an additional check the same distance was 
remeasured in the daytime, so that it is practically certain that no 
appreciable error enters this fractional part of a tape length. 

The i-;everal positions of the tapes were marked on zinc }Jlates which 
were left in position until the work was completed, when they were 
numbered, oriented, and filed as part of the recor~. The "set-ups'' 
and "set-backs" made were measured and recorded at the time, but 
they were all carefully remeasured by daylight, so that no appreciable 
errors from this source can enter the measures. 

The measureR were referred directly: to the terminal marks in the 
monuments at the ends of the base and to the marking plates at the 
intermediate ends of the sections. These plates were nailed to very 
stable stakes, and there was no indication of any appreciable move-
1uents of them during the short period of four days oovered by the 
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measures. Any such movmnents, however, which might take place 
from day to day would not afiect tlic intervaJ between the terminal 
stones, since the base was 1neasured continuously from end to end 
whenever any measurement was ina(~e. 

(17) Determina,tion of grade corrections.-The differences in altitude 
of the consecutive marking tables were measured independently by 
.:\fessrs. Haskell and Safford. \Vlienever auy dil'>crepancies appeared, 
the work was re-examined by them, and it is believed that the adopted 
differences are trustworthy within half a centimetre in evt•.ry case, 
,,~bile the two largest of those differences were determined with a much 
gTeater precision. 

The maximum difference in height of the tables for any tape length 
"~as 3·571m, which gives a grade correction of G3·7Gmrn. The average 
difference in heigl1t per tape length for the several sections countiug 
from the west end were 0·37rn, 0·89m, 0·29m1 and 0·18rn. 

The grade corrections were computed in duplicate by :l\iessrs. Safford 
and Woodward, and the following are the resulting values for the 
several sections: 

'fn'ln. 

Section West Base to Stake 10 - 8·52, 
Stake 10 to Stake 20 - 93·58, 
Stake 20 to Stake 30 - 7·20, 

Stake 30 to East Base - 3·40. 

(18) Determinations of tape temperatures.-Mercurial thermometers 
of the same sort as those used on Holton Base 'vere used to give the 
tape temperatures in the measureuwut of St. Albans Base. But in the 
l1ope that the thermometers cou1d be made to follow the tape tempera
tures with greater certainty the aluminum sheaths used in the IIolton 
work were replaced by steel sheaths. These were made of very thin 
Rteel tape which was coiled into cy1inders just long and large enough 
tn slip over the thermometer bulbs and clasp t11eir stems. By anneal
ing, the surface of these coils was given a dull black color closely 
resembling that of the measuring tapes. A. disadvantage, however, of 
these steel sheaths over the aluminum oues lies iu their greater mass, 
whieh is about 0·50 grammes, and is about three times the mass of 
tlte aluminum sheaths. This increase in mass caused a notable lagging 
of the thermometers with respect to the tapes, whereas such lagging 
was very small when the lighter sheaths were used. The effects of this 
lagging, however, appear to have been well eliminated by the process 
of measurement adopted. 

·with the hope, also, that some light might be shed on the obscure 
question of the persistent diff~rence between the tape and the ther
niometrie temperatures during the day measures of Holton Base, a. 
thermometer with no sheath attached to it (or one with bright inRtead 
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of black bulb) was read in all the measures of St. Albans Base. The 
salient result revealed by this experiment is that during the daytime 
the thermometers with black bulbs (or sheaths) read uniformly higher 
and at night uniformly lower than the therrnometer with the bright 
bulb. This fact confirms what might be, of course, expected, namely~ 
that the tape and thermoineters· n1ay have persistently differing tem
peratures unless they have the same capacity for absorption and radia
tion. Another result of this experiment which may prove of value in 
further studies with the tapes is that the period when thermonieter.-; 
with bright and black bulbs give the sa1ne readings occurs shortly 
before sundown, and appears to coincide with the period of steady 
atmosphere.• But aside from. these results, interesting though they l•e 
in a general way, nothing came from the use of the therinmneter ·with 
the bright bulb. The temperature of the tape was inferred altogetlier 
:from the readings of the two thern1ometers supplied with the ~tee] 

sheaths. That the latter gave temperatures closely coincident with 
those of the tapes, except for the lag effect, wbicb waR in general \H·1l 
eliminated, appears to be demonstrated by the results of the seYeral 
measures of the four 8ections of the base. 

The therm01neters used in an work on St. Albans Uase were Nos. 
5598, 5620. and 5621 by Green. Table X following gives the conl'c
tions to be applied to the readings of these ther1nometers to bring t11em 
into accordance with the standard l1ydrogcn scale. The correction~ to 
5598 are those given in section 10, Chapter IV, the freezing point read
ing adopted being that of .January 21, 1892. The freezing point read
ings of 5620 and 5621 were deterinined by 1\-Ir. Louis A. Fischer, of the 
office of Standard Weights and Measures, in September, 1892. 

TABLE X.-Oorrect-ions to thermometer readings. 
----- ---------- -~--- --

I Correction to -
Tempera- I 

tu re. 

I \ I 5598. 5620. 561u. 
_I ' 
i 

b 0 0 i 0 

0 ·-0"10 -0·20 --0-25 

5 - ·12 - ·15 - ·20 

IO - -09 - ·21 - -26 
15 I - ·08 - ·25 - ·32 1 

20 - ·08 - -27 - -34 
25 - ·07 - ·25 - ·32 
30 - ·04 - ·25 - ·25 
35 - ·09 

' 
- ·23 - •28 

I 

(19) Tension correction and working lengths of tapes.-Spring bala11<•e 
No. 53 was used in all the work on St. Albans Base to give tension to 

* These two .periods are probably due to the same cause, to wit, equality in the 
q11lantities of radiant heat received and rejected by the earth a.t that time of day. 
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the tapes. Its index correctfon was observed on October 10, 12, 14, 18, 
and 21. The mean of the resulting Yalues, which vary from - 2·0 
ounces to - 3·0 ounces, is - 2·55 ouuces; or in the foru1ula 

T = T1 + ~ ( lt~ - Il + r), 

given in section 4, r = - 2·5;) ounces. 

The followiug values were also ollserved: 

lF = 4!l·.3 ounces, 
R = 33·0 ounces. 

The nominal value of the tension m;;ed ·was 

T 1 = 25 pounds. 

Hence the actual tension applied was 

T = 25 pounds 6 ounces. 

Since the standard te11sion is 2:3 pounds H ounces, the tension cor
rection is - 3·0 ounces, and the correction to t1Je standard lengths is 
- ~3xO·o47mru = - 0·14mm. The lengths of the tapes as used are then 
(see Chapter rv·, section. 17) 

nnn. mm. 
T 85 = 20 B 17 + 3·72 + 1 ·09·17t, 
Tss = 20 B 1; + 6·17 + I ·mH4t. 

(20) Results of the 1nea-stires of St. Alba.n.<; Basc.-Tab]e XI following 
gives the results of the measures of St ... Albans Base. The first column 
p;ives the date; the second, the time of day when the measure was 
made; the third, the direction in which the measure proceeded; the 
fourth, the mean temperature of the tape; the fifth, 'the temperature 
range, or the difference between the highest and lowest observed tem
perature of the thermo1neters; the sixth iudicates by the letters R and 
F whether the tern.perature was rising or fa1ling during the measure 
of a section, and tlie order of the letters indicates the order in which 
the changes occurred; the seventh gives the length of the sections in 
tern1s of the iced bar Bm the excess over a round number of tape and 
bar lengths having been measured with a millhnetre scale, and with a. 
li:>"' auxiliary ste~l tape in case of the fourth section; and the last col
lllun gives the number of the tape used. The values for the lengths 
given in the seventh colu1nn are not corrected for grades. · Since the 
whole base only was ultimately used, the total grade correction will be 
applied to the sum of the lengths of the sections. 
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TAnLE XL-Results of measures of .st. Albans Base. 

\VEST BASE TO STAKE 10. 

r I . , I lVIean Tern- iTemperaturej 
: 

No. i 
Date. Time of day. n1easure. tempera- ~c~a- \ rising. R, Value for distance. of 

ture. ra":i;e. falling, F. tape. 
' j 

ID>mfon of 
' 

--1 

r 

I 
I 

1892. p.m. 0 c. oc. ?7ltJZ. ' 

Oct. II 7:20- 8:02 v;. to E. 9·04 3·40 F 200 B 11 + 258·2 88 i 12 9:03- 9:44 E. \V. r62 2·70 R 244·5 88 I 

13 7:06- 7:40 \V. E. 13·30 3~00 ! F 252·6 85 
I 13 10:49-1 I;2I E. w. 9·56 I· IO l R 251·5 s· ) 
! 

14 2 :53- 3:16 \V. E. 32·1 I 1·40 R,F 248·1 88 i 
' 

STAKE 10 TO STAKE 20. 

I 
~ 

Oct. 8:02- 8:44 \V. to E. 5·92 2·80 F,R 200 B17 + 534·8 88 ! 
I I ! 
12 9:44-10:25 E. \V. 6·39 2·25 F,R 535"5 8S i 

13 7:40- 8:12 'W. E. 10·38 2·55 F,R 533"0 85 ! 
13 11:21-11:53 E. \V. 9·o5 0·80 F,R,F 85 I 536-0 
14 3:16- 3:49 \V. E. 30·47 0·80 I F,R 536-o 88 t 

I 

STAKE 20 TO STAKE 30. 

I 
8:44- 9:26 \V. to E. 6·23 I R,F,R I SS ' Oct. II 1·50 200 .017 + 527·0 ! 

! 12 7:40- 8:22 E. w. 7·84 1·60 R,F 524·0 88 i 
13 8:12- 8:44 w. E. 9·92 1·10 F,R,F 527·8 s~ 
IJ 9:45-10: 17 E. w. 8·75 0·70 R,F,R 528·9 1-;:. 

c) 

14 3:49- 4:02 w. E. 30·08 I·50 R,F,R 534·0 8;j 

ST AKE 30 TO EAST BASE. 

~ 
Oct. II 9:36-10:08 w. to E. 4·80 0·75 F,R 172.B11+ 9 325·5 8S \ 

I2 8:22- 9:03 E. w. 7·92 2·65 F,R 93 3·0 88 ! 
13 8:44- 9:16 w. E. F,R ss i 

9·24 0·50 9 321·4 I 

13 10:17-10:49 E. W. 8·57 1·00 F,R,F 9 328·6 S:; j 
I4 4:02- 4:26 w. E. 29·8o 0·95 R,F,R 9 333·o SS j 

I -! 

(21) Interpretation of results.-An inspection of the results i11 t11e 
above table shows the ranges amongst the individual measures of the 
several sections to be 13·7111m, 3-omm, 10·0111m, and 11 ·6mm, respectively; 
and the question which im.mediately suggests it.self is, why should the 
range for the section stake 10 to stake 20 be so much less than for the 
other sections T The l1ypothesis we offer in answer to this 9uestion 
aft(n·ds a satisfactory explanation of the ranges just mentioned, espe· 
cially those of the night measures, and clears up some of the peculiar
ities noted in the measures of Holton Base. It is based on the following 
considerations : 
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In case there is any relative lagging of the tape and thermometric 
teinperatures, its effect will be more or less eliminated in the mean of 
two measures of a section made the one nuder a rising and the other 
under a falling temperature. A similar elimination of the lag effect 
·will occur in a single measure of a section if the temperature is rising· 
for one-half and falling for the other half of the measure; aud, iu gen
eral, the lag effect will tend to eliminate itself if the temperature 
tluctuates to any considerable extent about its mean trend. The cou
<litions which obtained during the measures of St. Albans llase, so far 
a;.; they pertain to this lag effect are, in genera.I, well indicated by the 
data in the fifth and sixth columns of the above table; but it should be 
stated that the section stake 10 to stake 20 vras specially favorable by 
reason of its topographic couforrnation for eliminating the lag effect. 
The middle portion of this section was on low marshy ground compared 
with the ground at either of its ends, so that there was always a marked 
fol] of temperature on a.pproachi11g the low gTound and a marked rise 
OH leaving it, regardless of the direction of mea~urement. 

This answer, it 111ay be couceued, explains the small range among 
the results for the section stake 10 ·to stake 20; but if it is the correct 
auHwer, we should expect the means of the forward and backward 
measures of the other sections to show a similar degree of accordance~ 
since, as shown in the sixth column of the table, the temperature 
gradient was in general reversed with a reversal of the direction of 
measurement. The two night measures with each tape a1·e in this 
reHpect strictly comparable, since they were nu"tde u11der emHlitions in 
all respects similar; i. e. the sky was cloudless or uearly so, there was 
little or no wind, tbe preceding days had been very u1uch alike, and 
the ineasures were rnade at tiines when dew was condensing along inost 
parts of the line. That these means do so accord is shown by the 
H'.~ults in Table XII following, which gives the means of· the night 
na~asures of the sections made with the two tapes. For brevity the 
seetions are numbered 1, 2, 3 1 4, respectively: 

T.a.nt..E XII.-Means of forward and backward mea.surcs of the sections. 

No.tape. Section x. Section''- Section 3. 

I 
Section•· Whole Base. 

--

1tl17l. mm. ftt?n. '11111. m1n. 
88 +z51·4 +535"2 +szs·s +9 324·2 

I 
IO 636·3 

85 252·0 534·5 528·4 9 325·0 IO 639·9 

The accordance of these results leaves little to be desired; but for the 
reasons already adduced and for others given below, it is difficult to 
see how it can be otherwise than real. 

Although the fact that means of forward and backward measures of 
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a section indicated a marked elimination of son1e source of error wa~ 
noticed in certaiu of the 1neasures of H o1ton Base, the explanation of 
that fact, presented above, did not occur to me until after the night 
measures of St. Albans Base had been made. The full import of the 
exp1anation, indeed, was not appreciated until after the day measure 
of October 14 had been made; otherwise a reverse inea~mre of the line 
would l1ave been rnade on the latter day. , The particular measures of 
Holton Base just referred to are those of sections 2 100"' to 3 OOOm and 
3 ooom to 3 900"'. On referriug to Table V of section 7 it will be seen 
that each of these sections was n1easnrcd in both directions on Septem
ber 18 and again on September 19, 1891, under conditions favorable for 
the eliminatiou of the lag effect. The excesses over 180B17 of the 
means of the forward aud backward measures of the section 2 1oorn to 
3 OOOm for these two days are + 71·21nrn and + 70-7nrn•; and for the sec
i.lion 3 OOOm to 3 900m the eorresponding excesses are + 20·4mm and 
+ ~O·omm. Tbest>: exhibit a degree of accordance equal to that shown 

- in Table XII. A similar degree of accordance is shown in the forwanl 
and backward measures of the standard kilometre of Holton Base of 
September 30, October L and October 8, 1891, ou which dates the tem
perature gradients were favorable to the elimination of the lag effect. 
Attention has also been called in section 11 to the fact that the meas
ures of the standard kilometre show a less probable error than tlw 
measures o:f the other sections of Holton Rase. The reason for this i~ 
found, I believe, in the topographic conformation of that kilometre. It 
passed for 600m of its length througl1 a dense forest, leaving 2oom at 
eiflier end in open fields. In nearly all the night mea:;mres the ther
mometer readings show a rise of temperature on passiug from the open 
fields to the forest, and vice versa; which conditions, as explai1wd 
above, were favorable for the elimination of the lag effect in a siugle 
measure of the line. 

To recur to the nieasures of St. Albans Base, it is seen from the 
results in Tables XI and XII that the largest discrepancies are found iu 
every case whe,re, according to the hypothesis considered, they woulil 
be expected to appear. Thus, in Table XI the range is greatest in tlti> 
measures of the section West Base to stake 10, which presented tlie 
steepest temperature gradients; and in Table XII the range is greate:-;t 
in the case of the third section, which_, as appears from the data in tlie 
sixth column of Table XI, presented the least favorable temperature 
gradients. 

It sboulfl be noted, howe~r, t11at the difference between the night 
measures of the section West Base to stake 10 with tape· No. 88 is 
much gi·eater than that between the night measures with tape No. 85. 
The temperature gradients, in fact, indicate that the former differenct• 
ought to exceed the latter, but it is not clear that the excess should b(~ 
as great as it is. This apparent anomaly has le.d to a. compari~on ot 
the separate tape lengths of the night measures of this first section 
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v>ith the two tapes. It shows that the measures with tape No. 88 were 
for every tape length apparently longer in the one case and shorter iu the 
other by about o-7mm; in other words, if we are dealing with a lag effect, 
the tbernwmeters gave a temperature too high to the tape under a fall
iug gradient and too low under a rising gradient by about 00.7 C., and 
this error was persistent throng-ltout both 1neasures of the section. 
Attention has been called in Chapter rv, section 15, to a similar dis
erepancy in the behavior of ther-;e two tapes when placed alongside of 
oue another on the lOOm comparator of Holton Base. It is most 
probably due, as suggested in the section just referred to, to some dif
ference in the emissidties of the two tapes, but a study of all the data 
lias not up to the present time led me to auy clearer vie''T of the ques
tion. 

Jt remaius to consider the results of the day measure of the base of 
October 14, 189~. This was made on a cloudless day between 2 :53 and 
~ :2G p. m., and the mean temperatures for the several sections varied 
from 320·11 C. to 290.go C. Including this measure, the mean tempera
tures of the tape ranged for the different day an<l night measures of 
Pach section through nearly 250 C.; so that the aecordance of the day 
measures with the mean of the night 1neasures affords a pretty severe 
test of the equations of the tapes and of the ther1nometeric tempera
hues attributed to them. A glance at the data in the sixth aud sev
Puth columns of Table XI shows that the accordance of the day meas
ure is best, as it ought to be in conformity with the considerations 
adduced above, in the case of the :first and second sections, and worst, 
a~ would be expected, in the case of the last two sections.* 

'rhe differences between the <lay measures of the several sections and 
the means of the night measures of the same are 

For the first seetion 
second section 
third section 
fourth section 

11im 

- 3·6 
+ 1·2 
+ 7·0 
+ 8·4 

The average of these regardless of sign is tH)rnrn, or 1/200 OOOth of a 
section; while the average of the first two of them, which must be 
largely free from the lag effect, is only 2·4111rn, or 1/400 OOOt.h part of a 
section. From any point of view these discrepaucieH, when we bear in 
mind the wide range of teuqlerature involved, do not seem large; but 
When we consider them iu connection with the temperature gradients 
'"liich obtained during the day measure, it appears clear that, except 

_ ·It is now plainly regrettable that a reverse ineasure of the base was not made 
un 1.n•~1liately after this one, since it appears almost certs.in that the means of such 
i1a.Y nwasnres would have shown a very close agreement with the means of the uight 
tnea.~ures. 
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for the lag effect, the thermometers as fitited with the steel shields gave 
temperatures in very close agreeinent with those of the tapes duriI1g 
both the day and the night measures of the base. 

Briefly summarized, then, our interpretation of the results of the 
measures of St. Albans Base is that the rr1ost formidable errors to 
which they were subjeet arose from lag of the thennometers as fitted 
with the steel shields; that these errors were well eliminated in tlie 
means of the forward and backward night 1neasures with either tape 
for all sections, and well eliminated in all the individual n1easnres of 
the second section by reason of its topographic conformation; arnl 
finally, that the result of the day measure is too great by reasou of 
uncompensated lag effect which lies chiefly in the lengths of the two 
easternmost sections of· the base. 

(22) Values for measured lengths of base and probable error of mcas
urenient.-The value we shall adopt for the entire length of the base i:-; 
the mean of the four night measures, since all our experience indicates 
that the tem.perature uncertainty is in general least in night measure:-;. 
and since it appears certain that a considerable lag effect was elimi
nated in the rneans of the forward and backward llleasures of this base. 
Accordingly, the value we adopt is 

772B11 + 10638·1mm, 

or the mean of the results in the last column of Table XII. 
If, on the other hand, we include the day measure and give it and 

each of the night measures the sanl.e weight, the result is 

772B17 + 10640.7=m, 

wbicb differs but 2·6mm from tbe adopted value. 
The results of the several measures of the entire base, in the order in 

which they were made, are 
m1n. 

Oct. 11, 1892, 772B11 + 10645·5, 
12, 1892, 27 ·07 

13, 1892, 34·8, 
13, 1892, 45·0, 
14, 1892, 51·1. 

The range among these is 24·Jmm, or 1/160 OOOth part of the base. Tho 
range of the first four, or the uight meai"mres, is 18·5=m, or 1/209 OOOth 
part. The greatest divergence from the adopted mean is that of the 
last, or day measure. The amount is 13·omm, or 1/298 OOOth part. 

The mean lengths from the f"orward and backward measures with tlle 
two tapes are 

Tape No. 85, 
No. ss, 

mm. 
772B17 + 10636·3, -
772B17 + 10639·9. 

The difference of these is 3·6nnn, or 1/1 070 OOOth part of the base. 
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fn eomputjng the probable error of measureme11t from tlte data 
:itlbrded by r.rables XI and XII, we-• may proceed ac<'ording: to several 
h;q)otheses. TJising 1 kilometre as the unit of distance to which :-;uch 
probable error refers, we may assume (a) that all of the night and day 
measures of the seYeral sections of the base are of equal weigbL and 
that no elimination of systematic error results in the mea11 of a forward 
<llld backward measure; (b) that the night measures should be cousid
f'1·ed by themselves and treated as if they involved no errors due to 
lagg·ing of t,be thermometers: (c) that the means of the forward a11d 
backward measures given in Table XII are more or less free from error"' 
dne to lagging, and that such means are alone competent to give an 
i(lea of the attainable precisiou. 

The errors which result from each of these hypotheKt'K will now he 
g·iven. Let E,., E,,, E,. =the probable error of one 1n{':asure of H ki1ometre 
according to the suppo:-;itioni;;:, (a), (b), (c), respectively. 

m =the total number of inllependently ob$erved qnantitie:-o, or 
total number of measure8 of the sectious, 

= :!O for supposition (a), 
= 16 for suppo8ition ( b ), 
= 8 tor supposition (c), 

[t·1·] = sum of squares of the discrepancie8 between the iudividual 
measures of the sections and their means, respectively. 

Then from ~rabies XI and XII we find•· 

[·m~] = ~;)0·57 for supposition ~a), 
= 14~·94 tor supposition (h), 

_ 4·80 for supposition (c). 

According to the method of least square8, when we have m measures 
of' equal weig;ht. ofµ unknown <1uautities~ the probable error of a single 
T1lt>asure is expresl'ed by 

1t1 the present case the unmber of unkuow u quantities, or "' is 4, the 
Hnmber of sections of the base. Hence for tlte several suppositions we 
have ni - µ = 16, 12, 4, respectively. These data then give 

llt:IU. 

E,, = ± :.!·H7 
1:'11 == -± 2-:-~:~ 

f,, = ±. 0·74 

,. The sections are tre<ated a.s of Ntnnl length, the IUodification arising from the fact 
that the ~ection from stake 30 to East Base is t::mm short of' a kilometre heing unim-
portant. - ·· 

8. Ex. 37-30 
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It may be observed that if the meau values in Table No. V, from 
which E" is derived, are not to a marked extent free fro1n systematic 
error, as is assumed, w<~ should l1ave by the theory of errors 

But the actual relation is Ee= 0·32Eb, or the ratio of the two errors ii; 
less than half as great as it should be if the hypothesis (c) were f'a1~e. 

It 1nay be observed, a.lso, that the work of determining the ta1w 
lengths on the 100111 comparator of Holton Base affords an indirt>et 
n1eans of estimating the extent of the temperature error involved i11 the 
n1ean of a forward and backward measure of a kilometre_; and henee 
some additional light may be gained concerning the magnitude of the 
error of n1anipulation, which latter, a.s revealed in the tape measure:-. 
of 1-Ioltou Base, was briefly discussed in section 10 above. As sho1Y11 iu 
Chapter IV, section 15, the probable error of" a single determination of 
a tape length on the lOOm coIJ1parator was ± 0·20111 m. This, as explai11ed 
in the chapter referred to, is due almost wholly to temperature error::; 
in the mean of six. thermometer readings. It involves the lag effect to 
a slight extent, and hence ought to indicate a larger temperature corn· 
ponent in the probable error of a mean measure of· a section of St. 
Albans Base than that shown from the actual observations, if in the~e 
latter the lag effect was well e1in1inated. Assuming the above error of 
± 0·2()mm per tape length to apply to the field work jf six thermonwte.r 
readiugs were 1nade, the value for the actual ca,se, wherein but two 
such readings were observed, is ± 0·20mm v 3. vVith this as the iwoh
able error per tape length, the probable error of the su1n of ten t-:neh 

lengths is ± 0·20mm -/30, and hence that for the m.ean of two such 
measures is 

This is slightly greater than the value of Ee given above. It shows, f'n 
far as it goes, a satisfactory elimination of' the lag effect in the mean:-: 
of the forward and backward measures of the sections of St. AJhan:-: 
Ba8e, and indicates that the error of manipulation is really mueh kss 
than was inferred in section 10 frorn the measures of Holton Base aloue. 

Lastly, it should be remarked that the value E,, =::I::: 2·331
1l

111
, deriYed 

by URing the night measures of St. Albans Base, is considerably Ian.!·"'r 
than the corresponding value deduced from the night measure~ of 
Holton Base, namely, ± 1-74nrn•, g·iven in section 10 above. The nwiu 
reason for this lies, undoubtedly, in the fact that the steel sheaths u;-;ed 
on the bulbs of.the thermometers in 1892 caused much greater lag·_g1ng' 
than the aluminum sheaths used in 1891. The exceptionally fa.voni l>le 
conditions of the standard kilometre of Holton Base for eliminntiug 
the lag effect have been alluded to in the preceding section, and this 
circumstance also tended to make the probable error of a single meas
µre of a kilo1uetre in the Holton work sniall~ 
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Tape mea,sures of St. Albans Ba,rw. 

Now as to probable error due to errors of n1easurement in the whole 
length of St. Albans base, three values dependent on the suppositious 
(a), (b), (c), may be derived; and a fourth value may be computed 
from the difference between the mean lengths for the whole base from 
the night measures with the two tapes. The latter process, it will be 
noted, should give the smallest probable error, since it does not involve 
tlJe posiodble errors due to 111ovemeuts of the inr,ermediate section 
stake.<::., though such movements, it is belie·ved, were very small. The 
first three of these probable errors are 

-runt. 
Ea v47~ = ± 2·3U according to sn pposition (a), 
Eb v4/4 = :::l::: 2·33 according to supposition (b), 
Ee ..;4/2 = ± 1·04 according to supposition (c), 

For the fourtli probable error we find ='-= o-umni. 

Expressed as fractions of the length of the base, these probable 
errors vary fron1 1/1 620 OOOth to 1/4 300 OOOth. 

The errors just discussed, or those developed in repeated nieasures 
of a. line, appear to be the only errors of n1easnren1ent which need be 
eom;,,idered in connection with St. Albans Hase. In eomparison with 
these, the errors in grade corrections~ i11 alignmt_-mt, 111 transfers to per
manent marks, and in the measurement. of fractious of tape lengths, 
are trifling-. As already explained, special pains were taken in the 
alignment of the support and marking stake~ and in the determina
tion of grade corrections. \Ve may allow, however, for possible cou
i ributions of error from the latter sourees hy adopting ± 2·0mm as the 
p1·obable error of 1i1easurernt--':11t. 'l'hii.;, it will be observed, is but little 
less than that given by supposition (b), which takes uo accouut of the 
dimination of the Jag· effect, and would appear to materially under
f'l.:;timate the precision actuall;\· attained. 

(23) Probable error of ba,se due to errors of tape lengthx.-Frou1 the 
t'\'idence adduced in Chapter IV, seetion 1(), it appears that tlw prob
able errors of the tape length:-; as determined on the 1oom comparator 
of Holton Base can not exceed :± O·O[)mm within such ranges of temper
ature as are likeJy to be met in ordinary ·work. For such temperatures 
as obtained during the night measures of St. Albans Base, the prob
able error per tape Jength, if computed from the formula given in the 
~Pction of Chapter IV just reforred to, would b~ somewl1at less than 
::l:: 0·05mm. One circumstance, however, leads me to adopt a larger 
Yalue. It is this: If we use the mean lengths of the sections of St. 
A I bans ,Base given in Table XII to com put~ a correction to the differ
f'ttce in lengths of the tapes at oo C., the 111ean value of such correc
t.ion is found to be ::I:: O·OH11"" ± o.095mm, indicating that the differe11ce 
in length of the tapes at oo C. should be 2-~uuu iustead of 2-45mm, as 
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given by the equations of the tapes derived in Chapter IV. Subse
quently to the measurement of St. Albans Base the tapes were com
pared directly on a 1oom section of the base. ~.o\.n account of thi~ 
work is given in section 26 below. It indicates a correction to tbt· 
difference of the tapes at 0° C. of about the same amount as that j"ast. 
mentioned and with somewhat greater certainty. The amount of this 
discrepancy, it will be observed, is of about the same magnitude as its 
probable error derived from the .expression (9), section 16, Chapter rv·, 
namely: 

-V(0·055mm)2 + (O:o5·gmn1)2 = ± O·o8m'", 

so that no great weight can be attached to it when considered hy 
itself. But inasmuch as the lengths of the tapes ·'""'ere detern1ined by 
observing on them with micrometer microscopes having a power of 
27 diameters, while in applying them to measure a base a hand mag
nifier or the unaided eye is used, it is possible thatj some constant error 
n1ay have thus entered the llleasures of St. Albans Base. :F'or t.hi~ 

reason the extreme value of ± 0·06mm wiH be taken for the probabll· 
error of the tape lengths in those measures. rrhis, as shown in seetiou 
16, Cl1apter TV, js the probable error of the tape lengths given h.v 
their equations for such temperatures as 0° and 30° C. 

Since there were 38·7 t.ape lengths in the base, the probable error of 
± 0·06mm per tape length gives ± 2·32m.m as the probable error of t11e 
whole base due to this source. 

(24) Corrections to measured length of basc.-To the adopted mean 
length of the base given in section 22 above, three corrections ar(\ t~) 

be applied, namely: (1 ), correction for grades; (2), correction for error 
in thermometer corrections used in the computation of the 1engths of 
the sections of the base; (3), reduction to sea level. 

(1) Since the entire length only of the base is needed, tlie sum of 
the grade corrections may be applied to the adopted measured Jeugtb 
given in section 22. This sum, the tenns of wbicb are given in section 
16, is - 112·7rn111

• 

(2) The thermometer correction15 which should have been applied i 11 

eomputn1g the length of the base are those given in rrable X, section 
17. The means of the corrections to Nos. 5•398 and 5620, whfoh alotw 
were used to give the tape temperature!'\, vary from - 0°·135 to 
-OO·l 75, giving thus a practically constant value of - 0°·155, whfrh 
we adopt as the correction to be applietl to the n.1eanl':I> of those ther, 
mometer readings fbr the entire work. The corrections actually 
applied in computing the lengths of the sections of the base were, h.v 
reason of an error in making up a table of corrections, all numerica11.v. 
larger than those by the foUowing amounts for tbe several sections of 
the base counting from the west end: 

First section, ou-028, 
Second section, O ·02:!, 
'l'hird section, O ·021, 
:Fourth section, 0 •O!H. 
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Since the thermometer corrections are all negative. and since the rate 
of expansion of the tapes i:-; 1 ·09"'"', thP. <~omputed leng·th of the base 
is too short hy 

1·09n>m ; 10 (0•028 + 0·02:! + 0·021) + 8·7 (0·021)} = O•H7mm. 

The correctio11, then, to the measured length of the ba8e from this 
source of error iR 

+ O.H7"'"'-

(3) Com1~lete data for redudion to sea level are not at present 
available. Table XfII following, ho\vever, gives the heights of the 
sP.veral marking tables with re~µect to the top of the marking stone 
at "\.Yest Base~ and also the mean heights of the several tape lengths 
referred to the same datunt and counting; from "\-Vest Base toward the 
east. Every tape length i:'l. to be understood as lOOm long, except the 
thirty-ninth or last~ which is hut 7om long. The plus sign signifies 
that the tables or mid tape lengths were higher, and the mi-nus sign 
that t.bey were lower than the datum. 

'£ABLE XIII.-Heigltts of marking tables and 'mean heigh.t.<J of 
tape lengths. 

1 ~lean !t 

____ He-ig_h_t_,_•t'-t>blo °':-- ... / '.';'~\'!:jib II 
/,;,d. Frd. ![ 

\.Vest Base+ 1·191 Ii 
Stake -+ 1·848 -l.- 1·519 i', 

0·655 

I 
' 2 + 1·252 I 3 - 0·079 + 0·288 

4 + 2·035 + 0·9j8 II 
i 5 -+- 2·894 + 2·464 i 
j 6 + 4·154 + 3"524 i 

7 + 3·938 + 4·046 I 
8 + 2·723 + 3·330 ' 
9 + 1·269 + 1·996 

IO + 3·592 + 2-430 I 
11 __j__ 5·8oo +- 4·6961 i I 

12 + 3·670 -+-~ 4·735 
13 - 8·044 - 2·187 
14 - 13·36o - 10·702 I 

15 - 13·368 - 13·364 
t6 - 13·773 - 13·57o 
17 - 8·856 - 11·314 
18 -- 9·492 - 9·174 
19 - 8·588 - 9·04o 
20 - 7·648 - 8·II8 

Heigl1t of tahle at-

~take 21 

22 
2·~ 

.} 

24 
25 
26 
27 
28 
29 
30 
31· 
32 
33 
34 
35 
36 
37 
38 

East Base 

Feet. 
- 6-575 
- 5·184 
-- 5'495 
- 2-966 
--· 2·719 
-· 2·461 
- 4·139 
-- 4·299 
-- 4·615 

- 2·925 
-2·596 
-- 2·239 
- 2·249 
- 2·175 
-2·16o 
--- 2·252 
-0-675 
+ 0·995 + 2·Jo1 

Stone, E. B. + 1·533 

j 

I 

I 
I 

-

: 1\lf'.RU 
' height of 
, tape length . 

. Feet. l 
---7·112 
-- y88o 
-5·340 
-4·230 
- 2·842 
- 2·590 
-3·300 
-- 4·219 
-4·457 
-3"770 
- 2-76o 
-2·418 
- 2·244 
- 2·212 
- 2·168 
- 2·206 
- 1·464 
+0·16o 
+ 1·548 

The sum of the mean heights of the tape lengths in this table is -103·7 
foet. Hence the average height of the tape above the stone at WeRt 
Base was - 2-66 feet. • 

-For the several sections of the base, counting. them as hitherto fr01n 
the wes~ end, the average heights of the tape were + 2•18 f'eet, -6·80 
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feet, - 4·37 feet, and -1·53 feet, respectively,_above the stone at "\Vest 
Base. 

(25) Adopted length and probable error of St. Albans Base.-The value 
fur the cmnputed length of the base adopted in section 22 is 

772B17 + 10638·1 mm. 

where B 1 ; iH the length of the iced-bar No. 17, as used on the 100"' com
parator of Holton Ba.se. This l"ength is, a~ g;i ve11 in Chapter II, ~ec
tiou 2~~, in terms of the International Metre, 

B 17 = 5rn - 18·0,.. . 
Thus 

77:JB17 = 3860m - 1 :3·896111
"'. 

Hence, introducing this value, and app1ying the corrections for grade 
and error of applied temperatures giving in the preceding sectiou, 
there results for the measured length of St. AlbanA Base :1870·512111 • 

The adopted values of the independent errors whm;e resultant give:-; 
the probable error of this 1ength are given in Aections 22 and 23. They 
are-:-

Probable error due to errors of measurement, ± 2-00m, 
'" ·• H " •• of tape lengths, ± 2·32. 

Taking the square root of the sum of the squares of these, we have for 
the total probable error of the base as measured, ±3·06rn1". This 
amounts to 1/1 260 OOOth part of the base. 

"\\r.e write, then, for the 1neasured length of St. Albans Base• 

:3870·512m ± 3·Jmm. 

(26) .Results of special experiments with tape.'l on 8t. Albans Ba,.'le.
After the measure1nents· of St. Albans Base were completed, certain 
experiments with the tapes were 1uade· with a view, first, to redeter
mine their relative lei1gths; and second, to learn 1nore of their behavior 
under varying temperature conditions. Incidentally, also, the ques
tions of friction of the tape on itR supports and its elongation for sma11 
increments to the normal tension, were reexamined. 

For these purposes, a tape length of the base presenting average 
conditions was selected and used as a comparator. In place of tlw 
IDarking stakes for this tape length, well seasoned wooden posts wel't' 
set firmly in the ground. On one of these posts a, zinc plate having a 
fine reference line ruled ou it was fastened. On the other post a beav;v 
brass plate carrying an ivory scale 5cm long divided to half millimetre~ 
was secured. These two terminal marks and the intermediate support; 
nails were put in the same horizontal plane. The tapes were stretched 
and aligned on this comparator in precisely th~ same way as in field 
----------~ 

,. The approximate elevation of' the base above sea level is 18()m. Thie gives a 
correction of - 1Q9mm to reduee the meuured length to sea level. 
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Experiments 1rith tapes on 8t. A lban.s Rase. 

work, except that the stretcher at the rear end was fa:;;tened once for 
all in a rigid framework, and the position of the tape eontrolled by 
the s1ow-motiou screw of the balance l1ook to which the tape was 
attached. Variations in length of the tapes were thus ol,served at the 
front end by means of the ivory scale, wlticb conltl be easily read to 
tenths of millimetres. The thennometers pro,~ided with steel shields 
'vere placed 1om from either end of the tape and l'Ntd by the obseryers 
at the ends of the tape, while a thermometer with bright bulb was 
read at the middle of the tape length by the obsern•r at that point, wlw 
also flipped the t~tpe a8 in field work. 

Observations on the tapes were made on this comparator on October 
18, 19, 20, 21, and 24, 18~)2. On the fir~t frmr dates the obse1Tations 
were made accordiug to the following programn1e: One of the ta1•es 
being put under tension and bronght to I1ea.r coineidence with the 
reference mark at the rear end, the thermometers were first read; the 
observer at the rear end then brought the rear end graduation of the 
tape accurately to coincillence with the reference ma.rk at that end aud 
~ignaled this fact by one blast frou1 his whistle. Thereupon the observer 
at the middle of the tape flipped it. As soon as the vibration of the 
tape ceased the observer at the rear end signaled the observer at the 
front end to read the scale. This being done the thermometers were 
aga,in read. Then the other tape was put under tension and a similar 
~et of obserYations made on it and the thermometers. The time required 
to make such a series of observations with the two tapes was on the 
average about five miuutes. 

On October 24 tbe tapes wei·e obRerved on separately, one during 
the forenoon and one during the a:fternoon, and the thermometers were 
n·ad but once, and that immediately after the observations on the tape. 

The experiments were carried on regardless of the weatlwr except 
that they were discontinued when it was rainy. They began, as a rule, 
about 9 a. rn., and continued until about 9 p. m. Very Yariable condi
tions were thus· encountered. The early mornings of the dates of 
11bservation were generally cool and foggy. As the fog was disRipated 
the temperature rose rapidly and then fell less rapidly toward sun
down. The total temperature range was from 5° to ,35o C., and the 
daily ranges varied from so to 23° for the different dates. · 

'J'he results of the experiments were comput~d in tlte field l>y Messrs. 
Haskell and Woodward, and subsequently revised at tl1e office by Mr. 
Safford, who also plotted all the temperature, tape-length, and cloudi
llPss curves supplied by the da.ta. A study of the numerical data aud 
of their graphical representation reveals the following special eba.r
aderistics of the experimeuts: 

(1) That the temperatures of the tapes were influeneed to a considera
ble extent by the local conditicns, which torced them to undergo certaill 
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typical change~ of Ieng-th dependent on the type of day. The Uw1·
u101neters with steel ~heaths, while tC:lllowiug· the chauges of tape tem
perature fairly well, indicate s01ne ~ystematic differences dependent 011 

the local conditions and on fagging. The discrepancy between the tape 
and thermometric temperatures rose in extreme instances of rapidly 
varying temperature, as with alternating· cloud anfl sunshine, and "vitli 
alternating- currents of hot and cool air, to 3° C. 

(2) That tbe systematic character of the discrepancies betweeu tape 
and therinon1etric temperatures disappeared largoly after sundown. 

In order to derive the difference in length of the two tapes the 
quantity IJ-T0 • where D is the distance between the terminal mark~ 
of the cmnparator and T 0 is the length of either tape at oo C., was com

puted :for each set of observations by means of the known rates of 
expausio11 of the tapes. It was assumed for any date wh"-n the bvo 
tapes were simultaneously under comparison that D remained constan1, 
though the difterence iu lengths of the two tapes is practically fre1:· 
f"ron1 any change which may have occurred from day to day in that 
interval. Table XIV following gives a summary of the results of the 
tape comparison computed in the way just described. The first colnnrn 
gives the date, the second the number of comparisons on that date. 
the third an<l :fourth columns give the mean values of the resulti11g
differenees IJ - T 0 for the re~pective t.a.pes, and the last column give~ 
the difference in length of the two tapes at oo C., found by subtracting 
the result in the third column from the corref'loponding one in the fourth: 

TABLE XIY .-Observed difference of tape lengths at 0° C. 

------·-·· .. ··--~ ~·-·, ~~---I Date. r c~~p~:·i- :M~~: v:l~~-~~D-:~n~OT~; 
j_. ---······-·· .... \ _ _::_~~-~ _Tape 85: _\ __ _?'~!:~-~~·---

' 

i 1892. 11nn. 
Oct. 18 14 --0·68 

19 
20 

21 

13 
21 

24 

-,-0· 10 

-0·78 
-0·70 

11llft. 

-3·37 
-2·74 
-3·41 
-3·05 

7;.,. - - :r..,, 
at o" C. 

7ft7ll. 

.Lz·69 
2·84 
2·6;,) 
2·35 

--- ---- -- --------·--~--------~~~-~--··- _____ ! __ ·---------~·--·----~- -~--

In deri_ving a final mean value of T 88-T85 from the results in tbe last 
column of the above table it is thought best to assign weights propor
tional to the number of comparisons, except in the case of the result nf 
October 20. On this date the observations were not extended into the 
night, and the result from them is for this reason of less weight tbau 
the other results. Hence we assign a weight 2 to the result of Octobt>r 
21 an<l a weight 1 to each of the other results. Their weighted meau 
is then 

+ 2·!)7rnm ± o-01rnrn. 

'l'bis is largor by 0·12mn; than t.be difference in length of tbe tapes 
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furnished by their equationH given in section 14. Chapte1· IV. This 
lat.tel' difference is 

as 8bown in section 23 above. The discrepancy 0·12rum is thus only 
once and a half times its probable error, so that we can not infer wit,h 
any considerable probability that an:v ('.bang(~ ilt the relative lengths of 
the tapes haR occurred since their absolute lengths were detennined ou 
the Holton comparator. It is possih1e, however. as remarked in sec
tion 23, that this discrepa11cy may arist• from a lack of defining power 
of the band-magnifying glasses rn~ed i11 tbe tape l'Omparisons at St . 
.Albans. Such power would not, it is believed, preclude tlw occurrence 
of an actual error equal to this di8en~pancy. It u1ay he ren1arked, 
however, that tlle maxhnum possible f'rror of St. Albaus. Ba.Re due to 
tliis discrt:.~pa1wy, even if real, is ouly 8ligbtly greatpr than one two
millionth part of its length. 

Fina.Hy~ it seems worth while to give tlJe results of certain observa
tions made on October 24, 18H2, for the purpose of gett.ing an idea of 
the error involved in the operation of laying and stretching tbe tave. 
Jt happened on this date that very favorable conditions for det<';rminiug 
this error presented themselves. That is, the temperature was very 
l'iteady, the sun being obscured by elouds; there was equilibrium of 
nuliation as shown by the near equality in readings of the thermome
ten; with black a.nd brigbt bulbs, and there was little if any wind. 
Uuder these circumstances three set.s. of observations were made with 
the tape and thermou1eters iu the same way that observations are made 
in measuring a Jine, except that the t.ape was not removed from tue 
i-;npport nails of the comparator, and that the position of its front end 
wa~ 1·ead on the millimetre scale instead of being marked. on a. zinc 
plate. The tensiou of the tape. was in each case brought up fron1 zero 
to t.he standard a1nount, and all other operations performed in precisely 
the same manner as in the wo1·k of measurement. Table XV below 
;:i:ives the results of these obser\~ations. The first column gives the 
limiting times of day of the groups of observatio11:.;; the second gives 
ilie temperature observed by tl1e tl1ermometers; the tbird gives the 
reading of the tape on the scale at its front end, the tape being set in 
t,ach case to coincidence with rue ma.rk at its rear end; the fourth gives 
the values of I>-T0 , or the difference between the comparator interval 
and the length of tlie tape at 0° C.; and the last column gives the dis
<'n..,pancies 1' between the individual results fo1· any group and their 
mean. 
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'l,ABLE XV.-ResuJts of observations of error in laying a tape length. 

[ I 
I ' 

Ti1ne. Tempera- ! Scal_e read- ~ I>- T v 
lure. \ 1ng. '" (C--0). 

1--- ______ I ______ -. --- ------- - - --- ------

1892. I 0 I nun. 1Jl1ll. ?Ill#. 

Oct. 24, 4:29 I I I ·51 l 12·5 +0·10 -~-0·05 

I 
I 1·36 12·3 ·14 ~ J,__ ·01 

l 1·36 12"2 ·24 ·oq 
l I ·26 12-1 .. 23 ·08 
l 1·2 I I 2• I •I] ·oz 
I I· I I 12· 1 ·06 -T-- ·09 
I I· 16 12·1 ·12 + ·o~ 

-~ 

4:35 I I· I I 12·0 ·16 ·01 

4:50 10·27 I 1·0 +0·24 +0·02 

10·32 I 1·0 ~Jo ·04 

10·32 I 1·0 ·30 . ·04 

10·37 I I· I ·25 + ·01 

10·32 . I I· I ·20 ·06 

10·32 I 1·0 ·30 ·04 

10·32 I 1-0 ·30 ·04 

4:57 10·42 I I ·2 ·21 -~ ·05 

5:04 10·22 I I· I +0·09 --Lo·o1 
10·22 I I· I ·09 + ·01 

10·17 I 1·0 -13 "O) 
10·22 I 1-0 ·19 ·09 
10·22 I I• I ·09 I ·01 ,-

5:10 10· 17 11" I ·03 + ·07 

! ------------ ·-··-

The residualR given in the 1ast column of tbis table arise from error:-. 
in defining the positions of· the tape at itH ends, from friction of tl1e 
tape on its supports, and from variations in temperature of the tape 
not registered by the thermometers. Presu1nably, the latter sour<'(' 
contributed litt1e to the resultant error during the short periodK of 
time covered by the groups of obervations; but whether allowance lw 
made for the temperature error or not, it a1)pears that the operatioll of 
placing and stretching the tape was subject to very small errors. 
Thus, the average value of the residuals in the table iR d::: O·o4mm, the 
inaximu1n 0·09mm, and the corresponding probable error of a single 
value of _D - T 0 is± O·o3rum. The probable error of laying a single tape 
length is undoubtedly somewhat greater than this amount under sueh 
conditions as are met on the average in field work; but it seems essen· 
tial to conclude fro1n the above observations that the more formidable 
errors which affect such tape measurements as have been described in 
the preceding pages arise fron1 defective means of getting the tape's 
temperature rather than from imperfections of manipulation.+ 

c *The results of the experiments on the elongat!on of the tapes for increments to 
the normal tension are given in Supplement B, section 5. 
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R r PPLF.:VIENT _\. 

(J) ?\~aturt~ ofjie.i:ure considercd.-~\K PXJ'la.iued in Chapter I. section 
:3, the norinal leugth of the t•'" bar N 1, is tl1c distanee betweeu its etHl 
transverse graduations when the upper surfact~K of the alignment plugs. 
art> in oue plane and when the kmgitndiu.a.1 marks on tho:-;e plugs are 
in the same straight li11e. \Ybe1u:ver the bar is tlext>d, tlu• distance 
between the graduation liiw.s i8 le~K than the norn1al distance. The 
th·xnre ltt~re considered i8 that due to chang·(·S iu te1nperatnre of the 
n~rtiea.l web of thP Y -trough a11d to variable load ou the samP. This 
tt .. xure is iu a yertieal plane, and it is lll('af-1.nred by means of the. loug 
~tri<ling lf'-vel in the n-ianner described h1 section B, Uha:·pter 1. 'l'he 
h·ve1 reaches from any plug to the !'econd adjacent p1ng on eitlier i-;ide. 
eonsecntive l)lugs being 4!l~""" apart. 

Before trying the apparatus it wai-l. tea.red that thi:". t1exnre might be 
consider~ble during the course of a dny preseutiug wide temperature 
Yaria.tions, and hence adt·qna.te provh~ion wa~ nuule ftH' measuring the 
enrvature of tht~ bar and cotnputiug a corref'.tion thert~for. Experience~ 

howevt~r. 11a.f'I> sho-wn that 8nch fear wa:-> ill-fouuded. 1 t has Rho-w11, in 
fat"t, that by IJH'an8 of tlw long stridi11g lt'vc1 the bar 1nay be n1ade so 
Mraight in the Y-trough that no appn•ciable variation in it.-- length will 
rexult in the cour!"le of any onliuar,Y day. The largt>:-4 eorrection for 
~nch flexure which has occurred in onr ex1wrience ·with the bar is 0·3I:>,,., 
whiclt may w·e11 he regnrtle<l ai-' a negligible quantity. But it mig·ht 
h:ippen that so close an a.clju~tumut won.Id not be 8<wured alway:.;:, or it 
might happen that in tltc conrRt~ of a considerable length of tim.e wide 
Yariatio.ns in te1nperature of the external air would O<'·<·nr and produce 
"l'llsible cl1anges through :ttexure in length of the ha.r. l t Ree1ns worth 
wldle, therefore, to givt• the results of my study of this qu~stion, 
although it need not he a Yery in1portaut one with tht> iced bar appa-, 
r;1tns. 

Bef01~e proceeding to the details ot' tlrn question, it ina;'I· be remarked 
tfott tlie flexure here ('.ousidered is due aln1ost wholly t,o tempe.rature 
r·hanges in the web of the Y-trough. Such changes are noticeable from 
1lay to da.y, as a rule, rather than during a. given day. In our experi
t·nce they have i)artaken of the character of Reasonal chang~s, or of 
xueh slow changes as accompany a. hot or c"old wa.ve. Th n~, for exam
ple, during the last set of measures of the standard kilometre of Holton 
Base, in Septem her 1 1891, the air te1uperature wa.s pretty high. and the 
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bar 'nts co11cave upwards. ...::\.bout teu days lattw, iu early ()ctohe1·, t.l1e 
air teinperature had fitlleu about L':)O 0., and tlw bar at t]1ii-; ti1ne whPll 

nAed 011 thf• 100111 co1nparator Wal" 1narkedly convex UJ"'~ards. 
In tbP co11struet:l.on of t11e bar~ pai11F< were ta ken to n1akt-' the upper 

i-;urthce8 of tht~ alignment plug·s '·qually distant frmn its neutral s1u 

face. Tbi.s wn:-; acco1nplh;hed "With pnwisiou hy 1nean:o; of the ~tridiHg 
level referred to abovP; and we may assn1ne that a i;mrfaee similai· to 
and para11el with the ueutral surface of tl1e lntr ea11 lH· drnwu taug·enr 
to all of tl1(-' alignment plugs. The si1111ositie..., of this surfaec, or, mon· 
definitely, of the line in thi:-; suface cnt out by the ve1·tiea! a1ignnw11t 
p1aue of the bar, are measured with tlu~ :o-triding Jevel: aud they accord 
seusibl.,- ""'ith tlu· ~innoi;;ities of tl1•• correAponding- lhw in the 11P11tral 

surfa<,e. 
(2) TJu:or.t1 (~f <~ornputation. -Jf s lH• the lt•ng-tl1 of any t"UJTP wlu1s1· 

rt~ctaug·ular co-ortl in at,~~ are .1· a11d .'/~ 

d.o; = d.r (. I + ~Y[ ) 
d:i;"l • 

In the case nf the ;;n• har hen• t•o11sideTf'd, ily,d.t· is a1WH;\'K Yery ~urnll. 
i-;o that w•·· nuty 'vrit.e 

( 
'dlJ)'2 

t} H = d.1· + 1 rfr j d.I' - . · • • 

whmwt~ the <·01-reetion for eurv:+ture of the har iA 

r'l) 

taken between proper li111iti-;. 
Consider the sinuous curve defined above. If it could be completely 

determined, it would be tange1it to the plugs 1, a ... 11 whereon tlw 
Joug striding level is applied. Hefer tLis curve to a. system of rectang:n
lar axes, the origin being at plug No. 1 and the axis of .v being tlie 
stra.ight line joining the tern1inal plugs 1 and 11. The level readiiig-:-; 
at any time give the co-ordinates of the plugs 3, !) ••• 11 relatively ro 
a systen1 of axes having the same origin and a horizontal line tangent 
to plug No. 1 as axis of obscissas. Caning the co-ordinates in the hit· 
ter system x', y', and denoting the sine.of th~ inclination of the t,ni 
systems of n,xeH by a, "\.Ve have, sin('.t:\ <Y is always small, 

:.i~ .v' • 
y - - <JX' + y'. 

The quantity <5 will vary from time to time, nr from set to set of ob~cr
vations, while the values of y for any pJng wiIJ remain constant for '1 

given adjustment of the bar and for st.able temperature oftbe Y-trougli. 
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Let h 1 , h 2 , ••• h5 be the ineasured values at any time of the relative 
heights of plug~ 1 aud 3, 3 and .5, ... 9 and 11, ret'lpcctively; allll let 
r 1• 'l'z, ••• v 5 be the u1ost p1·obable correction;-; to h 1, h'.!. ••• respe('
tively. Thus if we call the distance bet\veen the feet of the 8tridi11g 
level l, and denote the ordinates of the plugs 3. 5, 7, 9, 11 in the first 
t'y~tem of co-ordinates by y 1, Yz, ••. ]!:;,, we lrnve 

lh Iii + ·i·1 lo. 

Y2 - h1 + 'I.' 1 + ht + I":.> "2 lo, 

!h - ll 1 + l'J + h2 + t:z + h3 + '!";; - :Jl<Y, 

Hi - h1 + 1:1 + ht + 'l.'z + h:i + i::l + f; 4 + 'Ci llo. 
Y5 - h1 + T1 + h-z + Vz + h:1 + 'l"':l + h.i + 'f4 -l- It:, + 'r:, - i3llf. 

Front these it follmvs tliat 

l.-o + Jli hi - r1, 
lei + .lh - lh ""!. - 1'2, 

lo + ;1/:1 - Yz - h:3 - r:J, (:!) 
lo + Y4 - .lf-:; "4 -- '1"4, 

7 r5 + !/5 - :'f 4 - lt;; - l'o;. 

Now the function of .:r, q;(.r) say, which jl"l to reprr•se11t thf~ curve 
wlio~e length is sought mui-;t evidently fulfill the tollowiug eonditious, 
11amely: 

<p (x) = 0 for .r· = O, 
<p (;r) = 0 for .~: = t>l. 

The n1ost, general form of such a fuuctio11 is 

. ' (3) 

''herein a, b, ... are constaut8. Hince the number of observation 
Pquations (2) is limited to 5 (in this case), the number of constants or 
tf·rms in (3) must be limited to 4. _ 

(living to x in (3) the values l, :!I, ... ~l i-;uccessively, the values of 
!I. Yz, ••• y 5 result; aud if we write for brevity 

a' •) 
(l sin 1. 

7T' - co· 
/JI •} l>' sin ~~" 7l'' (4) - 1 0 

__ L 
7T, fJ 

., 
7r' r :-:. 

7T, a - lU - ]~O 1-U ~ 

the a.hove equations (2) become 

l(f + a1 cos(~ +bl cos fJ + d cos y + h1 - '1'i. 

lr; + (•OR:~ a + C08 3 /3 + COii ;~ r + h2 - 'l\!, 
le; + cos .:. t.r + cos. ,; f:J + cos r; r + lt;i - 't~:.~ .. ( ;)} 

fry + cos '"' ; a + ('OS 7 /i + cos 7 y + h, - r,., 
lv + cos 9 a + (~()~ 9 f:J + cos 9 y + h:, I';,. 
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By the method of least squares there result from equations (·!) a11d 
(u) the following values, where1n n is successively 1, 3, 0 . 9: 

lo = t (k], 

_ [h cos n a] 
a - ---·- .-----···' 

;) Slll a 
b _ [h C08 n fi] - --··· ... - ------, 

:; sin j:i 
(6) 

_ [h cos n yJ c - --=---- . --------' 
0 Sill r 

The constants a, b, c, 
quantities h. 

iu (3) are thus fou11<l from the obscrve1l 

If now for brevity we put 

(j = .-, x 
7T iol' 

et1uation (3) may be writtcu 

whence, 

y = a siu fi + b sin !.! ti + c siu 3 () + ... , 

~y = 7r (a COS fJ + 2 b COS 2 f1 + ~-:_; C C08 :> f1 + ... ). 
dx 5l 

This value substituted iu equation (l) gives 

. •)l 
51 f dy 

2 

[s - x] = n (ax) iU; 
0 0 

1t' 

- _T!_f<a, cos {j + 2 b cos 2 e + 
101 -

•• )2 d fJ 

0 

2 

- 2161 (a2 + 4 b2 + 9 ez + ... ). 

The 1ast member of (7) gives the correction for tlexure [s - .x] by }l!l 

easy computatiou after tl1e values of a, b. c, . . . have been found frorn 
equations (6). In all caises to which the formulas have been applit·•l 
the :first three terms, or those in a, b, c, have sufficed. . 

(3) Example of computa,tion.-Ai:;i an example of the application ot 
the preceding formulas the following case, which is the case of greatest 
#exure observed. with the apparatus may suftice. It oecurred Qll July 
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27, 1802. 'l,he observed quantities h and the computed quantities 
h cos n a, h cos n fi, etc., are-

h. h COS Hu. h cos n B. h cos n /'· !1 ,"{/_, 11 rL 

Vlfll. 1llfll. nun. vun. Ill lll. 

- 0·324 - 0·308 - 0·262 - 0·191 -- 0·100 

·108 ·064 + ·o33 ·103 ·0~7 

·018 ·ooo -1·- ·018 ·ooo ·018 

+ ·288 ·169 ·089 + ·274 ---- ' 2 33 

+ ·720 ·685 + ·582 ·423 
' 

·222 

Sinn - 1·226 -t- 0·282 - 0·237 ·--· 0·042 

Then t.he values of a, b, c, d, found fron1 (G), aud a2, 4bz, etc., for use 
in (7) arc 

11(,]"Jt. 

a - 0·793, az - O·fl:?!l, 
b - + ·096, 4b2 - -0:37' 
c ·Ofi8, Bc2 - ·O:.m, 
d ·009, 16rF - ·001~ 

---
Snm 0·6D7 

Hence, since l 9~)0"' 1 ". 
/ 

Ls - xj U·35,.. 
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SUPPLEMK:>;T B. 

MATHKMATJCAL THEOH):' OF ~lETALLIC TAPES. 

(1) Object of 'int7e.<.ttigatfon.-The use of long metallic tapes or wil·t·s 
iu measures of precision giyes rise to a number of questions which cau 
only be answered by a competent mathematical theory or by a seri(:s 
of elaborate experiments. Thus, in the use of such tapes it is essential 
to know how to co1npute the cbauge in length due to a change in te11-
~ion, the change in length due to a change in the number of supports oi1 

which the tape rests, the change in length due to a change in weight per 
unit length of the tape, etc. It is the object of this brief investigation 
to give so much of the theory of such tapes or wires ·as is u~de<l to 

an!nver these practical <1 uestions. 
(2) J<Jquatkms of equilibrium, of elastfo tapes.-rrhe theory of the equi

liprium of elastic strings, tapes, etc., is given in one form or anotht·1· 
in various treatises on mecha,nics. It generally proceeds, however, on 

the assumption of "perfect flexibility" of the material of the tape, or 011 

some other doubtful assu1nption as to the internal stresses of tlwt 
material. Properly speaking, the inquiry belongs to the theory of elas
t1city, and its correct basis has been clearly set forth by Lame in se1·· 

tions 39-41 of his Les-ons sur la Theorie Mathematique de L'Elastieiti· 
des Corps Solides. • 

A tape as here considered is au elastic body of sma11 cross section 
su"Qject to tension applied at its ends and to any bodily force~, but tn··· 
from !'mrface tractions. The cross section 1nust be so small that tlw 
tension per unit area inay be considered constant over the entire an•;; 
of any section. l..1et m be the cross section and p the density of tlP' 

tape at any point of its length defined by rectangular coordinates .r . .'/, 
z. I..1et T be the totaJ normal teusiou on the section m, and denote tlw 
rectangular components of the bodily forees by ~¥, Y, Z, reii'pectivPly. 
Then the inve~tigation of l..1ame just referred to shows that the rnp1<1 
tions of equilibdu1n of the element of 1nass pwds are 

,,,, dx'' 
fl(r<lR) -- ·-- __ .:: __ + pmX = o, 

rls . 

( 
dy'' 

a 1' ai) 
-- ds ___ - + paoY = o, 

d (- T <!::_)·. 
ds · ___ d:st ___ + pwZ = 0. 

(1) 

-------~- ----
,,. 8econ'1 edition, Gauthier-Villa.rs, PariR, 1866. 
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These equatiqn8 eoutain the geueral theory. To adapt them lo our 
purposes we observe, first, that the only bodily force aeti11g 011 a tape 
when used as a t-taudard of le11gt,h is gravity, and. secoudly, that the 
eurve assumed hy snt'h a. hlJW lie:-; wholiy in a vertical phH1e. Thn1', if 
we take thh; plane to he that of xy, ll being eonsidered positive upward~, 
we may '"Tite X = O, and r = - gin the first two of e<1 natiuns (1 ), alHl 
they become 

d (' T dy ). 
,_ dx. 

d.~· ()« !}, 

rl ( 1' (~~ ) 
d.~- = o. 

Fnrther, let p 0 , fr}o' rls .. be the density, cros!:l section, aud leHgth of 
the element of the tape considered when it is ~ot uuder tem~ion. ds is 
thus the stretched and dso the nustretched length of this element. 
Also, letµ be the reciprocal of the modulus of elasticity of the tape 
111ultiplied by the area of its cross section. Then, since t.he mass of the 
elemeut I"e1nains constant and Hooke's law applies to its eloug-atiou, 

pmd.o; - p 0 w 0 d.'f0 , 

ds - (1 + f-'. T)ds 0 • 

(3) 

8i1we the tapes we consider are of nttiform ero:;o;s section when un-: 
1-'tretehPd, we may write for t1te weight per unit of uustretched Jengtb 

'll' = Po Gi>o[/ • (4) 

.By means of the relations (3) and (-l ), equatio11s ('..!) may be given the 
following forms: 

(5) 

(6) 

S. Ex. 3i-~1 
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(3) Integration <d. cquations.-A first integral of the second of equa 
tions (5) is 

dr · 
T -d- - = a. eo11~tant = T, say, s 

where Tis the horizontal co111ponent of the teu:-;ion. or the tensio11 at 
the lowest poiut ot' the curve· assumed by the tape. Prom this Cljlia-

ti on 

T = T ~·\ dx 

which, suhstitutecl in the Jirst of (::>), giYe~, after Hoine obvious ('ha11ge1'l. 

T d(d.lJ) 
d.r:' d.r 

+ 2 a ( ay _-) 
pr dx\_ dx - If'. 

The tirHt integral of tbii-; equatiou, if we tak<~ the origiu ut the lowe~t 
point of tlie cn1·ve HO that dy d.r = 0 for x = o, is 

r log (i~ + ,/ 1 +- (~;,J 2 ) + µ r:! dy = u·.r. 

In order to integrate again, we may expand dy/d.r as a fnnctio11 of t!IP 
small quantity µ by means of J\faclaurin's series. Thus, the la:-;l 

equation gives for I' = o, 

((t/ -
ilx -

d (<l!{)" 
dx 

~lµ~ 

. . . ' 

~ ( c + ·wx/-r - e ~ wxj-r ), 

in which e is the Napieda.11 base. Ou accon11t of the minute vnhw of 
µfor 1netallic tapes, tbe l1ig;her differential coefficients of <:ly/d.r witlt 
respect to µare not needed. lleuce, to ter1ns of the first order i11 ,,, 

we have 

dy = 2- ( e + w .• :/'T - e - w.r/T ) + ! T (e + 2 wX/T - c - " ?tu:/'t' ) p, 
d.7.~ 

whence, since the origin is on the curve, 

(i) / 
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({, = - . 
T 

Then equation (7) gin•s hy expansion 

+( I .,2 + 1 2 4 l I .ti 2 ,, -,. a :r + -;r,. a .:c + . . . ) 11. 1c. 

Ueferriug uow to eqnatio11s (H). their tiri-;t i11t .. ~graJs are 

T dp 
d.~ 

'l' d.l: 
- d8 = r, 

483 

(8) 

(0) 

(10) 

where f3 an•l r are constants, the- latter beiug as explaineu above the 
horizontal component of the tension. The sum of the t->quares of (10) 

(11) 

Eliminating T and ds from (10) by means of (:3) aud (11), there result 

_ _ w (s + ti' d."I 
dy = /I w (s., + fi> d8., + v r;--+oi;z(s(~-+ ·~ra' 

T d8 0 d;x: = J-1 T i/,s
0 

+ ~------~--·-~~----------c~-~--. -v r 2 + -7liiTs::-+µ-y~ 
If the origin he taken 011 the curve. thC' iutegrals of t.11ese equations 
a 1·e * 

I I (1 + ) I ' . + •-')2 I '2 I J. ;l ' (- , + f-1)4 ~.{4 1( + .I = :r a, J.l T ( l""o /J - '.) I - :-. a ' .~., ,.. - -"' • • • ' 

x = ( l + Jt r) s., - -k a 2 
; (-"o + /Jri - /fl: + . (l~) 

r.rhe differential equat-ious of equilibrium (5) and (o) are thus com
plet-eJy integrated, and the fi._)rm of the Clll'\'(~ a8:-:.nmPd by the tape is 
a~signed by eithm· (7), (9), or (12). 

It will be essential i11 what follows to Lave au expression for the 
lll1stret~bed length of the tape .'5., iu terms of J' tbr the case in whieh the 
"IHls of the tape ar·t~ iu the same horizontal liue. Ju this case, if we 
take the origin at the lowest point of the curve1 or at the middle poiut 
of its length, fJ = O, a.ud the second of (12) g;ives 

,,. - ( 1 + µ .... ) s i a 2 .. :i + _:;___ a 4 N 5 - • • • • ~ , - ~ u - ti ,,.,.o 4.. ' • O ' 

-----------~--------------~--------------------
'The fiuite forms of the intcgralti!. of these eq1tatione ai·e uot so well ada1•tcd to 

our purpo16ea at1 the ael'iea given iu the text. 
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whence, by reverFiiou, we have to a. suftieient degree of approximation 

s 0 = (l - pr) x + i a 2 
.l::i - • • •• (13) 

(4) Sa.g of t<qw.-The sag of a tape is the vertical distance of itt' 
lowest point below either of its adjacent points of t:mpport. It iH the 
value of ?fin equation (7) or (9) when ;r; is the abscissa,' of" tbe point of 
support to which the sag is referred. 'Vhen the- supports of a section 
of a tape are in the sanie horizontol liue, the sag is found fr01n (9) by 
snbstituting for x half the spau of the section. 

It will be of interest to consider a numerical example with refereucC' 
to the tapes used with the tape base apparatus described in Chapter 
IV. Thus we have for steel tape No. 85: 

Weight per n1etre of leng'th = w = :!~·:~2 gTa11111H~8, 

applied tension (25·;} pounds) = r = 1l567 gl'anuues. 

Hence the constant 

a = ('w/ r) - Hn x 10-1>. 

"\Ye also have fol' this tape 

µ = 16 x l0-9 f'C.H" the gramme ai::. nnit, 
450 x I0-9 for the ounce as unit. 

With these data the computation of the sag f<.n· a. span of 4om (x = 20rn) 
by equation (9) ruus as follows,: .. 

1n. 
~ a .r~ = o·a86000 

•:l .t a:: .r4 = ·000018 
2 ft IC .r't - •{)()()07 2 

Sag; = ,11 = ·3861:!0 

It appears therefore that thr such a tape and such a. tension; the Rag" 

for spans less than -40m in length is given with sufficient accura~y b,\' 
the simple formula y = g a, x 2 • 

(5) Change in length of fltpe due to cha.nge in tenxion.-Suppose a tape 
supported at a nu1n\Jer of equidistant points all in the same horizontal 
line. Let 

n = the number of sections ·into which the tape is divided by the 
equidistant supports, 

l = the span of any such section, 
l.., = the unstretclled length of the tape iu the same section, 

L = the norinal length ~f the entire tape, or right lin~ disw1~ce 
between its terminal 1uarks when under standard ten~ion 

=' ~ l. 
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Making j:J = 0 in the second of equations (12) (sin<'e tlle supports are 
assumed to lif• iu a horizontal liue), aud putt iug; 

;r = ~ l. 
we get 

l = (1 + u r) /., ::h a"2 /,, 1 + (Li) 

Since the seetionR are of f\(1na11e11µ:th WP have 

2' l = ]; = (1 + ll r) n l., -- 2\ n az / 0 :
1 + (15) 

Ditt'erentiatiug thi:o:; with respect to r, the change 111 length of the 
tape, L1 L 1 say, dne to a change ..:Jr in r is fou1ul to he 

A T l -~ ·J ,.. .::1 T 
.:.J. ·'l = U ·o f..l ...J T + -1 ''., o - It ·' - -

- o T • (16) 

Obviously one may use l for l., iu this fi.wmula., a. roughly approxi
mate value of l 0 being in general quite snflicie11t for ('OIDJmting the 
small quantity L1 ]; 1 • 

. Example.-For tape :No. 8.-:t when supported at equidistant intervals 
of 1om we have-

'Jl = 10, 

l = 10'", 
w = :.!2·a2 grammes per metre, 
r = 25·t> pouuds = llr>H7 grammes, 
a:2 = (-u·/:-yi = ;Vi':! x 10-a, 
I' = lfl x 10-!\ for g-ra1111ne a~ unit, 

= 4~')0 x 10-i~ ti.Jr ounce as unit.* 

Hence for L}-;- = 1 onn('e, 

nlµ Ll-:- = 10 x lOm x 4:-;o x 10--9 

1 2 . l"'LJT ) " 1( - 1 ·-1 ·•·a_,,,_/- ~ = .. 1.J,., x :r;;! x 14 -· x )· x ---, - ,..., T - - f n " 

•mm. 
- 0·~•4.)0 

= 0·007ti 

.:1 Li = 0·052fl 

It may be observed that the quantity LlL, can be measured directly 
by increasing and decreasing the tension r in the vicinity of its standard 
value. Fr01n a small number of obserYations made in 1891 by this 
process the value JL1 = 0·047""" per ounce was found for tape 85 with 
r = 25·5 pounds. A more elaborate series of observations made in 

··Since the cross section of tJ1e t.ape is 6·34,mm X o-47mm, or 0·0298 square centi
luetrelil, the value ofµ oorresponds to a m.oclnlus of 2·1 X 106 kilogrammes per square 
"<'ntinietrc or 30 x 106 pounds pe.1· square inch. This value of µ was cletermined l1y 
lueairnring the variations of length of a. piece of the tap~ due to variations in tension 
\\·hen the tape lay on the tla.t Mural Standard of the Coast and Geodetic Survey. 
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18H2 with the same tape and ten!-1.iou gave ,.::JL1 = O·O;);}mm per ounce, 
which agrees well with the value jm.;t co1npute<l front the weight per 
llnit of Jeugth and the modulus of elasticity of the tape. The vahw 
L1L1 = O·();)mm may be adopted f(ff tape:-; 85 anrl 88 when r = 25·•> ponud~. 

(6) Change in length of tape due to cha,nge 'in nuniber nf supports.-Sup
pose the tape divided by its equidistant supports (all in the same hori
zontal line) first,, into n 1, sections of length l 1, and secondly, into 11'! 

sections ot· length 4,. Then. assuming the tension the same in both 
cases, the difference in dista1H·t~. betweeu · the terminal marks of tlu· 
tape, LJL2 say, as shown by eqnation (1.4) is 

AL ~· · 1 l ) 1 ·) ( I ., l '') .:.i J2 = __, (_ ::i - 1 = ~ 4 a· _111 1·' - ni ·t", ( 17) 

ne.!>·ni. 

When a tape is supported throughout it8 length on a, horizontal 
plane, aK on a mural standard, 'h in (17) becomes infin'it.e and l~i infini
tesimal. If we <lenotP the length of the tape in this case by 1~ 00 = ::£1~ 

and call its length in tht• ca.se of n ~eetions Lil= ::Sl, equation (17) givp:-:, 

( l 8) 

To find the shortening of a tapf': due to the omission of' one support. 
we have only to make n2 = 2, n 1 = 1, and li = 2Z.i = 2l say in (17). It 
give:-;. thus 

l being the length of a section when no supports are omitted. 
Similarly the mnission of ·m, consecutive supportR t";borten~ a tape 11.v 

-~\ ·m. (m + 1) (m + 2) 11
2 
(\ 

where l is the length of a section when uo supports are omitted. 
Numerical examples.-(l) Por the toom tape No. 85, n 1 = 5 and 11 = :?0"' 

when the supports are 2om apart; and ~ = 10 and l 2 = iom when the 
supports are iom apart. Hence in this case, since a 2 = 372 x 1 O ·, 

when the tension is 25·5 pounds, (17) gives 

L1L2 = n x 372 x 1o~a ( 5 (20)3 - 10 (10) 3 ) = 4·65mm. 

(2) For the same tapf~ the omission of one support, suppoRing them 
to be 1om apart, or l to be -iorn, shorteni:.;; it by 0·93mm as shown by (lH). 

(3) Equation (18) shows that tape No. 85 would be- 1-55mm lonf!·er 
when lying on a horizontal sm:•face than it is when supported at equi
distant intervals of 1()m, the tension in both cases being 25·5· poundA. 

(7) Change in lengtk of tape due to change in weight per unit length.-. 
It is of some interest to have an expression for tlte change in length of 
a. tape due to a. change in its weight. Such cbanges, may occur from 
wear or from a deposit of dew on the tape. An expression is found 
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hy differentiatiug (l•">) with respect to 1c. Thus, calling the change in 
q ne:-itiou L1 f,';I, ·w~~ find, since a = w / r, 

This formula shows, for example, that when tl1e lOOm tape ~o. 8.-J is 
supported at equidistant intt~rvah; of 10111 au<l is under a teu:sion of 25·;'.i 
pounds, or·when 

l = Jorn, 
1l 10, 
a 2 :17:! X 10-s, 

L1 L.i ---::- 3·1"'"' x LJw. 
1(' 

Thus, in order to produce a eliauµ:c of tlw millionth part in this tape's 
length, or in order to uiake .::1L:1 = O·]"'rn, we n1u~t have .du-= w:31. 
Obviousl:v. no such ('hange a~ this iR likely to occur in the length of a. 
tape. 

(8) Ohnngc 'in length of tape due to slope of it,~ ,;upports.-In the nse of 
long tapes f()r measuring liue:-; of preeision the supporti-' for any tape 
length are placed in the same straight line. It h;plaiu that if thit' line is 
inclined, the distance between the terininal marks of the tape will be 
greater than when the line iR horizontal. It js plain also that the 
dougation of a tape due to ordinary slo1w;-< can not be very great, but 
their use in refined 'vork requires that we Rhon1d know tl1e natu1·e and 
extent of such elongation. 

rrbe question tuay be itn:'"estigated in the f()lJOwing manner: Equa
tions (12) give the rectangular coordinates of auy sectio11 of the tape. 
'l'hB origin for tbesB coordinates is auy point on the curve, and is defined 
hy the constant fi. For the present purpose let us place tlie origin at 
the left-hand support of the section considered~ and let x 1 y, be the 
1·oonlina.tes of the other end or support of tl1e sed.ion. Then tl1e ·span 
of the section, or its h•ngth a8 nsecl in measurement, il5 v x'i + yf. 
But the Je11gth of the :-;ame section when the :;mpports are in the same 
horizontal line is given by ( 14) as 

l = (1 + µ r) l 0 . . ' 
wl1ere l<~ is the unstretched length of the kt11e in the section. The 
elongation we desire i~ U1em 

per section of the tape. To evaluate this quantit.y we have to find fJ 
for the assumed position of the origin, to sub~titute its value in t,he 
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eqnatiou::; (12), aud thu~ get ~c1 au<l :l/1 in ter1ns ot' s,,, or rather 10 as \\'{· 
8ba1l liere denote the nustretchefl length of tape in the section. 

~inee in the first of ( 12) y = .'h for x., = 10 • ·wt~ find by l\Iaclanriu'~ 
~eries 

/f 

or nenrly euong')1 t'or onr pn1·poio:.e 

l J (/YI") + • ~ (-!fi , ') :l • fJ = - •> I,. + I , I - (( " . -" " . 

A. gain~ Rin(•f' y 1 is ~• 1wa~':-> sn1a1l with re:-:;pe('.t to . .r·1, "·e 1nay URe t11t· 
approximate PXlH ession 

-,~ -~ --:, ···~ 

Hence, substituting· the va.]ues of /j, xi, aud y 1 as jnRt explaitu•(l. 
there re.snits fo1· the elougation per section of the tape to te1·ms of the 

tonrth order iuc1uRi Ye in the 8lope (~! ')- , 
' 0 

1 - •) 1 
z l :i c· Y1 ·)- + . 7 

l ~ a o l.~ . s " 

Let n denote tht- nn111her of equal section~ of the tape, L th~ total 
length of the tape, It the differenee in altitude ot· it:-; ends, and L1L4 tlw 
total elongation rtuP to it.s Hlope. Then, sin(~e 

~~ 1 = h/n and l., = .L/n, 

the nhove exprei-lsion g·ive:4 

1 
]~j,2 

2 3 H . a / -i. ):? 1 - y "' 4 

a .L ( L _, + 8 1-' ( L ) · 

For a tape H>Om long the value of h wiU rarely if ever eqnnl 5m. l·~or 
such a value and for the tapes Nos. 85 and 88 when supported at equi
distant interva 1.i.; ot· J()•n we have, if a 2 = 372 x 10 -s, 

1 z I 3 12n 2 ((. . ./ 

1 
,~ x 

. It ' 2 1 372 ( 5 )2 (·L) = 1200 x 1c>8 x (100):1 . lOt) = O·oosmm, 

(

,, .... 4 1 ·'h.'4 

;~ ) - 8 x 100 x ( 1~) = 0·078. 

'rbu~ in this ca.se L1 D4 = O·OSH""". Hence tor sucb a tape we may 
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regard this co1Tection as insPW·dble for sJopes ]el'.:-:. t.haJJ .1 per eent or 
Yalues of h less tban 5" 1.* 

(!l) Oha.nge in frnytlt uf tape due to inequalitJJ iu spncing of it.-; sup
port.-i.-ln setting the support nails for a tapt>. length it is impossible 
to make the iuterva.Js hetwee11 them exactly equal. Praf'tically, there
fore, it js important to know how great the i11equalit.v may be ·without 
i11trodudng appreciable error iu precise ineasnrement~. This queRtiou 
i:-; easily answered by 1ne.anH of equation (14). Thus, let 11, l.l, ••• l,, be 
the lengths or spans of then sections of the tape ~upposed unequal; and 
let /,. + .dl1 , l 0 + .d/2 ••• l 0 + .:.Jlu. be the eorresponcling unio:.tretched 
lengths of the tape t()1· t,he l"ame seetions. Then, aeeording t.c:) (14), 
observing thnt ::i.::Jl = o, 

°2'l,, = (1 + /IT) u{., 1 . 21 ·1 
:!-t n a ,,· 1 2/ ..... ~ 1)2 s a. o~(.:.1 • 

If the section:-;; were all of equal 1e11gth l we shouhl have, to the sa1ue 
order of a pproximatiou, for the whole length of the tape 

( 'al1i11g the dift'erenct:i of the~e two expres8ions .JL;,, we have 

'l'his gives the shortening of the tape due to the departures from 
«quality of the several sections. To get an idea of its extent, 
:suppose LJZ1 = - ..t:.1i2 = .di:!= - Lil~ ... = O·lm in the case of tlw 
lOOiu tapes wheu supported at equidistant intervals of 10°' and when 
11! = 372 x 10-8

• Witl1 tl1eRe dat.a (22) gives 

It is seen, therefore, tltat i11 spaCiug the supports for suelt a tape, 
equality to tlie neare8t decin1eter, w hfoh is easily attaitwd, is amply 
i:;nfticient. 

· Thii,i invei.tigation ignores the effect of tlie change in a.2 = (w/1)2 dne to the 
1-llnpe of the tape. Thii,; cha.nge is ..:Jai :!a: (.::fr/•) --'a' (h/L)•, which awouut~ 
t<1 only l/400th pa.rt of a>! in the ca.se cited. 
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III. THE NEW SECONDARY BASE-APPARATUS OF THE COAST AND 
GEODETIC SURVEY AS USED IN THE MEASUREMENT OF THE 
HOLTON BASE. INDIANA. 

A report by 0. H. TJTT'\fANN, As!iistant. 

Snlnnitte<l for pnlJlication Novmnlier 80, 18B1, and corrected f"or adopte(1 vahw 
of fi Yt>-uietre standard in 1''elJrnary, 18H4. 

The dnty of nu:m.snring tbe Holton Base with the new 8econdnry 
apparat1.1s, (five-1netre contact slide rods J3 and 14) was assigned to rnt' 
by a letter of instructions front the Superi11 tendent of ::March ~8, 18!11. 

AR soon a:-; circumstances permitted I reported to Assh:.tant A. T. 
l\IoHnHtn, in camp at Holt.on. Ile had 1nade all the necessary prepan1 
tion of selecting·, clearing, an<l ma.rki11g the line and bad organized tlw 
force of inen. A_s i:;oon t11erefor( .. as the iustrnmcnts arrived the mea~, 
1uing operations were begun by ine 011 .July 28. The men bad not lwe11 
preYiously chi11ed in their dutie~, but gained the requisite skill awl 
rapidity of manipuhttion Rl'.".I the measurement prog-resio;c>d. 

Tlrn base, including two extra ineasuremeuts of the standard kilo 
lJletre, was measured twice between July 28 and August V~. 

As soon as the mea~uremeut had beeu finished, the lengths of tlt(' 
rods were df~termined on the Standard 100-inetre Comparator, tl1P 
leugth of which had been found by Prof. R. S. Woodward, Assistant 
Coast and Geodetic Survey, and the relation of tl1e thermometer indi
cations to the actual temperatures of the bars was investig-ated. 

This report will therefore first treat, of the results of this inveRtig-:i
tion and its bearing 011 the length of the base, after which t.he detail'-' 
of" the measurements of the base line and of tbe apparatus, will lw 
deseribed. 

COEFFICIENT OF EXPANSION OF THE MEASURING RODS. 

As will be seen by reference t.o the latter part of this report, this wn:,; 
deternlined at the office in 1\-'fay, 1891, between 0° and 37° centigrade. 

The ten1perature range was ample for a inean value, but tbe inter
-ulediate points were not sufficiently numerous to deduce the value of 
the expansion depending on tbe second power of the te1nperature. 

The results are : 
µ. 

For rod 14 the expansion - .58·509 per degree C. 
± ·131 

For rod 13 the expansion - .58•_861 imr degree O. 
:::b ·127 
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g-iving as the mean e!!i::pau~ion for tbe two rods 

p. 
58·7 p(W dc~gree C. 
± ·O!l 

I.E:SOTH OF THE nons. 

The lengths of the rods clepeud upon the iivt:'-metre steel bar No. 17 
whose length was determine'l at thi~ office by Assista11t \Voodward. 
hy comparing it with National Prot.otypt• :Metre No. :.n. In these coni
parisons the Prototype as WBll ai-; Xo. 17 wa.8 kept iu melting ice. 

The resulting length of No. 17 war.; fonnd to be at 

''· 0° u. - ;°)'" 18·0 
-l~ 0·8 

No. 17 is a line measu1;e, while rodi'l 1;) and 1-1 are end measures. 
Before taking the latter i11t.o the field they were (•ompared on three 
days with No. 17. The latter was kept in melting ice while :N"os. la 
and 14 were at, or very nea.r. the ten1peri:t.tnre of the compnring vault, 
about 22°·2 C. 

The co1nparisons were 1nade under n1frroscopes, the pointings on the 
rods being n1ade on the agate knife edge on the one band, alld on the 
other by pointing on the space bet,ween tlte direct and reflected images 
of a spider thread stretched across the plane end 81lrface of the rod. 

These comparisons gave 

µ µ. 
Rrnl 13 5n1 + 1278 :±: 4·0 

at :!2°·~ C. 
Hod 14- -, .. 

,) + 12~7 +_: :~·() 

ft. was subsequently found in the fiehl that the knifo edges and 
abutting surfaces were not in perfect contact wl1i1e t11e bars were used 
for measurement, owing to the circumstance that the contact surfaces 
are not at right angles to the longitudinal axes of the bars. The effect 
of this mechanical defect was measured at Holton with considerable 
precision by means of a microscope mounted over the ends of the rods 
when in contact. 

The amount of this correction 30"" when added to the above values 
gi\res for the combined lengtlt of the bars at 

''· 22°·2 0 10"' + 2t>05 
±5 



 

492 U. ~- COAS1' AND GEOlJE't'IC SURV~Y. 

A few days after tl!e Jneasure1ueut of the base had been finished~ the 
standard l_(){)-metre comparator was measured with this apparatus in 
order to deduce the con1bined length of tht'.· ro,ls. 

The rrieasnremeuts used for determining the lengths are given iu full: 

hence 

~~---~-- ---- ----------------~-----

Date. 

Aug. 17 
17 
18 
18 
18 

I 

J .:\. t 22°·2 re-
Hour. ; Corr. temp_ suiting: leni;rth 

I : of 20 hars. 

0 
~"- nun. 

I I :OO a. m. 24·47 roo ~ 26-18 
4:36 p. Til. 27·76 25·97 
8:17 a. lll. 23·32 25·97 
9:24 a. m. 2374 25·95 
5:00 p. ll1. 28·52 26-23 

-------
1\Iean at 22°·.z -:= 100+ 26·06 

µ. 
10111 + ~606 

±4 

Iu view of this agree1nent with the offiee value, and owi11g to t1w 
relatively coustant t.einperaturt~ uight m1d day owing to clondines:s awl 
rain, the results obtaiued on ""\_ugnst 17 and 18 wert">. considered sutli
eiently accurate, a.1itl further observatious were di:-;eontinued untiJ a 
change in the weather occurred on ~.\_ugust 2:!; tliereaftet the daily 
temperature range of the air was Innch increased. Observation:-: madt• 
on Ang. 22 aud the two following day&. disclosed a difference bet-wePn 
the observed and true temperatures of the bars, aud in order to dete-r-
1niue its an1ount, a systematic seri"s of coinparisons at intervaI1"i ut 
about two hours was carried out on August 26. 

Abstract of result.~. 

-~---1- -··---- ·- ---~i ------ --- ----- ! 

Date. Hour. Obs. temp. :20 bars reduced: of ther-

J 

j Length of i Computed lag 

_____ , __ • _____ _______ to22·2°. 1__:_o_:~~e~s_: .. _ 

Aug. 26 7:33 
26 9:20 
26 11 :29 
26 1:28 
26 3:26 
26 5:29 
26 8:17 

0 ,. 0 
:rn. vrm. 

a. m. 12·16 

14·19 
16-85 

p. m. 18·73 
20-32 
21·48 

*20·43 

100+ 2fr2s I 
26-29 l 
26-45 
26-45 
2 6-57 
26-38 
25·72 

*Falling temperature. 

+0·16 
+ ·20 
+ ·33 
+ ·33 
+ ·43 + ·27 

·29 

The lag, or the correction to the observed temperature, is computed 
from the known length of the combined bars as detern1iued Augnflt 17 
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and 18, the know11 coefficie.nt of expan~ion aud the lengths as deter
mined August 26. 

It will be seen that during· August :36 the thermometers indicated 
too low a temperature throughout the da.y while the temperature wa.K 
rising, amounting on the average to 0"·:.?H, say 0°·30 centigrade, anrl 
that a.s soon as the temperature fell the conditions were reversed, the 
rods tollowing the temperature of the air faster than the thermometers 
which again lagged 0°·3 behind. 

The result graphically delineated on the accompanying diagram 
(illustration No. a4) shows that the maximum lag corresponded to (it 
probably· followed) the hour of maximum heat of the day and to the 
greatest difference between the air and bar tern.peratures. 

The curve~ also exhibit the range of temperature to which tbe bar~ 
were subjected during the twenty-four hours following the first obser
Yatiou. 

Inas1nucl1 aR the 1neasure1nents on which these results depend were, 
made in the shade, that is, in the comparing shed, the question naturally 
presented it8elf what the relation between the indicated and true tem· 
perattires of the rodt'-1 n1ight be with the apparatus expm;ed to the suu. 

It was tbt•.refore decided to mea:-mre a section of the standard kilo· 
metre in the bright l"unshine under dreumstances wliieh should be 
very similar to thost=• under which t.he whole ba8e was nieasured. 

An additional st..01H' '\VHS therefor(• pJanted 100 inetres south of the 
11orth end of tl1e standard kilometre a.ud the distance was meas1ued b,v 
Prof. '\Voodwa.rd during- his measures of the kilometre. 

On September 21 this dh~tance was a.f'cordingly measured with the 
~econdary apparatus 5 times, and on the following day 8 times, using
the trestles and measuring· exactly as in the base measu1·e1nent, with 
the exception that the beginn iug and end of each 100 metre measure 
was referred to the section stones by n1eans of microscopes and the cut
off' apparatns. 

The resnlts of these ineasuremenb; 1nay be discussed 011 two :suppo-
~itions: · .. 

1. By givi11g equal weight to t11e four measnres of the 100111 distance, 
made. by J>rof. Woodward, on t,llis snpposition, the distance = 1001n - . 
fi·()4mni. 

2. By giving double weight to the :)d a1ul 4th measures and this, 
hecause the 1st and 2d measures were made on the same day and not 
long after the 100 metre stoue had been set, while the 3d and 4th 
1neasnres were made on different days and after the ground ha.cl dried. 

According to this supposition the distance is 100°1 
- 5.99mrn. 

Computing on supposition 1 the results of these meaR11remeuts are 
as below given in detail and show an a.stonishing·ly high degree of pre· 
<·1s1on. They disclose the fact that. the lag was renderetl practically 
insensible by the bright sunshine, amounting to. 0°·07. 
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The first table shows the length of the barr:; deduced from th<> 
observed temperatures and the distance as_mea.~nired with the ieed bar 
by Prof. 'Voodward, nau1ely, 100m-6·04mm. 

The second table &how'"s the distance as computed front the obserYetl 
temperatures aud the adopted length of the bars derived Ang-nst li" 
and 18. 

As the object of this n1easurement was to show the thermal hehavior 
of the apparatus when suqjected to condit.iow;; similar to those whil·h 
prevailed during the n1easuremeut of the base, and since the whoh' 
base was ine~sured during rising temperatures, and nearly all of it 
during bright sunshine, the single nieasure made with fa1Iing temper
atures, September 21~ 5 p. in.~ 111ay he thrown out of the second table. 
The eifect of throwing it ont is to increase slightly the indicated Jag· 
of the thermometers, but to decrease the probable error of nteasun· 
menl, which then becomes only 1-14 70000 for a single measure of tlw 
l.OO .. metre distance. 

Computing on supposition :!, based on the following iced bar meu:-1-
nres, namely-

Sept. 15 
15 
26 
30 

Weighted mean 

vz. TVeight'. 
100 ·- 6·24 I 

fr17 I 

5·83 2 
5-96 2 

IOO - 5-99 

it appears that the error of the result of the mea,surement with t11e 
secondary apparatus amounts to -0·14mrn, in 1oom, or •rr4-\ 86 of the 
distance. 

TABLE I. 

·---~~-

Hour. Ob&. temp. Length of I True minus I 
20 bars at 22· 0 2. indicated temp .. 

. '-- i 
Date. 

h. m. 0 111. 0 

Sept. 21 9 57a.m. 23·31 100+ 26·26 +0-17 
11 28 26·91 26-21 + ·13 

2 4op.m. 32·89 26-19 + •I I 

3 53 34·29 26·10 + -03 
[5 00 34·26 *25·58 [- ·41) 

8 05 a.Jn. 20·41 26-21 + ·13 Sept. 22 
9 07 22·77 26-16 + ·09 

JO o6 25·04 26·30 + ·20 

I I 00 26·75 26-02 ·03 
I 32p.m. 30·83 26-23 ·+ ·14 
:z 33 32·13 26-11 -t- ·02 

3 29 32·89 25·97 ·o8 
4 24 33·15 25·99 ·o6 

Sept. 21, mean 26-19 + . JI 

Sept. 22, mean 26·12 ,- ·05 

\Veighted mean 100+ 26·14 + ·07 .. l ----
* Falling t'Cmperature. 
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TAllLE JI. 

The distauce hetv.•een stones as measured with the secondary appa
ratus, rods 1:1+14 = JOm + 260()µ at 2~·2" C. corresponding to the 
dates and times given in Table I, becomes-

7/l. 11111{' '' 7/1 ... 

100 ----- (r 24 o· I I ·0121 

6-19 ·06 ·0036 
6·17 ·04 ·0016 
6-08 ·05 ·0025 

[5·56] 
fr 19 ·06 ·0036 
6·14 ·01 ·0001 

6·28 . I 5 ·0225 
6·08 ·05 ·0025 
6-::n ·08 ·0064 • 
6·09 ·04 ·0016 

5·95 ·18 ·0324 

5·97 ·16 ·0256 

ni. 
J.lean 100 - 6-13 . I 145 

± ·018 

and for a single measure the p. e. = O·Orti811
"", or 1-1470000 of the di~

tance. 
As before stated, the distance found by Prof. \Voodward is 

lOOm - ()·04rn111 on supposition 1 and lOOw - 5·~mrnm on supposition 2. 

MEASUREMENT OF THE B:'..r ANl>ARD KlLO::\lETRE. 

The standard kilometre, which is a part of the base line, was tuea.s
uretl four times during the progress of the base measurement proper. 

During these four measures the ground in tl1e wood:o-:., that is over 
about 600 metres of the distance, was very wet and springy and unfayor
a ble for the stabi1ity of the trestles, which were set directly into the 
soft ground. 

After tlie ground. had dried it was iueasured twice on September 24 
:md 25. These six measures were made under about the same temper
ature conditions as those prevailing duri11g the base measures except 
that the line over oue-haJf of the kilometre paRses through woods. 
This becomes important in view of the results of the measures made in 
rhe sunshine; since the shade would tend to create la,g· iu the thermom
ders, fur it has been shown tlmt the average correction to the ther
mometers for lag, if the bars are shaded, amounts to about 0°·3 when 
the temperature of the air is rapit.Uy rising. 

It is therefore to be expected that the measures o1 the kilometre 
will not show as high a degree of accuracy as t110~e made. iu the sun~ 
:-shiue, owing chiefly to the uncorrected tb~rmal ettect of the Hhade~ 
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'l'hc resu1ti:; of the 6 measures of the standard kilometre are: 

Aug. 

SepL 

Temp. Resulting length. 

0 

23 S6 

26-75 
24·52 

25·37 
24·01 

2(v I 8 

111. 

1000 

Ill /'Jl,._ 

o·6 

5·2 
- 9·2 
.. .S-5 
-- 3·9 

5·2 

:\f c:an. IOOO 4·9 

± ·76 

_aud the probable error of a 1"ingle measure= d._1·8(} or 1-.J:{8000. 
The measures n1ade ou the 100-inetre eomparator aud on tht~ too 

nrncyes measured on the Htandard kilometre show that the lag· 01· the 
correction to tl1e thermometers becomes minus with :falling tenipcra 
tures, and that its amount approximates closely to 0°·3. 

Five determinations made in the early part of the evening gin· a 
mean of 0°·44, but the average during a period of say 8 hours at night 
would probably be less, to judge fro1n the curves on the morning- of 
August 26, as shown on the diagram. 

To substantiate the conclusioi1 that with falling temperatures the 
rods would be shorter than the length inclicated by the thernwmeters~ 
it became desirable to measure the standard kilometre under snch co11· 

ditions. As, however, during the time alloted to the work, falli11g 
temperatures, during say 8 consecutive hours, could not be had witl1-
out measuring at night, and as it was not deen1ed desirable to compli
('ate tbe question of" precision hy night 1neasures, an artifice wai-' 
resorted to. 

The bars were exposed during the rnoruing to bright sunshine until 
about noon. They were then carried into tlie woods to the middle of 
the kilometre and allowed to ren1ain there in the shade for two hour:-;, 
after whicl1 the measurement of the half ki]ometre was commenced. Hy 
the time the 1neasurement extended outside of the woods the tempera
ture was falling rapidly and t11e snn'is 1·ays were feeble, it being near 
sundown. 

In this '\vay one-half of tbe kilometre was 1neasnred in three houri" 
on Octiober 5, and the other half' on October 6, giving as the re~nlt: 
Standard kilometre= 1ooom+2·0"'m. · Siuce the true length foun<l h,\· 

Prof. Woodward is 1,(}0(•m - 3.4mm the measureinent .is in error 5·4"'"', 
and if we ascribe t,be total error to the thermometer indications the lag 
a.n1ounted to - 0°·47. 

I .... i:._;NGTH OF THE UASE. 

The computed length of the ba,se witl;out applyiug any-eorrectio11 for 
lag of the thermometers is 5500·8081• 1 ± 3.2rnm where the p. e. inclmles 
that of· the unit employetl. 
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Measiirement of Holton Base with the . .Zveu:: Secondary Base Apparatu,s. 

The whole base was measured during rising temperatures and much 
the greater part during bright sunshine. 

All the experilnents show that under such conditions the bars are 
never shorter than the indicated temperatures imply, and that th~re
fore the result~ if it is in error on account of thermometer lag, is too 
small. 

The experin1ents on the IOOm 1nea.sured in the bright sunshine, Sep
t€mber 21and22, show that the lag on supposition 1, explained in pages 
7 and 8, amounts to about 1 part in one million, and on. suppositiou 2 
to 74 i1~ 8 .,, and it is therefr>re a fair inference that its effect on the whole 
base is of that order of magnitude, and that it should be applied to the 
uncorrected Jeng-th of the base. U Hing the value 0·14"''" per lOOm the 
measure(l length should be increa:sed by 55 x 0·14 = 7.7rnm. 

In order uot to claim too high a precision for the Jength above given 
it seem:o; safo to assert that its abt-mlute error does uot exceed its 
1-500000 pa.rt. 

An abstract of the results of the measurements of the base is 
appended: 

I 
I I 

Section. No. of Corr. \Resulting length. j x-2 d. c=r/3 d. ,2==:z. bars. temp. i . 
---~- ---------· . i 

0 I 171. mm .. 
s B to 240 240 26-27 

I 
I 200+ 22·8 

23·83 21·2 1-6 ·53 ·281 

240 420 180 26·80 goo- 36·8 
26-88 32·9 3·9 1·30 1·690 

420 6oo 180 25·62 900+ 62.6 
27·49 62·3 0·3 + ·10 ·010 

6c.o ;So 18o 22·18 900+ 17·4 
27·99 20·1 2·7 ·90 -810 

78o 98o 200 23·86 l 000-- o-6 
2675 5·2 
24·52 9·2 
25·37 s·s 
24·01 3·9 
26-18 5·9 ·76 ·578 

98o NB 120 21·57 6oo+743.7 
31·23 744·6 0·9 ·30 ·090 

First measure, 5 500+8o5 
Second measure, 810 

Length of base, 5 500+8o8 +r7mm = 5,500.816"". 
:±: 1·9 

The probable ,error of measure inent without regard to constant errors 
is :±: l ·9mm. 

8. Ex. 37-32 
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The probable error in the length of a 100-metre unit from compari
sons with the 100-metre standard is ::I:: 0·04. _ 

The probable error of the 5-metre iced bar at 0° C = ± 0·0008. 
The probable error of measuring the 100-metre standard (August 

measurements) from Prof'. H. S. \Voodward's determinations=± 0·018~ 
hence the p. e. of the base arii.;;iug from these values is · 

55 -v(o~o1s)2+-<0~016r2·+co~o4)2=2·57m• 

and the p. c. of the base is 

The reduction to sea level and the p. e. of the leveling (mean altitude 
of base line) remain to be incorporated. 

G-ENJ<~RAL CONCLUSIONS IN REGARD TO 'l'HE USE OF THI:.; APPARATUS. 

1. The average speed of measurements, including the time requisite 
for training tbP operatorK, may be taken at 1 kilometre per day of 
e!ght hours, on level ground, or on a uniform grade. With trained nwu 
tlie speed can be iucreased to 1·5 kilometres per day without detriment 
to accuracy. 

2. If the temperature of the bars were known, the accuracy of meas
urement would leave nothing to be desired. The probable error of a 
single Illeasurement would then be about one part in a milJion. 

3. As usual the principal source of error is in the uncertainty between 
the indicated and true temperature of the bars. 

This relation depends on the range of the diurnal temperature to 
which the bars have been exposed, and ibo; value must be subject to 
some uncertainty. It appears, however, that it is possible t-0 assign 
the limits of error due to lag of the thermometers. 

The absolute lag of the thermometers can safely be taken t-0 lie 
between 0 and :±:: 0°·5 U. on the average in a day's measurement. 

Hence, if an error o-f one part in 340 000 spall not be exceeded, a 
single measurement with this apparatus will secure that degree of accu
racy if the following rules be observed: 

1. If the temperature is rising, apply a correction for lag of+ 0°·2.'> 
to the mean t.en1perature of the thermometers for the day, and a cor
rection of - 0°·25 if it is falling. 

2. If one-half of the day's measures are made during rising and the 
otbe1· half during falling temperatures, the mean may be taken without. 
correction. ' 

3. If the measurement is made. during hot weather and in the bright 
sunshine with rising temperatures, no correction need be made. 

It ma.y also be pointed out that where it is possible the bars, if day 
measurement only is intended, should be protected ae much as pas
sible against change of temperature at night. 
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MEA.SUREl\-IENT OF HOLTON BASE, RIPLEY COUNTY, IND. 

For description of base monuments aud locality see Assistant A. T. 
~losman's report, pp. 330, 331. 

The 5-metre contact slide rods Nos. 13 and 14 were used in this 
measUFemen t. 

This apparatus is of the usual pattern. It was made at the Coast 
and Geodetic Survey Office and was completed in July, 1891. 

The Ineasuring rods are of cylindrical steel, 5 metreR long and 9mrn 
in dia1neter, with the usual contact slides. The slide end of each rod 
carries a white agate knife edge 3rnm wide, the other a circular plane 
surface about 3unn in diameter. The index and slide piece of each rod 
have each three lines ruled on them. When the middle lines on the 
slide and index are in coincidence, the distance between the agate plane 
at one end and the knife edge at the other is the length o:f the rod. 

Each steel rod is encased in a built up wooden bar and rests directly 
in a longitudinal groove in its middle. The bars are 7 .5om wide, 14crn 
high, and 4·9 metres long, so that a length of about 10°m of each rod is. 
exposed to the air. 

Each rod carries two therinometers. They are inserted in opposite 
sides of the bar and are in contact with the rod and not with the wood. 
Each one is 1 metre from the end of the bar. 

The wooden bar in turn is surrounded with a white canvas cover 
lined with half an inch of cotton. 

THE TRESTLES. 

They are of the usual wedge and tripod pattern and are the same as 
those used in the Yolo base. Throughout all the measurements, except 
those on the comparator, the trestles were used without foot plates, the 
ll'gs being merely firmly stuck into the ground. 

THE SECTORS. 

The sectors are segments of arcs of circles. Each carries two (2) 
VPrniers 180° apart and is so graduated that the position in which the 
bar is horizontal reads nearly 20° on the front vernier. The verniers 
read to 10". Before beginning work the contact ends of each bar 
were put in a horizontal plane by means of a leveling instrument, theo
dolite, or engineer's transit. 

In general the sector errors were determined three times a day. 
Each sect.or was protected against the sun by a hood made of canvas 

stretched on a wire frame attached to the bar. 
During all the measures t.he two verniers of each sector were read by 

different persons. 
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THERMOMETERS. 

The thermometers attached to the rods are centigrade divided to 
half degrees, and were read by means of a magnifying hand lens to 
tenths. 

They were made by H .• T. Green, of New York, and were com.pared at 
the office in June, 1891, with Tonnelot thermometers 4655 and 4656. 

Bar 13 carries thermometers 1 and 2. 
14 carries thermometers 3 and 4. 

Calling that end of the bar on which the aligning telescope is 
mounted the front, end: 

Thermometer 1 is on same side as the sector, rear end. 
· 2 is on opposite side of the sector, front end. 

3 is 011 same side as the sector, rear end. 
4 is on opposite side of the sector, front end. 

The maker's numbers corresponding to those given are-
No. 1, 5609. 

2, 5604. 
• 3, 5606 • 

4, 5616. 

On August 28 Green 5613 was substituted for 5616 (No. 4:), the latter 
having been broken on that date after its zero point had been deter
mined. 

The corrections of these thermometers to reduce them to the hydro
gen scale were determined in June, 1891, to be as follows: 

i I ! At No. x. No. 2t No. -:'.I' No. 4, Mea.n. 56x3 5609. 5004. 5(><)6. i 56i6. 

----- ·--~- ·----

0 0 0 0 0 0 0 

0 ---o· 10 +0·05 -0·15 -0·10 ---0·08 -0·08 

3 ·16 ·24 ·25 ·23 ·22 ·25 
6 · 11 ·19 ·31 ·19 

1• 
·20 ·19 i 

11 · 13 ·18 ·33 ·21 I ·21 ·18 I 
16 ·17 . I 7 ·34 ·17 ·21 ·19 
21 ·26 "2l ·23 ·2.r - ·23 ·21 

25 ·16 ·16 ·36 ·26 ·24 ·26 
32 ·21 ·21 ·36 ·26 ·26 ·28 

34 ·22 ·22 ·32 ·22 ·25 i ·32 
. 37 ·26 ·28 ·28 ·28 ·28 ·28 

------· 

On August 28 the zero corrections to these thermometers were rede
termined. See Vol. II of the record, with the following results: 

·--------· 
At No 

! 
No.2. No. 3. 

! 
No.-.. Mean • • J:. 

1 

0 0 0 0 0 0 

0 -0 ·22 -0·16 --0·27 -0~22 -0·22 

' 
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Measurenient of Holton B(lse with the New Secondary Base .A.pparatu11. 

ALIGN::.VIENT. 

The bars were aligned during the nieasuremeut by bringing the rear 
end of the rod over the starting point or into contact with the forward 
agate of the rear bar and keeping it there while the forward end of the 
bar was aligned by pointing a small telescope on a signal usually 
mounted on the next section stone ahead. 

A small aligning- telescope is mounted on each bar 25 centimetres 
from the front end. The base of the uprights carrying the telescope 
has a sliding motion on an arc of a circle concentric with the measuring 
rod. It carries a level, by means of which it cau be clan1ped in a hori
zontal position in a vertical plane passing longitudinally through the 
rod. 

In order that the telescope may transit in this plane the adjusting 
screws of the base must be properly set. 

The adjustment was not made with satisfactory accura.cy during the 
first measurement of the distance between south base and the fourth 
kilometre stone. On reaching this stone a second and more perfect 
adjustment was made. 

Subsequently the deviations from a straight line during this fra.c
tiona.l part of the first measure were traced on the ground, and it was 
found that the error due to the deviation of the measured line from the 
base line amounted to not more than 1 part in 15 000 000, which can 
therefore be neglected. 

Experiments were made to determine the probable error of alignment 
of a single bar with the teleseope adjusted as in the remainder of the 
measures and it was found to be 38". 

GROUND TRAVERSED. 

The. greater part of the measurement was over grassy soil. Several 
· plowed fields were erossed. 

· The surface of the ground near south base is broken, and between 
the 3 000 and 3 900 metre stone it is also very irregular. The first four 
measures of the Standard Kilometre were n1ade when the soil was wet 
and springy, but during the measures ntade on September 24 and Sep
tember 25 it was dry and hard. 

A distance of 200 111etres at each end of the Standard Kilometre is in 
the open fields; the remainder is in the woods. 

DUTIES PERFORMED BY MEMilERS OF THE PAR.TY. 

Prior to September 21, during the measurements, the ha.rs were 
aligned by Prof. Gore, who also read the forward thermometer; the 
rear thermometer was read by :Mr. Pennington; one vernier of each 
sector was read by Mr. Gjertsen, the other by Mr. Hayford, who also 
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kept the record and called attention to any apparent or real errors in 
the readings. After September 20 the alignments were made by ML 
Hayford. 

Throughout the work the contacts were made by myself, using a small 
lens magnifying 3 diameters. 

SECTION MARKS. 

The base and its sections, excepting the Standard Kilometre, were 
marked by lines traced at right angles to the direction of the base nIL 

copper bolts set into stones. The ends and intermediate sections of the 
Standard Kilometre were marked by spherical-headed bolts, intended 
to be used in connection witl1 a so-called cut-off apparatus. 

This apparatus consists of an upright cylinder having a conical recess 
at its foot, which fits over the spherical bolthead. The cylinder can 
be revolved about its upright axis, and any deviation from verticality 
is measured by n1eans of an attached spirit level. On top, and at right 
angles t.o its vertical axis, the cylinder carries a scale diyided into mil
limetres, to which an oqject over it can be referred, and which gives itx 
relation to the geometrical center of the bolthead. 

In starting, the slide was usually clamped in coincidence with tlw 
index, and the knife edge wa.s brought over the starting point by meaBs 
of a theodolite or transit sector mounted at right angles to the base 
line. 

When stopping for lunch, a line traced on a copper tack in a stub iu 
the ground served as a reference mark. 

The record of the measurements of the Holton base line with 5-metre 
contact slide rods Nos. 13 and 14 is contained in 3 volumes. Volume 1, 
pages 1 to 230, and Volume II, pages 1 to 68, contain the record of the 
base measureinent proper, including two extra measurements of the 
Standard Kilometre. 

Volume II, pages 71-158, contains determinations of the length of 
the rods in terms of the 100-metre comparator. For description and 
details of this comparator, see Assistant R. S. Woodward's report. 

LENGTH OF THE RODS. 

The length of the rods was determined immediately after the base 
measuren1ent by measuring the distance between the ends of the stand
ard 100-metre comparator. The legs were taken off the trestles and 
the tripod heads carrying the. wedges were screwed on substantial 
boards, which fitted across the track prepared for the iced bar carriage. 

In starting, the slide of the bar was clamped to coincidence. The 
knife edge was brought under a microscope mounted over one end of 
the 100-metre comparator, and a pointing was made with the microscope 
on the knife edge. The axis of the microscope was referred to the end 
mark by m.eans of the cut-oft" ~pparatus. 
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Measurement of Holton Base with the New Secondary Base Apparatus. 

The measurement of the distance was then carried on as usual,,except 
that the tripod heads rested in the track, as above described. On 
reaching the other end of the comparator, where auother microscope 
and cut-off apparatus were 1nonnted, a spider thread wa8 stretched 
over the i•lane surface of the agate of the rod, and the microscope 
pointing was made on the space, which was lH'\'"er more than about ~o 
microns in width, between the direct an<l reflected image of the thread. 

For the deductions drawn from th.c•se and other determh1atious of the 
length, see my report to the Superintendent. 

Pages 159 to 162 of Volume II contain the determination of the cor
rect.ion to the zero poiuts of the thermometers attached to the base rods. 

Pages 188 and 189 furnish a deterrnina.tion of the error of contact 
which results fron1 the fact that the agate planes are not at right angles 
to the axis of the rods. 

This error of contact affects the length of the rods when separately 
determined under microRcopes, but does not afl'ect theh· combined 
length deduced on the 100-metre comparator. 

LAG OF THERMOM:E.'l'li~RS. 

Volume Ill, pages 4 to 31, coutain a number of measures of the :first 
hundred metreR of the Sta11dard li:ilometre made in the bright sunshine 
in order to determine the effeet of the sunlight on the lag of the ther
mometers attached to the rods. 

In these measurements the rods were used on the trestles in the usual 
manner, but at the beginning and eud of the 100-metre distance a 
microscope was mounted and the cut-off a.pparatus was used in the 
same manner as on the standard 100-metre comparator, as previously 
described. 
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APPENDIX No. 9-1892. 

MEASURE OF THE IRREGULARITY IN ONE TURN OF THE MICRO.METER 
SCREW, AND THE RELATIVE VALUE OF EACH TURN. 

A report by GEORGE DA v1nsox, AssiRtant. 
Submitted for publication A11ri1 3, 1893. 

In 1876 I gave an explanation of the cause, or the principal cause, of 
the well-known irrf'gularity observed iu one turn of the inicrometer 
screws of the zenitl1 telescopes. l\fany years befi:>re I had reported the 
existence of e~cessive itTegularity in the micrometer screw of an Eng
lish instrument, but it was explained to arise from the manner in which 
the screw was eut by the instrument maker. 

Nevertheless, the method of deterinining the arc value of the microm
eter screw by observations upon a close circumpolar star, although 
imperfect on account of the unsteadiness of the image of the star, the 
fewness of the ob~ervations possible in one turn, etc., developed a peri
odicity in the irregularity that suggested a cause independent of the 
mere 1nethod of cutting the screw. 

In my paper on this meeliauica.l defect of the micrometer (1876), two 
methods of proc,~dure were suggested to determine tl1e character and 
amount.of the irregularity at frequent intervals in one turn. It has 
liappened that neither could be put in practice until lately. 

Within the last year two close circumpolar stars have been observed 
as often as ten tunes in each turn of the micrometer screw for ten con
secutive turns and five times in each turn for twenty other turns. I 
have not reduced the observations, but am satisfied from the unsteadi
ness of the object and the comparatively low power used ( 100 diameters) 
that the results will be much interior to those of the second method. 

This second method was partly developed, during the observations 
for variation of latitude at San Francisco in 1891 and 1892, in discus-
8io11s with T. D. Davidson. It result.eel in projecting the image of the 
n1icrometer thread by means of the objective of a microscope, upon a 

605 
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graduated scale, and measuring with the micrometer each division of 
the scale. 

The micrometer box was secured to the stage of a microscope that was 
turned horizontally with the eye end towards the scale, which was 
about 2 feet distant. The illumination was by a strong light behind 
the thread, but was not satisfactory. From the microscope tnbP to the 
scale a dark cloth was used to exclude diffused light. One obseryer 
was at the scale and the second observer was at the Inicrometer. After 
the proper focusing for the best image of the thread, and adjustment 
for paraUelism of the thread with the scale graduations, the observa
tions proceeded. The results were so encouraging that, after the 
latitude work was done, further experiments were made, with limited 
means, however. The last observations were as follows: 

We had no solid piers upon which to place the scale aud the micro
scope, but the micrometer, so1newhat imperfectly secured to the stage 
of the Inicroscope, was placed upon a library table and the scale upon 
a crossbar in a door. The eyepiece of the microscope was removed, 
and the tube carrying a 1i-inch Gundlach oQjective was turned hori
..:ontally towards a wall, upon which, at 15 feet distant, the images of 
the micrometer rack and thread were fairly well seen by using sunlight 
illumination through the objective. 

T. D. I)avidson improvised a n1eans of holding the scale and giYi11g 
it all required lllovements except for distance, whi~h was reduced at 
the mic:i;oscope to about 12 feet, when the image of the micrmneter 
thread passed over 25 millimetres of the scale for one turn of the 
micrometer screw. A pasteboard tube 11 feet long and 5 inches iu 
diameter was support.ed between the microscope tube and the scale, and 
the intervening spaces at each end were covered with black muslin. 
The illumination was by lamplight. The image of the thread was weak 
and a.t the best did not present a solid line, but naturally appeared as 

two lines m.arking the outer edges of the 'thread with a lighter middle 
Hpace. The millimetre scale had been purposely cut deeply by the 
instrument maker, and the surface was afterwards ground by T. D. 1 ). 
The lines of the scale were, therefore, very strongly marked, but a better 
scale should be used. A small magnifier, which increased the scale 
spaces about one and a half times, was conveniently fixed by the sea.le 
observer t.o aid in adjusting the thr~ad image to the millimetre scale, 
and a hand magnifier was used by the n1icromet,er observer. 'fhe 
micrometer head is 5f inches in circumference, made of black zylonite' 
and finely graduated to one hundred divisions in white. The milled 
head is the same diameter; both ought to have larger diameters. 
After the best focus of the image of the micrometer thread had been 
6btained and the parallelis1u of thread and scale lines effected, and 
the instrtllllent parts all .lightly tapped to remove strains of parts, the 
observations commenced. 
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Measure of the Irregularity in one turn of the Jl'hcrmneter Serew, etc. 

W1th the micrometer thread at the middle of the rack and reading 
2 000, the millimetre scale was nioved horizontally until the image of 
the micrometer thread was between two given graduations. In this 
position the image was just broad enough to leave a very narrow line 
of light between the outer edges of the image and the inner edges of 
the two graduation lines. The relative breadths of tllese two lines of 
light enabled the scale observer to judge of the central position of the 
thread image. The micrometer observer then moved off the image and 
brought it back to a position tinally announced correct by the scale 
observer. The micrometer reading was recorded. The micrometer 
was then turned forward to the next scale space and adjusted as before 
and the reading recorded. So the work proceeded until 25 spaces we1·e 
observed and recorded, and then the micrometer was run back to the 
starting space and the reading made to note if any change of position 
had occurred. With our unstable means the change of J.)Osition ranged 
as high as 0·7 of a division in the first series; tbe average difference 
in the twenty-four sets was 0·1 of a division. When two sets ba.d been 
made the observers changed places and two more sets were observed. 
The scale was then reversed and inverted and four nwre io;ets were 
observed in a similar manner. Each series of four sets occupied one 
hour at the outset; afterwards less tbau fifty minutes. The observa
tions were made in the daytime or at night, to suit our eonvenience. 

It was evident from the first set of measures that tbe character of 
the screw was above the average that I J'r:id hitherto used, and after a 
few sets had been made there was no (Y,__>nbt to either observer about 
obtaining the nearest tenth of a micrometer division at the scale. 

The independent check of the observer at the micrometer upon the 
coincidences of contact of scale and image was an interesting check, 
and each amused himself at times in trying the skill of the scale 
observer. The greater difficulty was really in reading the micron•eter. 

It is hardly necessary to give the observations in extenso, although 
they have been useful in demonstrating that the stability of our outfit 
was imperfect, and that the !.,rraduation of the scale and the ground 
surface should be better. The means of each series of four sets, and 
the means of the direct and the reverse scales, and the final means are 
given to show the possibilities of the metl1od. The results are certainly 
better than could be gotten by any amount of observations 011 close 
circumpolar stars, and they are too plain to require exhibition in 
graphic form. The actual observing time of twenty-four sets of twenty
six. observations each was 5 hours and 22 minutes. 
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[Micrometer of Zenith Telescope No. 3.) 

' ' 
/March •9, •893; means of + sets. March :u, x893; nieansof +sets. 

I 

l Scale D. Scale R. Scale D. Sea.le R. 

IMarch-22, 1893; means.of 4 sets.j 

Scale D. Scale R. I 
- -

2000·66 2000·31 1999·67 2000·44 
4·65 4·36 2003·78 4·46 
8·64 8·40 771 8·46 

12·65 12·39 I 1·72 12·40 
16·59 16-36 15·59 16-35 
20·61 20·32 19·59 20·36 
24·61 24·36 23·54 24·38 
28·61 28·34 27·48 28·35 
32·65 32·28 31-50 32·30 
36-61 36·30 35·39 36-28 
40·62 40·28 39·46 40-30 

2000·24 2000·20 1

1 

t~~ i:!~ 11 

12·32 12·22 
16-25 16-15 ' 
20·20 20·12 I 
24-25 24· 14 Ii 

28·1I 28·10 

32·12 32·05 
36·08 36-05 
40·1 I 40·08 J 

44·64 44·30 43·42 44·37 44·16 44·14 
48·6g 48·31 47"40 48·36 
52·74 . 52·37 51·47 52·36 

48·18 48·09 
52·22 52·16 

56-75 56-40 55·51 56·45 56·20 56·15 
6o-76 6o·40 59·44 00·41 6o·20 60·25 
64·77 64·39 63·45 64·42 64·20 64·19 
68·78 68·39 6]"42 68·44 
72·80 72·36 71·30 72·40 

68·18 08·10 
72·05 72·o6 

76-78 76·29 75·34 

I 
76-32 

80·72 8o·36 79·20 80-34 
84·82 84·34 83·26 84·37 
88·87 88·44 87·30 ! S8·40 
92·87 92·39 91·28 92·44 
96·89 96-45 95·31 i 96·44 

2100·96 2100·54 2099·31 I 2100·56 
----

2000·97 2000·40 t.999·55 I 2000·66 
l I 

75·98 75·99 
79·92 80·02 
83·99 84·02 
88·00 88·08 
91·95 92·10 
95·98 96-08 

2100"04 2IO<YI$ 

2000·35 2000·22 

Checks to first readings. 
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l\leans of 3 series. I Means of 6 Difference from 

I 
series,D.andR. final mean. 

Scale D. Scale R. I 
I 

I : 

2000·19 I 2000·33 2000·26 +·06 
4·26 4·36 4·31 +·12 
8·23 8·36 8·30- +·10 

12·23 12·34 12-29- +·10 
16-14 16·29 16-22- I +·02 
20·13 20·27 20·20 ·oo 
24·13 24·29 24·21 I +·01 
28-07 28·26 28· 17--- ' ! -·02 
32·09 32·21 32·15 ! -·05 
36-03 36·21 36-12 -·08 
40·07 40·22 40· J 5-- -·04 
44·07 44·27 44·17 I -·03 
48·09 I 48·25 48·17 I -·03 
52·14 I 52·30 52·22 

j 
+·02 

56-15 56·33 56·24 +·04 
6q·13 60·35 60·24 +·04 
64·14 64·33 64·24- I +·04 
68·13 68·31 68·22 I +·02 
72·05 72·27 72·16 -·04 
76·03 76·20 76·12~ -·07 
79·95 8o·24 8o·10- -·69 
84·02 84·24 84·13 -·07 
88·06 88·31 88·19 -·01 
92·03 92·31 92·17 ( -·03 
96·06 96-36 96·21 ; +·01 

2100·10 2100·42 2100·26 ! +·06 
-

2000·29 2000·43 2000·36 i 
I 

Checks to first readings. 
Final mean, 2050·20-

Another application of this method was tried last year to determine 
the relative value of each turn of the micrometer screw. 

The reading of the micrometer was noted when the image of the 
thread was upon any division of the millimetre scale; the micrometer 
was turned once and the scale reading noted; then the micrometer was 
bodily moved back by the microscope stage motion to the first scale 
coincidence, turned once, and the scale reading noted. This method of 
repetition was carried far enough t-0 tiest its practicability. It demands 
a finer motion to the microscope stage than I possessed, but there can 
be no doubt of the method giving satisfactory results. 

I may add that the discussion of the means of getting a better image 
of the micrometer thread led T. D. Davidson to experiment with the 
spider thread. He scoured a spider cocoon in boiling water a.nd 
soap, and then boiled it in a test tube for twenty minutes with black 
''diamond dye" for silk, according to directions, and produced a jet
blaek cocoon without injury to the thread. The object was, of course, 
fo obtain a stronger image of the thread at the scale, whereby a stronger 
inagnifter would materially aid the observer. I have compared the 
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black thread with a natural thread and in color the former is decidedly 
preferable. In experimenting with this prepared thread for latitude 
observations we have found that it acquired very marked hygrometric 
qualities that unfit it for latitude or transit observations. 

February 1.2, 18.94.-As this appendix is passing through the press, 
the Superintendent has authorized the insertion of the following
n1emorandum by A.ssistaut Schott and the graphic illustration of the 
average inequality of 1 turn of· the micrometer screw from 3 series 
of observations upon 4 close circumpolar stars near elongation at dif
ferent seasons of the year. 

In the figure the broken line exhibits the curve of the inequality of 
1 turn as traced through t.he points determined by the observations 
through a11 average of 30 turns. The dotted line exhibits the curve 
computed from these observations. The heavy broken curve exhibits 
tlte results by the microscope-pr~jection TI}ethod of 24 sets of measures 
at every 4th division of the 20th turn of the microIUeter.• 

The expression for the periodic inequality for one turn of the motion of the screw 
of zenith telescope No. 3, and which may be termed "Eccentricity of the serew 
hea<l," was derived from 15 series of observations made for the greater part at inter
vals cf 1,- of a turn, t with a. few at t and t turns. The transits range over the whole 
screw (4 to 36 tnrnR) and thuR give a fair average value. The particulars of' the 
observations are shown in the following table: 

Elonga- Fractional Value of I No. >8g2. Star. Range. part of • '\Veight. ti on. turn. turn. 

;t t // 

I Feb. 8 a Urs. Min. 5 - 35 ..w. •/4 47·668 61 
2 Feb. 9 Bradley, 1672. 35- 9Yz E. I/4 ·557 50 
3 Feb. 9 a Urs. 1\iin. 5 -- 35 w. 1/5 ·633 76 
4 Feb. JO Bradley, 1672. 35 -- 9Yz E_ I/4 ·659 49 
5 Feb. IO a Urs. Min. 5 - 35 "\V. 1/5 ·671 73 
6 May 4 ;t Urs. Min. 35 ~-- 4 E. 1/5 ·624 75 
7 May 6 tJ Urs. Min. 35 -- 5 E. 1/2 ·656 31 
8 May 6 A Urs. Min. 35 -- 5 E. 1/5 ·620 76 
9 May 7 o Urs. Min. 35 -- 5 E. 1/2 -648 31 

IO May 7 ;i. Ur;;. Min. 35 ·-- 5 E. '1/5 ·621 76 
II Sept. 5 a Urs. 1\lin. 36- 4 E. 1/5 ·638 81 
12 Sept. 5 A Urs. Min_ 4-36 \\'_ I/5 ·647 81 
13 Sept. 6 A. Urs. Min. ·4-36 ~.v. Y/5 ·642 81 
14 Sept. 17 a Urs. 1\iin. 36- 4 F I/s ·617 81 
15 Sept. 21 A. Urs_ :Min. 4- 36 -w_ 1/5 ·644 81 

The computation and discURsion w-ere made by Mr. H. l<~a.rquhar, of the computing 
division, and resulted in the expression for the eccentricity 

+ ·079 cos (3°·6d) + ·066sin (S0·6d) - ·101 cos (7°·2d)- ·089ain(7°·2d), 

where d = number of divisions read off and the correction for eccentricity is 
~---····-----·--· ·-·-·---·----- ·----- -----------· -----

•1n proposing the microscopic IDethod of" projection it was not forgotten that the 
method of using a scale in the eyepiece of a micrometer bad been used, but what
ever the results thereby obtained may be -they a.re liable to personal eqnation. In 
the m.ethod here adopted two observers interchange places a.nd the personal equa
tion will, in a measure, be eliminated. Moreover~ the method is capable of JDnch 
development. · 

t '£he.se observations include scriei; 0£ odd and even tenths of a turn. 
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2J£ea-Sure of the Irregula.rity in one tu·rn of the 11licrometer Screw, etc. 

expressed in divisions. Between zero and 30d the correction rises :from nearly zero 
to nearly 0·2d; thence to reading 60d it diminishes to nearly 0·2d, its opposite 
extreme. The small correction has been applied to the reading of tlie micrometer 
for all obser..-ations made with this instrument, as given l,~· the following table of 
limits: 

Reading. \ , ·o I·rect i 0-11. Reading. 

d d d d d 
0·2 

22.7 33.2 
-+- o· I 

15·3 38·9 75-5 92·8 
0 

o·o 43·6 70·3 100.0 
----- 0-1 

48·1 65·1 
-0-2 
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APPENDIX No. 10-1892 . 
• 

ON THE LEAST SQUARE AD.JUSTMENT OF \YEIU HIN GS. 

A report prepared by direction of 
0. H. Tn:TMANN, 

Assistant in cha.rge of the Office of Standard WeightR and Measuref'I, 
By JOHN F. HAYFORD. 

U. S. CoA:o;T AND GEODETIC SURVEY, 
0FJ.'ICE OF STANDAR.D WEIGHTS A.ND :MEASURES, 

Wa.-;hington, D. O., August 24, 1892. 

SrR: I _beg leave to submit for publication the following paper, which, 
by my direction, was prepared and compiled by Mr. John F. Hayford, 
of this office. 

It consists of formulre "for the least square adjustment of weighings 
of such series or sets of weights as occur commonly. 

If a set of weights of specified nominal dimensions be given, it is 
required to intercompare them. in such a way that a sufficient number 
of observation equations can be formed to bring out a precise result. 

The paper shows by symbols the manner in which the weights should 
he combined in the weighings. 

The result is then worked out symbolically with numerical coeffi
cients for the quantities sought and for their probable errors. 

NOTATION. 

Let each weight be indicated by its nominal value inclosed in a 
}larenthesis, which has as a subscript the designation of the set to 
which it belongs, and also, if necessary, as subscript or superscript, a 
ligure to indicate which (Jf two or znore similar weights of a set is meant. 

rl'hus: (lOgm)•, (100()wn)0 , (5rn•) pi, (20Qgm)*2 , (lgm)3 pi. 
r a is uniformly used in the following pa.per to indicate the probable 

l'rror of a single weighing. -
For convenience in computation the nominal value of each weight 

111ay be omitted from each absolute term and tl1e weight placed equal 
to its correction, the nominal value being always understood, though 
not. expressed. 

515 
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In all the following formulre it is assumed that all the obi:;ervations 
included in a single adjustment have equal \Yeight. 

'.l'HREE EQUAL WEIGHTS. 

To derive the values of two unknown nmniually equa,l weights from 
the value of a third known weight of the same nominal value. 

Let the weights be (l)i, (1) 2 , and (1) 3 , of ,Which (1):; is known 'vith a 
P robable en·or r ll )3 

Let ;1'1 - (1)1 (lh 
and ;L·2 - (l)z (lh 

~et the following weighings be made: 

(l)i 
(l)z 

(1)1-(l)z 

(l):i - ai 
(lh - ~ 

= a,3 

These observation equations may be written: 

Xi =al 

Xz = Q.z 

X1 Xz = a-:i 

The normal equations, giving these observation equations equal 
weight, are: 

Solving X1 = !\· (2a1 + 0·.;? + X3) 
X2 = -:\ (a1 + 2a'2 - a3) 

r a = ~- JL~~ 
r..,l = r"''! = 0·82 ra 

r< 1 )
1 

= rnl
2 

= [ (0·82 r,.) 2 + rr 1 l
3

2]l 

See Travaux et l\femoire~, Tome 2, p. D. 73. 

FOUR EQUAL WEIGll'l.'S. 

To derive the values of three unknown noininally equal weights from 
the value of a fourth known weight of the same nominal value. 

Let the weights be (l)i, (l)z, (1):1, and (1) 4 , of which (1)4 is known with 
a probable error r(l) • 

& 

Let X1 = (1 )1 - (1}.& 
:x·2 = (L)z - (1)4 
X;1 = ( 1 ) .1 - ( 1 )4 
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Let the following weighings be made: 

(1)1 
+ (l)z 

+ (1):: 
(lh - (l)z 

+ (lh - (l):i 
(l)i - (1 h 

(1)4 = ai 
(1)4 = «·2 
(1 )4 = a3 

- a4 
- as 
- ao 

These observation equations may then be written: 

+ .r:1 = a3 
.X1 - X2 

+Xi - ;:r'3 =a;; 

X1 - X:1 = a6 

517 

Giving these observation equationR equal weight, tlie normal equa
tions are: 

Solving 

3x1 - X2 - X3 = a, 
x 1 +3x2- X3= +~ 
X1 - Xz + 3X3 = 

+ a4 +as 
a 4 +a,:; 

+ fl,3 a:; - a 6 

X1 = l (2a1 + Uz + a:i + a4 + a6) -
x 2 = ! ( a1 + 2a2 + U3 ff4 + a:; ) 

:IJ3 = l ( a1 + az + 2a3 - a" - as) 

= 2- J!v~J 
:1 a 

r = r = r = 0·71 r 
~ ri ~ " 

ro11 = r(1J2 = '.t"r1i:1 = [(0·71 f·,,)2 + (r(1))2]~ 
Travaux et Memoires, Tome 1, p. D. 72. 

FIVE EQUAL 'YEIGHTS. 

To derive the values of four unknown nominally equal wejgbts from 
the value of a fifth known weight of the same nominal value. 

Let the weights be (1)1, (1}z, (1)3, (1)4 , and (1):;, of which (l)~ is known 
with a probable error ro> . 

6 

Let X1 = (1)1 - (l)s 
0:2 = (1)2 - (1):; 
O:::i = (l)J- (l)s 
'1:4 = (1)4 - (1)5 
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Let the following weighings be made: 

+ (1)2 
+ (1h 

- (l)s = ai 
- (1)5 = a.J 

(1)s - a,3 

+ (1)4 - (l)s - a4 
- (1)4 - as 

+ (l)z ...:.., (1) 4 - Oij 

+ (1)3 - (1)4 = a. 
(1)1 (1h = a11 

+ (lh - (1):1 = a 9 

(1)1 - (l)z = OLG 

These observation equations may be written: 

X1 - a.1 

+ Xz - a.2 

+ X3 - Q,3 

+ X4 - a4 
X1 .:r4 - as 

+ X2 - X4 - ll1) 

+ X:i X4 - a.r 
X1 - X:.i - a,a 

+ X2 - X3 - ~ 

.X1 - Xz - U10 

Giving .these observation equations equal weight, the normal equa· 
tions are: 

4 X1 - X12 - X3 - .X-4 = al 

X1 + 4 Xz - Xa - X4 = +a'}; 
X1 - X2 ·+- 4 X3 - X4 = 
X1 -- X;:! - X3 + 4 X4 = 

Solving 

xi ••·· • t (2 a1 + a., --1-- aa + a .. + as + a 8 
x~ ~ t { a1 + 2 a~ + a;i + a 4 + a 6 + a9 

X;i c.c·.• t ( a 1 + ~ + 2 a:i + a 4 + a 7 ·- a 8 ·-- a.., 

x4 "----= s ( ai + d.2 + a3 + 2 a,,. -- as - tic ·--- a7 

r~1 = rx2 = rx11 = rx• - 0·63 ra 
r(I)1 = r(I)s = r(1);1 = r(I)4 = [(0·63 r 4 )2 + ~(i;)6 Ji 

SERIES 4, 3, 2, 1, - - -. 

Series (10), (4), (3), (2), (1), (0·4), (0·3), (0·2), (0·1), - - -. 
Observation equations, supposing (~O} to be known with the prob

able error rcw)• 
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(4) + (3) + (2) + (1) = a1 = Observed difference [combination - (ro)] + cor-
rection (10). 

(4) + (3) + (2) + ~I =:-a'!.=- Observed difference [combination - (10)] + cor-

(4) -- (3) - (2) + ~· = <1;; 

(4) - (2) - (I) - l;I = a4 

(4)-(3) -(1) =ar. 
(4) - (3) - LI = a6 

+ (3) - (2) - (r) = a7 

+ (3) - (2) -~ l:I =as 
+ ( 2) -- ( I ) - ~ I '-='-- a9 

+ (I) - l:I =o aio 

n:ction (10). 

1:1 = (0·4\ + (0·3) -1_ (0·2) -+- (o·r). 

Giving these observation equations equal weight, the normal equa
tions are: 

6(4)- (3) (1) =a1+a"+aa+a4 +a5 +at1 
(4) + 7 (3) + (z) + (r) = a1 +a2-a3 -ar,-a5+a., +a8 

+ (3)+ 7 (z)+ 2(1) + l;I =cca1+a~-a:3--a4 -a.,-a8+a9 
(4) + (3) + 2 (2) + 6 (I) -1- l'.I =c: a1 -a4 -a6 -a7 -a9 -t- a 0 

+ (2) + (1) + 7 ~I= +a,z+as--a4 --a0 -aa-a11 ---a10 

The values o:f the unknowns are: 

~ 
' 

(4)= l 
(3) = ! (2) = 
(1) = 
l; I= 

(4) = 
1 (3) = I (2) = I 

(1) = 

I l: I= 

~--

41 I a,, a s 

; 

+0·216162 I +0·183838 +0·1 61616 i +0·159596 
06062 '! + ·051516 + ·139397 + ·16o6o3 

+ ·082828 + ·117172 

+ ·157575 - ·05757 5 
- ·034343 + ·134343 

... av 

-

-
+ 
+ 

. I 

. I 

·o 
. I 

7 I 7 I 7 - ·I 0707 I 
75758 - ·093940 
56566 I - "114141 

I 
I 

a 8 

+0·155556 +0·004040 I +o·o 36364 
63638 
63636 
54546 
2p.73 

-0·038384 I 

·006062 
+ ·228283 

·224242 

·143434 

- · 1 33330 + ·184844 + · 1 

i + 
+ 
-~~· 

·022222 - ·129293 -- . I 

·066666 

I 
- ·16o6o4 + ·o 

· 155556 + ·041414 I --- ·1 
I 

r., 

r(~l = ((0·42 r,.)2 + (o·4 r(lo))2Jl 
r<31 = [(0·39 r,.)2 + (0·3 r< 10 l)2]~ 
r(ll) = ((0·40 r,.)2 + (0·2 r(loJ)2]t 
r<l) = [(0·44 r.,.)2 + (0·1 r 00 ,)

2 ]! 
r.!"1 = [(0·38 r .. ) 2 + (0·1 r 001 )

2]t 

+0·123232 
·112123 

+ ·056566 
·148485 

+ ·013131 

+o·o_p323 
·021214 
·034343 + ·215152 
·168687 

{10) may be a single known weight or a combilin,tion of known weights. 
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In proceeding with the next step of the series (0·4), (0·3), (0·2), \O·l Jc 

the first observation equation 

(0·4) + (0·3) + (0·2) -+- (0·1) - a 1 

simply expresses the value of 2:'1 derived above. 
The second observation equatio:i 

(0·4) + (0·3) + (O·~) + ..!'0·1 = ll'2 

iH to be derived by "\Yeigbing the indicated combination against (1) and 
taking the value of (1) from the adjustment just made. 

The r 00 > of the formulm for computing the probable errors may tbt·u 
be taken as equal to r ~ 1 • 

SERIES :>, 4, 3, 2, 1, -, -, 

Series (5), (4), (3), (2), (1), (0·.5), (0·4), (0·3), (0·2), (0·1), -, -. 
(10) Either as a single weight or as a combination of weights i:-. 

supposed to be known, with a probable error rtioi 

ObsenJation equations. 

(5) + (4) + (1) = 01 =Observed difference [combination - 10] + correc
tion ( 10) 

(5) + (3) + (2) =~=Observed difference [combination - 10] + correc-
tion ( 10) 

+ (4) + (3) + (2) ·+ ( 1) = o 3 =Observed difference [combination - 10] + conec-
tion (10) 

(5) - (4) - (3) + (2) = <74 

( 5) -- ( 4) - ( 2) + ( I) = <75 

( 5) -- ( 4) - ( I) =--= a5 

(5) - (3) - (2) = a1 
+ (4) - (3) -- (2) + (I) = aa 

+(4)-(3). -(I)::..=a-.. 

+ (3) - {2) - (1) -==-aw 

Giving these observation e<1nations equal weight the normal eqna
tions are 

+6(5)-2(4)- (3) + {I)=a1+a"l +a,.+o,,+a5+a, 
-2(5)+7(4) +2(I)=-=a1 +aa-a4-a5-a5 +~+aq 

(5) +7(3)+2(2) - +a;i+a3 -a4 -a;-aa-a9+a1o 

+2(3)+7(2) - +~+a3 +a4 -a6 -a7-'7fl -a10 

+ (5)+2(4) +7(I)=a1 +as +a5-tlo +aa-ag-aio 
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Solving 
(s) = '!I.''I (+ 5 a,+ 5 a2 + .as+ 2 a4 + ,. a,,+ 4 a6 + 4 a, + 2 a.,.+ 2 a10) 

(4) = :oli .. (+ 95 a1 + 40 a,,+ 63 as - 6I a4 - 83 "" - 23 a,;+ 32 a,+ 55 a,.+ us~+ 38 a1u) 
(3) = 9 (,-,, (+ 35 a 1 + i45 a,,,+ II7 a3 - I84 a4 + 58 a5 + 28 "6 - 82 a.7 - Iro a 8 - •40 a 9 + 212 arn) 

(21=_,,,~~(~ 5a1+ 5oa~+ 54a3+ 97a4--79a5- 4a6-59a7- 55as+ zoa.-- IOTa10) 

(1) = 1l., <+ 5 "• - 5 a~+ 9 a3 + 2 a4 + i6 ag - 14 ai; - 4 "• + 10 ag - 20 a,. - 16 d10) 

2·J[vZ) r -- --
a -3 5 

r(:.) ~ ((0·45 ra)2 + (0·5 r(lo)) 2 ]~ 
1"(4) ~- L(o·43 r.,y: + (0·4 r(lo)Y:?]?r 

rc:n = [(0·40 ra)'}, + (0·3 r(lo)FJ~ 

rc2) = [(0·40 ra)" + (0·2 r(loJ)"]i 

r(n :cc= [(0·41 ra)2 + (o· I rpoi/1]~ 

SERIES 6, r., 4, 3, 2, 1, -, -, -, 
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Serie!'\ (G), (5), (4), (3), (~), (1), (0·6), (0·5), (0·4). (O·.J). (O·~), (0·1), -, 
-,-. 

(10) Either as a single weight or as a combination of weights is 
supposed to be known, with a probable error r<io) 

(6) -+- (4) 

+ (5) + (4) 

+ (5) + (3) + (2) 

Ousm·va,tion equa,tions. 

= a 1 =Observed difference [combination - 10] -!
correction \.Io) 

+ (1) =a,;.= Observed difference [combination - 10] + 
correction (10) 

= a 3 =Observed difference [combination - to] + 
correction (10) 

(6) - (5) - (4) + (3) =a• 
(6) - (4) - (3) + (2) -- (1) = ar. 

(6) ~- (5) - (2) + (1) --•. a 6 

(6) -·· (5) - (I)=-' a7 

(6) - (4) - (2) = aa 

+ (5) - (4) - (t) = a9 

+ (5) - (3) - (2) =---· a10 

+ (4) - (3) - (I(= all 

+ (3) - (2) - (1) =::: a 1 ~ 

GiYing these ob8ervation equations equal weight, 'the normal equa,. 
tions are 



 

(6) l (s) l (4) I (3) I (2) 
I 

----·-~! 

+6 -3 - 2 I -I 

-3 + 7 + J - I +1 
-2 +• + 7 -I 

-I -I +6 
-·I I +I t6 
-1 +2 +1 -I 

Solving 

a, a9 a3 

t= +0·291087 +0·166330 +0·142574 
5) = +0·096534 +0·198016 +0·205447 
4) = +0·228712 to·13o691 +0·040594 (r to·o589ro +0·033662 +0·207427 

(2 = +0·027728 +0·015859 +0·156436 
(I = -0·028217 +0·126735 +0·001485 

I (1) I I a, I a~ I a3 I a4 I a& I ao I a1 I as I ae l a10 I au I a1~ 

1-1 -- --·--1-•--1~-1~-1~-~--1-~-

I 

-I = f I +1 +1 +1 tr +1 
-- +1 +1 -- I -- I -·I +1 +1 

+ 2 - +1 +1 -I -I -I -I +1 
+1 - +1 +1 -- I -I -I +1 
-1 - tI 1+1 -I -I -I -I 

+ 7 - +1 1-1 t1 -I -I -- I - I 

I i I : I 
-----·~~~~----··--"- -· -~----·- . ---------- ... ··--~ ---------~-~~___..,_____.._ ...... ··-·-

- -

a, a5 as a1 aa ag a10 au a11 

+o·IJ3861 +0·173269 +0:137628 +0·124747 +0·159408 +0·021784 +0·045546 +0·010886 --;0·026739 
-0·066833 +0·039606 -0·074258 -0·101487 +0·106437 +0·180693 +0·173266 -0·034658 +0·0396o6 
-0·089109 -0·113861 +0·000992 +0·098018 -0·124752 -0·125742 -0·035643 +0·187127 +0·086136 

I 
+0·136138 -0·173267 -0·037623 +0·025247 -0·009406 +0·028218 -0·145545 -0·110892 1+0·226732 
+0·0346551+0·183164 '-0·105949 +0·011893 -0·151492 -0·045549 -0·186140 -0·022756 -0·216821 
+0·027228 ,-0·034654 +0·152474 -0·154949 +0·038118 -0·114357 +0·010891 -0·182176 -0·234652 

~ 
l-.:l 
~ 

:=! 
if1 

a 
0 
> 
00 ..., 

> 
~ 
~ 

Q 
~ 
0 
1---< .... 
M 
~ 
~ 

l.J 

00 
Cj 

~ 
< 
M 
:< 
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On the least squnre a,djustment of icei[/hhigs_ 

r.. = i J[V:,l 
r,.; = [(0·49 r")2 + (0·6 r( 10 ,)2]! 

r,~. = [(0·43 r,,)2 + (0•5 r 110 ,)
2 li 

r,.i·, - [(0·42 r,.)2 + (0·4 r(10 .)
2)t 

r(3) [(0·43 r .. Y.1' + (0·3 rc 1o)) 2Ji 
r(2. - l(0·42 r,.)2 + (0·2 r(wJ2]! 
r( 1 ) = ((0·41 r.,)2 + (0.1 r( 10 l)2}i 

SERIES 5, 3, 2, 1, -, -, -. 
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Series (5), (3), (2), (1), (0·5), (0·3), (0·2), (O·l) -, -, -. (10) either as a 
single weight or as a combination of weights is supposed to be known 
with a probable error rcioi 

Obsert.1a,tion equntions. 

(5) + (3) + (2) = a1 =Observed difference [combination - (to)] -+- cor

rection { 10). 

(5) + (3) + (1) + l:I = a2 =Observed difference [combination - (10)) + cor-

(5) - (3) - (2) - (1) + ~I = a3 

(5) - (3) - (2) + (1) - ~I == a4 

(5) - (3) - (2) = ar. 

(5) - (3) - (1) - :EI = a6 

.+ (3) - (2) - (I) =a., 

+ (3) - (2) - l:I = aa 

+ (2) -- (1) - l:I = a9 

+ (I) - l: I = a10 

rection (10). 

Giving these observation equations equal weight the normal equations 
are--

+ 6 (5) - 2 (3) - 2 (2) 

-2(5)+8(3)+2(2)+ (1)+ 

~2(5)+2(3)+7(2) 

+ (3) + 7 (1) 

= a1 + a11 + a3 + a4 + a;, + at> 

l:I =a1 + aii--a3-a,.--a5---- au+ a7 + aa 

- a3 ~- a,. - ab - a1 - as + ag 

+ az - aa + a.. ~ - at> - a1 - a~+ a 10 

+ (3) +7 l:I = +42 + aa-a, -aa -aa-aa-aw 
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Solviug: 

I I 
a1 ! a2 I as a, 

I 

(5)= -1-0·277778 j -+-0·222223 I +0·1 I III I +0·1 I I I I I 
(3) c= 

I 
-:--o· I 55 55 6 -;--o· I 44445 I -0·077778 -0·077778 

(2) = +0-177778 --1-0·022223 I -0·088889 -0·088889 

I 
I 

(1) = I -0·022222 +0·122222 l -0·131746 +0·153968 I 
~I::::= I --0·022222 +0·122222 i +0-153968 -0·131746 

I 
-

I l 
I 

I a. a7 •• <%9 

i ~-1~------

I 
(5)= I +0·166666 I +0·055556 

I 
(3)= -0·066667 j +o· 2C'.XJOCXJ +0·200000 +0·01 I I I I 
(2) = +0·066666 -0·200000 i ---o· 200000 +0·155556 
(I) -cc-c --0·133333 _,,.171429 ! -0·028571 ---0· I 44444 

J 
" --0·133333 -0·028571 i ~0·171428 --0·144444 ...., I ::.c::..: 

i 
l -- ---·-·-·-······ 

1"'(,. - i J(~J 
r;,, = [(0·44 r,.)2 + (O·!i r(l0 J)2]i 

r ~!; - [(0·38 ra) 2 + (0·3 r(lo)) 2]l 

r( 2 ) = [ (0·41 r,.) 2 + (0·2 r 00 i)2]l 

T(I) = [(0•38 ra) 2 + (0•1 r(loJ 2 ]§ 
r,21 1= [(0·38 r,.)2 + (0·1 r< 10,)

2]i 

SERIES 5, 2, 2, 1 - - -. 

a,. 

+0·111111 
--0·077778 
-0·088889 
+0·01 I I I I 
+0·011111 

<110 

+0·142857 
-0·142857 

Series (5), (2)t, (2)2, (1), (0·5), (0·2)i, (0·2)2, (0·1) - - -

. 

l 
I 

(10) either as a single weight or a combination of weights is supposed 
to be known with a, probable error, r(io>· 

First make the weighings-

Then 

and 

(1) 
(1) - (2)1 

(1) 

(5) + (2)i + (2)2 + (1) = (10) + L11 

(5) - (2)1 - (2)z - (1) = L12 

(5) = ! [(10) + L11 + L12] 

(2)1 + (2)z + (1) = ! [(10) + L11 - L12] - l7 

Observation equations. 

~1 = a1 

+ 21 = lX2 21 = (0·5) + (0·2)1 + (0·2)z + (0·1)1 

(2)z + 21 = lt:t 

+ (2)1 - (2)z = a. 
(1) + (2)i - (2)z - ~1 = a5 

(1) - (2)1 + (2)2 - ..:s1 = Cle 
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On the least .'fquare ailjusttnent of weighings. 

Gi"dng these observation equations equal weight and introducing 
the rigid condition (2) 1 + (~)z + (1) = W, the normal equations are: 

+ 5 (I) - ( 2) 1 -- ( 2 h - .EI = a1 + llz + a3 + a,, -+- a6 

Solving 

(I) + 4 (2)1 - 3 (2)'2 - ~I = -- a~ -+- a 4 + a,_, -- a6 

(I) --- 3 (2)1 + 4 (2),, -- .Ex = --- a1 - a4 ar,-+ a5 

(1) - (2)1 - (2)2 + 5 ~I= - a1 + a2 --i- <I:< -- aa ---- a6 

(2) 1 = 110 (- -fa 1 - il"-a2 - ~a3 + 1 .fJ-a-t + H-ar, -- Ha6 + 4 \V) 

(2)~ = ,_i_0 (- i-a1 - 'az - l 7'La:1 - -17Qa4 - ~f-a& -+- -1\iar, -+- 4 "\\') 

Or the solution may be put in the form-

ni 1
1 = ?JZ1 - S 

111 1 ~ -c~-c ?llz - S 

n1 1a == nza - S 

M = 4 W + mi,, + mta 

N ,~-- ft (m12 - m J:1) 

(I) =- t (m11 + W) 

(2)1 =- 1xo (M -~ N) 

(2)~ == lo (M --- N) 

l.:1 = }((1) - SJ 

r,.. must be computed according to the method of deriving tl1e value 
of llr, assuming that the probable error of each weighing is r.,. In cou
tinuing the series it should be noted that the value 

i~ already known. 

(0•5) + (0·2)1 + (0·2)z + (0·1) = ~1 

r< 1 > - [ (0.37 r .. )~ + (0·2 r ..,)2]i 
r 0 n

1 
- ( (0·32 r,,)? + (0·4 r w)2]l 

r<:1i
2 

- [ (0·32 r,,}2 + (0·4 r,.,)2]l 

rll'l = [(0·45 r,.)2 + (0·~ r.,.)2 ]l 

F ec Tra.va.ux et l\temoirs, Tome III, pp. D 93-D 94. 
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SERIES 5, 2, 1, 1, - - -

Series (5), (2), (1)1 , (l)z, (0·5, (0·2), (0·1),, (0·1)2, - -. 
(10) either as a single weight or a cumbination of weights hi. suppmw'1 

to be known. 
First make the weighings-

Then 
and 

(5) + (2) + (l)i + (l)z + ~1 = (10) + _jl 

(5) (2) - (lh - (l)z - 2'1 = L12 

.2:~1 = (0·5) + (0·2) + (01) 1 + O·l)z + 2-0·1 

(5) = i [(10) + L11 + ..::12] 

(2) + (1)1 + (lh + ~1 = i [(10) + L11 - L12] = K 

Then make the weighings indicated by the following 

Observation equations. 

(1)1 - (1)2 ·- llt 

(1)1 2'1 = ll'?, 

+ (l)z - 2'1 = a.1 
(1), + (1)2 (:l) = (le~ 

+ (1)2 + 2·1 (~) =a,, 
(1) + ~-1 ('-,) - _, = a6 

Giving these observation equations equal weight and introdncing the 
rigid condition (2) + (l)i + (1)2 + ~1 = K, the solution of the resulting 
normal equations give-

(1)1 =<lo(+ Sal+ 5a'l + 3a4 - 2a11 + 3at1) + ! K. 
{1)2 = -;t0 (- 5a1 --7- 5a3 + 3a,. + ,3P6 - 2at1) + t K 
:SI = -.}0 ( - 5az -~Saa - 2a4 + 3a11 + 3Gft) + t K 
(2) = ~10 ( ·-· 4a4 - 44• - 4Gft) + i K 

rk must be computed according to the method of deriving the value 
of K, assuming that the probable error of each weighing is r,,. II• con· 
tinning the series it should be noticed that the value (0·5) + (0•2) + (0·1)1 
+ (O·l)z + .::si = ~1 is already known. 

These formnlre may be applied to the office sets of weights a.s follows: 
For the platinum-iridium. metric weights pi, series 5, 2, 1, 1, p. 526. 

The third 1-gramme weight may take the place of ~1 in the formula. 
In closing the series olie extra half milligram.me with that which be
longs to the set will furnish .2'0·001gm. 
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On the least square a<Uustnwnt of ·wci[Jhings. 

For the star metric weights ( )""'. 
¥\'eights 1000gm, 500gm, 20011!: 111

, 2002g111
, 1001g"', 10021{"', use fonnulro of 

pages 5:!4 and 525, puttiug l002 grn in the place of 2'1. 
Weights 5Qgm, 3()grn, :!Oi;rn, 10gm, use fornmlre of page8 5~3 and 524. 
Weights 5giu, 4gm, 3grn, 2grn, 1gm, use formulre of pages ~)20 and 521. 
Por the remainder of the set use formulre of pages 518 and 519. 
For star grain weights use formulre of pages 520 and 521. 
For star troy ounce ~weights: Weights 1on", 6°"', 5n",_4nz, 3oz, 2°"', 1°", 

trne formulre of pages 521 and .522. 
For the remainder of the set use formulre of pages 520 a.ncl 521. 
For the new gilded metric weights ( ) G use formulre of pages 520 

and 521. 
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APPENDIX No. 11-1892 .. 

RESULTS OF MAGNETIC OBSERVATCONS AT STATIONS IN ALASKA AND 
IN THE NORTH\VEST TERRITORY Ol!~ THE DOMINION OF CANADA. 

Observations H.t five stations in Alaska by .J. E. l\lcGRATH and J. HENRY TURNER, 

Assistants, U. S. Coast and Geodetic Survey, in the years 1889, 1890, and 1891. 

Discussion of" results and comparison with other stations by CHARLES A. SCHOTT,. 

Assistant. 

Submitted for publication June 22, 1892. 

The report which I have the honor to submit herewith relates only 
to the magnetic results reached by Assistant J. E. McGrath and 
Assistant .J. H. Turner in connection with their survey of the eastern 
boundary of Alaska, between l\Iouut St. Elias and the Arctic Ocean, 
during 1889-'90-'91. 

The magnetic records and observers' computations are the only 
returns ma.de to date; hence they were taken up first. The office com
putation is by Mr. L.A. Bauer. The instrumental outfit of Mr. McGrath 
consisted of Magnetometer No. 7 and Barrow Dip Circle No. 12; Mr. 
'l'urner had Theodolite Magnetometer No. III and Barrow Dip Circle 
No. 8; also a prismatic compass. 

(1) Observations on Amaknak Island, Iliuliuk Harbor (Unalaska). 

C.P = s3" s-a'·9. 

I o , I o , 
F=o·531J I 1889 June 28,29 McGrath D=-17 46·0, fJ = 67 13·2 H=o•2058 

I 28,29 Turner -18 12·4 67 06·8 0·2052 0·52781 
18g1 July 15, 16, 17 { 

Turner and~ -18 o6·9 67 I Edmonds \ 17·2 0·2057 0·5328) 

! 
The predicted annual decrease of declination (App. 7, Rep. 1888), 

epoch 1890, was 2'·4; it is J_)robable that 3·0 is nearer the truth. A 
new discussion. of the 14 valnes, now available, resul~d iu the expres
sion D = -17·65 + 2·26 sin (1·3µi- 69°). 

e. ~:x:. s1 ~ 529 
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(2) Obscrna.tions at St. :Jficha.cl, on tu,ndra back of the villa9e. 

(Stations A and H close together. <f> = 63° 29'·x. .\ = 162° 05'·2 "\V.] 
- ·--...,.--------,-------,-------;-------;-------;------

July 7,8,9 j\I McGrath D=-2~ 15~0,l8c=c:7°4 5/8IH=o·14791F=o·570J 
7, ~. q, Io . Turner -23 09·8l 75 06-5 1 0·1471 0·5723: 

Oct.26,27,28,!J I 
_ 29,JOlj Turner -23 07·0 75 12·1 0·1474 0·5770: 

1'ov.26,27,28J1 I 

1889 

1890 

1\lar. 7,8,9, Io~f Turner 5 8 June 16 to 23 ~i -23 02·4 7 05·0 0·1475 0·572, ! 

I 
This is not a secular-change station, but n1ay become one hei·eaflt~r. 

In the summer of 1827 Admiral Liitke found 30" 30' .E. in Norton Sound 
near this. place, and in June, 1874, L. M. Turner found 23° 0' E., thh.i, 
last probably a roug·h and unreliable v~lue. We infer from other sta
tions that the declination has been diminishing since Liitke's time; 
hence an annual rate of 7'~ which seems to fatll in well with results at 

. stations in the vicinity. 

(3) Observations at Fort Yukon (now abandoned). 

1889 Aug. 5, 6, 7, 8 
8,9,10,1 I 

' (</> = 66° 33''8. 

McGrath 
Turner 

0 

D=-34 
-35 

The only other observations known to m.e at this place are those of 
Capt. C. W. Raymond, U. S. B. He found: 1869, August 14, 16 and 
2G, IJ = - 36° 32'·7, 8 = 79° 49'·5, but his intensity results h = 2·73:!1 
an<lf = 15·472, or when converted into C. G. S. terms H = 0·1260 and 
F' = 0·71:34, appear to be too large. The average an11ual diminution 
of declination becomes 4'·6, a smaller value than had been suppose(l 
heretofore. Probably the trn.th lies between 4'·6 and 10'·0, particnlarl;< 
since no extreme value was known to have been reached in the interval 
of twenty years. The isogonic chart for 1890, Appendix No.11, Report. 
for 1889, p. :·m6, gives the declination - 33°, or about 2° too small, dLte 

to the cause just mentioned. 
(4) Camp Davidson, eastern boundary, on Yukon River.-<p = 64° 41

1
, 

A. = 140° 57 '. At this pla.ce magnetic observations were made by 
McGrath generally on three or more days each mouth, between Se}'
tember, 1889, and May, 1891 (inclusive). The r0Sults are as follows: 

Mean Decl'n E. Dip. Horiz. Int. Total Int. Date. 
~- ----- --~" 

0 , 0 , 
1889-lS . ..35 47·3 78 36·6 .. 0·1171 0-5929 
1890·5 44·1 32·6 ·1173 ·5903 
1891·2 43·0 33'9 ·1173 ·5918 
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Results of .Magnetic Observati-Ons at stations in A.la.ska and in the 
Jforthu:e,st 7-'erritory. 

No reliable value for annual change of declination can be deduced, 
the series being too short, but here also the indications point to a 
smaller value than had been inferred previously. A diminution of 
about 5' or 6' is probable. 

(5) Camp Colonna, Porcupine R·ivci'.-cp = 67° 2,}'·1, A. = 140° ti8'·8. 
At thfa station we have absolute measures as well aH differential ones 
hy .T. H. 'J1nrner aud party. The results of the former are as follows: 

11"'rom daily observations between June 13 and 25, inclusive, 18!m. 

, 

I> = - 38° 06 1·8 
0 = 80° 36'·9 

H = 0·0972 and F = 0·~}961 

H. W. Edmonds, observer. The differential measures form quite an 
extensive series and admitted of some of the usual deductions respect
ing the variations of declination. These measures are confined to 
yariations in declination and were made every ft ve minutes through 
twenty-four hours on one day (Tuesday) of every week between Novem
ber, 1889, and June, 1890; in all, covering thirty days of observation. 
In this work ~Ir. Turner was assisted by H. W. Edmonds, J. Meade, 
\V. E. Lingard, and C. P. Ilarkort. The five-rn.inute jutervals were 
considered as unnecessarily close, i. e., the same results were deducible 
from the hourly values, hence the latter only were reduced to a unifor1n 
zero by applying the correction for the various circle readings; that is, 
they were converted into abtmlute measure. The position of the mag-
11eth~ axis of the long or intensity magnet was determined in June, 1890, 
also at Iliuliuk ancl at St. l\Uchael in .Tune and .Tuly, 18m}; a weighted 
mean value has been used.. In the hourly tabulation of results the 
letter" a'> indicates the appearance of an aurora. 13-etwcen December 
Hand 16 the sun disa.ppeared and re-appeared above the horizon. between 
.January 20 and 27. The adopted scale reading of the axis was 3:!:d·l, and 
the value of oue division of the scale is 1'·60; there are many readings 
connecting the zero of the horizontal circle of the decliuometer with the 
azimuth mark. The tabnlation is herewith appended. A result differing 
more tha.u 13' from its hourly mean has been marked as a disturbance 
:ind is indicated by a star attached to it. The character of the diurnal 
Yariation remains the same for the total and the normal diurnal vari
ntions, the latter showing less amplitude. The accompanying table has 
heen prepared to show the accord of the diurnal variation of the declina
tion at this camp with the variations observed at several surrounding 
l'ifations, though widely separated geographically. They are (a) to the 
uorthwa.rd and westward, Uglaamie, Point Barrow, Lieut. P.H. Ray, 
'P = 71° 17'·7, l. = 156° 39'·8 W. (see Appendix No. 13, Coast and Geo
detic ~urvey Report for 1883), results from hourly series, October, 1882, 
to March, 1883, inclu.sive. (b) Plover Point, Point Barrow, a.bout 16 
kilometres to the north and east of U glaamie, 'P = 71° 21 '·4:, A. = 156° 16' • 1 
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W., series by Commander R. Maguire, R. N., in 1852-'53-'54; Phil. Trans. 
Roy. Soc., 1857; results from Nove1nber, 1852, to June, 1853, inclusiv:e, 
and from October, 1853, to June, 1854, inclusive. (c) To the southward 
and eastward, Sitkg. (.Japonsky Island); Russian magnetic observatory 
in <p = 57° 02'·9, it 135° 20'·3 W. This series extends from 1848 to 
1864, but is much broken up and very irregular as to hours of obser
vation, and the variation could not be 1nade out for each month sep
arately (see table at foot of p. 347, Appendix No. 13, Report for 1883). 
(d) To the eastward and southward, Fort Rae, Great Slave Lake, i11 
<p = 02° 381·9, A. = 115° 43'·8 W., Capt. H. P. Dawson, R. A., 1882-'8:~ 
(sec observations of the International Polar Expeditions, London, 188fi); 
the results given refer to the time, October, 1882, to March, 1880, 
inclusive. ,.c::\._nd (e) Fort Chipewyan, Lake Athabasca, to the south
ward of Fort Rae, and in <p = 58° 43', A= 111° 18'·7 (see magnetical 
and meterological observations at Lake Athabasca by Capt. J. H. 
Lefroy, London, 1885, series from October 16, 1843, to February 2H, 
1844, inclusive).• 

I Camp Co- Ug1aamie, Plover Sitka, Ja- Fort Rae, Fort Chip-
lonna, Por- Point, ewyan. 

Local hour. cupine Point Point Bar- pons~ Great Slave Lake Atha-
River, Barrow. row. Islan . Lake. basca.1' 

I' I' , , , , 
Midnight. 7·7 -15·2 -10·8 o-6 --10·5 1·9 

I 4·2 -13·6 - 8·o + 0·2 +12·3 1·6 
2 5·4 -- 4·9 - I.9 + 1·0 - 7·3 + 0·9 

3 + 3· I + -6-5- + 3-6 + 1·4 + 1 ·5 + 1·6 
4 + 4·0 + 6-9 +10·9 -l-·· 2·0 + 8·7 + 5·8 
5 +u·5 +15·7 +16-6 + 2·9 +15·6 + 8·2* 

6 +11·5 -t-19·2 +19·3 + 4·2 +19·9 + 5·8 
7 +11·3 +21·8 +27"1*" + 5·3 +20·8 + 5'5 

I 
8 +16·4* +24·T* +27·0 + 6-o* +z4·7* + 3·9 
9 +12·0 +17·8 +19·9 + 5·3 +24·1 + 3'7 

10 + 5·6 + 8·3 + _9-:.,L + 3·0 +15·5 + ~ 

r 

I I + 1·1 0-6 - 0·4 + o·6 + fl_ - 3·0 

Noon. 5·3 6-8 -- 8·2 2·1 - 2·0 - 4·0 
l 13 5·2 7·1 --10·7t J"2 -- 5·5 - 4·9 
i 14 7·3-r 8·ot '"~· 9·8 4·2 -- 8·5 5·2t 

j 15 fr5 6-1 --- 9·9 4·6 --10·5 4·2 
16 6·4 r6 ,,, __ •c 9·8 - 4·6t -I0;7t 3·3 

j 
17 5·6 7.7 --10-2 3·8 -10·5 2·9 

18 5·0 8·2 9·7 3·2 -107 1·8 
19 3·6 6·1 8·4 2·4 - 9·9 1·4 
20 3·0 6-5 9·0 1·4 -10·6 1·2 
21 2·0 6-5 7·5 o·8 -- 9·0 1·0 

22 2·9 -11·5 7·9 0·4 -10·3 - 0·3 
23 5·2 ~ 4·2 -11·5 o·6 -10·3 0·1 

Midnight. 7-7 -15·2 --10·8 o·6 -10·5 - I"9 

A+ Bign signifies a deflection of' the north end of the needle to the e&at, a - aign the contrary 
inotion. For other North American stations oompare table givan in Appendix 9, Report f<Yr 1890, P· 
263. Owing to the sun spot or eleven year inequality and the cireumsta.Dee that the tabular valnEIS 
do not atrletly refer "to the same months, the rangea of the diurnal variation are :not directly oomP~(" 
able, but the houra of extfeln.e ra.nge, niarked thus, "' and t, - well as the hours of average dal Y 
v&ue, indiea.ted by ohange of Jlo:lgn at.ld a bar -- may be ao CODlpared. 

.. Figll.re& attgl:t:tly aJ.t.e~ to r~fei- W :meau. of 34: llouni~ ., 
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Northwe1:t _Territory. 

Analysis of the larger disturbances.-This was roughly done by 
Sabine's method* (as fully explained in Appendix No. 9, Report for 
1890, p. 269, and foJlowing), the adopted limit of::!:: 13' separated 68 out 
of a total of 720 hourly values, or aboµt 1 in 11. 'l'he predominance of 
the easterly over the westerly disturbanceH, both iu number aµd amount, 
as heretofore noted tor North American stations, is a.gain confirmed at 
Camp Colonna, as shown in the following table: 

-- --·---·-·--·-· 

Nov. 
Dec. 
Jan_ 
Feb. 
~lch. 
Apr. 
May 

Total. 

I 
;".;umber. 

E. "~-

' -

i 
I ' ' 

~ ~ I ~~~ ~1 
7 5 i 150 92 
6 I I 139 31 
7 3 I 183 96 
8 2 193 36 
9 3 322 55 

-----------------
18 ! I 293 

I 
50 

Ratio of easterly to westerly disturbances, 1 to 2·8 for number and 
1 to 2·9 for amount. The average disturbance is about 26', and the time 
of greatest activity (for easterly deflections) is between 5h and 9a and 
of least activity between 14h and 20h. However, the total number is 
too EVnall and the series too incomplete to place much reliance on this 
deduction. The extremes of the series are 37° + 2° 42' and 37° + 6 1• 

(6) Station in valley of Three Rivers, in <p = 68° 36'·8, il = 141° 00' W. 
Turner, observer. Declination, April, T, 1890, - 40° 33'. 

(7) Station mouth of Firth R,iver, in <p = 69° 23'·5, fl= 140° 00' W. 

Turner, observer. Declination, April, 'f, 1890, - 43° 22'. This last sta-
1ion is not far from the Arctic Oeean, between Demarcation Point and 
Herschel Island; an observation of August 16, 1889, at Herschel Island, 
by officers of the Thetis, agrees well with it. By means of these obser
Yations the isogonic curves may now be extended as far east as the 
l\fackenzie Bay. t 

There may be other observations ior declination taken on the Yukon 
and Porcupine rivers ••en route" of which I have no information. 

"Here simplified. 
t See accompanying isogonie cha.rt of Alaska for 1890, second edition (illu.stxation 

No. 35), containi..D.g this la.test information. 
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1 
Tiu minus ~" .tiAckJ. f1J tJu, indt.r mi.m!ier of a CU/1'e indit.atls e4i,st drd,11,. 

, I 
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APPENDIX No. 12-1892. 

ON THE DIRECT SYNTHETICAL METHOD OF AD,TURTI.XG 
A TRIA.XGELATION. 

By CnAS. H. KuMMELL, Computing Division, U. S. Coast and Geodetie Sun·ey. 
Submitted for publication July 7, 1893. 

The method in general use for adjusting a triangulation is the indi
rect one. At each station a station adjustme.nt is made, and then, in 
order not to disturb t11e station relations, the further correctionA to the 
angles are expressed in the form of a difference of corrections to its 
two directions; and the rigorous conditions of the triangulation being 
thus expressed and multiplied by indeterminate factors, usually called 
correlates, are then added to the minimum. function, i.e., the weighted 
snn1 of squares of corrections to the observed directions, before the con
ditions for the minimum are found by differentiation. This gives, tben, 
the corrections to each direction in terms of the corr~lates, and by sub
stituting these int-0 the rigorous conditions we obtain the normal 
equations, which, being solved, give the numerical values of tl1e con·e
lates, and thence also the corrections to the directions, and finally 
those of the angles. 

There are two principal difficulties in the applica.tion of this method. 
One of these is the correct establishment of the rigorous conditions; 
the inexperienced computer may easily omit an essential condition and 
use one instead which is derivable from the others. Another difficulty 
is experienced sometimes by the presence of small angles, which require 
an extremely precise solution of the normal equations, and it may hap
pen, nevertheless, that the conditions are not a:o; exactly fulfilled as 
desired. The latter difficulty would be avoided if, instead of using 
correlates, we eliminate as 1nany corrections as there are rigorous con
ditions, and then make the weighted sum of the squares of independ
ent and dependent corrections a minimum in the usual manner. The 
normal equations thus obtained require neither such precision in their 
formation nor in their solution, because they fulfill only the minimum. 
condition. But it has the difficulty in the establishment of conditions 
in common with the indirect method and a new, even greater, difficulty 
besides, viz, the elimination of dependent corrections of directions, 
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especially from a very large number of conditions. This method, which 
I call the direct analytical method, to distinguish it from a method free 
of these three difficulties, the direct synthetical, is given in sonie books 
(see, for instance, Jordan's Handbuch der Vermessungskunde, Vol. 1, 

p. 115) as a possible method, not to be used on account of its great 
complexity for a great number of conditions. 

The direct synthetical method, which is the subject of this paper, ha8 
au object similar to that of the direct analytical n1ethod, viz, to express 
the corrections to the dependent augles in terms of those to the inde
pendent ones; but it does that without establishing the conditions in 
toto. Whether only one station or a whole triangulation is considered, 
or a number of new points joined to already fixed ones, a set of funda
mental angles is selected, and in the work of expressing the correction.s 
to the dependent or supernumerary angles the proper conditions for 
this purpose present themselves. A. condi'tion thus used needs no fur
ther consideration~ and by thus removing condition after condition tlle 
work takes a strictly prescribed course, differing, however, more or less 
for a. different set of fundamental angles. Thus we avoid completely 
the danger of duplication or omission of conditions. 

As to the number of normal equations to be solved, either mode of 
tbe direct 1Ilethod has the advantage generally. It happens ouly in 
undeveloped figures that the indirect method leads to fewer normal 
equations; for, in order to establish n points, 2 (n - 2) angles are suffi
cient, which number is therefore the number of normal equations 
required by either mode of the direct methods o(adjustment.• If the 
number of supernumerary angles is < 2 (n - 2) there will be fewer 
normal equations by the indirect method; but then the triangulation 
will also be weak. If, however, every possible angle is measured between 
n })Oints, we have (':n - 2) 2 normal equations to solve by the indirect 
method, so tl1at the direct method becomes the more advantageous in 
this respect, tbe more perfect the triangulation is. It was already 
stated that in such a triangulation, particularly if n is large, the work 
of expressing tl1e corrections to the dependent angles in terms of those 
to independent ones is considered impracticable by the direct analyt
ical method. This may be so; but I shall now show that by the syn· 
thetical direct method it is the more systematic the more complete the 

_ 
3 

triangnI..ation is, and take the case of a complete 
pentagon, in which I suppose at first that the 

2 ~~---++---::~• angles at each station are already adjusted. 
Number the stations 1, 2, 3, 4, 5; denote the 
Ineasured ang1es 1 2 -:J, 1 2 _., 1 2 -r,, 1 3 .,, 1 3 .5, 1~·:., 2a-1' etc., 
the corresponding adjusted angles by 112-a], [12 ... ], 
etc. Each of these angles receives a correction, 

which may be very conveniently expressed as the difference of the cor
rections to its two directions, so that we have for examp1e [3t-r,J = 3_..r. ~ 34 

. -·--··-'"-~ ,...._ ~ ·----- ····~--"----~,.-·--

... In case n paints a.re joiuecl to a system ot· 1n fixed poiut6, then there are 2 n equa-
tions to be &Olved. 
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+ 3,,. where in au actual ntunerical instance ~{~.,, is the measured value 
in arc ineasure; aud if this were a fundamental augle, then this would 
be also the final form of thP correction t~i he u~ed in tl1e formation of 
the normal equations. 

1 shall assume here the angles at l and ~ for fundamental nugles; 
then the work n1ay be done. in the following form: 

112·2 I - l;t·;J - 1:: + 1:1 

! :!,, 1] " •) + •) - -a·1 --:~ -1 

I :~1 ·21 :~ l ";! + 12 - 1:1 + Cl <) + L11·2·3 - -3 -1 

11~·4J - 1:!"! 1 "l + 1.i 

r2~·1 l 2~") 
<) + •) - ....14 -1 

[ 41·2] 41·;: + 12 1.i + ., - •> + .::JI.~ I ------ -'4 -1 

These two triangle-:. are contained in the (p1adrilateral 1. 2. 3. 4. and 
have each two fundamental angles, so that the corrections to the third 
a.ug·Jes, 3 1•2, 4 1.2 , are easily expresse<l in te1·ms of fundamental angles by 
closing the:-:;e triangles, and the numerical quantities L1 1 'll.3 , L-1 111 . ., are the 
deficiencies of the measured angles 3i ·z, 4 1.,,. 'l'he remai11il1g two tri
angles, 1. 3. 4 and 2. 3. 4, have each only one fundamental angle; and we 
rnay now proceed in four different ways, according. as we express tht• 
corrections to the remaining ang·les in terrni:.:. of those of the funda-
1nental angles aud of the angles 3!.1 or 4: 1.3 or 3n or 42·a· In the first case 
we have, 

(13·4] - 13·4 - 13 + 14 
F~,nJ - 341 - .34 + 3, 

r 41 ·sl - 41·3 + l3 1'1 + :~4 3, + L11·3·4 

(') ] '> '> + o) 
.... 3·4 - ......ia-4 -3 -4 

[ 34"1) - 3 •. ~ + 12 13 + 2:1 21 a" + 31 + L11·2·3 

[ 4..i·31 42·~ 12 + 12 21 + •) + a" - 31 + .Jl'3 4 - "11·2·4 - .... , 
It remains now to express alRo the correction to ~34. 1 by correetious to 

fundamental angle~. For this purpose we form any one of the four 
side equations, preferably* tbat at pofo 4, viz: 

sin fl~·.i] 
1 = . [3 ] Klll ~·1 

We have, then, using above formR and deuoting the changes for l'' of 
the logarithmic sines in terms of t11e Reventh decimal ])lace, by placii1g 
o before tbe angle: 

log sin fl3·1) = log sin l3·cl, - ol3·4 (13 - 14) 
- log sin 134 1 ] = - log sin 3.i·1 + 0-.3,.1 (34 - 3,) 

log sin [24.i] = log sin 2 4 •1 - 02,.1 (24 - 21) 
·~~~~~~~~~~~~~~ 

* Thuugh theoretically indifferent, it iti better as pointed out by Mr. Doolittle t-0 
choose the pole opposite the smallest angles. 
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- log sin [12 •4] = - l~g sin l,,n + 012 ., (12 - 1 4 ) 

log sin [3,.2] = log sin (3u + L/1"2•3) + o3,'2 (12 - l3 + 23 - 21 - 34 + 31) 
- log sin (23 .4 ] = - log sin 2 3 •4 + o2,1"4. (23 - 2 4 ) 

.. • • 0 = 41"11"3 + ( 012·4 + o3,"2) 12 - ( olu + o3..,"ll) l:i + ( 013., - 012.,) 1, 
+ ( 024·1 - 03,.2) 21 + ( 023•4 + o3,'2) 23 - ( 02,.1 + o2a-4) 2, 
+ ( 03,.1 - 034"2) (3, -31) 

where 4 1 "11.3 denotes the small discrepancy of the side equation in terms 
of the seventh decimal place. Dividing by 034 .1 - 034 "2 and transpos
ing we obtain the required correction to 3,.1, but it is unnecessary to do 
this analytically, since it would be more compact in a numerical 
instance. Having obtained this correction, those of 3,.2, 4 1•3 , 4 2 -:i easily 
follow. 

We take now the quadrila"teral 1. 2. 3. 5, and we need only to go 
through three of its triangles, thus: 

[1.'2] -:-- 1!>"2 - 15 + 12 
[511·1] = 5n + ls - 12 + 21 - 2s + ..d1 "11.5 

[21·!>] = 21·!> - 21 + ~s 
[la·r,] = la·a - 13 + le; 
[3:...i] = 3fJ·i ~ 3s + 31 
[51-a] = 51-a + 13 - 1s + 3:; - 31 + ..d1 -s .. 

[23-:,] = 23·5 - 23 + 2:; 
[3r.·2] = 3..,"2 + 12 - 13 + 23 - 21 - 3s + 31 + .d1'2"'3 

[5nl = 5 •. a - 12 + 13 - 2s + 21 + 3s - 31 + L11 '2·5 + .di-:s-A 

W e have now to express the correction to 3:-..1 by means of a side 
equation, and we take that at pole 5 as most convenient, viz: 

1 
sin l i:...,] 

= sin [21·s] 
sin 135·1] 
sin [ln) 

Using the forms already given, we have 

log sin [l:..,) = log sin 1r.., - oll>.., (ls - lz) 
-log sin [21"5] = -logsin21 .5 + 021 -:. (21 -25) 

log sin [36 .i] = log sin 31>.1 - 035 •1 (3s - 31) 
-logsin [ls-5] = - logsinla-5 + ola·r.(13 - ls) 

log sin [23 -s] = logsin23 .5 - 023 .5 (23 -2,>) 
- log sin [3,..,] = - log sin (3:;., + £11.,, .. ) - 036.a (13 -12 + 2 3 - 2 1 - 3c; + 31) 

0 = 61'2"3 + ( ol !i't - 035~) 12 + ( 013~ + o3o.-t) lg.- ( ol!'J-2 + ola11o) ls 
+ ( 021·:. + o3a11) 21 - ( 02 •. ,, + o3u) 23 - ( 021"6 - &~a .. ) 2s 
- ( o3t.·1 - o3r;.,) (3s - 31) 

This gives, then, the correction ro 3 11 •17 and thence :those to 85-., 51"., 
ando1 ... 
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Passing now to the quadrilateral 1. 2. 4. 5 1 we need only go through 
two of its triangles, thus: 

[14•5] = 1 •. f> - 14 + 15 
[4:.·1] = 41)1 - 45 + 41 
(5t·4] = 51·4 + l4 - ls + 45 - 41 + L/1 . .,,"f> 

[24·5] = 24·;, - 24 + 25 
[4&·2] = 45"2 + 12 - 14 + 24 - 21 - 4:; + 41 + A1·H 
[5:1·4] = 5:1!"4 - 12 + 14 - 25 + 21 + 45 - 41 + L11·2·r. + L11·4~ 

and to express the correction to 45 . 1 we use the side equation 

1 _ sin_[!~~] t;in [ 4,,. 11 ~in J:!±~J 
- sin !~1 -:,] siu Ll~-s] sin (4.,"21 

which being computed, gives: 

log sin [l(>-:i] = log sin la - ol5 "2 (15 -12) 
- logsin[21·a) = -logsin21·s+ o2i-;,(21-2s) 

log sin r 4s.i] = log sin4s-1 - 045-1 ( 45 - 41) 
- log sin [ 14·51 = - log sin 14·5 + o1"'4 (11 - 1:;) 

logsin[:?4 •5] = logsin24.f>- o24 .5 (2-1 - 25) • 
-logsin(4f>.2 ] = - log sin (4r."'2 + L11·H) - 04:.2 (12 -14 + 2~ - 21 -45 + 4 1) 

o = 51"2·• + ( olf>'!l - 04 .. ,.2) 12 + ( 014 . ."J + o4;1l) 1. - (ol_~-;; + 01,.!1) 1:; 
+ ( 021·0 + 045-2) 21 - ( o24·r, + 6'4r,-:1) 24 - ( 021·&- 024·r,) 25 
- < o4b-1 - o4f>·2) ( 45 - 41) 

and thus we obtain the correction to 4, .. 1, and then to 4 5 -:1, 5 1.4 , 5 2 .40 

There is now one more triangle, 3. 4. 5, which is putside the base 1. 2. 
Its angles are expressed by means of station relations, thus: 

(3-i·:i] = 34,3 - 34 + 35 
[ 4r.·a) = 4f>·:i + l3 - 14 + 34 - 31 - 4s + 41 + L11-a·• 
[5n) = 5 3 .4 - 13 + l4 - 35 + 31 + 4;; -41 + L11·4·r, - L1 1·s-f> 

and these are readily expressed in terms of fundamental angles alone. 
After 4aving performed the eliminations as indicated, aud wl1ich are 

far more simple in a numerical instance, we have the corrections to 
each angle in the figure in terms of the symbols 12, l:i, 1 4 , 15, 2 1, 23, 2-l, 25"' 
apparently eight independent quantities, but in reality six, since only 
their dift'erences have an absolute va.lue; and to reduce the problem to 
its essential form we may put, for instance, 12 = 21 = O, but it is advan
tageous for checking t4e formation and solution of the normal equations 
to retain them. 

Since we have supposed for the present that at each of the stations 
a local adjustment has been made, we must derive the weights of each 
angle from that previous work. The attentive reader will observe, 
however, that the process, just showu for the complete pentagon, to 
exp~ss the angle corrections in terms of those of fundamental angles, 
may be applied just as well to the unadjusted stati9n angles, so that it 
is not at all necessary to make a separate station adjustment. The 
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detailB of the work, if 110 stati011 adjustment ,is m~ui.~, I reserve for a 
future paper. 

There iH no <lifticulty "''~hatever of applying the process to a, greater 
number of points; for we have seen that the work on the quadri
laterals 1. 2. 3. 4; 1. 2. 3. 5; 1. 2. 4. ;,, far fro1n interfering with each 
otl1er had, on the contrary, parts in common. For a sixth point W('. 

should go through the additional quadrilaterals J. 2. 3. G; 1. 2. 4. 6; 
l. 2. n. 6. in the same nutuner. Then there ·will he three new exti·a 
base triangles 3. 4. (); 3. 5. 6; 4. 5. 6, which are filled out by regarding 
station relations only. If some directions have been observed but 
one way, this n1akes no difference in the process, except that angles 
not observed are uot expressed, provided there are at least two stations 
which see all the other stations; for we can the11 use the angles at these 
stat,ions as fnndaniental angles. If, however, this condition is not ful
filled, we can not find the required niunber of funda1nental angles at 
any two stations, and it may thus be necessary to se1eet them at three 
or more points. It.seems preferable (though for lack of experi( .. nce this 
may be subject to future modifications) to select tllese angles so that 
all n1easured angles at the stations n1ake up the re(1uired number. If 
directions are entirely wanting, the process requires so1ne Illodification, 
particularly as to the form of sidei equations, which then often involve 
more than four points. 1 select a somewhat typical case in applying 
the procesi-; to tlw following polygon: 

Here we take the angles at 1, 2, :~, 4 for fundamental angles (a good 
selection would also be U1e angles at 1, 6, 4), and the work proceed:-:; as 
follows: 

fl2il] = 1ltil - 12 + 16 [2n] - ') 
.....,3"ti - 23 + 26 

{2s·1] 9 2i; + <) [3a~.i] 36"2 - 36 + 32 - --s·t --1 -
[6,"i!] = o,"2 + lz 16 + 26 21 [6i"3] - ~2"3 + <) 

"""3 - 2s + 36 :l2 

+ .Jl "2"6 + .::l2·11·.: 

[3 ... 6] = 34"6 - 34 + 36 [4a~] - 45"6 - 4:; + 46 
[ 46·a] - 4.s-3 46 + 43 f .56•4] = 5i;·4 - 56 + 54 
[6n] - ():N :3 .. :36 + 46 - 43 [64.5] - 6 .... + 4-5 - 46 + 56 54 

+ A3·•·t~ J4·:>>6 

[ls·r.] - ls·:; 16 + 15 
[66.i] - 6:.·1 -12 + 16 - 23 + 21 - 3. + .32 - 4s + 43 - 56 + 5,. - .:11 "!"ii 

- ..J:.!"3"6 - ..J3·;t"6 - ..J,"fj.., 
{51-c;l = 5 111 + 1 2 - l,, + 2 3 - 2 1 + 3 4 - :-~2 + 4r, - 4 3 + 5 6 - o, + Aa11 

+ ..J!f"3-j; + .da·•-G + ..J,~'6 + , .Ji "6" 
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The correction to the uon-funda.1neutal angle 5 6 • 4 is now to he elimi
nated from these forms by Tneans of the side equation, 

sin [3~.6 \ 
sii l·r:t,;-~ l 

sin [ "1:;·{.1 
siii. [5~,] 

sin r 51 ·61 
sin-t 1~;,1 

in which we .have to use the f(Jrm~ just given. The expression for the 
required correction of 5 6 '4 is then easily ol>tai11ed in the ... nau11er shown. 
The forms for the corrections of G4 ."' G,,. 1, 5 1.6 then follow, and all angles 
that form. triangles have then their corrections expressed in terms of 
those to the fundamental angles at 1, :.!, 3, 4. The expressions for cor
rections of angles that do not fbrm triangles, such as l:u·,, 6::..3 , etc., are 
easily forn1ed. In the 1ninimu1n stun of squares of corrections we n1ay 
either exclude or include these latter, and there will al ways be some
thing arbitrary uuless we use angles not locally adjusted. In that case 
we know not on1y which augles are rneasured, but also their precise 
weight, and everything arbitrary disappears. However, for sec
ondary triangulations such questions have very little importance, and 
it would hardly be objected to by anyone to include in the n1inimum 
stun of' squares onlJ.' the corrections of angles whielt fonu triangles. It 
is easily seen that by rn~ing this principle we shall have for a single 
chain of triangles '\Yithout auy dia.gonals the old connnoH-sense method, 
viz, to distribute the closing error equally. These questions, however, 
forn1 no part of my metbod, whose objeet is simply to obtain expres
sions for the corrections of angles in terms of those of the fundamental 
angles. 

A problem of great importance and frequent occurrence is to join 
one or more new stations to a syste1n of points already fixed. Siuce n 
new points are established by 2 n angles, we can express the <~orrection 
of every measured angle in terms of the eo~rections to 2 17, fundamental 
anglea, and thus "'ve have to form and solve 2 n nor1nal equations, what
ever may be the number of fixed poi11t~. lu this case tl1e direct 
synthetical method leads to a certain number of uormal ec1uations for 
any number of fixed points, while for the iudireet method the number 
of normal equations increases with that number. 



 

542 U. S. COAST AND GEODETIC SUHVEY. 

For a numerical example I shall adjust the following figure, in whicl1 
the new stations Two Rock and Paxton al'e joined to the rigid system 
Cahto, Sanhedrin, Cold Spring, Great Caspar: 

The following tables give the Rtation adjusted directionH between 
these stations : 

j Obser.,·ed. 
________ __:__l __ 

CAHTO (J). 
0 I' I'/ 

King Peak. i 
00000·000 ! 

Sanhedrin. I 55 56 24·824 
Two Rock.· 203 52 30·678 
Cold Spring. 217 46 28·975 
Great Caspar. 2J9 IO 40·137 

SANHEDRIN (I). 

Reference Mark. 00000·000 
Paxton. 73 5403·121 
Cold Spring. 8401 14·479 
Two Rock. 110 28 13·942 
Great Caspar. 120 19 54·734 
Cahto. 164 40 04·538 

TWO ROCK (5). 
J 

Paxton. I o oo oo·ooo 
Cold Spring. I 34 41 51·041 
Great Caspar. II 109 13 52·678 
Cahto. 187 03 20·732 
Sanhedrin. 264 55 28·589 

I 
J Adjusted. 

// 

oo·oo 
23.51 

27·53 
38·90 

oo·oo 

14·51 

54·63 
05·36 

·: (;REAT CASI'AR (z). 
d 

:I 
King Peak. 
Cahto. 

:! Sanhedrin. 
~ I 

Two Rock. 
,; Paxton. 
:1 
:1 Cold Spring. 
:1 
I 

COLD SPRING (4). it 
1\ 
Ll 

ii Great Caspar. 
Two Rock 

I/ 
Sanhedrin. 
Paxton. 1, 
Cahto. ;I 

11 PAXTON (6). 
ii 

II 
Sane} 1\It. 
Cold Spring. 

'I Great Caspar. 
[· Two Rock. 

Sanhedrin. 
-- _________________ .J_ ---------------· 11 

Observed. 

0 / !"/° 

00000·000 
38 18 05·97 
90 43 45·79 

105 IO 31"91 
143 35 42·42 
I74 58 OJ"IO 

00000·000 

35 40 27"72 
59 2706·62 
8o 5804·52 
21 55 

00000·000 
77 o648·6o 

144 46 24·62 
177 07 21·o8 
225 28 40·16 

IA . ~ ! ct;usted.: 
i 
i 

oo·oo 
07"79 
46-30 

04·53 

oo·oo 
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Assuming the angles at Sanhedrin 1, and Great Caspar 2, a8 funda
mental, we have going through the quadrilateral 1. 2. 3. 5 the follow
ing work: 

0 If 0 If 

r1ll-:1J = 44 20 10·73 
f 2n] = 52 25 .'38·51 
[:31"21 = 83 14 15·39 

f15·~1 = 9 51 40·69 - l;. 
f ::>2·1 I = 100 4-1 ~35·91 + 15 + 25 - 1.''35 
121 :. I = 14 26 45·61 + 2,, 

Excess = 4·();l Sum= 2·21 
Excess = 0·8G 

0 " 0 fl 

rl ] ;--4.11 r-;1·4') 1 f') l - 66 ~.~ 94· ·1·~ + 2 f.,-~~ = ot> ·> • - s -3-J - o_.. ...:.; ~ s 
f•3a·1] = 77 52 07·86 + 15 - 35 - 3·"20 f3:;2] = ;{5 18 08·22 - ar; 
[31.,,J = 47 56 07·17 + 35 f52·:d = 77 49 28·0.:J - 25 + 35 + 1·1185 

8um=6·45 
Exeess = 3·25 

Sum= 0·39 
Excess = 2·24 

"\Ve uow take the side equation at pole 5 and in loga.rithmR we have 

log sin [15 .3 ] = 9·9090420 - 15 (15) 
- log sin [3 1 •. ~] = - 9·8706315 - 19 (35) 

log sin [21•5] = 9·3970140 + 82 (25 ) 

- log sin fl~"!!] = - 9·2336653 + 121 (lr.) 
log Rin [3r..2] = 9·7618453 - 30 (a5) 

- log sin [23 .,,] = - 9·9636174 - H (25) 
··-----~~~~~ -

0 = - 129 + 106 (1 5 ) + 7a (2.,) - 4H (35 ) 

3r; == 2·163 (15 ) + 1·490 (25 ) - 2·633 = t' 3 1 .5 = - r 3r.-2 

·v tin = - 1·163 (15 ) - 1·490 (25 ) - 0·567 
,,. 5n = 2·163 (15 ) + 0·490 (25 } - 0·783 

"\Ve next go through the quadrilateral 1. 2. 4. 0: 

0 II 

{1,-,?l = 36 18 40·12 
l~-d = 59 27 07·32 
(21·4] = 84 14 18·23 

0 If 

[ 1-i-r. 1 = 26 26 59·43 + l:; 
14~·1 l = 23 46 39·60 - 4:. 
[ 5 1 .4 ] = 129 46 22·45 - 1 5 + 4 5 + 1·11 

Excess= 5·67 Sum= 1·48 
Excess = 2·59 

0 f It 

[25'4] = 69 47 32·62 - 25 
[5,.,] = 74 32 01·64 + 2:i - 45 + 0·24 
l~·i>] = 35 40 27·72 + 45 

Sum= 1·98 
Excess = 2 .. 22 
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To express the correction 4 5 we use the side equation at pole 5: 

log Rin [1!,.:a = 9·2336653 - 121 (15) 
- log siu [21 .::.l = - 9·3970140 - 82 (25) 

log sin [41'>.i] = 9·6055083 - 48 (45 ) 

- log sin [14 .r.] = - 9·(;487641 - 42 (1 5 ) 

log sin [2a·*J = 9·9724099 - 8 (25 ) 

- log sin [4:1._.,] = - 9·7658011 - 29 (45 ) 

0 - + 43 - 163 (ls) - 90 (25 ) - 77 (45 ) 

••• (4:;) = V42 "5 = - v4a. 1 = - 2·11.7 (ls) - 1·170 (2s) + 0·558 
v51 .4. = - ~>·117 (15 ) - 1·170 (25 ) + 1·668 
v54 -2 = + 2·117 (1 5 ) + 2·170 (25 ) - 0·318 

The corrections to the extra base angles in triangle 3. 4. 5 are now 
easily ex pressed : 

o ' II 

[36 .,] = 13 53 56·85 - 35 
[ 5n] = 152 21 29·69 + 35 - 4:; + 2·09 
[4;n,l = 13 44 33·08 + 4:; 

••• v35 .'"' = - 2·163 (1 5 ) - 1·490 (25 ) + 2·633 
v50 = + 4·280 (15 ) + 2·6{i0 (25 ) - 1·101 
V43 .5 = - 2·117 (15) - 1·170 (2:;) + 0·558 

The work done so far relates only to the introduction of station Two 
I~ock, 5, into the rigid system. and involves only the two unknowns 15, 
2 5 , and thus we accomplish this by only two normal equations, while 
the indirect niet,bod requires six. · 

Introducing station Paxton 6, the work proceeds as follows: 

o I II 

[16"2·1 = 46 2{1 51 ·51 - 16 
l62 .1] = 80 42 15·54. + 1 6 - 2 6 + 1·68 
[21-s] = 52 51 56·12 + 26 

Sum= 3·17 
Excess = 4.85 

o I JI 

[26·4J = 31 22 22·11 - 26 
[64 .2 ] = 67 39 36·02 + 2 6 - 4 6 - 0·47 
[ 4:.1·11] = 80 58 04·52 + 4e 

Sum.= 2·65 
Excess= 2·18 

o I JI 

(lN] = 10 07 11 ·39 - 16 
(64.i] = 148 21 51·56 + 1 6 - 4e + 1·21 
{4i,.] ::;;: 2:.i 30 67·20 + *6 
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The side equation at pole 6 is: 

log sin [16 "%] = 9·8606651 - 20 (16) 
- log sin [2 1-u] = - 9·9015790 - 16 (26) 

log sin [ 4 1-.;] = 9·5643811 + 53 ( 4s) 
-log sin [1 .... ] = - 9·2447914 + 118 (lG) 

log :sin [26..i] = 9·716i3078 ,:...._ 34 (2f;) 
- log sin [4..i 6] = - 9·9945814 - 5 (46) 

0 - + 22 + 98 (16 ) - 50 (26 ) + 48 (4t.) 

••• 4o = v4:.1"6 = v4L"6 = - 2·042 (16 ) + 1·042 (26) - 0·458 
v6a = 2·042 (16 ) - 0·042 (26 ) - 0·012 
v6".1 = 3·042 (16 ) - 1·042 (26 ) + l ·668 

o II 

(16.,.] = 36 34 10·82 - 1 6 + 15 
[6..,.i] = 48 21 19·08 + 1 6 - la+ 51 - 5 6 + 1·11 
[51"6] = 95 H4 31·41 - 51 + 5 6 

Sum =1·31 
Excess = 2·42 

o I // 

[2..,11] = 38 25 10·51 - 2 5 + 2 6 

[56 '2] = 109 13 52·68 - 1 5 + 2 5 + 51 - 56 + 1·35 
[6,.c.] = 32 20 56·46 + 15 - 26 - 51 + 56 + 0·57 

Sum= 59·65 
Excess = · 1 ·57 

The side equation at pole 6 is: 

log sin [16 • ..,] = 9·7751005 - 28 (16 - 1..,) 
- log sin [ 5 1 6) = - 9·9982938 + 2 ( 56 - 5 1) 

log sin [21.6 ] = 9·9015790 + 16 (2s) 
- log sin [16 .2] = - 9·8600651 + 20 (16 ) 

log sin (56 "2) = 9·9750613 - 8 (- 1(> + 2r. -51 + 5 6 ) 

- log sin [2:1-e] = - 9·7933821 + 27 (25 - 2 6 ) 

545 

0 = - 2 + 36 (1r,) - 8 (16 ) + 19 (2r,) - 11 (26 ) + 10 (56 - 5,) 

•• 5 6 - 5 1 = 'V 5 1 •6 = - 3·60 (15 ) + 0"·80 (16 ) - 1·90 (25 ) + 1·10 (26 ) + 0·20 
V 5 6 .i:r = + 2·60 (1:.) - 0•80 (16 ) + 2·90 (2i;) - 1·10 (26 ) + 1·15 
" 6:1·1 = + 2·60 (lr.) + 0·20 (111) + 1·90 (2;;) - 1·10 (26) + 0·91 
"62 -r. = - 2·60 (15 ) + 0·80 (16 ) + 1·90 (2r.) + 0·10 (26 ) + 0·77 

There remains now the extra base triangle 4.5.6 to be gone through, 
the expressions for the corrections of its angles being obtained by 
station relations only. We have then 

8. Ex. 37-30 
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0 I II 

[45 .r.l = [42 •6 ] - [42 .r,] = 45 17 36·80 + 2·117 {1 5 ) + 1·170 (25 ) - 2·042 (16 ) 

+ 1 ·042 (26) - 1 ·016 
[56 .,) = [51 •4 ] - [51 •6 ] = 34 41 51·04 + 0·483 (1 5 ) + 0·730 (25 ) - 0·800 (16 ) 

- 1·100 {26 ) + 1·468 
[6,.,,] = [6-''2] + [6n,] = 100 00 32·48 - 2·600 (1:.) - 1·900 (25 ) + 2·842 (1 6 ) 

. + 0·058 (26 ) + 0·758 

Sum = 0·32 
Excess = 1·53 

We now form the following table of obRervation equations, g1V1ng 
weight 1 to all angles with one new direction and weight 0·5 to those 
with two new directions. 

\ ___ ~_"_ 
-------·· -------~ 

p v 
r4 I 

--· 
''"' 

I 
I Ir» 2 

I l ,,. ~ 
I I ... 6 
I 2 s·5 
I 2, .,. 

I 
-I 
---1 

+• +1 ! +1 I 
I 2,. ... -I 

31•5 +z·163 +1·490 -2.633· 
36·4 -2·163 --1·490 +2·633 

I 3&·11 -2·163 -1·490 +z·633 
l 45·1 
I 4s·" 
I 42·1> 
0·5 5 .. -2 

+2·117 ·+ 1 ·170 -0·558 
-2·117 --1 ·170 +0·558 
-2·117 -1·170 +0·558 
+2·117 +2·170 --0·318 

0·5 .s ... 3 

0-5 51-4 
0·5 52·3 

+4·280 +z·66o -I·JOJ 

-3·117 -1·170 +r668 
-l-2·163 +0·490 -0·783 

0·5 52-1 

0·5 53·1 
+1 -T -1·35 
-1·163 -1·490 -0·567 

----
I 1 o·2 -1 
I I fi' 4 

0·5 I 6"6 

I 2,.11 

-1 

+1 -I 

+1 
I 2 0·4 

-I 

0·5 2.,.6 
0·5 46°6 
I 41·8 
I 42·8 

-I +1 
+2"117 +1·170 -2·042 +1·042 -1·016 

-2·042 +1·042 -0·458 
-2·042 +1·042 --<»458 

0·5 Si-t1 -3·6oo -1·900 +o·8oo +r100 +0·200 
0·5 St1·11 
0·5 5., ... 
0·5 6,.., 
0·5 6 ... , 

+2·600 +2·900 -0·800 -1·100 +1·150 
+0·483 +0·730 -0·800 -1·100 +1·468 

+1 -I +1·68 
+3"042 -1·042 +1·668 

0·5 61>·1 +2·600 +1·<)00 +o·.200 -1·100 +0·910 
0·5 64•11 +2·042 -0·042 -0·012 

0·5 611·• 
0·5 64.5 

-2·6oo -1·900 +0·800 +0·100 +0·770 
-2·6oo -1·900 +2·842 . +0·058 +0-758 

--

Combining the first eighteen of' these equations we obtain 
0 = 50·22 (15) + 27·82 (2:.) - 27·08 
0 = 27·82 (1:.) + 22·07 (2:.) -15·57 

whence -
(15) = + 0·49 
(2:.) = + 0·09 

I 
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If we intended to join only the new point Two Rock 5 to the rigid 
systen1 1.2.3.4, disregarding for the present Paxton 6, these corrections 
being applied effect this, and from triangle 1.:!.5 we can compute at 
once geographical positions consistent with every point except Paxton 
6; and the filling out of the other tria,ngles is not neeessary except for 
checking or for an estimate of accuracy. Including, however, Paxton 
6, we have the normal equations 

0 = 73·08 (1,,) + 43·84 (2:.) - 9·80 (lr-) - 4·22 (26) - 27·47 
0 = 43·84 (15 ) + 34·92 (2 5) - 6·67 (1 6 ) - 4•13 (26 ) - 14·7::> 
0 = - 9·80 (1 5 ) - 6·67 (2") + :t5·13 (16 ) - 6·53 (26 ) + 7·2G 
0 = - 4·22 (1:.) - 4· 13 (2") - 6·53 (16 ) + 8·68 (26 ) - 4·U7 

Solving we obtain 
(1:.) = + 0·4f>; (16) = + 0·10 
(2r.) = - 0•03; (26 ) = + 0·85 

These corrections being applied will completely establish the two 
new points con~i:-;tent with the rigid system, and it h; not uecessary, 
except for checking and an estimate of precision, to compute the other 
corrections. This will, however, be done, and these are the results: 

+0·46 I -o'of +0·10 +0·85 Correc~ u = (1i;) = (2i; = (16) = (26) tions. 

~--~ 

Ir> 'l -0·46 =-0·46 
I 5'3 -0·46 =-0·46 
1 •. 6 +0·46 =+0·46 
23·~ --0·03 =-0·03 
2 rD -0·03 =-0·03 
z,,., +0·03 =+0·03 
3,.,. +0·99 --0·04 -2·63 =-r68 
3c~4 -0·99 +0·04 +z·63 = +r68 
3s·:1 -0·99 +0·04 . +z·63 = +1·68 
41>'1 +0·98 -0·04 -0·56 =+0·38 
4, . .,, -0·98 +0·04 +0·56 =--0·38 
4'2"6 -0·98 +0·04 +0·56 =-0·38 
5,...~ +0·98 --0·07 -0·32 =+0·59 
54·a +1·97 --0·08 -l'IO =+0·79 
51·6 -1·44 +0·04 +1·67 = -1-0·27 
52·a + 0 ·99 --0·01 -0·78 =+0·20 
5~-1 +0.46 +0·03 -1·35 =---0·86 
51· 1 -0·53 +0·04 -0·57 =-1·o6 

----
I 11·11 -0.10 =--0·10 
1 5•4 --0·10 =-0·10 
1., ... +046 --0·10 =+0·36 
2 ro +0·85 =+0.85 
2,r, --0·85 =-0·85 
2,. •• +cro3 +0·85 = +0·88 
46°6 +0·98 --0·04 -0·20 +0·88 -1·02 =+o·6o 
41·0 -0·20 +0·88 --0·46 =+0·22 
411·• -0·20 +0·88 -0·46 =+0·22 
51·11 -1·66 +o·o6 +0·08 +0·94 +0·20 =-0·38 
56"9 +1·20 -0·09 --o·o8 --0·94 +1·15 =+1·24 
s, .. , +0·22 --0·02 -0·08 -0·94 +1·47 =+0-65 
6 .. 1"1 +0-10 --0·85 +1·68 =+0-93 
6,.1 +0·30 --0·88 +1·67 =+1·09 
60·1 +1·20 --o·o6 +0·02 --0·94 +0·91 =+1·13 
6,.11 +0·20 --0·03 -0·01 =+0-16 
6 •.• -1·20 +o·o6 +o·o8 +0·09 +0·77 =-0-20 

i 6, .• -r·.ao +o-o6 +o·29 +0·05 +0·76 =-0-04 
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Applying these corrections and computing the triangles we have 

No. Stations. . __ l~J Observed iC~nec-! Spher'l Sp her' I Plane I Loga-
angles. tlon. ! angles. excess. angles. rithm;;. 

I 

f -
I 

r , 
Great Caspar to Cahto. I 

20 09.19 I 4•004548 
ll Sanhed1·in. I l H 20 :1.0"73 1 X-54 I H 0·1556o8 

Great Casper. 2 i 52 25 38"51 ! 1·54 I 52 25 36'97 9·899041 
Cahto. 3 83 1 .J. •5-39 i i '55 . 83 14 I3'84 9·9gt>968 

~, 
---~ 

Sanhedrin to Cahto. 
··63 

4"659196 
Great Caspar. 4·707123 

I 

"7 07.32 l Great Caspar to Sanhedrin. 

1 

4·757123 
2 Cold String. 4 59 :r•S<) 59 27 05"43 0"0648g6 

Great ~aspar. 2 84 I4 I8"23 ' .-39 84 14 :i6'34 9·9978oo 
Sanhedrin. I I 36 18 40' 12 x·89 36 :i8 38"23 9·772441 I 

I ---

Cold Spring to Sanhe<lrin. l 
5'67 5"67 

4'819819 
Great Caspar. 4·~94460 

f 21 55 54"641 

' 
Great Caspar to Cahto. 4.6o4548 

3 Cold Spring. 4 0·92 21 55 53"72 o-.~27710 

Great Caspar. 2 I 136 39 56"74 0·9z 136 39 55'83 9·836484 
Cab to. 3 21 24 l I J7 0·92 21 24 10'45 9°562202 

--- ----
Cold Sprin~ to Cahto. 

Great Caspar. 

2 75 2·75 
4:868742 
4"59446o 

···-· 

2·521 ' Ca h to to Sa.nhednn. 4"659:1g6 
4 Cold Spring. 4 37 3I 12"68 37 3I .IO"I6 0·215360 

Cahto. 3 6r so 04·02 2·52 6r 50 01·50 9·945263 
Sa.ubedTin. l: 8o 38 50"85 2·51 So 38 48·34 9"994r87 --- I 7·55 7·55 
Cold Spring to Sanhedrin. 4·819819 \ 

Cahto. 4'868743 i 
i 

Great Caspar to Sanhedrin. 4"757123 / 
5 Two Rock. 5 r55 4:1 35'9y -0"86 35·05 0'28 I55 4x 34'77 0 385497' 

Great Caspar_ 2 "4 26 45'6.r -0·03 45'58 0'29 14 26 45·29 9·j.970I1 ! 
Sanhedrin. ... x 9 5r 40·69 -0'46 40·23 0"29 9 SI 39·94 9·233656 i --- . 

:2~2:1- 0'86 
Two Rock to Sanhedrin. 4·539631 

Great Caspar. 4'376276 

Cab.to to Sanhedrin. 4.6s9w6 
6 Two Rock. s 77 52 07·86 l -x·o6 o6"8o I"~ 71 52 05·71 0'0091k>9 

Cahto. 3 47 56 07"17 ~-.-68 05·49 x· 47 56 04'41 9·870026 
Sanhedrin. J: 54 11 5.1·42 -0"46 50'96 x·oS 54 11 49·88 9"<109040 

---
Two Rocle to Sanhedrin. 

6·45 3·25 
4·539631 ! . Cahto .. 4·578o45 

J 

GTeat Caspar to Cahto. +·6o4548 
7 Two Roe~. s 77 49 28"05 -+-o·20 28"25 0'74 71 49 27.51 0 ·ooo.,i881 

Great Caspar. 2 66 52 24·.12 -0·03 24·09 0·75 66 52 23·34 9·¢3617 
Cahto. 3 35 x8 o8·22 +•"68 og·go 0·75 35 18 09·ic5 9.76r84S' 

---
Two Rocle to Cahto. 

0·39 2·24 
4·57So46 

Grea.l Ca.spar. 4"376277 

Sanhedrin to Cold Spring. 
22·72 l 4"8y<)819 

8 Two Rock. 5 •29 .. 6 22·45 +o·27 0·87 Z"9 .. 6 21"85 o·u43o6 
Sanhedrin. X a6 26 59·~ :t:"46 59'8g I 0"86 26 "6 59"03 9"64876:i 
C<>ld Spring. 4 23 46 39· "38 39·98 0"86 23·46 39·n 9·6o55o6 

---
'Two Rode to Cold ~ring. 

2:'•8 2•59 
4•s8:1887 

Sanhe rin. 4·5.3q6:p 
' 
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No., Stations. Observed 
angles. 

CC?rrec-) Spher·i I Spher"i 1

1 
lion. ! angles. 1~ exces~. ___ , ___ - i----1 

Plane 
angles_ 

Loga
rithms. 

9 

to 

Cold Spring to Great Caspar. 
Two Rock. 
Colti Spring. 
Great Caspar. 

Two Rock to Great Caspar. 
Cold Spring. 

Cold Spring to Cahto. 
Two Rock. 
Cold Spring. 
Cahto. 

Two Rock to Cahto. 
Cold Spring. 

5 
4 
3 

74 32 0•"64 
35 40 27"72 
69 '17 32"62 

•n 29·691 
4"- 33 08 ! 
s3 56 85 j 

5962 I 
I 

l I ' 

r 1 1 
-+-0"59 i 02·23 ~ 0'74 
-0'38 ' 27·34 ! 0'74 
+o·o3 j :,2'65 \ 0·74 

I 1-~1 

74 32 or·49 I 
35 40 26"60 i 
69 47 31·91 ! 

4'59446o 
0·016o2c 

9"765;98 
9·97240() 

4'376278 
4"582889 

l - ·-- ---------:--~----

! I : l 
+o 7g , 30:48 i o:s7 , i52 "'' 29:91 j 
~o 38 : 32 70 j o 57 .~ 13 44 32 x3 1 

+1'68 I 58"53: 0·57: 13 53 57'96 I 

,-~1 

4'868743 
c•333538 
9·375763 
9'38o6o6 

---------'----------------~----------- c-------,------c---- ------------· --
1 Great Caspar to Sanhedrin. \ !

1 
i ! 

JI 

l2 

13 

P1txton. 6 8o 42 x5·54 +_ 0·93 I 16'.n: <'61 \ So 42 r4'86 ! 
Great Caspar. 2 52 51 56-.2 +0·85 56·97; ,·62 i 52 51 55-35] 

Sanhedrin. , 
4

6 25_s_:-::-';- -0·10 I) 51 ·41 

11

•

1

,_'--:::: ll:,i 46 "5 49 79 II, 

l Paxton to Sanhedrin. 

1 
Great Caspar. 

Cold Spring to Sanhedrin. 
Paxton. 
Cold Spring. 
Sandhedrin. 

Paxton to Sanhedrin. 
Cold Spring. 

Two Rock to Sanhedrin. 
Paxton. 
Two Rock. 
Sanhedrin. 

Paxton to Sanhedrin. 
Two Rock. 

Paxton to Great Caspar. 
Cold Spring. 

Great Caspar to Two Rock. 
Paxton. 
GTeat Caspar. 
Two Rock. 

Paxton to Two Rock. 
Great Caspar. 

Cold Spring to Two Rock. 
Paxton. 
C<:>ld Spring. 
Two R<>ck. 

Paxton to Two Rock. 
Cold Spring. 

6 
4 
x 

I 
5x'56 ' 
57 ·2-0 

•1"39 

61 48 21 i9"o8 ! 
s 95 04 3J'41 ! 
I 36 34 10"82 

6 
4 
5 

32 20 56'461 
38 zs u:>s1 

109 13 52-68 

sg65 

I 
52:65 r

1 57 42 
u·29 J 

I 
20·21 II 

31'03 
~.-18; 

j 
0·461148 21 
0~45 ~ 21 30 
0~4_; IO 07 

52·19 i 
;;6 97. 

•o ''I 

32 20 55°74 
38 25 10'87 

109 13 53'39 

TOO 00 3>'93 
45 -r.7 3'5•89 
34 •41 5.1.-18 

·f757l23 
0'005741 
9·901578 
9'860062 

4'664442 
4'622926 

4'8>98r9 
6280243 
9'564380 
9·::044784 

4'53q63l 
0"126516 
9'998294 
9 775099 

4·376277 
0·27I588 
9'793383 
9"975<>62 

4'582888 
o'oo666o 
9'851.1599 
9·755299 



 

550 U. 8. COAST AND GEODETIC SURVEY. 

It is to be noticed that the indirect m.ethod ieads to ten normal equa
tions, while we had only four. 

A secou.d example is the following: 

SANOS TO Ne 81Hl.~.P,.:i;;1 

N. B.-Heavy lines fixed. Base angles 2 5 and 5 2.J 

1. Quadrilateral . 2·5·3·1 
• 

o I II 

v52 .1 = [52-1] - 88 05 45·9 = - 52 + 51 

v2 1 .:; = [21.:.] - 72 50 07·1 = 2:; 
vlb.,a = [l,,.2 ] - 19 03 56·6 = - 2" + 5 2 - 5 1 + 10"·4 

40·6 

0 I II 

'V2:;'3 = (25·3] -128 34 52·3 = " -"'-':. 

'V53·2 = [ 53·2] - 36 56 5f)·9 = - 53 + 52 
'V32·::. = [32-:;] - 14 28 19·1 :..._ 2:;. + 53 - 5;i - 7" ·3 

07·3 

0 I !I 

'V5:1·1 = [53·1] - 125 02 41.8 = - 53 + 52 + (- 52 + 51) 
v31 .,, = [31."J - ~6 28 31·9 = 2,, + 53 - 52 - 711·3 
vlr,.3 = [lr."3] - 28 28 43·2 = - 2,, + 5ll - 51 + 10''·4 

56·9 
Side equation ®· 1. 5. 3. 

log 2·3 = 3·4315930 
log sin [5n] = 9·9997630 + 0·7 (- 5 2 + 5 1) 

log sin [32 .:.) 9·3977178 + 81·6 ( 2,, + 5.. - 5 2 ) 

2·8290738 

log 1 ·2 = 3·5359530 
log sin f 1:.-:t] = 9·5141493 + 60·9 ( - 2r, + 5 11 - 5 1) 

log sin f 5a-s] = 9·7789481 + 28·0 ( - 5 3 + 53 ) 

2·8290504 

0 = + 234 + 142·6 (2r,) + 61·6 (- 5, + 51) - 109·6 (- s. + 5,) 
- 5 3 + 5 2 = v5n = + 1·301 (2:.) + 0·562 (- 5 2 + 5.) + 2·135 

'053·1 = + 1·301 (25) + 1·562 (- 5,, + 5i) + 2·135 
'V3:e·& = - 0·301 (2:.) - 0·562 (- 52 + 51) - 9·435 
1131-:. = - 0·301 (2:.) - &562 (- ·~ + 51} - 9·435 
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2. Quadrilateral . 2. 5. 4. 1 

0 " 

,,,,5j0'( = [52·4] - 93 21 23·6 = - 52 + 5, 
v2H, = [24 .r,] - 78 02 57·2 = 2:, 
v4:.11 = [4:.-21 - 8 35 34·1 = - 2:. + G; - 5,,, + 5·1 

54·9 

0 If 

v5 1., = (51 .4 ] - 5 15 37·7 = - 51 + 54 
v1,.:. = [1,,,..,] - 170 31 18·2 = 2,, - 5 2 + 5 1 - 10·4 
v4r..1 = [45 .i) - 4 13 09·4 = - 2,. + 5 2 - 5 4 + 5•1 

05·3 

Side equation(!). 2. 4. 5 

log 4·1 = 3·6121000 
log sin [521] = 9·9!Hl7H30 + 0·7 (- 5" + 5 1) 

log sin [ 4 5 .1 ] = 8·8(;tjS{}8,i + 285·3 ( - 2 5 + 0 2 - 54) 

2·4787404 

log 1 ·2 
log sin [2 1 .• ~] = !Hl~02l2'i + G·5 (2,,) 
log sin [51.,] = 8·9u22918 + 2:!8·7 (- 5 1 + 5,) 

2·4784575 

551 

0 = + 2829 - 292·0 (2,,) + 229·4 (!>1) + 284·8 (5.") - 514·2 (5,) 
= + 2829 - 29~·0 (2:.) + 229·4 (- 5,, + 5 1) - !H 4·2 ( - 5 2 + 5,) 

- 5 2 + D4 = 'l'5N = - 0•568 (2r.) + 0•446 (- 0 2 + 01) + 5•517 
v51 •• = - 0·568 (2,,) -0·554- (- 5 2 + 5 1 ) + 5·517 
v45 •2 = - 0·432 (2:;) - 0·44G (- 5 2 + 5 1) - 0·417 
V46 •1 = - 0~432 (2a) - 0·44G (- 5 2 + 5 1 ) - 0·417 

I II 

v5H = [ 5n] - 130 18 19·5 = - 5 3 + 5 4 

v3,.5 = L3,-:.] - 34 os 29-0 = 2,, + 5.3 - 52 - 7·3 
v4,,-a = [ 4,."3] - 15 m~ 13·7 = - 2 5 + 5 2 - 5 4 + 5·1 

02·2 

"'53 • ._ = + 0·733 (25 ) + 1 ·008 (- 5 2 + 5 1) + 7·652 
v3 •. 6 = - 0·30.l (2:.) - 0·562 ( - 5 2 + 5 1 ) - 9·435 
M. .. = -- 0·432 (2.,) - 0·446 (-52 + 51) - 0·417 
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I :I p v l, --

I 16•2 11 
I li;.3 

I 14.5 
I 21.r; 
I 2,.;.3 
I 2'4~b 

I 3z.r; 
I 

I 31°6 

/I I 34·5 

U. S. COAST AND GEODETIC SURVEY. 

Observation equations. 

1- 52 + 5, 
j I' ! 

2i; p v 211 -s:s+ 51 I 
:-

-I -J +10·4 I I 45·1 -0·432 -0·446 
--1 -I +10·4 I 

J 4n•>i ----0·432 -0·446 
+1 +1 -10·4 I I 45•3 -0·432 -0·446 
+1 0·5 52°1 +1 
-I 

I 

0·5 53.3 +1·301 +0·562 
+1 0·5 53·1 +1·301 +1·562 
-0·301 -0·562 -9.435 0·5 5, .• -0.568 -0·554 
-0·301 --0·562 -9.435 0·5 5i1•4 -0·568 +0·446 
-0·301 ----0·562 -9.435 0·5 Sa·• +0·733 +1·008 

Normal equatioTUt. 

0 = - 19·74 + 9·12 (25) + 5·86 (- 5:1 + 51) 
0 = - 8·91 + 5·86 (2:.) + 7·20 (- 52 + 51) 

2:; = + 2·87 

-0·417 
-0·417 
-0·417 

+2·135 
+2·135 
+5·5 17 
+s·517 
+1·652 

Comparison of the results by the synthetic method and by the method of correlates. 

By synthetic method. By correlates. I By synthetic method. By correlates. 

! ,,, ,,, i ,, /I 

15.2 +s·5 +8·9 46·1 -1·2 -0·9 
1,,.~ +8·5 +8·9 ' 4f)Pl -1·2 ---0·9 
14.5 -8·5 -8·9 4fJ"•3 -1·2 -0·9 
I l•n +2·9 +2·8 52°1 -1·0 -1·3 
25.3 -2·9 -2·8 53·11 +s·3 +4·8 
2-t•!i +2·9 +z·S 1 53•1 +4"3 +3"4 
311°6 --9·7 -9·2 

I 
51·• +4'4 +4·6 

3I•li -9·7 -9·2 " Sz·• +3"4 +3"2 
3-l•f> -9·7 •-9·2 I 

53•4 +8·7 +1·9 i 

I conclude by giving a summary of the c1aims in favor of the direct 
synthetical n1ethod of adjustment: 

1. It is impossible to omit or duplicate conditions. 
2. It becomes the more systematic the more complete the triangu

lation. 
3. It leads to fewer normal equations in strong triangulations. 
4: These require f'a.r less precision in their formation and solution 

than those for the indirect method. 
5 .• Toining new point~ to a number of ftxed points, the number of 

normal equations is independent of the number of :fixed points. 

0 
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