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FOREWORD. 

The volume which is here presented to the scientific world contains the results of 
the niost estensive piece of geodetic work attempted by any nation, a geodetic triangu- 
lation across the continent and the resulting arc of the parallel. This work has been 
conducted with the greatest care, and many improvements in the nieaxis of observation 
have marked its progress. 

In presenting this complete record of a great undertaking, carried through by a 
bureau of the Treasury Department, the esecutive officers of the Department feel that 
it will prove'a contribution to the science of the world worthy of the IJnited States. 

I,. J. GAGE, Sccrcfa?;ll. 
TREASURY DEPARTMENT, Afigv, 1900. 
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I N T K C) D LJ C T I O  N .  

The, conipletioii of tlie iiieaske of an arc of the parallel across the Continent of 
North Anierica iiiarks an epoch iiot only in the scientific history of the United States 
but in tlie world's geoclesy as well. The resultsof the n;orl;, not only to geography but 
to geodesy, are most important arid far-reaching. In the present volume are brought 
together iiot only the observatioiis themselves and a cliscussion of the results, but also a 
clescription of tlie instruments and methods einployed. niid the iniproveineiits which have 
been l~rought about in the progress of the u70rk. This progress has been coincident with 
that of the science of geoclesp itself and. in a measure. the work has been a history of the 
scieiice. 

The transcontinental triangulation, which was designed to connect the triangula- 
tion lines already esecuted oil the Atlantic and on the Pacific coasts. began under iny 
predecessor! Professor Benjamin Pcirce. the thircl S~zperintenclent of tlie Survey, and 
the work has been prosecuted mider the succeeding superinteiideiits-Patterson, Hilgarcl, 
Thorn, Mendenhall, aiicl Dufielcl. 

Soon after the close of the Civil'Wnr it becanie evident that greater estensioii mnst 
be given to geodetic operations, in order to keep pace with the material clevelopnieiit of 
our country. It was at that time that Superintendent Peirce asked Congress for $15 ooo 
to begin a triangulation coiiiiectitig the Atlantic and the Pacific coasts. He  charactei-ized 
the sum as ' ' small in amount but of inestimable importance. ' ' So favorably was tlie 
project received in Congress that the necessary legislation was immediately enacted. 
The appropriatiom increased with each succeeding year until r S 7 4  when $50 om were 
allotted to the work. 

During the iiest decade no. specific aiiiounts were set aside for this enterprise, but 
the work was carried 011 in connection with the general triangulation. Congress always 
authorized the expenditure of certain parts of the great items of appropriations for this 
particular 'purpose. The original idea was steadily kept in view, however, ancl in rSS3 
it again found formal expression in the sundry civil bill, by the appropriation of $30 000 
for " traiiscoiitiiiental geodetic york." From this date to the coiiipletioii of the general 
field work, regular annual appropriations were macle. The total cost, from 1 ~ 7 1  to 
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1sg7, exclusive of salaries of oficers? was approximately $500 om. giving an average 
espenditure of about $20 000 yearly. 

The cost per mile of progress mas least in hlarylancl and Ilelaware. being $103, 

and greatest in California. where it was $463. Thf: average expense of occupying one 
staticiii was $jgS in the former case aiicl $9 n ; ~  in latter. The cost per square iiiile of 
territory, strangely enough, however, is greatest in a flat country. where short lilies 
are necessary. The work in Indiana ancl Illinois cost $1 I per square mile, where tlie 
average cost per point !vas $1 725. while that in Colorado cost about $2, where the cost 
of occupying each station was $6 131. 

Tlie inimecliate results are these: Sixteen States are given funilamental ani1 per- 
manent points on which all their subsequent sui-vrys may lie based. The longest arc of 
a parallel ever undertaken by any single goveriiiiiriit has been completed, aiicl valuable 
material has been supplied for a more esact cleternijnatioii of the earth's size and shape. 
Precision in scientific work has been substantially increased cluring t1i.e period mentioned, 
and iiiiprovemeiit in tlie field methods has been niarliecl in the base measures, in t!ie 
triangulation, and in the astroiioniical cleterniinations. In  fact the progress of this 
work has kept pace with the progress of geodesy. Since the inception of the n w k ,  and 
growing out of its prosecution. great strides have been iiiacle in point of rapidity ancl 
acmracy. New iiietliods have been introduced, consequent upon tlie gigantic .wale of 
the operations. Astronomical results obtained at  an altituclr of 14 ooo feet require 
special treatment on acconiit of changed conclitions in attractive and centrifqgal forces. 
Horizontal angles, if tlie stations are estrenielp elevated, are sensibly different from 
what they. would ,be at tlie level of the sea. The orclinary forinula for spherical. excess 
must he extenclecl to inert the cleiiiniicls of the great triangles from Pikes Peak to .the 
Sierra Nevada. The laws of refraction applicable at lower and equal elevations require 
modificatioii wlieti great inequalities exist in the heights of stations. The calculation 
of geographical positions enters a new phase when lines of sight IS-. miles long are to be 
clealt with. ' The adjustment of the trianaulatinn-tliat refined operation by iiic-ails of 
which incongriious observations are inacle to 1Aend harmoniously according to the mathe- 
matical theory of probnbilities-ass~~iiie~ greater significance in a chain of 2 6oo.miles of 
continuous geoiiietrical figures. The nature of the country traversed has developed iiew 
ideas in signals aiicl tripods. Tlie mounting of a!i instrument 157 feet above tlie ground, 
aiicl the erection of an observing pole to a height of 275 feet, are features hitherto 
nnknowii iii similar work. For the first time corrections have been introduced for the 
variations of latitucle. The present voliixne, therefore, marks an epoch in the &als of 
the Coast' and Geodetic Survey, and the completion of this great arc may be fittingly 
called oiie of the historic events in the progress of geodesy. 

' The iiiethocl of treatment aiicl the general results iiiay be briefly stated as follows: 
Each base net was first adjusted separately. This gave. a t  intervals along the arc, cer- 
tain lines whose leiigths depeiid more directly upon measurement, ancl which were 
regardecl as absolute. The triangulation intervening between any two adjacent figures 
thus establishecl was treated by the niethoil of least squares, so as to reconcile cliscrep- 
niicier; betweeii the fixed values and those resulting from the angular iiieasureiiients 
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connecting tliein. The operation thus far gave a connected homogeneous system of 
figures throughout, and opeuecl the w a j r  for the final computation of the individual 
geographical positions. 

In order to cleteriiiine standard data to which the entire arc should refer, a first 
preliniinary reduction was made. This gave provisional values, which were afterwarcls 
corrected so that the average discrepancies between the computecl positions aiicl those 
cleteriiiiiiecl ty astronomical observations should be as small as  possilile. 

The 
average local cleflection, irrespective of sign, in the plane of the meridian, from 51 lati- 
tude comparisoiis, was about ~ ' ' ~ 4 ,  and those in the prime vertical may be assuniecl, in 
general, to be of equal magnitude. After rejecting values which were clearly inaclmis- 
sible on accmiit of local configuration, the following corrections were made to the posi- 
tions first acloptecl: 111 latitude - o"'64 aticl in longitude + 0".;7. No change was 
reqiiirec1 i 11 the piovisional aziiiiu t 11. 

The discrepancies between the positions cleclucecl through triangulation and those 
cieterniinec1 astronomically nisi result from cleflections of the p1um11 line or froin the. 
fact that the geonietrical figures are developed on a spheroid whose cliniensions are clif- 
ferent from those of the actual earth. Moreover, the deflections iiiay be local. as when 
causecl 11,; mountains. valleys, etc., or they may estencl over great areas, where a cliaiige 
of density in the earth's crust is the underlying cause. As far as the present measures. 
go, tlie curvature of the North Anierican Continent along the 39th parallel seems to be ' 
intennecliate between that of the Bessel and the Clarke spheroids. .The accuracy d this 
ilecluction is evident from the fact that the probable error of the iiieasurecl length of the 
total arc (4 224 kilometres) is only 26 metres. whereas the clifference between the arc 
of a parallel in latitucle 39' on the Clarke ancl on tlie Bessel spheroids is 615 metres. 

It wc1ulcl be ~7ell-nigli inipossible to give credit, in exact proportion to the service 
reiiclered, tu  all persons who have contrihutecl to the accomplishment of this task. Pre- 
eminent (jll the list stancls the iiaiiie of C. A. Scliott, who has been in active service in 
this Bureau for more than fifty years. He  has hac1 charge of all the computations, atid 
the present report on the work stalicls substantially as it came from his haiicls. Assist- 
ance in tlie computations n7as given, principally, by M. H. Doolittle, E. H. Courtenay, 
D. L. Hazard, and J. F. Hayford.. The voluuie was edited by E. D. Preston, assisted 
by A. F. Belitz. . 

Prominent nniong the officers who had charge of the field operations, ancl who are 
here arranged in the orcler of linear distance covered by their trigoiioiiietrical operations, 
appear the following: W. Einibeck, F. D. Granger, A. T. Mosiiiaii. G. A. Fairiielcl, 
F. W. Perkins. e. l?aviclson, atid 0. H. Tittmann. 

The following table is believed to contain the names in alphabetic orcler of all the 
c~fhcers in the regular service who took part in the operations. The year in which the 
obserldoiis were made and the character of the work esecuted by each officer are also 
shown: 

l,atitucle was observecl at 109 stations, azimuth at 73, a&l longitude at 37. 
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The present addition to the literature of geodesy will ever remain of value, and will 
doubtless take its place among the epoch-making contributions to the subject. 

Although the influence of this arc in  the determination of the earth’s figure is one 
of its cardinal virtues, the work will esercise its full power and accomplish its complete 
purpose only when combined with an arc now being measured on the ninety-eighth 
meridian, and which will ultimately traverse Mexico, the United States, and the British 
possessions. When this great counterpart of the triangulation along the thirty-ninth 
parallel shall have been measured, and the results of the two have been combined, 
we shall be in possession of sufficient data to define a surface of the country which, in 
the present state of esact,measurenients, may be considered a finality. 

HENRY S. PRITCHETT, 
SIcpei-in tCl2de)tf. 

UNITED STATES COAST AND GEODETIC SURVEY, 
Szrperz‘~i.fmderat’s tJjh-c, -4)) il, 1900. 



PRELIMINARY STATENIENT. 

I .  LOCATION, SCOPE, A N D  PURPOSE OF T H E  TR-%NSCONTINENTAL TRIANGULATION, 

WITH HIST.ORICAL NOTES AS TO ITS INCEPTION AND PROGRESS. 

This transcontinental triangulation. and measure of an arc of the parallel estciids 
from Cape May. New Jersey, on the Atlantic coast, in  longitude 74' 55"S, to Point 
Arena, California, on the Pacific coast, in longitude I 23' 4 1 ~ ~ s .  The intervening 
distance is about 4 "'5 kilometres, or 2 625 statute miles, corresponding to $3' 46"o of 
longitude. ' 

Its terminal points are near Cape May and Point Arena light-houses, which are in 
latitudes 35' 55"g and 3s' 57"3, respectively. 

The desirability and necessity of uniting the main triangulations along the eastern 
'and western coasts of the Uriited States must have impressed itself upon the minds of 
those engaged in the work. It was recognized that such a connecting bond was 
demanded in order that these separate parts might he made to depend upon the same 
geodetic and astrotioiiiic data. By this nieaiis only could the unity a11d consistency of' 
the work of the Survey be secured; besides, it was apparent that any proposed surveys 
of States lying in the path of the connection or adjacent thereto could at once be based 
upon the same standard data, thus securing uniformity and accuracy for the whole 
work. An operation of this character could not well be undertaken by separate State. 
action, siiice it would involve too many contiiigencies respecting uniformity of treatment 
and of timely cooperation. Its esecutiori was therefore properly intrusted to the Coast 
and Geodetic Survey as one of its functions. 

Besides its iiiiniecliate practical benefit of providing a' tier of interior States with a 
tiucleus of systematic triangulation at once available for the extension of surveys over 
adjacent arras and furnishing geographic positions withiii these extended limits, the 
measure has a much higher value from a scientific standpoint. I t  is a coiisiderable 
contribution toward those data of which geodesy .must 'avail itself for the more 'csact 
determination of the earth's shape and size. For this and kindred iiieaslires an adcli- 
tional stimulus was given in ISSg, when the United States became a member of the 
International Geodetic A4ssociatioii for the' nleasurement of arcs and for the special duty 
of investigating the geoid or deformed physical surface of the earth as contrasted with 
that of a inathematically defined figure. 

The initial step toward the accomplishment of tlie measure was taken by Superin- 
tendent Benjamin Peirce. Under date of February 7 .  rS71, he asks, in his annual report 
to Congress for the year 1870 (page 7 j ,  for a sjec$c ~lff~vji-i~zfioiz for this object. 
On page 4 of that report we find, "A new item is proposed in the estimates, small 

, in amount, but of inestimable .importance to the scientific accomplishment of the 
Survey. " Speaking of the geodetic connection between the Atlantic and Pacific coasts, 

2.1 
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he remarks: " It will give to the National Government and incidentally to the several 
States the best possible basis for all accurate surveys which may hereafter be required.'' 
Ground was broken in July, 1 S 7 1 ~  in the vicinity of St. Louis, Missouri, by laying out 
a triangulation extending to the eastward ancl westwarcl .of that citp and providing for 
a base line and astronomic measures. It was also evident that part of the operations 
already carried out by the Survey .in central California during nearly twttnt\l years could 
be utilized or incorporated into the arc measure; likewise at its eastern end it was 
espected that some part of the very much older triangulation with its astronomic 
measures would be included. 

Since the year 1S71 the work has been continued under the several superintendents. 
Although the annual accretions.were small, owing to the meager appropriations -allotted, 
it can be said that at the close of the year 1Sg6 the measure of horizontal angles of the 
triangulation was completed. The last of the base lines was measured in ISg7, but 
the determination of heights of the Rocky Mountain stations pet demanded certain 
iiieasures of zenith distances ant1 spirit levels, which were'supplied in I S ~ S .  I n  .the same 
year the last of the astroiioiiiic longitude clrterminations was made. The reduction of 
the observations and the preliminary computation of positions were kept abreast with 
the field work, but some unavoidable delay in the fiual adjustment and preparation for 
the press occurred in coiisequence of the late supply of the height measures requiredfor 

The accompanying map A (in pocket'). on a scale of T-u&87iTi, has been specially 
desigiiecl to give at a glance a general view of the location ancl comparative extent of 
the triangulation connecting our east and west coasts. It exhibits bjr contrast of color 
the base nets and the intervening chains of triangulation, and by their variation in width 
it indicates the dependence of the size of the triangles on the hypsometric features of 
the country. On map B (,in pocket j is shown, by means of the simple conventional signs 
adopted on the Survey. the nuniber and distribution of the astronomic stations whether 
for longitnde, latitude, or azimuth. 

In connection with the measure of this arc of the parallel it may not be out of 
place liere to direct attention to the report of the Geodetic Conference of January and 
February, 1S54. conveiied by Superinteiiclent T. C. Mendenhall. (Appendis No. 9, 
Coast and Geodetic Survey Report for xSg=,, Part 11, specially pp. 360-363.4 Reference 
will be found therein to other arcs measured either by the Unitecl States Lake Survey 
or by the Coast and Geodetic Survey. The measures of the great meridional arc in 
longitude g S o  west of Greenwich' were commenced in 1Sg7.2: This proposed arc may be 
considered'as complementary to the arc of the parallel. one giving a nieasure of the 
curvature in a north and south direction. the other in an east and west direction, thus 
affording within the limits of the country the means for determining an osculating 
spheroid closely approsiniating to the curvature of the earth's surface. The first half 
of the current year (1SgS) also saw the coinpletion of the measures. geodetic and astro- 
nomic, of the great oblique arc stretching from Calais, Maine. at the Canadian boundary 
to m7e5.t base, Dauphin Island. Alabama, 011 the Gulf of Mexico, thence to New Orleans. 
Louisiana, a length of 23' 31', or 3 612 kilometres or I 623 statute miles. 

reducing two of the principal base lilies to the sea level. . .  
. 

- 
*Reconuaisauce was made it1 the preceding year. 



TRANSCONTINENTAL T.RIANGULATION-PRELII~1NARI' STATEMENT, . 25 

2. SUBDIVISIONS OF T H E  CHAIN OF TRIANGULATiON AND THEIR DiSTINGUISHING 

' CHARACTERISTICS. 

The contrast in tlie physical features along the arc of the thirty-nilith parallel is so 
well pronounced as conveniently to inark out for general description three. subdivisions, 
which moreover demand, in part at  least, different inathematical treatment in the reduc- 
tion of tlie observations. These subdivisions are designated the western, the central, 
ancl tlie eastern sections. 

The ~c~t-stcvx section is characterized by the great altitudes of its stations and the 
uiiusually large size of its triangles, inany of the qides being .over 160 ki.loiiietres, or 
IOO statute miles in length. The triangulation crosses the Coast Range, the Sierra 
Nevada, tlie Wasatch Range, aiicl the iiiaiii ridge of the Rocky Mountains. with iiiaiiy 
of its stations inore than 3 kilometres, or nearly -1 statute miles. above the level of the 
ocean. The total linear development lietiwen Point Arena on thecoast and Big Springs 
off the 'enstern flank of Pikes Peak, Colorado (as projected on the parallel of 39'") is 
nearly I 6S5 kilometres, or I 047 statute miles. 

The wrti-nl section, wliicli extends from Big Springs, Colorado, eastward as far as 
St. Louis. Missouri, over n distance of about I 217 kilometres. or 756 statute iiiiles 
jiiieasured on tlie parallel of 39"j. partakes of the very opposite character from its 
neighbor with respect to widtli of developnieiit or average length of sides. Tlie latter 
is but 27.3 kilometres, or 17'0. statute miles, and is therefore a iiiiiiiiiiuni value. This 
feature was imposed upon it by the general flatness of the great plain which lies lietween 
the eastern slope of the Rocky Mountains and tlie Mississippi River. descending very 
gradually from allout I So0 metres ('5 900 feet nearly) to ahout 135 metres, or 443 feet. 
above the sea level. As a rule tlie theodolite w3s mounted 0 1 1  tripods or scaffolds in 
order to overcome the earth's curvatnre and keep the line of sight sufficiently elevated 
above the ground. 

The third or c a s t t ~ ~ ~  section differs from the others by its siiiall but diversified 
hypsometric ,feattires lxing coiiiposerl of plains,' lorn hills, and iiiouiitaiii ranges. 
Where the triangulatioii traverses the Alleghenies altitucles esceediiig I joo metres, or 
4 265 feet, are met. The section crosses the Chesapeake and Delaware bays, terminating 
at  the capes of the latter. I ts  total (referred) length is about I 3'3 kilonietres, or Q.71. 

statute miles. 
Tlie triangulation across tlie country possesses great internal rigidity by reason of 

its composition throughout. Either quadrilaterals or central figures such as polygons 
formed by conibiiiatiou of triangles coiiilmse the .scheme, while its length is supported 
by IO base lilies suitably distributed. 

3. GENERAL STATEMENT I N  REGARD TO T H E  ASTRONOYIC BIIIASURES. . 
Respecting tlie astronomic iiieasures there are 109 stations rlirectl?. connected with 

the triangulation at  which the latitudes were determined almost C A : ~ I ~ ~ [ I ~  41) Tolzoif's 
method. These observations fall between the years 1S46 and 1899. Eight latitudes 
depeiid 011 other than Coast and Geodetic Survey authority. Astron,mical azimutlia 
were obtained at 73 of 'the trigonometric stations between the years 1s-1.9 and 1Sg7. A 
variety of methods, suitable to the circumstances at  the time, were employed in this 
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work. On acconnt of local deflections of the vertical, which are present to a greater or 
less aniount at all stations, the value of an arc of the parallel depends. crrfci-is jt77ibus, 
largely upon the number of subdivisions or component arcs which together make up its 
whole longitudinal amplitude. There are 37 astronomic longitude stations not very 
unevenly distributed over the arc, though rather crowded in .some places. They were 
determined by means of the electric telegraph, and are either part of or depend directly 
upon the general telegraphic longitude system of the United States. ,411 account of 
this system is contained in the mnual report of the Survey for 1Sg7. Appendis No. 3.2: 
The longitudes were determined between the years ish9 a i d  r SgS. The stations, in 
consequence of the impracticability of establishing wire connections. are not, as a rule, 
also trigonometric stations in the main series of triangles, hut all are geodetically 
connectecl with the nearest triangulation station. 

*An nhstract of this papfx appeared i r i  No. 412 (September 14,  IS^) of Gould’s Astroriornic Jourmil. 
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I. LJNIT OF LENGTH, BASE LINES, AND BASE- NETS. 

(A. j INTRODUCTION. 

In  this first part of tlie exposition of tlie ~iic~is~ireiiieiit of the arc of tlie parallel. 
stretching centrally across the country, will be presented a cliwussion of the unit of 
leiigtli upon which its whole esteiit is cleveloped. This is followed lip an indiuidual 
account of each base liiie with its resulting length ani1 probable error, and the adjust- 
nieiit of its net of triangles referring tlie base to a principal sick of tlie triangulation. 
Tlie methods of local and of figure acljustment of angles and sides are liere esplaiiied. 

(,B.:) THE UNIT OF LENGTH. 

I .  HISTOKY OF THE COMMITTEE METRE O F  1799. 

~ 1 i e  &it of Ieiigtli o f  tlie traiiscontinenta1 triangulation is the metre. I ts  material 
representative as used oii the Survey from tlie lxginiiing iip to tlie year 13go n T T ~  .: an 
iron 1x11- staiidardized at Paris in I 799 by the Coinmittee oil Weights aiiil Measures. 
I t  was lx-ought to America iii '~Soj:;: by F. R. Hassler ( afterwards first Superinteiideiit 
of the Coast Survey ) aiicl preseiitecI by liiiii to the Aiiiericaii Philosophical Society of 
Pliilaclelphia, aiicl later placed b?; the society :it the disposal of the Coast Survey. Mr. 
Hassler received it from J. G. Tralles, deputy to the commission from the Helvetic 
Republic. I t  was mad@ 1.y Lenoir at Paris and is one of 16 nietres. of rvlijch 
twelve were iIistriIjutei1 to the foreign coniniissioners, ami Gears atiioiig otlier clistin- 
guishing iiiarks that of three dots 1. It is an end metre with cross section g by 2 7 . 5  
iiiilliiiietres. For an acco~uit of its construction, the apparatus eniployid. and method 
adopted for cutting the several metre bars to the desired length, the pnblicatioiis t 
given below will be found to contain nearly all that may be of present iiiterest. Its 
use was cliscontinuecl after tlie receipt in November, 18Yg. by the Goveriiiiieiit of 
tlie United States from the Interiiatiolial Bureau of Weights and Measures at Paris 
of three representative platinum-iricliuiii bars of the Iiiteriiatiorial or Prototype .Metre. 
Hence part of the triangulation depends for its length 011 the Committee Metre, or 
C. M., part 011 the Interiiational Prototype Metre a d  part througli ncijustiiient on 
both. Uiiiler these circumstances it lxcame imperative to carefully compare these 
stuudarcls, which were snpposed to be eqiial, and,, if different, t o  correct the leiigtli of 
- 

* IJIII-,. Uoc. So. q?, H. of Kcps.. ?A Congress. 1st session, Washingtoii. iSj2, p. 6. 
t 'rraiibactiniis Xiiicricaii Pliiloscqdiical Society, Philatlclghio, Vol. 11. new series, Nil. S I I .  '.Papers oil various 

subjects couiirctcd with the Survey of the Con4t of the Uiiitcd Stat+?' by F. R. Hassler. March 3. r 9 x  (1). 2 

titular); United Strite?; Coast Survey Report for the year islj;. A!,peiidis NO. ; pp, 12-1:j: Keclierchrs historiqu 
Etaions de Poids et Rlesiires de l'observatoire et les apljareils qui ont srrvi L le6 coiistruire. Par Id. C. Wolf. Paris, IS&.. 
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the older base lines depending oii tlie Committee Metre of 1799, in order to espress 
their length and that of the whole triaiigulation in ternis of tlie Iiiteriiational Proto- 
type Metre. 

In attempting to cieterinint: their relative length, two difficulties presented them- 
selves-one clue to the demand of modern science for greater accuracy and better defi- 
nitioii than was the case a century ago, and the other clue to a slight yet perceptible 
deterioration of the end surfaces of the iron metre l q 7  oxidation and by wear. It was 
hopetl that the length of this metre could become known with no greater probable error 
than one micron. An error of one-inillionth part of the length would produce one of 
4.2 metres in the width of the country in latitude 39’ and would be a negligible quan- 
tity in comparison with the iiievitable errors introduced through the triangulation. 

1: T H E  COEFFICIENT OF EXPANSION OF THE IRON CONMITTEE METRE, OR “C.M.”. 

There is 110 information of a special deterinination of the coefficient of espaiision of 
this inetre by the coninlittee of 1799. ‘L’lie average value for the several metres was 
11.56 >: IO-’. Adirect determination made at Newark by F; R: Hassler in 1Sr7:!: gave 
him o.000 006 963 5 for Fahrenheit’s scale or the value for the centigrade scale of 
I Z ’ j 3 4  :< IO-‘. This rather large value was supposd due to the method employed, 
which woL1lc1 now be characterized as crude. The result was not adopted oii the Snrvey, 
but the committee’s value was employed illstead up to about the year ISSI,  when an 
elaborate series of observations mas made by Assistants C. A. Schott and H. W. Blair 
at the Survey office in connection with the work of standardizing a new 5-metre bar. 
During these observations the C.M. and 5 other metres were immersed in a bath of 
glycerin, the temperature of which, when steady, was foutid ‘by ineatis of standard 
theriiioiiieters. The ends of the bars protruded slightly beyond rubber diaphragms 
placed tightly in holes piercing the encls of the trough, which was then brought between 
two Bessel-Repsolcl .screw spirit-level comparators. The range of the temperature of 
the ‘glycerin and inimersecl bars was hetw~een 4’ and 3YOC. ( j g o  and 100’ F.). The 
results’ froni the several series were as follows : 

Espansioii 
for 10 P. 
6 ‘576 / I  I S S ~  Dec. 25-24 

37-29 6.60; 

”/. I Q - ~  for C. scale 

16-17 6.474 

Particulars of tliese operations will be found in Coast and Geodetic Survey Report 

In 1S8S and I S S ~ ,  Assistant 0. H. Tittniaiiii made a series of coinparisonst for 
for rSYa, Appendix No. 7 (‘p.. 1 2 i  in particularj. 

* Trans. Ainer. Phil. Society. Philailelphia. VOI. I. new series, KO. S V I .  An account of pyrometric experiments 
made at Newark. New Jersey, April, 1Sr7. 

t Coast and Geodetic Survey Report for IS%. Appeiidix KO. 6 : “ The relation between the nietric standards of length 
of the United States Coast arid Geodetic Survey and the United States Lake Siirvey.” By C. A. Schott and 0. H. 
Tittmann, Assistants. pp. 1 p I g 7 .  

By F. K. Hassler. 
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relative leiigths of the United States Lake Survey Repsold Metre R.M. am1 the coin- 
iiiittee metre. These gave in coiiiiectioii with the coefficient of expansion of the 
R.M. (as finally given l>y Dr. Foerster, viz: 10.654 .< by Lake Suryey observa- 
tions, 10'615 ;< IO-G,  and by International Bureau of W. aid M., 10'563 A IC?,), 

the resulting values. in combination with other measures. for coefficient of R. M. 
ro'6oG i; IO--', and for C.M. 11'795 :/I  IO-^, a value practically identical with the 

one fouiid in ISSO-SI. A further confirination of this value was had through the 
clirect comparisons of the C. M. with one of the national prototype metres. 
Fischer obtained between July,  IS^.+, and Ma!:, 1S95, a large number of micrometric 
diRerences between the length of the C. M. aiicl of the  N.P.M. 21. These observations 
were made in a vault at the office, in which the teniperature was varied :.I>;" C. 
The optical iiiethocl was employecl, varied by tlie use nf 1 prongs j inillimeters distant 
on each side of the axis, the bars and thmnometers being under glass cover on the coin- 
paring carriage, provided with the necessary adjustments. The details of the process 
being esplaiiied farther on, it suffices to state here the resulting differential esphnsioii. 
viz : -11 = + 3'123 I(. The coefficient of expansion of the N.P.M. 2 I was cleterminecl 
at  Breteuil, viz : .  + S.665 X IO-', ~vlience tlie coetlicient for the C.M. = I r'7SS :/ IO-'. 

f I 1  
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Mr. I,. A. . 

Kecapitulation of vaiues for coefficient of expansion of the C.M. : 

3. THE LENGTH OF THE IRON CONIMITTEE METRE, OR " C.I\I." 

Froni the particulars given by F. R. Hassler* respecting tlie construction of the 
original metres it would appear that the aim of the coilinlittee was to secure ail accuracy 
in their length wliich should be trustworthy to within about half a micron. I t  is 
further stated that the difference in length of the tanporarily selected standard and 
metre or the C. M. \\:as two ten-millionths part of a toke. tlie latter being the shorter. 
If. this was correctly understood me \\7011lcl have C.M. = 1i1i - 0.4p. 

I11 IS67 the C.M. was taken to Paris for clirect comparison with the standarcls pre- 
served there. ' A full accokit of the work cloiir is coiitained in Coast Survey Report for 
1S67.t During these comparison; the respective nirtres were iiiiinersecl in nielting ice. 
The iiieasures were inade by means of the Silberniann comparator with the aid of t i 1 7 0  

abutting pieces. The resulting length of the C.M. arrived at makes i t  too long by 
3:3hp.  but the first a i d  third series of comparisons shorn rather a wide clifference, and 
considering that so few series of .comparisons were made we may regard the result as a 
weak one. 

. 

The actual operation occupied but a few hours of Augiist 24. 

t Repart for I%?. Appelldix No. 7, pp. 134-137. 
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A inore satisfactory although indirect comparison was obtained in 1889 * through 
the inediuni of what is known as the Repsolcl steel metre of the United States Lake Survey , 
R. M. the length of which had been determined at Breteuil, near Paris, in January, 
1%;. The C.M. being an eiid and the R.M. a line metre, Assistant Tittmann 
eiiiployed the optical or reflection method' for comparing the two bars, which was 
effected at Washington in a cold-storage room and other localities between September, 
ISSS. and March, 1859. The R.M. is otherwise of importance through the fact that the 
length of the Olney base line in Illinois is espressed in terms of i t ,  for which see Report 
upon the Primary Triangulation of the United States Lake Survey, by Lieut. Col. C. B. 
Comstock.t In a supplenient by General Comstock, dated February cS, 1SS5, the 
length of R.M. is given provisionally, but very closely. as riiz  +  SIP at the tenipera- 

ture of melting ice, and for any temperature f ('centigrade! there is to be added 10~61gt; 
but in the 1SS9 report, p.  IS^? the preferable value, 10'606 Y  IO-^, is deduced for the 

coefficient of espansion. 

E.4 

f 25 
Froin these Washington observations we derive 

E.( 
R.M. - C.M. S4'2S jL  - 1.1925 ( t -  11"'66) 

f'49 f 4.25 
and C.M. = IWZ - o';Sp f o' jop 

Between J~ily, 1S94, and Map, 1S95. an esteiisive series of comparisons before alludea 
to was made at Washiiigtoii by MI-. I,. A. Fischer. of the Weights and Measures Office, 
between the C. NI. and one of tlie new National Prototype Metres known as N.P.M. 21,  

received here in July, 1S90. The latter is a platinum-iridium line metre of length 

~ i i i  + 2.5,~ + S-66jt + o'mi oot', as standardized at Paris. The comparisonsf were 

madein the office comparing vault by ineansof micrometer microscopes clamped to a steel 
beam as support. The two standards were placed in a glass-covered bos or carriage 
and were supported at two points 54 centinietres apart, with Tonnelot thermometers 
placed on their upper surfaces in contact with them. The carriage rested on i.ron 
rollers and was provided with all necessary adjusting devices. For clefiiiing the ends of 
the C.M. the optical method was employed, but as the end surfaces are less perfect in 
the axis of the bar than at a short distance from it, two points 6 millimetres apart were 
placed symmetrically to the asis to admit of their direct and reflected images. Illumi- 
nation was secured by means of right-angled prisms placed about I centimetre below 
tlie bar, the light from incandescent lamps being thus thrown upward. The defining 
lines of the N.P.M. were macle visible by throwing the light upon them through 45' 
prisms placed between the two lenses of the objectives of the microscopes. An observa- 
tion consisted of. the following operations: I. Reading of thermometers. 2. Pointings 
on C.M. j. Pointings 011 N.P.M. 4. Pointings on C.M. 5. Reading of thermom- 
eters-the whole occupying about I 2 minutes? during which time the thermometers 

El 

f '15 

* u. 5. Coast and Geodetic Survey Report for IW, Appendix No. 6. "The relations between the metric standards 
of length of the 11. S. Coast and Geodetic Survey and the U. S. Lake Survey, by C. A. Schott and 0. H. Tittmann, 
PP. I79-r97. 

t Professional Papers Corps of Engineers. 11. 5. A,. No. y. Washington, ISZ. 
1 Not yet published. 
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Following a regular scheme, the bars at different timeswere placed 
The temperature 

The' g6 indiviclual observations when 

rose about OO'I C. 
in different positions with respect to the observer and microscopes. 
of the vault ranged between '''7 and 24O.2 C. 
condensed into 1 groups gave the following conditional equations: 

whence the normal equations 

hence .I- = + o'3S~.d, or the difference C.M. - N.P.M. at o* C and y = + 3 '  123~1 or the 
differential expansion per degree centigrade. The result is C.M. = I W  + 2 .  S S j i  at the 
teinperature of melting ice. 

The preceding 4 cleter~iiinations not being as accordant as desirable, further obser- 
vations were undertaken at the office by Mr. Fischer and also by Assistants G .  R. 
Putnani and A; Braid between January 17 and March 3. 1Sg6. These operations <if- 
fered from the preceding one by the substitution of the contact piece method for the 
reflection methocl; otherwise the conditions were the same. Since no publication has 
been made, a somewhat more full description will be given here, taking the same from 
the preface as given by Mr. Fischer.* Two platinuni abutting pieces were riiade, con- 
sisting of thin disks about 6'3 inillinietres in diameter with their central areas hollowed 
out in order to produce a ring contact about the axis of the C.M. On the side opposite 
the contact surface there was a ledge, level with the center of the disk, upon the hori- 
zontal surface of which were drawn two lines parallel to the axis of the bar and a fine 
perpendicular h e  about 03 millitnetre from the plane of the disk for observation; when 
under comparison, the disks, were held by light springs supported by a collar clamped 
about the ends of the C. M. After observation had been made in one position the end 
pieces were taken off and their abutting surfaces placed. in contact and the distance of 
their fiducial lines measured. After this the end pieces were again put on the metre, its 
ends having been reversed. The values of micrometers Nos. 5 and 6 were found by 
measuring the millinletre spaces on N.P.M. 2 1 ~  which were at its A end rooY'6/-i and 
at its B encl gg7'0ji apart. The value of I turn of micrometer No. 5 is 7 4 . 6 9 7 ~  and of 
No. 6, 75'gS?p (January IS and 24,): differential espansiori of the two metre bars 
3'126p for I O  C.: range of teniperature during the comparisons between oO-72 and 
5O.62 C.; corrections were applied to therniometers Tonnelot Nos. 43.33 and 4334 for 
position of zero point, graduation and reduction to hydrogen' scale; distance of lines on 
disks when in contact. 1627'32p; the outer lines of the N.P.M. having been observed, 
we have the distances I to 2 = 4gg'7~.i, and 5 to 6 = 493.9~1. 

c 

*After the above had k e n  written. a paper read before the Philosophical Society of Washington mi May 26, I&-$. 

by Mr. I,. A. Fischer. was received. It is entitled "On the comparison of line and end standards'' (see Bulletin Vol. 
SIII. p. 241. and fol.). The result (that of 1%6) i s  the latest on record. and the author thinks it is at least a s  trust- 
worthy as that derived from the optical or Fizeau tilethod. 
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Rcmpifidiz fioa c y '  iittxii xzhcs~f i i -  t.11cII ohst-iirr. 

Fischcr. Piitiiatti. Braid. 

No. of series '7 9 I3  

Corrected temperature of C. &I. 40'210 '$O'"IS 2@%56 

Corrected teniperature of N. P.M. 4 '204 4 ''37 2 '672 
Observed micrometric cliffererice of length 'o7IIr 642 %92rr 63s .qop 

C.M. a t  oo C. shorter than I 111. I '56 1 '55 I .Id 

Mean length= 111z - & o . ~ ~ r .  

S i r i i i i t i ~ ~ ~ : ~ ~  i?f r-t.sitlfs&v- Ir.nTiII of C. 111. irt it*riitc 1 ~ -  the P. 111. 

Tear. Length. 

1793 I 1 1 1  - 0 .-ill 

1S67 + 3 Y  
ISS? - o .4 Iinliscrimiiiate mean I I I J  + w S p  c 0 ' 7 j i .  

IS94-9.5 +2.9 

1Sg6 - I 'j 

. Scanning these results, it would appear that they represent rather irregularities of 
the surfaces about the asis than measures of the true length of the bar. If. so, equal 
weight \voulcl attach to them. On the other hand, the value of rS67 rests upon a very 
meager number of observations, on which account less weight ( one-half ) might he assigned 
to it, whereas somewhat greater weight (two) might l x  given to the 1Sg6 comparisons by 
reason ,of the great care bestowed upon the measures and in particular on the deternii- 
nation of the temperature of the bars. Applying these weights w e  get the length of 
the C.M. at oo C. = I))/ fcI'-./l. The probable error of the determination being niuch 

fo'61.1 
larger than the difference in length of the bar from one metre, we may take the C.M. 
to be equal to the prototJqx standard without any serious error and with a probable 
uncertainty of about three-quarters of a micron. 

(C.:) THE LOCAL OR STATION ADJUSTMENT OF HORIZONTAL ANGLE 
AND DIRECTION OBSERVATIONS. 

The abstract of resulting directions from theodolite measures and the adjustment of 
the triangles composing the base nets, together with the computation of the probable 
errors of resulting sides, demand farther exposition of the methods employed. 

The great majority of the angular nieasures were made in series with different 
positions of the circle. At three only of the 
base nets do we find some angular measures by means of repeating theodolites. In  the 

'latter case the weights introduced will depend on the number of repetitions. The least 
square adjustment to satisfy the conditions among the measured angles generally 
proceeds by the method employing correlate equations.$' By addition, the adjusted 
angles are referred to an initial direction and the results given in the abstracts are in 
the order in which azimuths are counted (i. e., clockwise j. For some of the base nets 

These are called dirktion observations. 

*The process is 50 well uuderstood as to need 110 further remarks: reference may be iiiade to T. W. Wrights'. 
Treatise 011 the Adjistmeut of Observations, New Pork, IS%, Chapters IV, V, and Part of VI. 
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the station abstracts include a column giving rough values fJf prol?ablc errors of the 
respective directions, which were not in ail cases cotnp~itetl, and hac1 heretofore been 
macle use of only in one instance-that of 
the Yo10 Base net, as will 1:)e rsplained 
further on. 

I .  GENERAL DISCUSSION FOR LOCAL ADJUST- 

MENT OF DIRECTION OBSERVATIONS.$: 

' I  Let 0 be the station occupied aiid 
I ,  2,  3. . . . . . .  the stations sighted at in 
order of azimuth. Let some one direction. 
as Or,  be selected as the zero direction. and 
let -4, B, . . . . . .  denote the most probable 
values of the tnz.q-/cs which tlie directions 
of tlie different signals make with this di- 
rect ion. ' 

In the first series of readings let -Y, de- 
note the niost probable value of the angle 
between the direction defined bg the zero 
of the limb of the instrnnient aiid the direc- 
tion 01. Let ATI', AIr", AIr'", ...... denote the readings of the linib on signals 
1 , 2 , . 7 ,  ...... 

Then for the first series of readings we may write the following observation equa- 
tions, m e  for each reading: t 

-y - A/,/ z1,r 

*I-, $- ,-I - 171," = i' ," 
+ - Afr'" = 2 1 ~ ' ~ ~  

. . . . . . . . . .  
Similarly for the second series of readings we ma; write 

A-= - Al=' =: if=' 

x2 + -4 - ,f$'f = : ~ " ~ p  

-3; + B - Jf="' = :I="' 

. . . . . . . . . . .  
aiicl so on, for all the series. 

. . . . . . . . . . . . . . . . . .  . ( I )  

The number of observation equations is equal to  the number of readings (signal 
sightiiigs') at the station, and is designated by 12.. 

The siibscript in each case indicates the number of the series, while the superscript 
indicates the signal sighted. 

The unkuowns are Xr9 A:9 ....... one for each series, and --f9 B, C, . . . . . . .  one 
for each direction escept the initial direction. The  total number of unknowns is 
s + d - I ,  in which s = ~iuniber of series and d = n~tiiber of directions. (or signals 

*See Wright's Treatise on Adjustment of Observatioos. New York. IS&, pp. 3zs-s-w. 
t The essential difference between diredion observations and arrgic observations. from the point of view of least 

squares, is that with dirscfioir observations there is an obsematiou equation for each readirfz, while with nrrgle observa- 
tious there is an observation equation for each nirg?.! measured. 
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( p  / / ) Z  ( p  ’ I )?  

[ p , l  - ( p  / / / ) e  (pz”’)2 

o r ” ) ( p x / ” )  - 0 2 ” ) ( A / ” )  - 
r P=l [ P i ]  

(Pr”)(P,””) - ,g”) lp .”” ) 
[Prl [P=l 

in which [mi] = []’I 3 7 - .................... 

[66] = [p”’] - cp13 - cp.3 - .................... 
............... [ ~ b ]  = - ~- 

- ... . . . . . . . . . . . .  [ac] = - ’ 

- PI”[ PI 112 .I j z ’ /Lfb%] 

[ P I 1  r P=I 
p P [ p I l 1 h  1 P.”’[P2IA.] 

- . . . . .  [ o I ]  = [/’:’?it”] - 

- - . . . . .  [&/I = [ ~ / “ l 1 2 ” ’ ]  - 

5 . .  ( 6 )  . . . . . . . . . . . . . . .  

I 

The simbols, f i ,  representing the relative weights have been used in the preceding 
equations merely to keep the equations in a convenient general form In actually 
making the local acljustment all observations are given equal weight, and the various 
9 ’ s  are all called unity. I t  is known .that observations upon some signals (,wIiic11 appear 

. distinct and steady:) are more accurate than others (upon signals which appear unsteady 
or indistinct). But the difficulty of properly estimating the relative weights, and the 
estra labor of making the computation after they have been introduced, make it advis- 
able to assign equal weights to all observations. .The actual computation of the coeffi- 
cients and absolute terms in (5:) is therefore much less laborious than mould appear from 
the forms shown i;i (6;). This computation is also considerably shortened by grouping 
together all series in which every one of the ( id)  signals were observed, all series in 
\v!iich ( d  - I 1 signals were observed, and SO 011. Within these groups subgroups are 
also arranged comprising series upon the same combination of signals. 

Under equations [5) the following additional check equation [oo] c) + [.a] (‘ag :) + 
[ob] (B) + [ o ~ j  C .................... - [d-J = o  .................... c7.l 
may lie written. 

relation to the initial clirectiou 01 that the first of 1.5) bears to the direction 02. 
This equation is to be used simply to furnish checks. In form it bears the sanle 

Thus 

In  equations ( 5 ) ,  as thus augmented by the addition of equation ( 7 ) ,  the sum of the 
coefficieiits in  m - h  vertical coluiiiti is zero. For esample, in the column containing 
( A !  [m] + [zrb] + [ac] . . . . . . . . .  + [m] = 0. Also the sum of the absolute terms 
[td] + [b l ]  + [d] + ........ + [ol]  = 0. The sum of the diagonal coefficients [oo] + 
[m] + [bb] + .. . . . . .  = 18 - s = number of observations - qumber of series, \vlien 
all the p’s are macle unity. Also the sum of the coefficients in formula ( 7 ) is zero. Bg 
writing out in detail the literal equation corresponding to each of these checks it may 
he shown to reduce to an identity in each case. Hence the numerical checks will be 
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coiiipletely satisfied, escept for the sniall effects of oniittecl decimals. if the computation 
is free froin mistakes. 

All the observations having been given equal weight the rigorous formula for the 
probable error c of a single observation of a direction is 

(,S 1 gives a rigorous determination of c7 if the observations upor; all signals are actually 
of equal accuracy. I f  the observations upon different signals are of different degrees of 
accuracy. even though tl1e~7 have been assigned equal weight, (, 5 ,) will furnish an average 
value for c. 

the probable error of an adjusted aizgk. by the rigorous method 
involves so much heavy computation in solving the various weight equations. that one 
is forced to use sonie approsiinate foriiiula for computing it. 

Although observations upon different signals ( different directions) have been given 
equal weight in the adjustment, it is nevertheless recognized that a cliffererice of 
accuracy exists and that it is desirable that it should be taken into account in computing 
the probable errors. This may be accolnplished to a certain estent by making the 
computed probalde error for each clirection depend upon the residuals froiii that direction 
only, instead of basing it upon tlir whole group of residuals. 

We may assume that c,"! the square of the probable error of a single observation 
upon signal .I-. is to P,  the square of the probable error of the average single observation. 
as the average 2 upon signal s is to the average 1:' at the station, i. e., 

To derive 

I '  
I --BsJ? 

cy- - sK 
CL' I 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
- d S"3' 
11 

. . .  ( 5') 

in which s, is the number of sightings upon signal .I- and the subscript of the upper B 
indicates that the summation inclucles 011157 the J' 's pertaining to the direction .I- which 
is being treated. 

If ( : 5 )  is solved for cX2 and the value of c2 is substituted from (S'), there is obtained 

> -  0*45sBJq N .- 
f*x - r1 - s - l i  + I . s, ......................... (' IO) 

( f a l l  sigjtals OIL- ( ~ b s c i ~ v d  iii t ~ ~ i i y  scrirs at the station then 11 = sd and s = sx. After 
substituting these values for I I  and s, ( IO') may be written 

cs- ~ = O'.~~~dBYLT" .......................... ( 1 1 )  
(.ti- I ) ( S - - I )  

In the usual case occurring in practice. in which riot all i!f fhs sigr~nls CITE obsnxd  in 
eoch scr-ics. )i < stJ and s > sl. and the transforination from ( Io) to ( I I ) is approsiniate. 
A detailed coiiiparison of ( I O )  niid 11') iiiclicates that for the usual case in practice 
( I  I ) gives values of c,', which are slightly too sniall. 

Having E,. the probable error of a single observation upon signal x, the rigorous 
espressiou for e, the probable error of the adjusted angle between signal x and the 
initial signal, is given by 

E' = e' '0. ............................. (,I?) 
L -  
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in which Q is the reciprocal of the weight of the adjusted angle and is cleteruiiued froin 
the followiug weight equations in which the coefficients are identical with those in ( 3.) 
and (4’). 

The weight equations for angle -4 (second direction j are ’ 

[#,I 4, + j,,”Q., + j1~~~$7]> $- . . . . . . . . . .  = 0 
+ cIs,19, + 13,”Q.4 + P,”’lrfi+ . . . . . . . . . .  = 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

A similar set of n7eight eq~iations may be written for each of the other angles B, 

To solve each set, of weight equations of the form indicated in ( 13 ) by the usual 
niethocl of elimii~ation is so heavy a task that ail approsiiiiate solution inust be sought. 

The following procedure furnishes a quick solution which is exact wlleii all series 
are complete, and which is approsiiiiate when some of the signals are oinitted from 
.mne series. 

In the first half of equations (, 13) change all signs-that is? multiply each term 
by - I ;  niultiply the ecluatioii which contains the ahwlnte tcrni -- I l ~ y  + 2, and write 
the remaining equations unchanged. 

C, . . . . . .  in turn. 

Equations ( I 3:) as thus uiodifird are : 

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

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

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

Adcling together all the equations in this group. remembering that the subscript in ’ 
each case is the number of the series m c l  the superscript is the number of the signal 
o1,served upon, aiicl that each / is unit!-, there is obtained the, following equations. 

If all SL-IYCS tire tvnzfikfc, the addition gives::: 

[ p ” ]  p;, - 2 = 0 
.which may be writteii 

whence, without approximation 
- 3 = 0 

011 the other hand, $ SOIIZL- qj fh .w-it-s t l i .c  ilrcolrzjlcfc. the above addition gives 
........ (:Is> * q c k q =  f. . . . . . . . . . . .  + CP”] Q.4 - 2 = o  

*The term iiivnlving gr disappears in the adrlitioii. hecause 2 / d ’  =PI’  +fd’ (each /. being unity) niid hence 
~ p , “  +pr“‘ + .. . . .  = [pl]. Siiiiilarly the terin? involving q:: 4;. .... .disappear. 
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in which the coefficients of qzq q-, . . . . .  .are always unity or zero. The coefficient will in 
each case be + I if the initial signal is not observed in the series in question while the 
second* signal is observed, will be - I if the initial is observed .but not the second 
signal, and will be zero if both the initial and the secotid signal are observed, or if both 
are omitted. 

The form of equations ( 1 3 )  shows that the various p's are in general small in 
comparison with Q. Hence it 
will be a close approsimation to drop the terms f qr f q2. . . . . .  froni (, 15:) and write 

UNITED STATES COAST AND GEODETIC SURVEY. 

Also ['I will in general be much greater than unity. 

[I"] Qe4 - 2 = 0 
whence, as before 

in which s, is the number of series in which the signal in question was observed. 

becomes. if all scries aiz CoiiJfilefc.. 
Equation ( I  3), after introducing the value of e: from ( I  I) and Q from (: 14 j now 

2d ('@.455') BxJ= 
' S ( , d - I ) ( S -  I )  

€2 = ... . . . . . . . . . . . . . . . . . . . . . . .  

From equations (,6)..it mav be seen that the diagonal coefficient in. each normal 

S' s ( ' d -  t j 
IJ 

equation (5') viz: [.a] , [6b] ~ etc., when all series are complete, is 

n s - -  

Hence (17) inay be written 

. = z(.o.455) ZxA' . 
. 

. . .................. 
( s - I j jdiagomlcoefficieiit :) IS :I 

cf' soiiit- of fh s~i-zks c7i-c i)iroi)@/t-h?, the approsiinate value of from ( 16') instead of 
(14) must be substituted in ( 12 j ,  whence there is obtained the approsimate forinula 

Also, ufi~i~o,t-iiilnfc[l~, the diagonal coefficients in (, j 1) are 

. .  whence (19) mag be written, as an approsimation, 

E =  = 3 (:0'4Ss ) HxA' ..................... (30) 
(.sx - I j (diagonal coeficieiZJ 

Formula f 19') is evidently somewhat inore accurate than (20,). 
To sum up, formula (zoj inay be used for both complete and inconiplrte series with 

the understancling that it is exact if all series are complete, but is otherwise approsimate 
O n l y .  In this formula Z$' includes only the A2s from poiiitings ~qmn the particular 
signal under consideration, s, is the nuiiiber of pointings t upon that signal, and the 

. 

a5 one pointing. 

*The second signal being the one which, with the initia1,defines the angle .-1. 
+The mean of two paintings, one in thedirect and one in the reverse position of the telescope. being herecounted 
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" diagonalcoefficient .. is the [M]  or [SS] .... of the normal equation ('5') corresponding 
to that signal. 

I t  should be kept clearly in niitrcl that the E is tlie prohble error of tlie nug/L- 
between the sign21 under consideration and the initial signal. When for use in the 
triangulation the angle between, say, 0 2  and 0 3  = (23 - -4 ). see figure p. 37. is required, 
it should be noted that angles .-I and B ,  as derived from the adjustment, are not indc- 
pendent.' The errors due to erroneous pointings upon the iilitial signal are coniiiioii to 
both angles and are canceled ont from their difference. Hence, assuming that errors 
in ..4 are due in equal parts to errors in pointing upon tlie initial signal and upon the 
secoiid signal, and similarly for B, we may write 

f=(B-.',, = y; ( &Az + eB=) ......................... ( 2 1  1 
The following portions of the local adjustnicnt a t  the station Mount Helena, Cali- 

fornia. will serve to illustrate the arrangetilerit of the iiuiiierical work. 

4&sfntd o/-Jim-fioirs. 

1876. . 

Assumed 
directions 

Arithinetic 
coriiplenient 

Oct. I1 
a. ni. 
Pos. I2 

Series 33 

OCt. I2 
a. in. 

POS. 13 
Series 36 

Mt. Table Snow Az. Marys- Pine Round Monti- 
Xablo. Mt. Mt. (E). Mark. 2:;. Lola. Hill. Top. cello. Vaca. 

II / I  

07 '39 T I  ' 27  

ws3 09.71 
06.11 10.49 
$3'72 53'10 
01 '22 m0.% 

I r  

1.5 '27 
10.61 
12 '94 
5.3 .46 

. 03.96 
. . . . . . . . . .  

/ I  

3 7 '2s 

32 -43 
34 '% 
J 7 -46 
00 3 6  

I r  

3'. '79 
29 '79 
30 '79 
II *31 
01 'I1 

. . . . . . . . . . . . . . .  
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The assumed directioiis A’, B’, C .  ... were taken from the field computation. 
The arithmetical complements of the seconds of these angles are to be used to trans- 
form subtractions into additions. They are given for each signal in turn used as an 
initial. 

In the abstract proper two series only, the thirty-third and thirty-sisth, are here 
given out of the 152 series shown in the criginal computntion. The first line gives the 
seconds of the nieaii reading of the three microscopes for each signal sighted with the 
telescope direct. The correcticms for run have already been applied. The second line 
gives the corresponding readings with the telescope in the reverse position. when 
siveepiiig back over the same signals in the opposite direction. The third line is the 
mean of the first and second. The foktli line is derived by subtracting the first value 
in the third line from each of the values on that line. The fifth line is derived by 
acliling to each v a l k  in the fourth line the corresponding aritlimetica~ conipleiiient 

. from the table shown. The values on the fifth line are the ni’s of the observation 
equations ( 3 ). To avoid negative signs, 5 g . y  is understood to be equivalent to - 0.50. 

It is rnade in a rearranged 
order such as to facilitate the formation of the norinal equations ( 5  ). All series of 
pointings upon niirc signals were placed in the first group (,no series included all ten 
signals). upon cig-hf signals in the secoiid group, and so on. Also, within each group 
all series involving precisely the same combixiatioii of signals were placed together. 

An abstract of the iii’s is nest macle, as illustrated below. , 

.dh.ct~iTt-f cfdiiitinisht.d ~ i i z ~ ~ . ~ t t i ~ c s .  

36 
131 

...... 
33 

Mt. Table SIIOW Az. 3Iarrs- Pine Round Monti- 
DiaMo. &It. ’ Mt.(E)  Mark. villt.. Lola- Hill. Top. cello. l‘aca. 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
/ I  / I  / I  / I  I ,  I’ 

00.03. 0 1  ‘20 c g  *56 0 1  ‘I1 00.35 01 ‘69 
00 ‘00 0 3  .os 5s ’35 sg ‘62 00 ‘$3 j p  ‘50 

00’00 GI ’22  no..%^ 00.36 55.50 01 .os 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Means. 

. . . . . . .  
/ I  

+ I  ’$5 
-0 .- J13 

+0 ‘493 
. . . . . . .  

The means of the horizontal lines. as given in the last column, serve to furnish the 
negative terms in the expression for [o I] I eqnations (6.1, while the suilis of the coluinns, 
as sliown at  th? bottom, are [15” 1 1 1 . ~ ~ 1  . p”‘ 111”’] . . . . . . . . . .  The numbers of entries in 

The normal equations corresponding to 5 I ~ as  formed from this abstract. are shown 
the separate columt~s. as shown at the bottom, are v‘] CY’] cp”’] . . . . . . . . . .  

below, together with the checks upon their formation. 
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iVi>rII1(rl rqrtn f i c v r s .  

No. Mount Table. Snow Ax. Marys- Pine Round Monti- Vaca, 
Series. Iliablo. Mountain. hlt. (E) .  Mark. rille. "la' Hill. Top. ~$10. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
36 oomo 01 '26 0; $2 01 '03 00.43 01 '92 

Ah-- 
lute 

t err11 . 

Means. 

01 .42 

I [Ul . ]  = - l I " Y ?  [B] =+o.211 

[ O i f ]  = - 5 ,611 [ C ]  = + 0 743 , 

131 

33 

+ r51 ~oou = No. of series. 
- 6Sj  "IO = No. of observations. 

0 'ooo = sunl. 

00'00 03.14 5s ?I 59 '54 . m.71 59'73 59'7-1 

5g.b3 0 1  '31 00.47 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I m.06 01-01 00-66 m-rq 

- 0 .001 = sum. 

The ' * resicluals from iiornial equations " were obtained by substituting the adopted 
values for (,-4'), ( B ) . . . .  in the normal equations. 

The values of ( -4.). iBj .... being substituted in the "abstract of cliniinished meas- 
iires I '  there is obtained an " abstract of remaining differences" written in precisely the 
same form. In this latter abstract if the mean of the horizontal line as given in the last 
columi~ is subtracted .from each of the individual values in that line the differences are 
the A's from which the probable errors are coniputecl by (20) ancl (21.). 

A portion of the abstract of remaining differences and of the aljstract of values of 
A and is shown belom. 

I _ : . . _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' . . . . . I  ..... 



NO. I Mount Table 
Series. I?iahlo. Moiirlt'n. 

A A= A A1 

. . . . . . . . . . . . . . . . .  
36 -1.4: 2 'U  - . I C ;  n.0 

1.y + ' 2s  0 ' 1  +'42 0 ' 2  

- .41 0'2 

su111s. . 35.5 3' '6 
No ..... $2 r;u 

......................... .. >.. 
. . . . . . . . . . . . . . . . .  

Siiow Az. Mary% 

A .A1 A ;\r A A= A A2 
&It, I E )  alart.  rille. Lola. 

............................... 
+:..p> J .?: 
- 1  '51, 2.3  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
+'N " '5  + ' I ?  0 '0  -'33 0 ' 1  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
35'4 64.9 32'5: 53.4 
SI 122 56 .U 

Pine K u w i d  
Hill.  'Top. 
A A= A A? 

. . . . . . . . . . . . . . . .  
- '39 0 ' 2  

---'IS 0 '0  

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

. . . . . . . . . . . . . . . .  
. X ' Y  23 '1  

55 sc. 

Hence the probable error lrf a single observation of a direction is IJJ' forinula ( S )  

) (4nS.7) = * i,ll.ho 

The probable error of the aiigle between Tahle Mouutaiii and Mt. Diablo is, by 
formula 

siniilarly the probable error of the angle between Snow Mountain and Mount Diahlo i s  

By formula 
Mountain is 

is I ) the probable error of the angle between Table Mouiitain aiid Snow 

J>& (O'OIOO + 0.006$ = f o'og 

In case of the adjustment of the Yolo Base net. already referred to above as the 
only one where special weights to the resulting directions from station adjustments were 

introduced in the net adjustment, these weights were not those obtained b y p  =A as 

roughly approximate values, but they were modified by adding io the respective prob- 
able error a constant oue depending ou the closing of the triangles. This latter probable 
error is shown to be much greater than the above E= and the effect was to tone clown 
the variations in the respective final weights to the directions. ' In connection with this 
it may be noted that the influence of weights rather diminishes with an increased 
geometric complexity of the net. For particulars of the treatment of the Yolo Base 
net. see Appendix No. 9. report for 1SS5. 

The value of e ,  or the probable error !'f. r. ) of a single observation of a direction at 
a station, as given along with the abstract of the directions at the station, merely serves 
the purpose of giving some general information bearing upoii the accuracy of the iiieans 
employed. 

Ex 
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(D. :) REDUCTION OF HORIZONTAL DIRECTIONS TO SEA LEVEL. 

The resulting directions at a station, as given in the abstracts, still need a small 
correction to reduce them to what they woulcl have been had the object observed upon 
been at the sea level. The altittide of the observing station and the distance between 
them dues not enter into the cRse : the reduction is clue to the circumstance that, in 
general, the verticals at the two stations are not in the same vertical plane. The cor- 

0'- b' 
and h = altitude of the sta- rectioii * is given by . - siiixr . cos'rlj, whew t.' = - 

tion observed upoti. p = radius of curvature in the plane normal to the meridian, 
a' = azimuth of the line (counted from south around by west') and 4 == latitude of place. 
Wit11 log L'= = 7.~305 ancl log p = 6?jos4 for J, = jgo and Clarke's spheroid (of: rS66), 
and dividing the espression by sin I", we get for the correction in seconds and the 
height in metres 

O'''GW 064 sin2m.h 

L'= h 
- P  12' 

This correction has been applied systematically to all, measured directions of the 
base nets and intervening triangulation from the Salina base to the Pacific coast, but 
no application was made to the triangulation east of Salina base on account of the lower 
altitudes ancl consequent sniallness of the correction in this part of the arc. In  com- 
parison with the magnitude of the average triangle closing error, the effect of omitting 
this correction, except for the higher altitudes, seeins justified. About the Salina base 
stations the average reduction of a sight to the sea level is but o'"02. 

The probable error of a single observation of a direction ( : E )  is given under the list 
of directions a t  each station as a convenient indes of the accuracy of the observations. 
When the parent.hesis (0. and R.3 is used, the observations were made with a direction 
instrument. A single ol~servation of a direction comprises two poititings upon the 
signal, one with telescope direct and one with telescope reversed, and two readings 
(,forward and backward:) of each micros.cope, of which there are usually three, for each 
pointing. 

When the parenthesis (6 D. and 6 R.) is used, the observations were made with a 
repeating instrument and a single observation R.N a7tgk comprises 12 pointings upon 
each of two signals, 6 with telescope direct and 4 reversed, and 3 readings of the hori- 
zontal circle, at the beginning and end of the direct measure and again at the end of the 
reversed measure. The quantity given is the probable error of a single observation of a 

di~ccfioiz (not angle) and is- times the probable error of a single observation of an 

angle. 

t* is computed by formula (S) shown on page 40. 

I 

J1 
It was also computed by the formula (S) shown on page 40. 
The parenthesis ( 3  D. and 3 R.) has a meaning analogous to (6  D. and 6 R.). 

(E.) ADJUSTMENT O F  BASE NETS OR OTHER TRIANGULATIONS. 

The method is the same as that usually employed to satisfy the geometrical: 
conditions of a triangulation by application of the niethod of least squares. For the  
sake of convenience the leading forniulze referring to condition observations, together 

*"Geodesy," by Col. A. R. Clarke.'OxfOrd. 1So. p. 11:. 
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with those for the computation of the probable error of a function of the adjusted 
quantities, will be briefly recapitulated here. :!: 

Suppose we have given as the direct 'result of observation the 111 quantities 1, I, I, . . . .  
which are connected by IZ conditions. Let x, .I-, -r, .... be their most probable values; 
also let 21, v= ';vi .... he the corrections to the observed values, so that in general we hare 
xi = + zli; rexnem1:icring that necessarily 111 > n in order that any adjustment niap 
exist, then the coiiditions involved may be espressed by 11 equations. of linear form, 
thus : 

0 = a, + fl$, + 02T= + 
0 = bo + lJ,.rr + b& + b3.Tj + .. . .  
o = r(, + rr.i-, + ccxz + cp3 + .. . .  

+ ... .  

. . . . . . . . . .  

Introduciiig the observed quantities these equations will not be satisfied, but will 
leave the discrepancies ai, wL. wj . . . . . .  viz: 

wx = 0 ,  + n ] l  + fl12 -!- a i3  + . . . .  
ZlJ2 = bo + b,lz + bJ2 + bjl, + . . . .  
w? = r, + r): + til= + r313 -I- . . . .  
. . . . . . . . . .  

where the sign of Z P ~  is to be taken in the sense of observed value minus true value. 
We have then the YL condition equations: 

OrEI, + 02z'2 + a3v3 + . . . . . .  + ,XI = o 
brZJ, + bcZJz + hjV3 + . . . . . .  + "J2 = 0 
r r Z l r  + C=ZI2 + c;.i: + . . . . . .  + Z', = 0 
. . . . . . . . .  

Let$, p ,  p ,  .... be the weights of the quantities I, /, I, .... then the quantity b. 4 
must be macle a iiiininiurn; this ieacls to the equations of correlates which introduce the 
multipliers C, C, C, .... as yet unknown. These correlate equations are : 

)xZ'I = 171cx + b,c, + t-Tc3 + ... .  
flpz = (I=C1 -k b,C, + CJ; + . . . .  
p.z' , 3  = a,cl + 11;c= -t c,c3 + .. . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

and the normal equations become 

[3 c,+ r;] c,+ E] c, +. ... +Wi = 0 

[;]'c-,+[3 c=+E]c3+ ....+ w ; = o  

[-I c, + [$I c,+ [-&I br c, +. ... +wc = 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* CJ-T. W. Wright's Treatise on the Adjustment of obsrryatioiis. New Y d i ,  ISQ, Chapter 8. p. 215 and fd, 

and W. JoKk3Ii's V~riiicssiliigskiiitde. V.31. 1 ( 1 % ) .  p. 104 and Sol. 
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which may be written, putting / i  = 1.’) 

[/l.atr] c, + [p .ab)  c; + [Ec.acj c, + . . . . + UJ1 = 0 
+ [ j l . bb ]  C2+.[P.h.’1 c;+ .... + w 2 = 0  + [jmj ,c, + . . . . + w3 = 0 

-+ .... 
Solving these equations the values of Ci becoine known. and consequeiitly also the 

values of Z J ~  and .I-;. 
4[E1 \!?here 

I 2  
The mean error of an observation of unit weight is given by 112, = 

the sum [ ~ z ~ z I ]  is found by nieaiis of the iiiclividual corrections and checked in the case 
of the base nets by the relation [pzv] = - [d’] 

To fiiicl the weight and probable error of an acljustecl value of an observation, also 
the weight P of any function of tlie adjusted observations, we put 

F =.f, xr +-fc r1, +.t; s3 + . . . . 
which function can not contain. all the J’S, but only n z  - 11 of them. 

The coefficientsf; are found by partial differentiation, viz; 

We next foriii the suins 

and combine them with the former normal equations, at the same time introducing a 
new set of indeterininate quantities Rx Rs R, . . . . in the place of the former C, C, C, . . . . 
then the reqniremeiit of tlie coiiclitioliecl minimum leads to the following ‘so called 
‘transfer equations : 

Solving we have the values Ri, aiicl consequently also E. by the relations 

aud finally we have the reciprocal of tlie weight P of the function F by f = [n.FF] Also P 
the mean error of 

-- 711 F o r  iwF=--L - j)z1d CZl.FF] and the probable error of F o r  1’)- = 0’6745 imp 4 P -  
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(F . )  REMARKS ON WEIGHT COEFFICIENTS I N  THE NET A4DJUSTMENT 
AS DEPENDING ON THE STATION ADJUSTMENTS. 

In accordance with Bessel's method of proceeding, the correctioiis as determined i n  
the net adjustment depend with respect to weights on coefficients furnished by tlie gen- 
eral solution of the station or local adjustments; although theoretically strict, this pro- 
ceeding has in later times either been greatly modified or abandoned for reasons imposed 
by practical considerations. It has been froni the beginning the practice on the Survey 
to treat these adjustments independently of each other and to give equal or nearly equal 
weight to the directions in the iiet adjustment. This separate treatment is justified by 
the following consideration: The errors iiicicleiit to the angular measures as indicated 
by the local adjpstinent either depend on other causes or a t  most are of a subordinate 
character to the error in the subsequent operation-that is, in the net adjustment. In  
the latter combination of the measures new sources of error show their effects; as, for 
instance, the effect of the deflection of the plumb line causing the angles to be measured 
out of the normal horizontal plane, want of coincidence of the center of a station and of 
heliotropes or targets subsequently mounted over it, persistent lateral deviation of the line 
of sight, coiistaiit or uncompensated graduation errors of the iiistrument ,, all of which 
causes esert no iiifluence on the station 'adjustment. I t  is a matter of esperience that 
the value of tlie probable error of a direction derived from the nieasures at B station is much 
smaller than the same when derived froin the triangle closing errors-thus if weights 
are introduced at all they should be made to esert but a comparatively weak influence. 
As an esample of the process followed, the adjustment of tlie Yolo Base iiet may be 
referred to (:Coast and Geodetic Survey Report for 1SS5. Appendis 9, pp. 447-44s). 

Let t-# = average value of 'the probable error of a direction as derived from tlie station 
adjustment. ct = average value of the saiiie as clerived from the closing errors of the 
triangles coiliposing the net. c,' is a constant quantity for the figure 

. under consideration, arid is to be coiiibiiied with every probable error of observation c8 
in order to obtain the appropriate probable error aiicl  consequent weight of each direc- 
tion as needed for the figure adjustment, Hence we have t* = t-: + t,' and tlie weight 

p=-- In  this manner the weights from the station adjuStnient are made to + e: 
undergo a considerable equalization.* In coiinectioii with the above consideration we 
may note hso  the important feature that the process theoretically called for, involving 
.the introduction of weight equations from tlie local adjustment , becomes prohibitive for 
any extended triangulation on account of the excessive labor introduced thereby. The 

are introduced in tlie adjustment of the triangulation modified weights f = ~ 

E82 + t-<: 

betweell El Paso and Yolo Base nets, whereas in other parts of the triangulation equal 
or unit weights are assigned to all dkections. 

Put r,' = t-; - tb'. 

I 

I 

* W e  have the following values of c, and in the western section of the arc: 

Nuinher of kesult- Number of Restilt- 
directions. iiig 5. triangles. * iiig tt ,  Locality. 

I ,  

El Paso base net .. . . . . . . . I 6  * o  '52 
Triangulation El Paso to Salt Lake . 67 + c J ' t q  '3 ro 'a7 
Salt Lake base iiet .s6 so.& 33 so '2s 

Solo base net . 34 &G'&I  ' 9  +0'24 

Triangulation Salt Lake to Yolo 90 * o  'os0 3Q +0'20 
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(G. j  T H E  COMPUTATION OF THE SPHERICAL EXCESS OF THE 

. For all that part of the triangulation which lies east of the Rocky Mountains, 
and which traverses the plains and gentle slopes of Kansas. Missouri, and Ohio? 
the comparative shortness of the sides of the triangles admits of the application of 
Legendre's theorem in its simple form. The spherical escess e (:it1 seconds) is given 
by ' r b l  where n,b,C, refer to sides and included angle of a phrtrr triangle, whose 

ZP sin I"' 

angles are those of the corresponding small spherical triangle after each has been dimin- 
ished by ,I...$ e.  When greater precision is required as for the larger triangles which 
stretch across the peaks and ridges of the Allegheny Range, we introduce the radius 
of an osculating sphere (referring to the center of the trianglej and take 

5 I 

' TRIANGLES. 

[I - e' sin 2y]2 
The quantity 2a2 ( I  - sill has been tabulated with the latitude 9 as argument, 

for mhich see Coast and Geodetic Survey annual report for 1Sg4.:% 
For triangles of unusually large size and approaching the limit for possible obser- 

vation, certain terms in the development of the theorem which ordinarily could be 
neglected need esamination. I t  has been shown that spherbidal triangles may be com-. 
.puted as spherical and hence as plane ones by application of the same theorem 
estended.t Let Various forms have been given to the development of the theorem. 1 

S, = surface of the corresponding plane triangle = 35 a, b, sin C,, 
ancl let it)' = ,I.;; (t7.,* + Ex2 + then 

m2 
eff = P,,,P,, sin 1 ,,(I+- '. , SP,,,P, + .  . . )  

where P,~, and p,, are the radii of curvature in the plane of the nieridian and normal to 
it, ancl e is to be distributed unequally over the aiigles,g viz: 

e . e 112?-a12 e '  
4 = - + -.- + .  . . o r - (  I + -  

3 60 PllPt l  3 . 20PnrPir. 

A convenient logarithmic formula has been given by the late C. H. Kummell, 
tables of the factors log A and log B of the Coast and Geodetic Survey method for the 

*Appendix No. 9. pp. qc-291. 

+The spherical excess 0f.a spheroidal triangle is equal to that of a spherical triangle whose angular points have 
the same latitudes and longitudes as the corresponding points of the spheroidal triangle-Clarke's Geodesy ( r s o ) ,  pp. 
49 and 107. 

: Helmert's Theorieen d& Hoheren Geodasie (1%)- vol. I ,  pp. SS-ror. 
.$Helmert, ibid. p. gS. 
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coinpiitation of geographical positions being on liniicl( Appendis No. 9 ,  report for 1Sg4:). 
Put in the latest form given by him,* let A = area of the plane triangle, 

log112 = log -4 + log B + 7.384 545 . 

e 
. log e = log 111 + log 2 A + 6 2  log cliff. I" for the three angles. 

For tlie larger triangles mithin the region of the Rocky Mountains and of the Sierra 
Nevada the spherical escess rises to 1', and eoen.esceeds this amount. To show the 
effect 'of the higher terms, also the change of E when computed for the Clarke and the 
Bessel spheroids,+ the following esainple has been arlded: For' tlie largest triangle- 
Tushar, Wheeler Peak, Mount Nebo-we 'have the following approsiniate data, ancl for 
distances giveti in metres- 

Ilistance. 

log n, =log (Wheeler P. to Mt. Nebo) = 5 376 1460 
log c! = log (Wheeler P. to Tushar) = 5 '247 S 3 a  
log b,=log (Mt. Nebo to Tushar) =5 '215 51.4 

c, = 4so oj' 40"'9S7 
log a, 6, sin C, 
log I/Z p., p,, sin I" = T .404 610 (see table appended) 
log first term = I .S67 760 First term 73" '7497 

= IO '463 150 

log n12 IO '$3 . 

log p," p,,. 13 '609 
log s 0 '903 
log 11.4 ' IS  PUI p,, .o71 

log first term I .S6S . 
log secoiid term 7 'y39 Second term = o ~ o S 7  

e = 73 '7554 

O I  

Lat. of Tushar 3s 25'1 
Lat. of Wheeler P. 39 4s.5 
Lat. of &It. Nebo 3s 59" 

v m  39 04 

log ( 1 / I z - n , + )  = , ,IO '26 
log 1/20 pm p3a = J '09 

n5 '35 
log J.j' f 1 '39 - 
Siinilarly- . / I  

log (-4 --A, - 5 )  

log E-BB. - :) ( 
C - Cr - -) 

,,6. 74 -0. oocl55 

6.32 +o~OoOzI 

6'53 + o.oclo34 

3 

3 

3 
& -  

~- 
Check sum = o 

and the distribution to the spherical angles becomes 
. .  

t I  
. .  

to -4 - '4 'jSs6 
to B - 24 '5S63 
to c - 24 ' 9 6 4  

. sum 73 ' 7 9 3  ' 

This esainple shows that on account of the secoiicl term the third place in the 
decimals of the.difference between the spherical and plane angles is not 'affected by as 
much as a unit. 

Difference in the above value of due to a change of reference spheroid. 

* Astroiiomische Nachrichten No. 21 16. 

t W e  have - = - - + I cos ?pede. I See Die "geodatischen Hauptponkte," etc. Voii G. Zachariae, translation 1:y 

Dr. 8. Lamp. Berlin. IS$. pp. 302-303. I 

. .  
ae Zdt7 
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By direct computation the values stand as follows: :k 

Clarke spheroid Bessel spheroid. 
log 11, 6, sin C. 
log I/- p," p,, sin i-404 610 T-404 711 0/"017 I. or r&r part 
log first term I '867 760 I '567 S6r of itself. 
First terni 73"*749 i 73 766 S 
Second term +o.ooS j $ o ' d 7  

10 '463 150 IO -463 150 The difference in the value of E is 

Resulting E 73/' '755 4 73ll.775 5 

The computation of E according to Kmnmell's logarithmic form stands as follows : 
Q I / I  

Angle a t  Tushar SS 16 06 
Angleat 117heeler 4; .p I; 

Angle at Mt. Nebo 4s 03 41 

log cliff. I" + I 
in p!:ce seventh of +z3 

ilcc s. +'9 

log b, 5 '215 512 
log sin C, 9 5 7 1  49- 
log 2d 10.463 150 

log 111 T '404 609 

log 1st + 2 d  term I .S67 S 
516 . 2 '712 g 

log 2A 10.463 150 

. term I S67 759 or 73" .749 5 
log 1st + 2d 

Id tern1 t 52 

Kesultiiig log E I -S67 SI I and e = 7 '75s 3 
as before 

Values of log 1/2p,,~p,~ sin I" for tlie spheroids of Clarke (1866) and Bessel (IQI:) 
arid nrgmnent 4 between latitudes 4 = 30' and 4 = 50'. 

Here pIIb = radius of curvature in the meridinn and pN radius of curvature in tlie 
plane iiorinal to it; the diiiieiisioiis of the spheroids are those given iii .Appendis No. 9,  
Report for rSgq, p. .So, and are expressed in metres. 

I Clarke's spheroid. Diff. Bessel's spheroic1.t Diff. 
for I' - log pm log Pdt log !I2 p., in 6th 

p,, sin I" place. 

0 

30 
3r 
j 2  

33 
34 

35 
36 
37 
3.3 
39 

6502 S23 .6'So5 006 i.405 566 
I '4.3 

1'53 
1.55 
I *5s 

2 s* 5 02s 477 
5 051 $7 2 957 

3 026 5 074 295 

j 167 5 121 1°7 
3 239 5 145 f-405 011 
3 312 5 169 f.404 914 

S16 3 3% 5 I94 
3 459 5 21s 71s 

q 6  5 097 . 203 

1'62 

I '63 

111 . 
*For computation by the forrtiula for e ~ we have: du = -Soy-, e= - o'om 137, de- = - 0'000 56, atid 

r h  
d c  = -warn 0 ~ 6 ;  hence - = + o m o  zjq, or de  = + o"'o17 2. 

miingeii; Leiprig, 18% pp. S - 2 6 3 .  
+See Table 35e of radii of ciirvatilre it1 Dr. Albrecht's form el?^ und Hiilfstafeh fiir geographische Ortsbestitn- 

. 
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Clarke’s spheroid. Diff. 

. for I’ -__- 

3 573 5 307 515 
3 650 5 332 413 
3 736 5 355 ,711 

3 so3 5 353 ’ 209 

3 957 5 435 f‘4oq 003 

3 SSO , 5  409 106 

4 035 5 460 ‘i‘&3 900 
4 1x2 5 4% 797 
4 IS9 , 5 512 694 
4 265 5 537 59” 
4 312 5 563 490 

I ’70 

I ‘70 
1.70 
1.70 
1.72 

1-72 

1.72 

1.72 
1.72 
I-7c 
I ‘70 

Bessel Is spheroid. Diff. 
for I’ 

1-67 

I ‘67 
I .6S 
I .70 
I *6S 

I .6S 
1‘70 

I .6S 
I 6 s  
I .6S 
I -6s 

(H.) ACCOUNT OF THE BASE LINES, 
their positions, apparatus. used, measurements, resulting leiigths and probable errors, 
together with the abstracts of angles and adjustment of triangles forming the base nets, 
with description of stations composing the ‘same. 
GENERAL STATISTICS OF THE BASE LINES, ARRANGED I N  TEIE ORDER O F  TIME O F  

MEASUREMENT. 

No. Name of line. 

I The Kent Island Base 

2 T h e  Anlericali Bot. 
tom Base 

3 The Olney Base 

4 The El Paso Base 

5 The Solo Base 

6 The Holtoli Base 

7 TheSt.Albaos Bise 

8 The Salina Base 

9 The Salt Lake Base 

IO The Versailles Base 

State. 

&Id. 

Ill. 

111. 

Colo. 

Cal. 

Ind. 

W. Va. 

Kans. 

Utah 

Mo. 

Table I. 
Date of measure. 

ISM. slay a i d  June. 

1S72, Oct. and Sept. 

ISTO, July to Sept. 

iS7g. aag.  and Sept. 

ISSI, Sept., Oct., Nor. ’ 

1% July, Aug., Sept. 

1882. October 

IS+, Julie aiid July 

1sg6, Sept. aud Oct. 

Chief of party. 

J. Ferguson 

C. H. Boyd 

E. 5. Wheeler* 

0. H. Tittinann 

G. Daridson 

A. T. Mosnian 

R. S. Woodward 

F. D. Granger 

W. Eimbecb: 

A. I,. Baldwirr 

.Applratus used. 

The Hassler base apparatus, 4 
iron h r s  of 8-metre joint. 
length, optical contact. 

The &metre contact-slide iron 
rods Nos. I and 2. 

The Repsold +metre steel arid 
zinc cotubintd bar, uptical 
coiitnct. 

The dnietre steel coiltact-slide 
rods Nos.3 arid 4. 

Schott‘s 5-metre contact-slide 
conipensating steel and ziuc 
bars Nos. I and 2. 

The 5,-metre contact-slide steel 
rods Nos. 13 arid 14 aiid steel 
tape measures, also used irr 
part, steel bar No. I j .  in ice. 

T w o  loo-metre steel tapes Kos. 
Ss arid 8s. 

The 5-metre contact-lide steel 
rods Nos. 1.3 and 14. 

Eiinbeck’s 5-tnetre contac t -  
slide duplex apparatus. steel 
and brass rods. 

The yne t re  contact-slide rods 
Nos. 13 and 1.1; and the .so- 
metre steel tape No. zq. 

* Gen. C. B. Cornstock, 11. S. E.. in charge United States Lake Snn-ey. 



TRANSCONTINENTAL TKLRNGULATION-PART I-BASE LINES. 55 

2. THE MEASUREMENT OF THE BASE LINES. 

The measure of the linear estent of the triangulation, or what comes here to the 
same thing, the width of the country, is made to depend on the measure of IO base lines 
located at suitable distances and connected with the triangulation b; means of base nets. 
Through these nets, by gradual expansion, the comparatively short length of a base is 
developed to that of the sides of the principal triangles. The bases were measured with 
a variety of apparatus and in time range over a period of fifty-three years, the first one 
having been measured long before the survey across the country was contemplated. 

In  what follows we shall give for each base complete, yet brief, information respect- 
ing : The geographic position, nature of the ground traversed, its altitude above the 
sea, description and standardization of the apparatus, observer and method of measure, 
resulting length with probable error, and other matter pertineut thereto. This is fol- 
lowed by  abstracts of the angular measures.at the stations composing the net, by its 
adjustment and final length of its triangle sides; finally there is given the probable error 
of the dcles of the net which bind it to the main triangulation on both sides of it. 

liiw i S l n l l a  B~~~ ~ M ~ ~ : ~ ~ I ~ ~ ~ ~ ~ ,  I+#. 

LOCATIOK, NEASUREMENT, AND LENGTH. 

Kent Island, in Queen Anne County, Maryland, on the western shore .of which 
the base was measured, is situated on the east side of Chesapeake Bay and nearly oppo- 
site Annapolis Harbor, Maryland. Origiiially the base in this locality was intended to 
serve as a check on the length of the sides of the primary triangulation brought south 
from Fire Islaud, New York, and to provide a basis for the triangulation of the Chesa- 
peake Bay, but its situation close to the parallel ,of 39' has made it available for the 
traiiscoiitiiiental triangulation, proposed more than a quarter of a century later. The 
surface of this' part of the island is slightly undulating, composed mostly of cultivated 
fields, but in parts swampy and wooded. It is little elevated above the mean sea level. 
The northern terminal ~ i io~ i i~me~i t  was placed uear Broad Creek, and its foundation was 
laid in  the sand, one anda  half metres below the surface, with a course of rubble 
masonry. The end point of the base was marked by copper bolts in a stone slab below 
and ail upright stone above ground. 'The southern terminus at Prices Creek was simi- 
larly marked, and both inonuments were finally covered with an earthen mound for 
further. protection. When visited in rYSS, it was found that the shore of the southern 
pa'rt of the island bad k e n  washed away and that the southern monument had disap- 
peared below the waves. 

The length of the base is S,?..I kilometres, or nearly 5.4 statute miles; its middle 
point is in latitude 35" 56' about, in longitude 76' 2 1', and the azimuth of the line from 
the southern end is 194' 35' nearly. The alignment of the base was made by placing a 
theodolite over a point near its middle, and marking out the line by flags. 

The ineasurement of the base n7as intrusted by Superintendent 'Bache to Assistant 
James Ferguson, aided by Mr. R. D. Cutts, who made a prelimiuary measure and.drove 
stakes at every -100 metres of the line. 

I t  is described 
in the Traiisactions of the American Philosophical Society (Philadelphia) for the year 

The apparatus used was that known as the Hassler Base Apparatus. 
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1325, pp. 273-2S6 (,illustrated by Plate HI), and had been used for the measure of the 
Fire Island base by Superintendent Hassler in 1S34. It  consists of a bos in which are 
placed, in line, 4 rectangnlar iron bars, each 2 metres long, the joined length being S 
metres. Over the forward end of the 110s a niicroscope was mcgintccl on a tripod, the 

No. 3. 

Kilomeires 
5 20 26 SO 35 +o 0 . 6  W 15 

Statute files 
h - -  4 
5 5 1 0  15 20 

I i 

cross hairs of wh.ich 
served again as a fisetl 
point when the rear end 
of the box was. later 
brought under the same 
fiducial lines of the mi- 
croscope. The focus of 
the . fisecl niicroscope 
was never changed after 
it hac1 once been placed 
in position. The .level 
of the combination of 
bars was indicated by 
means of a sector at- 
t'achecl to one of the 
Bars (,A) and their tem- 
perature was indicated 
by means .of therniome- 
ters. At distances of . 

I kilometre two stakes 
mere driven, one on each 
side of the line, but no I 
permanexit marks were 
left; there is, however, 
a stoneware cone in line 
I kilonietre from the 
north end. Transfers 
of the. end of a har to 
ground at the close of a 
clay's work were made 
either by means of a 
plummet or by means of 
a theodolite. But one 
measlire was macle, and 
the time occupied was 
betmeeii May j and June 
5.  1 S . w  

The 2-metre iron bars, known as the Hassler bars A, B. C, D, were made by 
Troughton Sc Simms about ISIS, and were standardized in February and March, 1S17, 
by meaus of the committee metre, which is of the same cross section ('27'5 by y milli- 
'metres:) an& the iron Lenoir Metre-all the bars being ;t.bnut. Hassler again deteriiiined 
their length in May, I S S ~ ,  and in March, 1S35. with the aid of the Troughton scale. . 
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In May, 1S44, and January. r Q g ,  Messrs. J. Saston and W. Wurdemaiin and Superin- 
tendent A. D. Baclie again cpmpared them by means of a Bessel comparator. 

The values were : 

In 1 8 1 7 ,  8= 7'999 950 6.111 at 0°C. 
IS%-35, 7.999 976 4118 at ooc. 
1 s44-45, 7'999 S71 6 112 * at 0°C. 

f . 5 5  

which last value mas adopted by tlie obseriws and verified by Assistant J. E. Hilgard 
011 J d y  1 1 .  1S54. and was to be ilsed for the Kent Islaiitl as well as for the'Massa- 
chusetts base measurecl in tlie same year; The coefficient of espansion of the bars was 
determined by Superintetideiit Hassler in IS I 7 at Newark,? the calue found by him 
was 0-000 006 963 534 for the Fahrenheit scale, or 0-000 0 1 2  534 for the centigrade 
scale. This value has been supposed to be rather large, yet it may be correct for these 
particular bars and has been taken so by all previous investigators. 1 We shall, how- 
ever, increase the probable error of the lenith of the base by the effect of a change in 
the adopted coefficient of espansion aiiiouhting to its part, which amount is supposed 
to cover the whole uncertainty. 

We find for the length of the base: 

Defect of each bos oii Smetres, roS6 / 0~000 12s 35 

Metres. 
1oS6 boxes of S metres each ................................................ I .  .......... S6SS 'oooo 

- 0 '139.1 
Correction for excess ( q 0 - ~  C. of temperature of bars above oo C. and graduation error of 

thermometers (- oO.255 C. ) -k 2 '7423 
Correctioii for iiicliiiatioii of boses .................................................... - I '0007 
Escess of bos at south end, as tneasured by bar D and scale ............................ - z '05& 
Reduction to half tide level of bay, for surface elevatioii aiid height of hos 5'0 m. ........ - o xc~69 

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

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

Resulting length of base: . . . . . . . . .  : ............................................. sa7 '5446 

The probable error of this value can only be estimated, sitice the base was measured 
but once. Supposing the combined length of the metres subject to =t 2op, the effect 
on the base will be =t 0.022 metre; an assumed error of f & part in the espatision 
coefficient would produce f 0.055 metre; again, the effect for imperfect temperature 
correction for inequality in nuniber of boses laid with rising and with falling tempera- 
ture may be taken as f 0.034 nietre, while other ininor uncertainties may be omitted. 
Combining tlie several values for probable error, we get f 0'06s petre, equal to Tz7SaTi 
of the length nearly. This may be taken to,represent the measuring error. and to include 
tlie probable error due to our practical unit of length, the Committee Metre, taken as 

J 

f ;.$/I. 

Resulting length of the Kent Island Base S6S7.5446 metres, 
' f 'ObSO 

and its logarithm 3'938 897 os. 
f 3 4 0  

*Coast Survey Report for 1S65, Appendix No. ?I, pp. IS?, ISS, aiid 19, and Coast Survey Report fur 

t Trans. Amer. Phil. Soc., Vol. I. new series. 
1 In connection with this it may be worth remarking that the coefficient of expansion for the Sz-inch Troughton 

brass scale, which was deterniined by Nr. Hassler at the same time and by the satlie ineans, also was found rather 
large, viz: G'ODI 010 scg for Fahrenheit's scale. or 0 '0~10 @IS 916 for the centigrade scale. On the other hand. we have 
Fizean's determination for oiir brass 0 . m  01.2 410, yet brasses probahly differ even more than different kinds of iron. A 
search was made for the recovery of the four Hassler bars. but without success. 

supple- 
ment to Appendix No. S: Length of the Kent Island Rase. p. 140. 

Philadelphia. ISIS, pp. xc- rq .  



No. of 
direction. 

I 

2 

j 

Resulting clitec- Corrections Final seconds 

adjustnient. adjustment. triangulation. 
Objects observed. tions from station froni base-net in 

0 I I f  I f  I f  

Marriott 0 00 00'00 +0'03 . CYI, '03 
Taylor 5 s  53 46.24 +o '06 46 -30 
Kent Island North Base 111 41 1S.25 .-0 -lJg IS '16 

Poplar Island ' 2sj 3s 46-71 

4 
5 
6 

S 
7 . 

0 I I1 / I  / I  

Kent Island South Base 0 00 00'00 +om19 00 '19 
Marriott 50 '05 0,s '36 -0 '47 04 'S9 
Taylor SS 35 3 6 9 1  . -0'12 36 '79 
Lilistid 121 02 04.33 +o '16 04.49 
Swan Point 181 og 45'47 - t o  24 45 .71 

34 
35 
36 ' 

0 f Ii I f  I f  - 
Kent Island North Base 0 00 00'00 --0 '2.3 59 '77 
Linstid 56 .os ' 57 '92 +0 '52  ' 55.44 
Pooles Island 169 16 25 '51 -0 '29 25 '22 

IO 

. 11 

12 

g 

0 I I /  I f  / I  

Kent Island North Base 0 00 00'00 +o '36 00 *36 
Kent Island South Base 3s 36 52-57 -0.23 52 '14 
Marriott 119 32 44'52 +o %3 44 'S5 
Linstid 247 JZ 54.29 -0 '66 53 '63 

32 
33 

Liristid ' 36 22 15 '1 j  +O'I7 15 '30 

Dsborne's Ruin 170 34 06-56 
Turkey Point 225 05 01 3 6  

Finlay 116 06 54-92 ' -0 '47 54 '45 
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60-centimetre theodolite, 

October 21 to December 2, rS5o. 75-centimetre .theodolite, No. I ,  

75-centimetre theodolite, No. I, 

Webb, Anne, Arundel, County, .Maryland. July IO to August 14. ISJS. 
No. 2. A. D. Bache, observer. 
A. D. Bache, observer. September IS to September 25, rS6S. 
C. 0. Boutelle, observer. 

IS 
19 

20. 

21 

22 

23 
24 

26 
37 

25 

0 / / I  I /  I /  

Finlay 0 00 00'00 $0 '70 00 '70 
Pooles Island 46 42 57'73 4 -1s 57 '55 
Clough 69 '3 07'73 
Swan Point 77 .13' 16'97 ' 4 '52 16 '45 
Hope 103 07 23-10 
Kent 1sland.North Base 140 56 37-60 . -0.26 37 '34 
Taylor 175 43 02'43 .+0.75 03 -IS 
Marriott ' zog 40 I1 '2s -0 -50 10 7s 
Webb 275 .5s 53'59 +o -02. 9 53-61 

I/ 

Linstid 
Marriott 
Hill 
Soper 
Stabler 
Aziniuth Mark 
Finlay . 

0 0  

o m  

76 16 
129 26 
178 32 

1% 55 
275 40 
1s9 44 

I /  / I  / I  - 
m'm -0 '02 59 '98 

5s '53 
@4 '72 
I I  -56 

0 1  '37 
45 '01 -0 '23 43 -7s 

06 '19 -10'25 . 06-44 

Probable error of a single observation of a direction (D. and R. ) = & o"'g4. 

Afm- i - id f ,  Anne Arundel County, Maryland. 

A. D. Bach'e, observer. 

November IS to December g, IS&. 30-centimetre 
theodolite, No. 11. E. Blunt, observer. May IS to June IS, rS4g. 60-centimetre theodolite, 
No. 2. 

Hill , 

Soper 
Webb 
Azimuth mark 
Linstid 
Taylor , 

Kent Island North Base 
Kent Island South Base 
Poplar Island 
Blake 

I 

00 

06 
08 
33 
33 
56 
53 
06 

5s 
* I  

I /  I /  

00'00 

10.36 ' 

37 'I7 -0 '24 
4s '6s 
4s '30 +o '34 
32 *S4 -0 '30 

16 *So -0 'IO 

54.12 $0'19 
03 -32 
51 '63 

I /  

I 4 

36.93 

4s *64 
32 '64 
16 '70 
54'31 

Proba1)le error o f  a single observation of a direction- (6 D. and 6 R. ) = C0.67 in  1S46 . 
(D. and R.) =, 1 - 1 0  in 18.19 
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2s 

29 
j o  

/ I  / I  a I I I  

' Osborne's Ruin 0 00 m'm 

Still Poiid ' j o  $3 41 '55 
Pooles Islalid I S  05 j - 1 ' 1 ~  $0 y.$ 34 '65 
Clouyl1 55 '3  20'93 
Linsticl IOI 36 01-26  . -0.'72 ..54 
Webb ' 127 19 37'46 $0 '25 37 7 1  

No. 
I 

2 

5 

4 1  
5 
6 
7 
S 
9 
IO 

I 
I3 

( ' ') 
. ( 3 )  

(3 ' )  
(4) 
( 5 )  

- ~ - - -  

-. T 

--I' 

+I -+ I 

--I -1 $ 1 7 ' 1  . 
. . . .  -1 +I .... .... .... .... .... .... -17.6 ' + 26.4 + 7 . 3  
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, .  ' ' FIGURE ~D~~sTar~~T-con t i l i ued .  

Ctv-rt-ht~ ~~qaafiorts--Contitiued. 

Correc- 
tions, 
-- 

C,, c r , .  c,, c, (1, c, Cq. c, co c, cs c, c,, 

-1 -1 .... +I . . . . . . . . . . . . . . . . . . . . . . . .  
+I  

+ I  --I 

--I 

-1 + I  

.... . -1 . . . . . . . .  +-I . . . . . . . . . . . . . . . . . . . .  
+I -1 ' 

+I  
4 .1  ---I 

$-I -1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  +I -1 

-r  +J 

+I --I 

+I -1  

4-1 - -r  

--I +-I 

+J 

. . . . . . . . . . . . . . . . . . . . . . . .  - 1  . . . . . . . . . . . . .  

--I 

---I -+-I 

. . . . . . . . . . . . . . . . . . . . . . . .  1 I . . . . . . . . . . . .  
--I 

-1 + - I  

+ I  ' 

--I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : --I 4-1 

+ I  

.... .... 

.... .... + 7 .6  

... 

-1.2 '7 + 5 ' 1  
+I5 '5 
-95 '2 

$43 '7 
+?S .6 
-32 .4 + 3's + 13 '2 

.... .... - 5 '2 

- g '0 

o = +  1.05 
- 0.62 
+ 0'39 
- 2.31 

' + 2-97 
- 1-37 
- 1-57 
+ 2'73 + I '26 
- I '07 
- 39 

- 2s 
t 31' 
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No. Stations. 

Taylor 
Kent I. N. Base 
Iieut I. S. Base 

Marriott 
Taylor ' 

Kent I. N. Base 

. .  
Marriott 

3 1 Taylor 
Kent I. S. Base 

Marriott 
Kent I. N. Base 
Kent I. S. Base 

Linstid , 

Taylor 

Observed angles. 
Spher- Spher- Correc- icsl 

tion'. angles. escess. 
ical 

0.45 
+0.:,9 11.67 0 ' 2 1  

-t0.76 52-71 0.22 

fo-03  46.27 0.22 

o 27 
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TRIANGLES OF THE KENT ISLAND BASE NET, NARYLAND,  IS^ TO 1~g7-continued. 

No. Stations. OI>sirvecl angles. 

0 I / I  

Linstid 33 57 d ' S 5  
6 Taylor 1'7 40 09'97 

Marriott IS 22 44'54 

03.36 

Kent 1. N. Base 70 56 5S.97 

- I, 
Linstid 6s 43 3 3 5 5  

Marriott . 40 , 19 2s.50 - 
or '15 

Webb 76 16 06.19 
Linstid 66 IS 42'31 
Marriott 37 25 11-13 

59 '63 
Finlay 25 43 36.20 
Linstid S4 01 06'41 
Webb 70 15 16.99 

Pooles Island 79 44 
' 46 42 IO I ' Liiisiid 

1 Finlay 53 3' 

59 '60 
39 '79 
57 '73 
27 . I  I 

I1 

Swan Point . $6 OS 
Kent I. N. Base 60 07 

Liiisticl 63 43 

Swan Point 7'3 

Pooles Island 36 
12 [ Ijnsticl 30 

07 
30 
22 

OI *96 

Correc- SPher- Spher- 
ical ical 

angles. escess. 
If II I /  

- I -25 07 60 0.13 
- I 'IS OS'79 0'1 j 

-0.54 4 .00  0.13 

0 '39 
-0.24 33'44 0'37 

' f 0 . 6 4  59'61 0'37 
-0.44 2S.06 0'37 - 

I 'I1 

fo .27  06.46 0.53. 
fo .52  42's; 0'33 
+0'5S 11'71 0'34 

I '00 

$0'97 57-17 0'49 
+0.69 07.10 0;4g 
t o . 2 1  17.20 0.49 

I '90 
$0'74 58.66 0'25 
+ 0 '07 41 '21 0 '25 
fo .26  20'Sg 0'26 -_ 

0 . jh  
- O % I  26.7s 0.23 

. -0.j3' rS.91 0.23 

-0 .12  15 -01 0.24 

0 '70 

Distances 
in metres. 

1s 471 '34 
26 179:Ig 

10 -127 '93 

25 sOS.67 

17 922 *4S 
26 179.19 

26 179.19 
24 67s 'Sa 
16 375 -56 

16 375 S6 

37 519'9' 
35 507.19 

95 507'19 
26 267.50 
29 021 '27 

17 922 

19 713'33 
19 3 ~ 0 - 3 6  

29 021 '27 
16 OIS .66 

1s 713'34 

For the side Finlay to Linstid. as adjusted, we ~ a k e  use of the expression- 

Finlay to Linstid- sin ('3 -- I) sin (7 - 5) sin (14 - 131 sin (26 - 25) 
sin (17 - 16) sin (23 - 21 j sin (27 - 26) sin (30 - 29) - 

Kent Id. Base 



64 

hence the fuiictioii- 

UNITED STATES CO.4ST AND GEODETIC SURVEY. 

F= logsin ( 3  - I : )  +log siii ( 7  - 5) +log sin (14 - 13:) +log siii (26;- 25j  
-1ogsi11(:17-16) - l o g s ~ n ( ~ ; - - - . 1 ~ ~ - l o g s ~ n ~ ~ ~ ~ , - - - . 6 ~  -1logsiii(30-2g:)' 

Establishing and solving the transfer equations, we find the reciprocal of weight 

- = 27'23, also the mkau error JJZp and the probable error i .F,  both expressed in units of .P 
the sisth place of decimals in their logs., viz: f 3'1s and f 2 . 1 5  respectively: hence 
log. distance Finla!; to Liiistid 4.550 316 3 and the distance 35 507.19 iiietres. The 

probable error is about -iVTITiTia part of the length. 

3s 507 - measure, or f 0'06s X - - f 0'27s 'iiietre, hence- 
b 6S7 

I 

f 2 1  f 0 ' I S  ' 

TO this must be acldecl the proportional error depending upon that of the base 

Probable error of length of side Finlay to Linstid J(.o'rs)'+ (:0'27S,Y = d= 0.33 

For the side Webb to NKarriott, we use the espression- 
metre. 

Webb to Marriott - sin (24 - 23.1 sin ( 7  - 5') sin ( -  - IS - ~ -  - - - 3- 

Kent Island Base sin (27 - 26:) sin (23 - 21 j sin (, 17 - 16) 
F= log sin (24 - 23') + log sin ( 7  - s j  + log sin ( : 3  - I') - log sin (27 - 2 6 )  - log 

sin ( 2 3  - 21') - log sin ( 1 7  - 16) 

Estab!ishing aiicl solving the transfer equatiolis- 
I We get - - 17.91~ also n i p  = f -3.55 atla r a p =  =t 1'74,  hence log. distance Webb to 

Marriott 4.392 324 7 ,  and distance = 24 6 7 S . Q  metres. The probable error is about 

Y z 7 1 8 i i b  part; adding to this the proportional error arising from the base measwe or 

0 . 0 ~ ~  x W = f 0.193 metre, we liave 

P- 

f I 7  f 0'10 

s 6S7 
Probable error of leiigtli of side Webb to Marriott J(o.Io)' + (,o'rg3.)' = f 0-32 

metre. 
' 

DESCRIPTION OF STATIONS FORMING THE KENT ISLAND BASE NET! nIARTLAND. 

. A>nf Zs/tiiid AroiYlr Bnst., Queen Anne County: establishecl in 1S14 by James Ferguson. 
The islaiicl is situated on the east side of Chesapeake Bay tiearly opposite Annapolis 
Harbor. The station is located on the south side of Broad Creek,, near its mouth, 011 

the western shore of the island. The eiicl of the base line was carefully marked, both 
by underground and surface iiioiiuiiients. I t  is reported by persons living in the vicinity 
in 1Sy6 that the ground at this end of the base has been washed away. 

' ( i n i f  Z $ ( Z J ~  .%ztfh Bnsr, Queeii.Aiiiie County; established in IS+# by Jaiiies Ferpuson. 
The station was situatecl riear the estrenie end of the point of land between Prices Creek 
and Chesapeake Bay, and was. marked in a similar manner to North Base. A careful 
search for this point in ISSS proved that the ground had been washed into the bay years 
before. 

. .  . .  
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Ttr,ih!ol-, Aiiiie Arundel County; established in 1S44 by Jaiiies Ferguson. The station 
is situated on the west side.of Chesapeake Bay, on Greenburg Point, betJveeii Mill. Creek 
and the Severii River. Tl?e geodetic point is on the iiiost prominent spot on a hill, 91 
feet abooe the level of the bay. belonging to Capt. Lemuel Taylor. I t  is about oiie- 
fourth mile from his house. on the north side of the road leading to tlie Severii Ferry. 
Its position 1\7as inarkecl by three stakes, each 40 feet distant, one in the direction of 
" Marriott," another in the line to " Linsticl." and the other oiie on that line estencled 
southwardly. It is also 2 2 6  feet froiii a small chestnut tree toward the line to ' '  Mar- 
riott." This point was searched for in 1S59 and iti ISSS, but no trace of it could be 
foullcl . 

This station 
was originally situated on a point of land on the north side of the mouth of Chester 
River, on the eastern shore of Chesapeake Bay. A resurvey of. this shore in 1S96 shows 
that the site of the original station is soiiie distance out in the bay. 

This 
station is situated about :!o iiiiles east of \Vasliington City, 6 Tg iiiiles southwest of 
South River, and about 9 : i  iiiiles southwest of Aiiiiapolis. The geodetic point is on 
tlie property of B. Marriott, about IOO yards east of the road 1eacl.ing'froni Annapolis to 
St. Marys. It is 99 feet froin the iiiaiii post of an old ivindiiiill and 34 feet 1 1  inches 
from n small hut on the south side of the hill. Three stakes were driven into the ground, 
each 30 feet clistant, one in the direction of "Taylor" and the other two at right angles 
to that line. . - 

(No iiieiition is iiiade in the origiiial description of either surface or undergrouiid 
marks, but I presume an earthenware cone was buried there, as seen's to have been the 
custom at that time.-G. A. F.,j 

This station 
is situated about I:! miles northwest of Aiiiiapolis and about z>< miles. by road, east of 
Odeliton, the junction of tlie Baltimore and Potomac Railroad and the Aiinapolis branch 
of the Baltimore a i d  Ohio Railroad. The laiid now (:1Sg6') belongs to James Woodwarcl, 
president of the Hnnomr National Bank, New York City. The geodetic point is 011 a 
sinall hill covered with a thick growth of young trees about 45 feet high, and is marked 
as follows: The subsurface mark is the usual earthenware cone, the top I -7 feet 1 x 1 0 ~  
the surface, and over this a small granite block, 7 inch& square aiicl 5 inches thick, the 
top 1 - 1  feet below the surface of the ground. The surface mark is a rough block of 
granite I *:! feet loiig with a 4-inch square dressed 011 top arid two shallow cross'liiies 
marking the center. As reference marks j granite posts-each 2 feet and z inches 
long and 5 inches square at the top. with diagonal lines cut 011 them-yere set 5 feet 
distant from the geodetic point; one due north, one clue south, a i d  one due east. 

. Li)z.stid, Anne Arundel county; establishecl in I S44 l ~ y  James Ferguson. This 
station is situated on the west side of Chesapeake Bay, on what is known 3s Eagle 
Hill, near the head of Broad Creek on the north shore of Magoth?; River. I t  is about 
une-half mile in a northerly direction from the old Linstid liouse and just east of the 
road which passes over the west side of the%ill. The station was re-marked, in January, 
I ~97, as follows: The underground mark %,an earthenrvare cone, 15 inches high, upper 
diaiiieter 6'5 inches and lower diameter 12 '5 inches: the center marking the station. 

Smz)z PGhf9 Kent County; establishecl in IS+ by James Ferguson. 

Il/cwYotf, Anne Arunclel County; established in I S44 by James Ferguson. 

J.l&5b, Anne Arunclel Count!;; establishecl in rS46 hy A. D. Bache. 

1S732-No. 4-5 
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The top is 26 inches below the surface. About 2 feet north of tlie center and g iriclies 
below the surface a granite block ( 6  by 7'by I S  inches, with oiie end dressed to 5 inches 
square and diagonal cross lines on it'), n7as laic1 horizontally, the clressecl end toward the 
center. The surface mark is a rough granite block IS i n ~ h e s  long, the head dressed to 
5 inches square with a hole one-half ixich in diameter and three-eighths inch deep in 
the center: the top being even with tlie surface of the gromicl. The reference marks 
are triangular blazes cut in 2 chestnut trees, with sistypeiiiiy nails driven in the center. 
One tree is 2 . 3  feet in cliaiiieter, bearing north 76' '5 east magnetic, and distant @'S7 
feet, and the other 1 - 7  feet in diameter, bearing south '''7 east magnetic, atid distant 
17-31  feet froin tlie station. 

This station is 
situated on Cub Hill, about g miles froiii Baltimore 011 the old Harforcl road and about 
5 miles east of Towson. I t  is located on the old Finlay farm-now ( 1 S g 6 : )  the property 
of Mr. Theodore Fastie-about 300 feet east of the old Harford road and five-eighths 
of a mile west of the Harforcl turnpike. The geodetic point was re-marked in 1596 as 
follows: A glazed drain tile 4 inches in diameter am1 jo  inches long, filled with cement 
and gravel, was sunk in the ground so that the upper end was S'feet below the surface. 
It was set in cement ancI gravel aiicl a sistypenny nail at the center of the tile marks' 
the station. The surface inark is a chestnut post, the top being even with the surface 
of the ground and having a fortppenny nail in the center. 

The northeast corner of an old ,log house-now used as a blacksiiiith shop-distant 
q j . 7 1  feet, bears north 47' 06' west (:true); a large cherry tree, distant 1 2 6 ' S g  feet, 
bears south 23' 46' east (true:). niicl the east gable of the stone barn on the Fastie place 
bears north 9' 27' east (:true') froiii the geodetic point. 

Pooles 
Island is in Chesapeake Bay, near its head. about opposite the mouth of Gunpowder 
River. The geodetic point is located near the south end of tlie upper half of the island, 
about 450 feet in a northwesterly direction from the large dwelling house of Mr. John 
Masheter, present (i 1Sg6') owner of the island. 

A careful search was iiiade for this point in 1Sg6, but as all surface and reference 
marks, escept one, had been destroyed many years before, the uiklerground marks 
could not be found. 

Fi7h-j~~ Baltimore County; established in 1S44,by James Fergusoii. 

' 

P&-s Zs/n)zd, Harforcl CountJr; establishecl in 1Sq4 by James Ferguson. 

( :b  ) . i im*riizi i  Boffoin &7sc Liric., Zllimv's, 1372. 

LOCATION. NEASPREJIENT. AND LENGTH. 

This hase is located in St. Clair and Madison counties. Illinois, in the bottom 
lands of the Mississippi River, on the eastern or Illinois side of it, and nearly opposite . 
St. Louis, Missouri, and about 16 kilometres ( I O  statute miles) distant from it. It 
served, in the first instance, for a local survey about St. Louis. The two end points are 
upon spurs of bluffs about 15 nietres ( say 50 feet) or more elevated above the general 
level of the bottom lands. These elevations were desirable ill order to have a clear line 
of sight over the forests that fringe the low lakes, ponds, and swamps which occupy the 
middle portion of the lowlands. The middle point of the base is in latitude 3s' j s " ~  
ancl in longitude 90' oa"o, nearly; the azimuth of the lower or southern point, as seen 
froiii the northern end, is 24' 40' : tlie total length is 7'27 kilometres, or 4-52 statute 
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miles. The line lies for iiiore than nine-tenths of its length over~\vlieat and corn lands, 
crosses 3 main roads, -? railroads, and S bridges over creeks and dry runs. The latter 
structures mere of a simple 'kind, ancl designed only to support the measuring bars. 
The iiieasurenient was macle with two 6-metre contact-slide rods. known as Nos. I 

and 2. A description of the apparatus, eniboclyiiig the principle and construction of 
Colouel Mudge's apparatus, and as iiioclifiecl and improved, will be found in Appendis 
No. 17, Coast and Geodetic Survey Report for ISSO. pp. 341-345. Only one measure 
was macle, and the work was in charge of Assistant C. H. Boyd, aided by Assistant 
Van Orcleii aiid Mr. Featherson, civil engineer; it occupied thq time between October 50 
aiicl November 11. 1S72. A line of spirit leveis mas carried froni the so-called City 
Directrix at St. Louis to the Lower Base Monument. The St. Louis bench mark is 
coniiectecl with the Gulf and Atlaiitic levels. 

KO. 5.. 

t 

Statute Miles - - -  I 
8 5 lo I5 2 0  

lcilomrims 
G 5 10 15 20 PI. 30 33 
I - -  - 1 

-- 

The Upper Base or northern terminus is niarked by a limestone iiionuiiieiit with 
marks above aiid below the ground; that on the monument is a cross cut in a copper. 
IJolt, while under the center and about I '2 metres (4 feet) below ground is an earthen- 
ware pyramid. After these teriiiiiials had bee11 built for abont a month. the line was 
staked out at distances of 120  metres; during the nieasurement every twentieth bar was 
plumbed clo\vn and secured by a stake and copper tack; the bars were protected by a 
portable tent; their inclination was had froiii sector readings, which also gave the profile . 
of the whole line. 

The 6-metre contact-slide rods, Nos. I and 3, were made at the Survey office in 
August, 1S67. The last hetermination of their length before the nieasure of the 
Aliierican Bottom Base was in April and August, 1870, and was made by comparisons 
with the 6-metre standard bar No. 2. The length of this last bar, which dates back to 

' 

A thermometer was attached to each bar and recorded. 
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February, rS55, was deterniiiied in April, 1S60. by- Assistant J. E. Hilgard, with the 
result- 

UNITED S T A T E S  CO&" , AN.D GEODE-TIC SURVEY; 

. .  S, = 5 '999 9S2 3 metres at oQC. 
f I O  

Its coefficient of espansion was not deteriiiiiiecl until March, 1Sg7 (%e Assistant A. 
Braid's report of March 27, rS67.l; it was found equal to 0'000 OII 2s for the centigrade 
scale. The comparisons of S, k i th  rock Nos. I and 2 mere made by nieaiis of a Repsold 
lever coinparator, of which I turn = 316.75 microns mid I division = 3'16Sp. 

The comparisons of April 29. 1Y70, give- 
0 rl ill . I 

-5 .- No. I at 60 '3 F. = + 33 '50 or No. I = 6 'OOI 149 5 at 15 '71 C. 
.S=-No. 2 a t 6 o ' r F . = - - j . r 7  or No.:!=6.?924 6at15'61C. 

. .  The.comparisons of August 30, 1S70, &' rive- .... . . . .. . . . . . - , 

,f ' 111 0 

S, - No. I at 73 '07 F. = + 31 '40 
S2 - No. 2 at  72 '9 F. = - 35 '91 

or 
or 

No. I = 6.001 612 I at 22 $2 C. 
No. 2 = 6 . ~ 1  402 I a t  22 -72 C .  

Hence we have- 
Le1lgth of rod NO. I at 19 ' 27  C. 6 'CUI JSj  S 111. 

Length of rod No. 2 s t  19.16 C.. 6 'root 16; 4 111. -_- 
Mea 11, 1g.215 6.001 274 6 

In the absence of other determiiiations for the coefficient of expansion of the rods 
Nos. I and 2 we cleduce from the above comparison for- 

No.1 u = TI'IO/A 

No.2 . 11'19ir. 1 for the C. scale. 

For the elevation of the base above the mean sea level we have from the unadjusted 
(not yet conipletecl:) lines of spirit levels tlie 'height of the St. Louis City Directrix, 
transferred to  the bridge across the Mississippi I 25.3 f 0.3 iiietres; also by spirit level- 
ing in 1sS2 by Assistant A. Braid, top of moiimnent (copper bolt) at Upper Base above 
the City Directrix 32-79 metres: hence the elevation of Upper Base is 15S.6 metres: also 
by spirit leveling in November, 1S72, by $V. Bauer, top of monuiiieiit at Lower Base above 
the City Directris 2.1 '67 metres, and elevation of Lower Base 147'5 iiietres. The difference 
in height of the base ends 11.1 iiirtres is verified by the sector readings during the base 
measure. Whence we get the average elevatioii of tlie lmse ~ b o v e  1ial.f tide l e ~ l  of the 
ocean 132.1 metres, to wliicli is to be aclcled 1.1 metres for height of apparatus above 
grouncl. The total elevatioii is therefore 1jj.3 metres: log radius of curvature 6'So; S. 

With the.above data the length of the American Bottom Base conies otit as follows: 

Lengtli of I 110 nieaii rods Nos. I and 1 at an average temperature 
7 261 '1S7 5 

+ 6 . 0 ~ 1  7 
Escess of Lower Base tilark over the last bar laid 4- o.S$ g 

. Correction for inclination - 1'010 I 

'Reduction tosea level , . . - 0.152 I 

,lZr/r ,.A. 

of 55"%9 F. or 14".S2S C. 
Length uf rod Nu. I at I jO.0 C 

Resulting length of base 7 266.SS; 7 
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As the base was measured but once, the' accuracy of the result can only Be roughly 
estimated. To the mere comparing error (=t I '0,") of S2 we add f 6p-that is, . .  I micron 
for each metre-hence probable 'error for .base or I 2 I I bars, =t 7'4 niillinietres, The 
temperature of th? rods may be uncertain by f oO.2 C, considering that there was but 
one thermometer 'attached to a rod: the effect of this upon the length of the base is 
f 16.2 .millimetres: . A probable error of 0'5 metre in the adopted elevation of the base 
~vould produce =t.0'6 milliinetre. Taking the probable error of a single measure of a 
kilometre to be + 1.2 milliinrtres (Salina Base). that of the base becomes f S.7 niilli- 
metres. Combining these four. probable errors we get i= 19.9 rnillimetres or 3B516h7i 
of the length. This may be taken to represent the measuring error; combining it with 
the probable error due to our practical unit of .length, the Committee Metre, taken as f 
?.ip, we get Jr19.9 )= + (s*q',)* = 20'6 niillinietres or about 38&TTi part of the length. 

. .  

Final result for length of base 7 266.583 7 metres, 
=t 20 6 

and logarithin of its length ' 3'S61 343 2 1  
f I 3 3  

ABSTRACT OF RESULTING, HORIZONTAL DIRECTIUNS, OBSERVED AND ADJUSTED AT THE STATIONS 
FORMING THE AMERICAN BOTTOM BASE NET, 1871-72-7; AND ISk. 

. -I~i iL~i~ic~in Boftoiir Loxui- Etclsc, St. Clair County. Illinois. November 12 to Xorember 13. r S p .  
May 24 to May zS, 1S73. zQ:centi. 25-centimetre theodolite, No. 9'. C. H. Van Orden, observer. 

metre theodolite, No. 100. C. H. Bdyrl, observer. 

S 

No. of 
direction. 

I 

2 

3 
4 

Standpipe 67 51 3S.28 
Minoma 75 09 13'58 --I '36 I2 '22 

Resulting direc- 

adjustment. 
Objects obserired. tions from station ' 

. .  0 / I /  

Insane Asylum 0 on 00'00 

Standpipe 2s 1 4  37'11 
Sugar Loaf &found 109 16 57 '79  

Minorna 7.S 06 02.46 

Ainericaii Bottom Upper Base I 1-1 45 I; '03 

Corrections Final seconds 

edjust~nent. triangulation. 

+o '53 00 '33 
+o . j I  02 '77 

from base-net in 

/ I  / I  

Probable error of a single observation of B direction (3D. and 3R.)= tr/'-14. 

A ~ i i ~ v - i c t z n  Boffoiii C!f@i- Biclsr', Madison County. Illinois. October 24 to November 13. 1S72. 25-centi- 
2s-centimetre theodo- metre theodolite. No. 74. 

lite, No. ICQ. 

C. H. Boyd. observer. May S to May 23, iS7;. 
C. H. Boyd. observer. 

5 
6 

Anierican Bottom Lower Base o 00 00 '00 $0.17 00 '17 
Clarks Mound 2 04 2; '41 +o '57 13 '9s 



. '  31 

32 

3 
. 

0 I / I  . I /  ' / I  

kleinschmidt 0 00 00'00 $0 '77 00 '77 
Insane Asylum 56 4 42'32 -I .40 . 40 '92 

Standpipe 85 OS 41.16 . .  
Clarks  mound^ 140 0s 3276 . +0.63 . 33'39 
Turkey Hill 1s-1 06 27'79 . .  . .. 

"'jg c. 

25 
26 
27 
2s 

29 
30 

06 '40 
02 '12  

a I / I  / I  

Dreyer 0 00 00'00 $0 '39 
Kleinschmidt I7  2.3 30'35 --I *so 
Insane Asylum 46 05 59 '34 $0 '75 
Minoma- 73 5' 07.94 ' $0.73 
Standpipe 77 3s 29'97 
Sugar Loaf ?vIonnd 4 9  26 @5'45 ' $0 '95 
American Bottom Upper Base 154 17 03 '14 -1 '02 

Berger 210 34'22 

, Turkey Hill 256 OK I I  Uj 

21 

22 

a I I/ // ' I  

Parkinson 0 00 00'00 

Berger 30 24 26'70 
American Bottom Lower Base 114 53 21 S 2  +0 '09 21 '91 
Clarks Mound 117 35 06.4s ' -0'24 of, 24 
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so-centimetre 

theodolite, No. 14. W. Eimbeck, observer. October 2 to Octolmr 12. 1S72. 25-ceiitimetre 
theodolite, No. 92. 2s-centimeter theodo- 
lite, No. 100. 

Insnrrr d4syhm. St. Louis County, .Missouri. ' 'November S to November IO, 1S71. 

C. H. Van Orden, observer. 'June 5 to June 23, rS73. 
C. H. Boyd and C. H. Van Orden, observers. 

34 

35 
36 

1.1 

15 
16 
I7 
IS 
19 
20 

0 I I /  I /  I /  

Patterson 0 00 00'00 

Morgan 85 os 5s.51 
Insane Asylum 124 0.5 37'73 $0 -5s 3s '31 
Aziniuth Mark 124 37 35.95) 
Standpipe 132 54 24-14 
Clnrks blouncl 173 3.5 37'11 -0 '76 36 '35 
Dreyer 1g6 03 35-65 +o 'I9 35 'S2 

Minoina 
Standpipe 
Sugar Loaf Mound 

' American Bottom Upper Base 
Anierican Bottom Lower Base 
Clarks Mound 
Dreyer , Iilei 11 schmidt 
Patterson 
Kessler I Morgan 

' g 
IO 

11 

12 

13 

0 I / I  

0 00 00'00 

39 46 44'35 
65 21 06-63 
73 46 19-17 
Sg 50 07.S1 
ss 37 40.32 
14s IS 49-26 
200 16 12.64 

271 34 3S.11 
306' 29 30SS 

235 1s 46'97 

Sugar Loaf Mound o 00 00'00 -1 '20 S S S O  
American Bottom Upper Base IO IS 59 '95 ' $1'60 61 '55 
Standpipe 3s 11 26'91 
Ainerican Bottom Lower Base 25 30 js '9.5 +@ '52 39 *-I7 
Clarks Mound 36 4s 21.53 -1 .os 2 0  -45 
Insane Asyluni 90 34 30'33 So76 30 '49 

/ I  

-0 '27 

31 '27 
- .SY 

+ '29 
+ '66 
- -07 

-1 '00 

59 '73 

07 '90 
IS -29 
06 .SI. 
40.6 I 

49 '92 
I?. 57 

Probable error of a single observation of a direction [ 3D. and 3R.I = C ~ " - j o .  

ll~inornn. St. Loiiis County. Missouri. June 5 to June 11, 1S73. 2g-centinietre theodolite, No. 74. 
C. H. Van Orcleii, observer. 
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No 
I 

2 
I 

3 
4 
5 
6 
7 
S 

9 
10 

I 1  

12  

13 

14 

15 

16 

- 1  --I 

- 1  f l  

+I 

+I 
--I .... ... .... 

+-I 

- 1  

-1 . .. . . .. . . . . . 
+ I  - 1  

+I + I  

-1 --I 

.... .... --I + I ,  

+ I  + I  

. . . . . . . . . . . . . . . . 
--I 

+ I  -1  

. + I  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
--I - 1  

+ I  

+-I 

- 1  

.... --I .... .... .... .... :... 

+I -1 +I 

+ I  

-1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
- 1  

+ I  + I  --I 

.... .... .... .... .... +I .... 
+ I  -1 

-1  

. .  
+I 

.... .... .... .... --I .... -1  

+ I  

--I -1 +I 

- 1  + I  - 1  

-1.26 

+ I  '62 

-0 ..$ 

-6.40 
t 7 '52 

-1.12 

.... 
+7'31 
- 7 ' j l  

.... 

.... 

.... .... 
---I '51 

+ I  '95 
-0 'Q 

... . -4.2' 
+o '01 

+ I . ] ? .  

+5 ' i 7  
-1'14 -1.55 

+* '31 

+.I '57 
. . . . . . . . 

-4 'SS 

. . . . . . . .. 
-2  '02 

+6 '74 
-4 '72 

. . . . . . . . 

. . . . . . . . 

- 2 %  

.... .... 

+4 '37 
- I '55 
+0'31 
+:'za .... 

-3.5: -1.76 

+3 '43 
.... -1'65 

-1.35 
+ 2 '22 

-0 'S7 
. . . . -4'70 

+6 . j z  
--a '03 

* N-~iniher of angle equations I I  and of side equations 5 ;  the latter are established with 7 place logarithms. differ- 
eiiccs for ]'* rrfer to lhe sixth place of drciinnls. 
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' FIGURE ADJUSTMENT-ContinUed. 
Coi-wlatrr ~~yiiatioss-Contiiiued. 

CI Cz C3 c, ' c g  c6 C8 c g  Cia Crr c12 c13 C I ~  CIS cI6 

+ I  

.... . . . . . . . . . . . . . . . . .... .... .... .... + I  + I  .... .... .... .... .... 
-1 --I 

--I + I  

+ I  + I '  

-i -0 '69 
.... .... .... .... .... .... .... .... .... .... --I .... .... ...., .... 4-5 '9  

S I  + I  -4 '41  

o=+ 2'74 

+ 3'53 
- 3'7' 
+ 0'55 
+ 6'36 
- 1'77 
- 1'06 
- 2.76 

+ 3'29 
+ 1'3s 
+ 4'0 
+ 5'3 
+17'4 
- 0'6 
+ I 9 7  

, + I ' l l  

+6 -2  +2 + 14.62 - 2 . 5 2  

+6 +z +2 f 2  - 15.95 f 6'36 
+6 -2 - 7'31 f 14'13 

- 1.12 - I?'&2 
.... .... .... .... +6 +z +2 .... - 2  .... .... - 5.49 .... 

+6 i-2 +2  

+6 - a  +2  +. 5.a 
, +6 - 2  - 2  - 1'12 - 1'14 

+6 - 4'74 

.... .... .... .... .... .... .... .... .... 4-6 i? .... .... 
+6 - 2  + I  

+n 

+210'sj 9'71 
+ 112 '31 

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

t 3.5s 
- I s 6  

- 1 %  

- 6.19 
+ 10'06 
- 12'51 

+ 5'77 
+ 4's 

.... 

+ 6h'lYj 
i 1'77 
'+ 104 '23 

.... 

Corrections. 

- l?jfj 

- 1 ' 0 3  

+ 1'09 
- 3'53 + 0.24 
+ 4 '37 
- 9'76 + 0'24 

f 7'67 , 

+ 3.53 t 7..?5! 
.... - Y'SI 

+ 1.92 

t 1'74 ' 

+W'7S 

+w'g + 8'69 
+%'S + 6 zS 

+134'So 

/ I  

: t 0'39 
- I .Sm 
+ '749 
+ '728 
+ '9.50 
- I 'or7 
f '771 
- I a 4 0 1  

f .630 + -577 
- '763 
+ -186 

Sun1 of all - corrections 12.217 and -SaC= -t 23.615 - 
Mean error of an observed d i i ~ c f i o n  in, =dm= - + 1j j .22  

where iz = number of conditions. 
Mean error of an aiz.ylt* 

- . U I L  = i i i , J z  = & 1"'j2 and probable error of same & 1~I.16. 
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TRIANGLLES O F  THK .I3IERICAS BOTTOM B.LSE NET, ILLINOIS AND MISSOURI. IS71 to I!%. 

No. Stations. Observed angles. 

Mi noma 
Ani. Bot. Up. Base 
Ain.Bot. Low. Base 

Insane Asylutn 
Mirionia 
Ani. Bot. Up. Base 

1t;sane Asyluni 
Minonia , 

Ani.Bot.Low. Base 

01 '65 
Ii!sane A ~ y l ~ ~ i i  16 05 

Am. k t .  Up. Base 49 IO 

Am.Bot.Low.Base 114 4s 

Sugar Loaf Mound jo IS 
Ani. Bot. I.mv,. Base S I  IO 

Minonia 1s jn 

Sugar Loaf Mouiirl 2-1 04 
Insane Asylum 65 21 

90 34 

S 

9 

IO 

56 '93 
Clarks Mound 27 42 0 9 6 0  
Insane $sylmn 5S 31 40 '32 

sz  46 oS*So Mi IIOYIIA L C  

5s ' 71  
Clarks Xound 103 17 07 '1.1 
Insane As!;luni 33 IO j; '69 
Sugar Loaf Mound 43 32 20.74 

0 1  .54 
Clarks Mound JOS OS 04 *So 
Insane Asylum 24 45 21 '-15 
Am. Bot. Up.Base 47 06 35-07 

- 

- 

- 
0 1  ' 0 2  

Splier- Spher- 
ical ical 

. .  angles. ,excess. 

o '62 
-0.7.; 07 *Us o-rS 
-0.36 51 u2 o*rS  ' 
-0'02 02-44  0.1s 

. .  

+0 -+3 

+ I 7 1  

+o .s2 

+I '54 
+I '35 

-1 'I2 

-0 '02 

+o '55 
+ I  24 

+o '20 

-0 '99 
-0 *Gg 

--I '77 
+ I  '17 
+o '05 

" -54 
0 '21 

0 ' 2 2  

0 '21 - 
0.64 
0 '21 

0 '21 

0 ' 2 1  

0 *49 
0 '22 

0 '22 

0.22 

o '66 
0 'I5 
o '16 
o '16 

Distances 
in metres. 

10 596 '59 
25 612 '02 

25 977'70 

25 977'70 
14 606 'IO 

IS $6 -76 

23 849'45 
I O  g o g  'I I 
IS 3S6-76 , 
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TRIANGLES OF THE AMERICAN BOTTO~\I RASE NET, ILLINOIS AND MISSOURI, rS71 TO ISSO-cont'cl. 

No., Stations. Observe11 angles; 

9 I I /  

Clarks Mcrund 75 34 s i  '51 
Minoma 36 4s 21  '53 
Sugar Loaf, Mrl.  67 36 40 '7 I 

I2 

13 

i 5  

-- 
59 '75 

Clarks ~10u11~1 So 25 55 '20 

Minona 26 is, 21 .gS 

-4111. Bot. Gp. Base 73 04 50 '17 

Dreyer 
Insane Asylum 
Clarks Mound 

Kleinschmidt 
Insane Asylum 
Clarka XIound 

57 '72 :... 
49 29 59'38 

IO1 44 3 2 ' 3 2  

28 45 27'99 

I<leinschmidt 
Insane Asyluni 
Dreyer 

Correc- Syher- Spher- 

tion'. angles. escess. 
ical ical. 

-1 '75 
-2 '6s 
-1 '93 

+2 

$0 '37 
+o '36 

--I '34 
-0.36 

+2.54 

-0 ' jg 

-0 '73 ' 
-2 '17' 

$0 '95 
- 2  'T9 
-0 .I4 

o '25 

Distances 
in metres. 

23 612.03 
14 606 'IO 
22 542 -10 

23 234.24 

22 542 'IO 
IO 509 'I1 

IS 3S6 '76 
14 116.49 
13 331 TO 

18 356.76 
2.; 674 w 
I I  633 '6; 

13 331 'IO 

I 1  041'21 . 

I I  633.63 

14 116'49 
I1 041 '21 

23 674'40 

PROBARLE ERRORS. 

~ ~ c ~ ~ i - i i i i i i a ~ i o i i  t?f iht. piabnbfc- criui-s st. the It*nqth qf the sides rouliiiiw f o  fhr? ? I t 9  nrrd ihz atljr~ct-iil 
rhlriiis qf irimip fafion. 

For the side Sugar Loaf Mound to Clarks Mound, as adjusted, we make use of 
the expression- 

S u g a r k s M o M o u n d -  sir1 (S - s )  sin (3-2) sin ( 1 2 - 9 )  
sin (11-10) sin (24-21) sin (29-228)  

- Airiericari Bottom Base 

hence the function 
F = l o g  sin ( ,S-s)+log sin ( ~ - z ) + l o g  sin ( r ~ - g ) - - l o g  sin (11-10) - log sin (24 -221)  

- log sin (29 - 2s) 

Establishing and solving the transfer equations, we fiild the reciprocal of the 

weight p = 46-04, also the meail error i i i F  and the probable error I'F, both espressed in 

units of the sixth place of decimals in their logarithms, viz: f S ' q  and f 5'56, 

I 
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respectively, hence log distance Sugar Loaf Mound tb Clarks Mound 4.164 534 3 and 

the distance 14 606'10 metres. The probable error is.about .rs-bvJ part of the length. 

To this must be added the proportional error depending upon that of the base measure, 

or f 0'0206 x - - f o ' o q ~  metre; hence probable error in length of side Sugar 

Loaf Mound to Clarks Mound J(o.rg.)' + (,0-041:)' = f 0.19 iiietre. 

f 5 6  

f 0'19 

14 606- 
7 267 

. 
For the side Clarks Mound to Dreyer we use the espression- 

Clarks Mound to Dreyer sin (a- I )  sin (7  -6) sin (19- IS) __- - 
American Bottom Base - sin (17  -. 16) sin (30 I- 27 ) sin (33 - 32) 

F= log b'n ( 4  - I 1 +log sin ( 7  - 6 )  + log sin ( 19 - 1s) - log sin (17  -'16) -log sin ( 3 3  - 27) 

' Establishing arid solving the transfer equations. we get B =  40.94. also ing = f 

7.75 and = rt 5-25, hence log distance Clarks Mound to Dreyer. 4.149 726 7 and 

distance 14 116.49 metres. The probable error is about e3.$.va part of the length. 
'. f. 0 ' 1 7  . 

14 116 
Adding to this the proportional error due to that of the base measure. or 13-0-106 ;< 

7 267 
= fo '040  metre, we have probable error of length of side Clarks Mound to Dreyer 
J ( 0 . 1 7 ) ~  + (0.04oj' = 

- log sin [ 33 -- 32) 
I 

f ,  5 "  

0 .17  metre. 
' 

For the side Minoma to .Insane Asyluin we use the espressi.on- 

. kinorria to Insane BsyIum sin (S  - 5 )  sin ( 2  - I 
- sin ( I I - IO) sin ( 17 -=) 

----___- 
American Bottoiii Base 

F=,log sin (S - 5 )  + log sin ( 2  - I ) - log sin ( I I - I O )  -- log sin \ 17 - 14) 

EstalAishing and solving the transfer equations, we find the reciprocal of the 

weight p =  41'4S, also the mean error m p =  f 7'S3 and probable error I > = =  =I= 5.53: 

hence log distance. Minoma to Insane Asylum 4'025 166 I and distance I? 596'59 
f 5 3  + 0.1; 

metres. Adding to this the 

proportional error duie to that of the base measure, or o.0:.06 Y I o  597 - - f0'030 

metre, we have probable error of length Minoma to Irisaiie Asylum J ( o . 1 3 ) ~  + ( o . o j o ~  
= f 0'13 inetre. , 

I 

The probable error is about 8 9  f a n  part of the length. 

7 267 -_ 

For the side Insane Asylum to Kleinschmiclt we me the espre::' won- 

Insane Asylum to Kleinachmidt - sin (4 - I ) sin ( 7  - 6 )  sin (27  - 26) . - - ~ _ _ _ _ _  
American Bottnrn Base - sin ( 1 7  - 16) sin (30  - 27 1 sin (3s - 34) 

F= log sin (4 - I )  +log sin ( 7  - 6 )  + log sin (27 - 26) - log sin ( 17 - 16) - log sin (.y - 27) 

Establishing and solving the transfer equations, w e  find the reciprocal of the 

= f 5-68, 

- log sin (35 -- 34) 

I 
weight p'= 47'36, also the meaii erTur f S.42 and the probable error 

. .  
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hence log distance Insane Asylum to Gleinsclimidt 4.065 715 I a11d distance 11 633'63 
f 5 7  f '15 

metres. Adding. to this the 

proportioiid error clue to that of tlie liase ineasure. or 0'o-.o6 :< -- 267 - - 0.033 metre, 

we have probable error of length Insane A~!;l~iiii to  Gleinsclimidt J(O.IS 1" + (0.033)' 
= fo '15 metre. 

The probable error is about 7iT tTF part of the length. 
11,634 
i 

DESCRIPTION O F  STATIONS FORMING THE AMERICAN ROTTOM BASE NET-ILLINOIS AND IbIISSOilKI. 
. .  

nliizci-imz Bt>ffoiii Lom-i. Busc, St. Clair County, Illinois; established in IS 7 2  by 
C. H. Boyd. This station is situated on the  west slope of tlie Illiiiois bluffs on the east 
side of the American bottom. opposite St. Louis, Missouri. on land belonging to Mr. 
Francis Simoin. The geodetic point is 011 the west sicle of the road running north from 
the Belleville ruck road along the foot of the bluffs through the small settleiiient of 
French Village. I t  is about I mile from the rock road and one-fourth niile from the 
village, 4 nietres west of tlie fence at the side of the road, and about 193 metres iiorth 
of hlr. Daveiiroi's house. The center is iiiarked by a cross cut on a copper bolt set in 
tlie tol:, of :a limestoile nioriunient 1 2  by 14 by 40 inches, having tlie letters U.S.C.S. cut 
uii the sicle faciiig the base, rS72 on one sicle and BASE 011 another. An earthenware 
pyramid is buried 4 feet below tlie surface of the ground, under the cross on the copper 
bolt. Two reference stones were set, one in prolongation of the base, distant 39.37 
feet, and the other at  right angles to tlie eastward, distant 63 feet from the center. 

. -I~i io~imii  Boffoiii. L@#u Bust-. Madison Comity. Illinois; established in rS7s by 
C. H. Boyd. This station is situated on the west slope of the Illinois bluffs on tlie east 
side of the American bottom, opposite St. Louis, Missouri, on land belonging to Mr. A. 
Sumner. The geodetic point is about one-fourth mile north of the rycl  from East 
St. Louis to Colliiisville and a short distance east of tlie road running iiortli from the 
Colliiisville road along, the foot of tlie hluffs. The center is mar1;ecl by a cross cut on a 
copper bolt set in the top of a limestone nioiiuiiieiit 12 by 14 by .to inches, inscribed in 
a similar manner as tlie tiioiiiiiiie~it at  Lower Base. An earthenware pyramid is buried 
4 feet below the surface of the ground directly uiirler the cross on the copper bolt. 
Two reference posts were set! one in prolongation of the base and one at right angles to 
the eastward, qadi 5 by ,s Ijy 30 inches and distant 24 feet from the center. 

This 
station is on the cupola of tlie residence of Mr. Jefferson Clark, situated about one-half 
inile iiorth of the Natural Bridge road and ahout j miles from St. Louis. The geodetic 
point is the center of tlie flagstaff fJI1. top of tlie cupola. 

histzm' . - lydr0i i ,  St. Louis County, Missouri: established in 1S7 I by R. E. Halter. 
This asylum, also known as the " County Lunatic Asyluiii," is situated on the "County 
farm foriiiing part of alargrr tract of land known BS tlw " Gratiot LeagueSquare." It is 
about 5 'miles southwesterly from the court-house a t  St. Louis and about 500 feet south 
of the Arsenal ,street road. at  .a point about one-half niile westerly from its intersection 
with the Kings Highway. The geodetic point. is the finial of tlie cupola of the building. 
EccentTic points were occupied on the main floor of tlie cupola. 

S21~71:tlr Loof' J f o i i i d ,  Madison County, Illinois; established in 1S7 I by R. E. Halter. 
This station is situated near the middle of tlie iiorth line of the northeast quarter of section 

Mimwiu., St. Louis Cou:ity, Missouri; esta1,lisliecl in 1S72 by C. H. Boyd. 
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'20, township 3 north, range S west, about 3 miles northwest of Collinsuille on the Vaii- 
dalia Railroad. I t  is on a very prominent mound on the edge of the bluffs, with a steep 
slope in all directions falling off about 50 feet to the level ground' to the eastward and 
150 to 100 feet to the westward domn to the American bottom. A small private grave- 
yard is just south of the mound. The geodetic point is a little to the north of the cen- 
ter of the mound and is marked with the usual earthenware pyramid, the apes being 
3.1 feet below' the surface of the ground. The surface mark is a white marble post, 
6 by 6' inches square and 2 feet and 6 inches long, projecting about I inch above the 
ground, having cross lilies cut on the top with the letters 1T.S.C.SrG.S. cut in the four 
squares. 

C/ci-x?s Afomd9 St. Clair County, Illinois; established in 1S71 by R. E. Halter. 
This station is situated near the middle of tlie south line of the northwest quarter of 
section 35, township 3 north, range g west, directly on the bluffs overlooking the 
American bottom, about three-fourths niile south of French Village and about 7 y miles 
northwest of Belleville. The mound is quite prominent, the property. in ISSO. of Mr. 
William Clark, of St. Louis. The underground mark is the center of .the bottom of a 
soda-water bottle buried, bottom up, 2 feet and 7 inches below the surface of the ground. 
The  surface mark is (in ISSO) a white marble post 6 inches square, 3 feet 6 inches long. 
projecting about 2 inches above the ground, the top cut and inscribed like the one at 
Sugar Loaf Mouiicl. Two white marble posts, 4 inches square, 2 feet 6 inches long. 
with diagonal lines cut on the top, an arrowhead at the end of one of the lilies pointing 
to the station, were set as reference marks: one in prolongation of the line to the Blind 
A s ~ ~ u I I ~ ,  St. Louis. and the other in prolongation of the line to Sugar Loaf Mound, each 
50 .feet distant. Additional reference niarks are nails in the centers of triangles cut on 
3 trees, as follows: 

A hickory 64'3 feet distant,'\xaring north 41' 30' east; a white oak 39.3 feet 
distant, bearing south 57' 30' east, and a hickory 92.3 feet distant, bearing south 51' 30' 
east-bearings magnetic. 

D r p ~ ,  St. Clair County. Illinois; established in 1S71 by R. E. Halter. This station 
is situated in the southern part of section 27, township I north, range I O  west, 011 the bluffs, 
about 6 miles northwest of Centerrille, about I 7; miles nearly south of Falling Springs, 
and nearly east of where the CaroIidelet rock road, which crosses the l)ottoni, strikes 
the bluffs. I t  is on lanil belonging'to Friedrich Dreyer, about 370 metres west by north 
from his house aiicl about 17 metres north of the road leading to the bluffs. The apes 
of an earthenware pyramid, 3 feet below the surface, marks the geodetic point. The 
surface mark is n spike in the center of a cedar stub, 4 by 4 by 30 inches. projecting 
about 3 inches above the grouncl. A white marble post, 6 by 6 by sg inches, with cross 
lines cut on top and the letters W.S.C.SrG.S. cut in the four squares, was set south of 
the station in the fence line north of the road. a trifle below tlie surface, distant 64.43 
feet from the geodetic point and I 210 feet from the northwest corner of Dreyer's corn 
house. Two other marble posts, 4 by 4 by jo inches; m7ith diagonal lines (arrowhead 
at end of one line pointing to the  station:^ were set in the fence line, projecting about 2 
inches above the surface, as reference marks-one west and one east of the larger post, 
the west one distant 107.95 feet and the east one 76'55 from the geodetic point. The 
following angles were measured at the center: East stone, oo '00'; south stone, 45O-09'; 
west stone, 90'. 13'. 
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A~/t*~mc?zmidt, St. Louis County, Missouri; established in IS j r  by R. E. Halter. 
This station is situated in township 44 north, range 6 east of the fifth principal meridian, 
011 an eminence known as Terrills Hill in the southwest part of the conimon~ of Caronde- 
let, south of the River des Peres, on lot belonging to Henry Kleinschmidt, at northeast 
mriier of intersection of LE.niay Ferry and Sappington Barracks roads. The apes of 
an earthenware pyramid, set 2 feet and 4 inches below the surface of the ground, marks 
tlie geodetic point. The surface mark is a tenpenny nail in the center of a white pine 
stub 4 inches square: Two cedar stubs were set, 41 feet apart, within I foot of tlle 
fence on the north side of the Sappington Barracks road. as reference niarks--one due 
south of the geodetic point, 11 feet 4 inches distant, and 132 feet distant from the east 
corner of the lot, the other 37 feet 7 inches clistant frvni the geodetic point and 2 2 5 5  

feet froin the west corner of the lot. Distance from geodetic point to southeast coriier 
of rock foundation cd Kleinschinidt's house is 149 feet. and to northeast corner of rock 
foundation of Bauer's house, south of Sappington Barracks road, 165 feet and 3 inches. 
The angle at the station between the house corners is 7sQ IS'. 

(c) O h q ~  Utisc' Lint-, IUimis, 1879. 
LOC.4TION. MEASUREnIENT. A N D  LENGTH.  

This base line is due to the labors of tile United States Lake Survey, aud, on account 
of its position with reference to' the traiiscontiiiental triangulation and its high accu- 
racy, has been incorporated into the scheme of triangulation passing over this region 
between the Anierican Bottoiii Base, Illinois, and tlie Koltoii Base, Indiana. A full 
account of the niesure of this base is given iii "Report::: upon the Primary Triaii- 
gulatioii of the Uiiitecl States Lake Survey by Lieut. Col. C. B. Coinstock, Corps of 
Engineers, brevet brigadier-general , United States Army, aided by the assistants of the 
Survey," to which the reader is referred who inay desire more inforination than what is 
given here, viz, a brief abstract of a chapter (XI : )  in that publication. 

The Oliiey Base is situated 011 a prairie in the southerii part of Jasper County, Illi- 
nois, about 1 3  kilometres (say S statute miles) froti! Olney, about one-half .the length of 
the line beirig on cultivated ground arid the other on unbroken prairie sod. The line is 
a straight one, arid the greatest difference of elevation of its points is but 7 meters (23 
feet:) ; its length is approsiiiiately 6'59 kiloinetres (14'0g statute niilesj : its iniclclle point 
is i i i  latitude 3s" 51"s and in longitude SS" osf'9 west. nearly. The azimuth of the line 
at the west elid is 26s" 30' west of south, about. The  ends of the base were marked by 
granite posts set in brickwork, 'and the terminals are agate hemispheres set in trass 
cylinders leaded into granite posts, and are 5 feet belo~v the surface of the ground. The 
base was divided into 6 nearly equal sections by marks 011 stones, the mark being a drill 
hole in the top of a copper bolt leaded into the stone. Each of these sections was 
nieasured in duplicate in opposite directions. 

The measurement was macle with the Repsolcl apparatus by a party uiider the charge 
of Assistant Engineer E. S. Wheeler, between J d y  9 and Septeniher 15, Is79. This 
apparatus arrived at the Survey office. Detroit, in November, 1S76. With it the meas- 
urement is niacle n7ith one tube, which is 4 meters long, and is a metallic thermometer 
coiisisting of a bar of zinc and a bar of steel joined at their middle points; the tube 

*Professional Papers of the Corps of Engineers, United States Arm): No. 24, Washington. 15%. pp.3~0-3"s. 
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lengths are defined between niicroscopes provided with reading micrometersfor measuring 
intervals between successive tube elids and mounted or1 ,stable iron stands, so constructed 
as to admit of all neecled adjustments of the microscopes over the ends of the tube. A 
full description, with plates, of the apparatus and of the manner of using it will be found 
in Chapter VI11 of the " Professional Papers, Corps of Engineers, United States ,Arn i~ ,  
No. 24.'' 

Wheu used in the field, the tube and microscopes are protected from heat radiation 
by awnings. Tlie apparatus was accoiiipanied by a steel meter designated " R. 1S76." 

. A line of levels was ruii along the base liae and checked by the observed iiicliuatioiis of 
the tubes. The average height of these tubes above the mean ticlal level of the ocean, 
as  found by combinations of various levels. is given for the westerii part of the Oluey 
base 489.7 f 5 ' 0  feet (, 1 1 g . q  metres f I .f;? j ancl for the eastern part 4S0.5 f 5'0 feet 
(: 146.45 metres f I - 5 2 ) .  The resulting length sncl its probable error are given on 
pages 303-304 in ternis of the Repsold Metre. ' 6oo'29 F' 1 - I ~ ~ ' O . + I I Z I I Z  =I= j '@JJ1112 .  1. 15°'717c. Olney Base at  sea level = 6 5 S g . 2  (R 1S76 at . 

In  order to obtaiii a reliable value foii the length of this metre, it was sent to tlie 
International Bureau of Weights and Measures at Sevres. France, in April, ISSZ. for 
coniparison with the standards of that Bureau. The  results are given in Tome 111, 
Travaus et Memoires du Bureau International des Poids et Mesures. Paris, ISS+ The 
espaiisiori of R 1576 for IOC. was 10'563/-'; at that time, however, the length of the 

Prototype hletre had not been finally adopted, though tlie micertainty was supposed not 
to exceed a few tenths of a micron. T l i e d u e  given is R 1S76 = I ~ J Z  + g7-S1li at o°C. 

We have nest the result from direct comparisons of tlie Committee and the Repsold 
metres made by Assistant 0. H. Tittinatin at Washington. District of Columbia, between 
August, I U S ,  and March, ISSg, for which result see "The relatioil between. the metric 
standards of length of the United States Coast and Geodetic Survey aud the United States 
Lake Survey." A report by C .  A. Schott and 0. H. Tittmann. Assistants.* From these 
elaborate observations we have the result (p. 1S5 j :  

f '011 

R 1S7G = Committee Metre + gS'zg/i f 0'70p at  o°C., 

a result almost identical \yitIi that obtained at  Paris. In  the same report we find a com- 
parison of the several inclepeiidently determined values for the espamion of R 1S76, all in 
excellent agreement. and we therefore adopt the values N R18iE = 10'606p and ac*. ,,r. 
= 11.7951.~ (p. 1%); further we take the Committee Metre to represent in length the 
International or Prototype. Metre. In this connection see the discussion relating to 
tlie standard of length of the transcontineutal triangulation; in fact relating to all 
distances determined by the Survey. 

Substituting the value of R = I 111 + 9Sm2\r + 0'7\r at oo C. into !lie equation given 
above for length of base, we find it to be 'G 590'7So 4 metres;and if we take f I/C for 
the probable error of the length of the Repsold bar,t that of the base becomes 
d(6'6j'+ ( j ' 5 ) " m ~ i ~ .  or f 7'5111~12. which is about zTs1g6c part of the length of the base. 
--- 

- ~ - _ _ _ _ _ - -  ~ 

. .  *~ppei ld ix  No. 6 ,  Coast arid Geodetic sirrvey Report for iSg. 
t This can riot be ccmeiilered t u G  lnrge if we remeinher that the direct comparison of line and eud measures offers 

special difficulty, particiilarly when the i.cfld.v method is applied to the end surface. 
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This may be taken to represent the measuring error, conibiiiing it with the proliable 
error clue to our practical unit of length, the Committee Metre, taken as f $. ip  we get 
,/(:7*5:)'+(.4*9)' = + 5.gmm.) or about TTTITTiB part of the length. We therefore have 
the final value for length of base 6 590'780 q n . ,  and its logarithm 3'518 936 Sq 

f 85, f 59 

ABSTRACT O F  RESULTING HORIZONTAL DIRECTIONS OBSERVED AND ADJUSTED AT THE STATIONS 
FORMING THE OLNET BASE NET Is79, ISs3-84. 

O/rt~ji &7s/ Base, Jasper County, Illinois. November, Is79. 35-centimetre theodolite, T. Sk S.. KO. 4. 
Telescope above ground 11.43 metres. J. H. Darling, observer. . 

45 
46' 
47 
4s 
49 
50 

51 

No. of 
. direction. . 

' 0  I I /  

Buffalo Mound ' 0 00 00'00 

Olney East E-:: 47 46 00'53 
Olney Middle Base 47 46 03 'I7 
Check Base 94 31 34.71 
Clareiuoiit 99 54 21 '74 
Deliver 1S3 16 $3-00 

Onion ,Hill 1 9  ;s 14-04 

39 
40 
41 
42 
43 
44 

34 
35 
36 

. 37 
3s 

Objects observed. ' 

Claremoiit 0 00 00'00 +o -60 00.60 
Onion Hill . 127 15 1 7 . 1 7  -0.17 17.00  
Olney West Base 167 12 31 *73 -0 '07 31.66 

Olney East Base 216 51 16.S2 +O '03 16 'Y5 
Buffalo Mound , 200 59 15-44 -0 '39 I5 '05 

Claremont 
Check Base 
Onion Hill 
Olney Middle Base 
Oliiey West Base 
Buffalo Mound 

Resulting direc- 
tions from station 

adjustment. 

0 ! !/ 

0 00 m-00 

IS 20 4 2 - 1 1  

SI 3s 03-54 
IOI 56 20.04 
IOI 56 23-00 
162 57 14'89 

Corrections 
from base-net 
adjustment . 

-0 '43 
+o '35 
+o '35 

/ I  

-0 'IO 

-0.06 

-0'12 

Final seconds 
in 

triangulation. 

59 '57 
42 -46 
03 'S9 
I9 '94 
22 ?q 

14 '77 

/ I  - 

1S7g. 35-centimetre theodolites, 
R. S. Woodward and J. H. Dar- 

59 '70 
'57 

03 '57 
35 '00 
21 '77 
45-15 
13 '43 

Olttey iJh'dlz'/e Base-, Jasper County, Illinois. October, rS7g. 25-centimetre theodolite, R., No. I. 
Telescope above ground 1.95 metres. E. S. Wheeler, observer. 

5s 
59 
60 

a I I I  I /  / I  - 
Olney West Base 0 00 00'00 -0.43 59 '57 

Olney East Base I79 59 53-52 $0 '05 53 '57 
Buffalo nlound 100 W '9.23 +o .3s cg -61 
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25 

26 

27 
' ZS 

i g  
j o  

, '31 .. 

j r  
jj 

ABSTRACT OF RESll1,TISC: HOKIZOSTAT. IIIRECTIONS OBSERVED A N D  ADJUSTED AT T H E  STATIONS , 

F n R m x i . ;  THE OI.XEY BASE NET IS??, 1SS3-Sq-continued. 

O n i m  Hill3 Richlarid County, Illinois. November. rS75. .y,-ceiitimetre tlieodolite, T. and S., No. 3. 
Telescope above groiind I 'S3 metres. R. S. Woodward. observer. 

Oliiey East Rase 0 m or)'lx, +0 'as 03 '0s 

Clarenioiit rx 54 5S.16 +o .36 5s '52 

, (31ney ,B,liildle Base 39 03 21-61 -0 '27 21 '34 
Check Rase 19 31 3 . 9 3  +o .og 26 .oz 

Olney ,West Base , 71 I j  07'72 -0 '26 07.46 

-Onion Hill 77 2 0  53'39 . . $0'17 53 3 6  

-0'62 . 32 '96 Hunt City 221  26 33.5s 
Oblong 266 1.5 21:go +O '07 21 '97 

Denver 73 '9 29'29 $0 '3s 29 '67 

No. of 
direction. 

; 

' . 

.5" 

53 
5 1  
5.5 
56 
57 

0 I I1 / I  . If  

0 00 00'00 -0.13 . 5 9 7  ' 

79 44 '3.01' 

Denver ' 

Lucas . .  

Resulting direc- Corrections Final seconds 

adjustment. adjustnient. triangulation. 
(31) j ect ?: observed. tions from station from base-net in . .  

Buffalo Mound 
Olne?; West .Base . 

Olriey East Base . 

Check Base 
Clareniont 
Denver 

0 I I /  I f  

o 00 rn'M S n . 2 1  

4 40 2.7 .96 -0 .os 
21 1 9  56.39 -0 '34 

$3. 26 34'4s.  +o '19 

166 59 ~2.21 -0 '3.5 
65 31 23'07 +o '07 

Obloirg, Crawford County. Illinois. 
85.. No. 2. 

October and November. Is79. 35-centimetre theodolite. P. aiid 
Telescope above ground 30.94 metres. G. Y. Wisner. observer. 

22 

23 
2'4 

0 I I /  I /  I f  

C lareinon t 0 OCI m'ou $0.37 . 00 '37 
Buffalo Mouiirl 34 36 31 '20 --o.35: ' 20 'S2 

Hunt City ICO 27 20-7s ' $ 0 ' 0 2  2 0  $0 

Case?. 135 3.1. us.03 
Belle Air . 160 IO 26.6.5 . .  
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS OBSERVED AND .ADJUSTED AT THE STATIOXS 
FORMING THE OLNEY BASE NET IS79* 1SS3-S4--contiiiued. 

Deirzrr.. . Richland County. Illinois. November. 1S79. 

So-centimetre theodolite. No. 135. Telescope above ground 2;.16~1iirtres. 

35-centimetre theodolite, T. Si S. I No. 3. 
R. S. l:voOdw7ard. observer. -November 12 to December 3.  

G. A. Fairfield. 
Telescope above grouiid 23.16 metres. 
ISS~. 

1s 
I9 
2o 

, 

. 

observer. 

No. of 
direction. 

1 
5 
6 

S 
L i 

0 I I /  I f  . ! r  

Belle Air 0 00 00-00 

Honey Creek 74 41 37'75 
Oblollg 75 44 47'03 + O ' I Z  47 ' I 5  

Buffalo Mound I45 05 0Sy1 -0.12 0s '79 
Clareiiiont 131 01 27.19 -0 '07 27 '12 

Newton 173 22 02.19 +O '07 02 -26 
Islarid'creek 232 34 09.67 
Casey 3'3 1s 25'33 

Objects observed. 

9 

II 

13 
14 
15 
16 
17 

IO 

12 

Newton , 

Onion Hill 
Buffalo Mound 
Ollie?; West Base 
Claremont 
Parkershurg 
Holtzhausen 
Lucas 
Islaic1 Creek 

0 / / I  / I  /I 

Denver 0 00 00'00 +o '65 00 '65 

' Olney West Base 46 01 zg.05 -0.41 , 2s .64 

Check Rase 53 26 1 r . q  --0'2I I O $ G  

Onion Hill '7 49 15'39 -0'12 '5 '27 

Newton 46 51 49'55 -0 'UI 49 '54 

Buffalo Mound 66 4s 5s.15 -0 .SO 57 'SS 
Olney East Base 71 56 44'50 -o '23 44 '17 
Hunt City . S2 16 50.46 +o .56 51 '02 

Ohlong 106 32. 51.56 +O '07 51 '63 
Honey Creek . ' 13s' 23 11 '73 
Suiiiniit 174 -lo 19'4.5 
Parkershurg 27-1 17 401°'s6 

Resulting clirec- 
tions from station 

adjustment. 

0 / / I  

0 00 00'00 

19 5; 16'27 
29 06 41 '03 
30 07 07.33 

13 13.71 
129 zo 12.16 
260 42 27.11 
300 13 46-61 
330 03 35'36 

Corrections 
from base-net 
adjustment. 

+o '70 
+o q 
-o '16 
-0 '19 
-@ '44 

I! 

Final seconrls 
in 

triangulation. 

00 .io 
16 '36 
40 's7 
07 '14 
13 '27 

/ I  
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*Nutiiber of angle equation4 ?I aiid of side eqiintioiis 1 1 ;  in estahlishing the latter either 7 or 8 places in the 
Ingarithim are used and the loyarithinic differences for I" are giveti in units of the sixth place. with one exception. 
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Coiwloft. t*qmt inns. 

c, c2 c, c4 c, C6 c, c g  c, c,, c,, c,, .Cq c,, c,j 

-1 

-I + I  

T I  

-I 

. . . . . . . .  
--I 

k I  +I 

- I  -1 

. . . . . . . . .  

t I  --I 

+ I  

. . . . . .  
+ I  

--I 

, . . . . . . . .  
+ I  

. . . . . . . . .  
-1 

.. +I 

. . . . . . . . .  

.. .. 

. . . . . . . . .  

. . . . . . . . .  

-1 

. . . . . . . . .  
--I 

+ I  +I 
--I --I , 

+I  

... + I  ... 

--I --I 

-1 +I 

+I  +I  

. . . . . . . . .  
+I 

. . . . . . . . .  

-1 

+ I  - 1  

. . . . . . . .  

. . . . . . . . .  

--I 

+I 

+I 

--I 

... 

... 

... 

... 

... 

. . I  

... 

--I 

-t 1 
... 

... 

... 
-1 

... 
t r  

... 

... 

. . . . . . . . .  

--I 

-t- 1 

--I 

. . . . . .  --I 

+ I  

... 

... 

... 

... 

... 

... 

--I + I  

t J  
. . . . . .  

. . . . . .  

. . . . . .  
. - I  

t.1 

. . . . . .  

. . . . . .  

. . . . . .  

... 

-1 

-1.1 

... 

..- 

... 

... 

-1 

... 
S I  

... , 

t I  

... 

... 

... 

... 

-1 

... 

.. I 

. t I  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

, .  .- I 

-1 $ . I  

+ I  

-1  . . .  
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Civ-rehie e9Iiaiions-Continued. 
correc 
tione. 

-1 

+ I  

... 

... 

... 

... 

c.6 

... 

... 

... 

CIS 

... 

... 

.. ... ... 

... 

--I 

... 
+I 

. . . . . . . . . 
--I 

... 

--I 

+I 

--I + I  

+I  

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

... 

C,, 

.. ... ... ... 

... 
-1 

+I 

--I 

-1 

. . . . . . . . . 
+I +I 

--I 

+I -1 

+-I 

... ... ... 

c,, c, c., c53 

+o *46 
. +1.16 
-I .62 

-0.34 

+I '67 

--I '33 

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

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

f 5  '07 

-7 '61 
+ 2  '54 

+o '79 
4 . 4 1  

f7.62 ' . 

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

... ... ... . . . . . . . . . .... 
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.Cb-rt*/ni'c t - q ~ f  io)r.c - Coiit i nuel-1. 

Correc 
tiotis. 

+-0 y 4  
. . . . .  

...... 

. . _ . .  

...... 

. . . . . .  

...... 

. .  

...... 

........ - 2.60 --I 

+I 

. . . .  

... 

. . . . .  

... -1 ... 

... 

.... 

... 

-. I 

+I 

... 
--I 

-I- I 

... 

... 

--I 

+-I 

... 

. . .  

... 

. .  

... 

... 

-1 

.+I.. 

... 
+I 

- 1  

. . .  

... 

... 

. . . . . .  
+2 3s 

+-I .-I-! 

-3 '72 

...... 

...... 

...... 

. . .  

...... 

...... 

-1 . +I 

+-I 

. . . . . .  

. .  

. .  

. .  

. ,  

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

-1 

+I 

--I ........ ...... ... 

-1 

. . . . . . .  
+I 

... 

. . . . .  

... 

... 

-1 

+-I 

. .  

+-I '17 
. . .  

--I '17 

--I .gr 

. .  

......... 

. . . . . . .  
+I 

-1 

+-I 

... 

... 

--I 

+I 

.. 

+-I '91 
. . .  

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

. . . .  ... 
.. 

...... . . . . . . . .  ... 
+ 0.6GJ 2 

.. 

... ....... ...... ...... ........ ... 
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C O I T ~ ( I ~ C  c~quaticvrs -Continued. 

::q C,, c z 8  G o  c, C,, c, 

- 1'729 
- 2.032 

I + 3'926 

- I I '744 

. . . . . . . . 

. . . . . . . . 

..._ .... 

. . . . . . . . 

. -  ...... 

- .926 
+ 9.171 

- 5'515 

...... 

. . . . . . . . 
- 1'250 

-+ 20 0.957 
- '9 '607 
. . . . . . . . 

. . . . . . . . 

. . . . . . . . 

. . . . . .-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . -.; gr6 . . . . . . . . 
+s .. 5s -1 1 ?54 --I 213 

+16'1S6 

+5 '545 
-4 '332 - 4'332 . . . .. ... -4 '332 . . . . . . . 

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

. . . . . . . . . . . . . . . . . . . . . . . . -0.716 -0 '716 

+I '663 
+ r  '25 

-0 '534 -0 '947 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

- 9'273 
. . . . . . . . -2 -513 . . . . . . . . . . . . . . . . . . . . . . . . 
+ 7'4% 4-4'302 - 1 '359 

+3 '148 
+ I '769 -1 '7S9 -I '7S9 

$0'445 + 0'445 ' $0 '445 

+5 '69 +5 '69 
........ + 0'236 -0.236 . .... ... -0 -236 



Correc- 
tions. 

(43) 

'(45) 
(46) 
(47) 
(4s) 
(49) 
( 5 0 )  
(51) 

.. (.53) 
(541 
( 5 5 )  
(56) 
(57) 

(44) 

(52) 

. .  
c.6 C,? cF8 . c-4 ' C ,  C-, . c31 

- 

-6 '135 - 0.651 -5 '454 +o '721 -f I -402 
-I '166 -I -166 

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

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

-25'751 - 
' - 7 '774 . +26 '923 -5 *S65 -4 '639 

......... ........ ........ ........ -2 -198 ........ ........ 
+ 1'172 - 1.~72 -1-172 
+ 6.602 

+7 '0.37 $7 '037 . 



o=+ 1.60 
+ O ' &  

$- 1 ' 2 1  

+ I '02 

- 0 '85 

+ 0.w 
-t- I .72 

'$ I 'IS 
+ 0 'IS 

+0'77 
- I -0s 

- 0 '53 
- I Tl3 
+ I '2s 

$- 0 '.j J 

+ 1'60 

+ 0 'OS 

+- 1 ' 2 1  

+ 1'02 
- o s 5  

+ 0.09 
+ 0 . 5 1  
+ I 'IS 
+ 0-1s 

1- 0'77 
- 1-05 
- 0'53 
- I '03 
+ 1-2s 

o=+ 0 0 6  

+ 0-04 
1 '53 

+ 0.71 

+ 0.32 
- 3 '0 

+ 3'2 
- 0 '4 
- .I '666 

+ J 7 3  

- o:s6 

-2 +2 +2 

4-6 -2 

+6 . -2 +2 +2 

. $6 - 2  . 
+6 +2 +a 

+6 -2 

+6 -2  

' +6 
. .  . .  

. .  

+2 

+2 

+2 

-2 .+2 -1 

+6 -k2 +I 
. $6 

$4 

. .  

- 3'77 
-t ' 1.39 
-- 4.44 
- 6'10 

+ 12'13 
+- 2'53 

I '33 
- 3'53 

I '33 
- 2 .sS 

-- 

_. 

4-143 '924 

+ o s 0  

+ 5 '07 - 6.6696 
- 1-14 

+ 1 1 . j 6  
- 9'57 + I 'S.346 
+ 5 '07 ' + 0.6144 

+ roSco6 

+ 5'07 - I** - 3.3447 
I - 1'9'49 

+ 1-43 . 
- 5.4s - 3'3417 

+ 0'74 
- 3'0s 

+I I5 '3% + 26'046 
+245 '59 

+63 *42 + X I  .ms 

+ 6-21 

+.?I5 '335 
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N Q ) - P F ~  Eqimlioirs-Com pleted. 

C26 c z ,  C* c2, C;, C31 C,, 

+ 1.60 
+ 0-0s 

+ 1'21 

+ 1 '02  

- 0'85 

+ 0.09 + 1'72 
- 0'51 
+ 1-18 
+ 0.1s 

+ 9'77 
- 1'0s 
- 0'53 
- I '03 

+ 0'06 
+' 1.28 

+ O'*Oj 

- 1.53 

- 0% 
+' 0 '71 

+ 0 ' 3 3  

- 3.0 
+ 3'2 
- 0.4 

. - I .66G 
o=+ 5 '45  

+1S'65 
+ 1.71 
-I- 3.76 
+ 0'77 
- 0.26 
+ 0.8s 

t 0'303 

f 0.'303 

f 21 '403 
- 2'754' 
- 15.064 
f 
+ 3-126 

- 2'754 
t 1.w 

- 2'754 

$- '2.299 

-142 251 

-k 450 '95 

- 4'295 

+ 4'295 . 

- 2'754 - 2'754 + p.603 + 2.754 

+ 7.091 - 8.258 
- 14'695 + 16'S77 
f 2'751 - 3'370 

+ 9'171 f 8'258 

- 9'471 - 19.170 

- 1.347 
+ 2'754'. + 2'754 

- 6'135 

+ 4'295 

+ 4'295 

- I1 '854 
+ I1 'S54 
- I1 '854 

+ 6.395 

.+ '553 
+ 25 '459 
- 6.612 

- 4777 

+ 4'295 
- 1.213 

+ 4.539 - 1.213 
1'547 - 4'777 

- 5 .454 - 2'.F43 

+ i.974 

- 

- 2'5S5 
- o '5.15 
- 11'5og. t 0.721 

+ 1'553 - 1.553 

- 6.135 
- 6.135 

- .3 '225 

- 2S.113 

+ S6:549 - 11'231 
-244'025 + 13'167 

4-2346'31 - 62'905 

- hgS74 

+257 '577 

- o'6S1 - 5.154 
- 0.681 - 5'454 

. .  - 9'267 
+ 22 '451 -I-, 57'61s 
-112.269 - 1 3 0 2 k  
- ' 74 '748 ' . + 1$3 '736 
+567 :ig 3 32 6 5 s  

. . + 167 '967 

I 

- 0'947 

+ 1'402 

- 1.553 

+ 1.2&? 

- 3'4SS 

- 0'947 
- 0.450 
+ 1.402 
+ I ' ~ 0 2  

' 1  

f 6'395 
$. 3.165 

- 19 '751 
- S.601 
- t4 '$33 
-IO '257 
t 3 '$9 
+ x  '513 



cI=-o.5* 2 

2 -0.590 4 
3 +0'390 3 
4 --I '745 2 

5 +.I .6SS 3 
6 +1.618 o 
7 -0.655 7 
8 d-0'003 5 

C g=+o '152 4 
10 +o.-I99 9 
I I  -0.612 I 
12 + I  '-133 6 
13 -0'631 I 

15 - I  '127 I 

16 +0'288 o 

14 -0'7S7 5 

C17=+0*195 o 
IS +0'066 6 
19 -0'314 5 

20 $0'365 7 
21 +0.065 g 
22 -0'256 7 
23 +0'07S 6 
24 +o'orS 44 

Corrections: 

C25=+0 '059 4 
26 + o q 4  S6 
27 --om14 35 
2s +0.06s 60 
29 +0'056 51 

30 -0.067 75 
31 - b . W 4  29 
32 -0'062 67 

Check: lf/vv=+5 '$4 3 
-2oc =+5 '963 s 

2+comections=7 '701 I 

Z-corrections=7 -701 4 

Letting x stand for the number of .conditions we have- 

Mean error of a n  observed direction 

Mean error of an-angle ? j z ~  = m Z 6  =-Co *61, also 

?til = j / q = k o : q ,  

Probable error of an angle =&0*41 
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TRIANGLES OF THE OLNEY BASE NET. ILLINOIS, IS79, 1sBj-s-I. 

No. Stations. Observea angles. 

I 

2 

3 
. .  

4 

5 

6 

0 I .!I 

Buffalo Mound 71 13 07'72 
Oliiep East Base 61 00 51'Sg 
Olney West Base 47 46 00.53 

00 '14 

Olney Middle Base 100 04 og '23 
Olney West Base 47 46 03 '17 
Buffalo Mound 32 og 46-11 

- 58.51 
Ollley Middle Base 79 55 44 '29 
Buffalo Mo~i id  39 03 21 .61 
Olney East Base 61 00 54S5 

03 '75 

Olney West Rase 31 34 .7r 
Buffalo Momid 51 41 41 '79 

00 '21 

- 

- 

- 

Check Rase ' 33 .46 43 '71 

- 

Check Rase 49 3s 45'09 
Oliiey West Base 46 45 34 'IS 
Olney East Base 53 35 .p.Sg 

. 00.16 
Check Rase . 15 ,52 01 '$3 
Buffalo M O U ~  19 :31 25 '93 
Olney East Base 144 '36 32.7s 

, OO'og 

- 

- 

Onion Hill 
Buffalo Mound 
Olney West Base 

8 I Onion Buffalo Mound 

( Olney East Base 

59 '59 
21 19 56'39 
77 20 53'39 

' S I  19 11 '35 

9 

Onion Hill 
Buffalo Mound 
Check Base 

or -13 

4s 26 34'4s 
57 49 27'46' 
73 43 5s.27 - 

03 '21  , 

Correc- Spher- Syher- 

tiom* angles. escess. 

-0.34 07.3s 0.03 
-0.06 5 1 S 3  0'03 

ical ical 

/ I  / I  It 

+ O ' W  oo'S7 0'02 

. +O-EII 

+o '02  

-+o "70 

-0 '33 
-0.36 
-0 '02 

-0.32 

$0 '59 
-0 '35 

I O  .04 

46 -13 
03 'S7 

43 -96 
21 -25 

54 '53 

43 '39 ' 

35 '30 
41 *44 

0.03 
0 '01 

0 '01 

0 '02 

0 '04 
- 

0 '01 

0 '01 

0 -02 - 
o -04 
0 -04 
o '05 
0 

o -13 
+o.ro 45 '19 0.03 

-0.41 40'4s 0.03 
So.25 34 '43 0.04 

- 
0 'IO 

+0'42 or .So 0.02 
$0'01 25.94 0.0-3 
-0.47 32.31 0-01 

o '05 
-0.30 27'66 0.01 

+0'42 46.09 o m  
$0.31 46'27 0.01 

0 ' 0 2  

-0-56 5553 0.06 
+o*os 53'47 0.06 

-0.47 IO'YS 0 - 4  
i 

0 -1s 

+0'27 34'75 0 ' 1 1  

+O'Os 27-54 0'11 

-0.23 j S q  0 . 1 1  - 

0 '33 

Logarithms. 

3 W 3  936 S 

3 7% 5i9 2 

3$'7I2 775 5 

3 '7S4 579 2 
3.660 h 2  7 

3.517 499 3 

3.712 I75 5 

3.660 So2 6 
3.51s 313 9 

3'7% 579 2 

4 '038 '15s o 

3 '93.1 229 7 

3 .SrS 936 S 
3 '799 370 1 
3 '934 229 7 

3'712 I75 5 
3'795 370 1 

4 '03s 15s o 

3'7.94 579 2 
3.901 93-1 2 

4'146 3-10 6 

3.712 175 5 
4 ~ 4 0  66s 5 
4 'I46 340 5 

4 '03s 15s o 
4.091 670 2 

4 *I46 340 4 

Distances 
in metres. 

6 590'7So 
6 Os9 '47 
5 15-I.37 

6 os9 '47 
4 579'34 
3 292.30 

5 154'37 
3 29-3-4s 
4 579'34 

6 os9 -47 
-IO 91s '57 
s 594 6s 

6 590'7% 
6 300'43 
8 594.68 

5 154 '37 
6 3013 '43 

IO 91s '37 

6 ~89 '47  
7 575.74 

14 006 5 5  

5 154.37 
13 S-15'11 
14 006 os5 

IO 91s '37 
12 .;50'Og 
14 006 'S5 



UNITED STATES COAST A N D  GEODETIC SURVEY. 94 
TRIANGI,ES OF THE OLNET BASE NET, ILLINOIS. 1'1;7g, 1SY3-S4-continued. 

No. Stations. 

Onion Hill 
Ollie?; West Base 
Olney East Base 

I1 

12 

I3 

Onion Hill 
Obey West Base 
Check Base 

Oiiioii Hill 
Ohey East Base 
Check Base 

Clareniont 
Onion Hill 
Olney West Base 

Clarernont 
Onion Hill 
Check Base 

Clareniont 
Onion Hill 
Buffalo Mound 

16 
Clarinioiit 
Onion Hill 
Olney East Base 

Clareniont 
Olney West Base 
Check Base 

IS 

Observed angles. 

Clarernont 
Olney West Base gg 54 21 '74 
Buffalo Mound 59 IS 09-56 

00 *do 
- 

Correc- Spher- Spher- 
tiollsr ical ical 

aiigles. excess. 

I f  I I  I /  

-0.26 ~ S . 1 7  0 . 0 2  

-0.41 19.05 0 ~ 3 3  

-0.65 12 $6 0.03 

o '17 
 OS^ 39.92 0.07 
0'00 PI '43 0'06 

+o'20 59.S.5 0.07 

0 '30 

-0'29 13-37 0'10 

+o.16 55'27 0.10 

-0'64 51'66 0.10 

o -30 
-0.09 55'59 0 '05  

- 

-0.42 4S.17 0'05 

-0"77 16 '40 0'06 

n '16 
--O'IS 42 5 s  0-rS 
-0.14 22 '9.3 o '19 
-0'19 55'04 0.1s 

0 '22 

Logarithms. 

3 51s 936 8 
4-140 66s 5 

3.901 934 0 

3'934 229 7 
J '091 670 2 

3 '90' 934' 0 

3 '799 370 I 

4-091 670 3 
4 q o  665 5 

3'90' 934 1 
4'16% Sa6 o 
4'27-7 3So 2 

4 9 1  670 2 

3'7% 6.35 J 
4 . 2 2 7  3So 2 

4.146 540 5 
4.227 567 4 
1.227 3So I 

4 -140 66s 5 

4.227 3So I 

4'075 679 3 

3'934 229 7 

4.165: S26 I 
3'795 63s 7 

3 7 %  579 2 

4'227 867 5 
4 '16s S26 o 

Distances 
in metres. 

6 5g0'7So 
13 S q  '11 
7 978'73 

S 59z1.6S 
I2 350'09 

7 97s.73 

6 300.43 
I2 350 'og 
13 S q  '11 

7 97s '74 
14 751 ' I 5  

16 SSo*30 

I2  350 '09 
6 246'52 

16 Ss0.30 

14 006'S5 
16 S59.25 
16 SSO '30 

13 S25 -11 
11 903 '63 
16 SSo.30 

s 594 6s 
6 246.53 

14 751.16 

6 d g . 4 7  
16 Sgg'.?j 

14 751 '15 
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TRIANGLES O F  THE OLNET BASE NET, ILLINOIS, Is79. I ~ ~ ~ - ~ ~ - - C O l l ~ ~ l l ~ ~ ~ ~ .  

No. Stations. Observed angles. 

0 I JJ 

Clareitiont 25 :55 15 '15 
@hey West Base 52 OS 21'21 

Olney East Base IOI 56 2j.w - 
59 .66 

. 159 too 44.56 
13 , 2 ?  47.0s 

Euffalo Mound 7 36 27'77 

21 

22 

23 

24 

Claremont 
Check Base 
Olney East Base 

Claremont 
Buffalo Mound 
Olney East Base 

Denver 
Union Hill 
Buffalo Mound 

Denver 
Onioii Hill 
Olney West Base 

Onion Hill 
Clarenioiit 

Denver 
26 [ Buffalo Mound 

Olney West Base 

27 

Deriver 
Buffalo Mound 
Clareriiont 

IS 
143 
IS 

5 

162 

I1  

9 
I 66 

3 

I O  

162 
7 

__ 
59 .-kI 

OS 43-18 
2 0  42.11 

30 33.F 

60 45 57'44 
IO1  ?4 39-14 

I7 49 15.39 

0 1  '97 
I 00 26.30 
2 16 21'57 

176. 43 12.00 

-- 

- 
59 'S7 

51 36 32.6s 
61 34 31.13 
66 $3 5 S . q  - 

ox -96 

CorreS- Spher- Syher- 

tions. angles., escess. 
ical ical 

I I  ; I /  . II 

+o.rS 15'63 0'07 
- o w  21-19 0.06 

+ o '37 23 '37 dw6 

0 '19 

-0.09 46.99 0'02 

4- 1'00 45'56 0 ' 0 2  

-0-26 27-51 0.02 

0.06 

-- .. . 

- 

- G ' O 2  33'41 0 ' 0 2  

-ko-gS 43'76 0 ' 0 2  

+ 0 '7s  . .p '89 0 '02 

' o '06 

-+n'27 5S.43 0.01 
S o . 3 1  15'20 0'02 

0 '05 
- 0 . 2 5  24'51' 0'01 

-0'56 11-65 0'02 

- 0 ' 2 1  23 $9 0 '02  

: 0.05 

-- 

+O'O7 46.42 0'02 . .  

- 

- 

-0 .2s 50.78 0'01 

- 0 ' 2 7  43-9s 0'01 

-0 '76 25 '2s o '02. 

0 '04 

-0.42 &.72'  o q .  

- 

-0'53 5 t  '91 0.0s 

' -0'77 14.62 O X X ~  
-- 

0 .25 
-0 '036 26 '264 o '004 
+o '634 22 '204 o '004 
-0 '456 I I '544 0 'oq 

0'012 

-0 '25 32-40 0.25 
$0'0~ 31 -15 0.25 

-0'95 57'20 0'5 

0 '75 

Distances 
in metres. 

6 593.7Sc~ 
I 1  903 $i 

14 751 '1.5 

IO 91s '37 
16 593 '25 
6 246.53 

6 '43 
11 go3 '63 
6 246.52 

5 154.37 

16 egg '25 
11 903 'h3 

I4 006 'SS 
I9 s19;75 
5 920.07 

7 97s -74 
13 737 ' 2 ~ .  

5 920'07 

16 S S o y  
1s.961 '62 
5 920.07 

6 os9 '47 
13 737 '22 

19 -SI9 '75. 

16 899.75 
IS 961 '62 
19 819'76 
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TRIANGLES OF THE OLNEY BASE NET. ILLINOIS, IS79, iSS3-S4--continued. 

No. Stations. 

2s 

29 

30 

31 

32 

33 

34 

Denver 
Olney West Base 
Clarernont 

Newton 
Claremont 
Denver 

Hunt City 
Claretnulit 
Buffalo Mound 

Hunt City 
Claremont 
Newton 

Ohlong 
Claremont 
Buffalo Mound 

Oblong 
Clarrnlont 
H.unt City 

OtJlOng 
Buffalo Mound 
Hunt City 

Observed angles. 

0 / / I  

50 36 06.38 
S3 22 26.26 
46 01 29'05 

$3 '61 
42 20 35'00 
35 22 00.91 

102 17 2j '36 

0 1  '27 

34 36 31 '20 

39' 4.3 53.41 
105 39 36'16 

00 'S7 
IOO 27 20.78 
24 16 01.10 . ,  

55 16 40'16 

02 .q 
- 

65 50 49.5s 
44 4p 4s.32 ' 

69 20 2I'SS 

59 -75 
- 

Correc- Splier- Syher- 
ical isal 

angles. escess. 
/ I  / I  / I  

-0.25 06-13 0'17 
+ 0 ~ 3  26-29 0'17 
-1.06 27.99 0 '17 

0 '51 
t-0.19 59.36 0'2s 

--I '13 12 $3 0.27 
-0.66 4S*Sg O'ZY 

__ 
0 'S3 

-0.06 41'66 0.13 

$-o-gS 25 -56 0.13 
+oS6 53-17 0'13 

I '19 
-0.75 30.45 0'26 
t-0'37 53'7s 0'26 
+0'2g 36'55 0'26 - 

0 ' j S  

-0'35 20'43 0.54 
-0.4s 00.62 0.34 

-0.19 39 '97 0 '34. 

$0'40 4995 0.21 

$0'69 49'01 0.21 

-0'24 21 *Q 0'21 

- 
I '02 

o '63 

Distances 
in metres. 

14 751 'I5 
IS 961 '62 
13 737'21 

IS 961 '62 
17 4S6.49 
23 630'13 

16 Sgy '25 

15 516 '39 
34 '27s '07 

23 630'13 

34 27Y-OS 
20 305 '% 

16 Sgg '25 
'9 01s '51 
2s 649 '61 

34 27S.07 
14 325'65 
2s Qg '61. 

1s 5-16 '39 
14 325 '65 
19 01s '54 
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PROBABLE ERRORS. 

Defmuiiiaiioti ef ihc prohibit- wroi-s if fhe it-ngfh of iht- s i k s  l-oninim f o  f h t  r i d  cind io fhe acl'jnretif 

For the side Hunt City to Oblong, as adjustecl, we make use of the expression 

- t-haiits et- triotigith~fioit. 

Hunt City to Oblong -sin (13-39) sin (49-45) _ _  sin (17-14) sin (33-32) . 
sin (15-11) sin (29-26) sin (23-22)  sin (20-1s) ' 

- 
O l n q  Base 

hence the fuiiction- 

F=logsin (43-49) +logsin (49-45)+1OgSiti (17-14) +log sin (33-32) 
-log sin (15 - 11) -log sin (29- 26) - log sin (23 - 2 2 )  -log sin (20 -1s). 

Establishing and solving the transfer equations, we find the reciprocal of the 

weight -=26'615, also the ineaii error iiiF, and the probable error rF, both expressed in 

units of the sisth place of decimals in the logarithm, viz, i!= 2'227 and f 1.502, 
respectively; hence log distance Hunt City to Oblong 4'156 114 2 aiid the distance 

14 325.65 metres. 

r 
P 

f I 5  
part of the length. The probable error is about ~ 

I 

257 000 f 0.05 
To this iiiust be added the proportional error depending upon that of the base 

measure, or fo'ooSg x - - f O ' O T ~  metre; hence probable error of length of side 

Hunt City to Oblong, J ( 0'05 )' + (o'org)' = f 0'05 metre. 

14326- 
6 591 

For the side Hunt City to Newton, we use the espressioii 

Hunt City to Newton-sin (43-39) sit1 (50-49) - sin (S-4) sin (16-112) 
sin (15-11) sin ( S - 7  ) sin (3-2)  sin (21-19) 

F= log sin ('$3 -39) +log sin (50 - 49) +log sin (S -4 )  +log sin (16 - 12) 

- log sin 15 - 11)  -log sin ( S-  7 ) - log  s h  (3-2)  -log sin (21 - 19) 

-- 
Olney Base 

Establishing aiid solving the transfer equations, we get 

r -- p-  zo'ssg, also iiig= f 1-97 and P - ~ =  f 1'33: hence 

log. distance Hunt City to Nen7ton =.4.307 632 I and distance = 2 0  305'89 metres. The 

part of the length; adding to this'the proportional error probable error is about ~ 327 000 

arising from the base measure, or f o.ooSg X - - f 0'02s metre, the probable error 

of length of side Hunt City to Newton is ,//o.oG)*+ ( O ' O ~ S )  = fo'o7 metre. 
We may also take without sensible error the probable error of the side Hunt City 

part, or ko.112, to which error must be added that propor- to Clareiiiotit as ~ 

306 000 

tional one due to the base iiieasure, or fo*ooSg >: &!-??!! = f 0'046; hence probable 
6591 

error of sklr Hunt City to Claremont = f 0.12 metre. 

f I 3  f 0'06 
I 

20306 - 
6591 

- 
I 

1S73z-No. 4-7 



GENERAL DESCRIPTION OF STATIONS FORMIKG THE OLNET BASE NET, ILLINOIS. 

' Ens/ Bast-, Jasper County, Illinois; established in 1S7g by the United States Lake 
Survey. This station, marking the east end of the Olney Base Line, is situated i n  
section 19, township 5 north, fractional range I I east, St. Marie Township, about 3; 
miles east and one-half niile north of the railway station of West Liberty, on the Gray- 
ville and Mattoon Railroad. The geodetic point is marked by a brass cylinder leaded 
into the top of a stone post of the usual form, set 24 feet below the surface of the 
ground, and surrounded by brickwork 3 feet square and 3 feet deep. Two side stones 
are set on a line at right angles to the direction of the base line, and at a depth below 
the surface of the ground of about 24 feet; one bears north I O  2s' west, distant 7-91 
metres, and the other south I' 2s' east, distant S.04 metres froni the geodetic point.* 
Three stone reference posts are set as follows: One bearing north 49" 49' east, distant 
361 metres; one bearing south 5 8 O  oa' east, distant 321 metres, and one bearing south 
35" 50' west, distant 20s metres from the geodetic point. The northwest corner of 
section 19, township 5 north, fractional range 1 1  east, bears north 77" 12' west,, and is 
distant about I 054 metres from the geodetic point. 

JI~~>st.Btis~, Jasper County, Illinois; established in 1S7g by'the United States Lake 
Survey. This station, marking the west end of the Olney Base Line, is situated ill the 
northwest quarter of the northeast quarter of section 21, township 5 north, range I O  

east, Fox Township. The geodetic point is marked by a stone post of the nsual form. 
set in a bed of brickwork 3 feet square, with its top 4 feet below the surface of t! e 
ground. Two additional stones are set on a line through the geodetic point perper- 
dicular to the direction of the base line and at a depth below the surface of the ground 
of about 4 feet, one bearing north I" 34' west, distant S'ol metres, and one bearinK 
south I O  30' east. distant S'06 metres from the geodetic point. Three stone reference 
posts are set as follows: Two on the south side of the road korth of the station, one 
hearing north .zo 45' west, distant 246.7 metres. and one bearing north 45" 32' east, 
distant 356'0 metres. and one bearing south 61" 00' east, distant 302.0 metres. An oak 
latitude post 17 inches in diameter, occupied in ISSO, bears south SS" 36' east, and is 
distant 16.1g metres. The northeast corner of section 21 llears north 67" 19' east, and 
is distant about 727 metres. 

B.tqj%lo f7fozrnd, Jasper County, Illinois: established in 1S7g by the Uniteh States 
Lake'Survey. This station is situated in section I ,  near the line between sections I and 
2, township 5 north. range 16 east. of the third principal meridian, Fos Township, on 
a hill known as Buffalo Mo~iiid, abont'Zf4 miles sgllthwest of the village of St. Marie. 
The geodetic point is niarkecl in the usual manner by two stone posts set one above the 
other. Three stone reference posts are set on the west side of the section-line road just 
west of the station, as follom: One bearing south 40' 46' west, distant -14.4 metres; 
one bearing north S7" 19' west, distant zS'g metres, and one bearing north 38" 54' west, 
distant 45'3 metres. The corner of sections I ,  2 ,  I I. and 12 bears south I" 29' west, 
and is distant 966 metres froni the geodetic point. 

Middle Brrsr, Jasper Count?, Illinois; established in 1S7g by the United States Lake 
Survey. This station, near the middle of the Olney Base Line, is situated in the north- 
west quarter of section 23, township 5 north, range IO east, Fos Township, about 1 - 1  

' 

~~ ~ 

*All benrings in the @hey Base Net  are true. 



TRANSCONTINENTAL TRIANGULATION-PART I-BASE LINES. 99 

. miles east and one-half mile north of West Liberty, a station on the Grayville and Mat- 
toon Railroad. The geodetic point is marked by a stone post of the usual forni, set -.) 
feet below the surface. The northeast corner of section 23 bears north 66' 18' east, 
aiid is distant about 712 metres from the geodetic point. 

Check Bast, Richland County, Illinois; established in 1879 by the United States 
Lake Survey. This station is situated in sectioii 6, township 4 north, range 11 east, 
Preston Township. The geodetic point is iiiarked by a hole in the top of a stone post 
set 2* feet below the surface of the ground, with a stone post set directly over it as a 
surface mark. Three stone reference posts are set as folloLvs: One on the south side 
of the road on the south of the station, bearing south I-.' 12' west, distant 22'6 metrgs: 
one at the northeast corner of the cemetery just west of the station, bearing north 3' 35' 
west, distant 73 metres, and one on the north side of the above roacl, bearing south 
So' -.I' east, distant 53'5 metres. The southeast corner of the German Reformed 
Church bears north 53' IO' west, and is distant 2 0 . 1  metres. The quarter-section stone 
of the west line of section 6 bears north 31' 44' west, and is distant 943'9 metres from 
the geodetic point. 

Oizion Hi//, Richland County, Illinois ; establishecl in 1879 by the United States 
Lake Survey. This station is situated in the northeast quarter of section 2, township 
4 north, range g east, Denver Township, about 5 miles southwest of West Liberty, a 
statiou on the Grayville and Mattoon Railway, 011 Onion Hill. . The geodetic point is 
marked by a stone post of the usual form .Ft 3 feet below the surface, with a stone post 
set directly over it as a surface mark. Three stone reference posts were set as follows: 
One on the south side of the road north of the station,.bearing north 33' 02' east, distant 
205.6s metres; one on the north side.of the same road, bearing north 25'  west, distant 
181.04 metres, and one on the west sicle of the road west of the station. bearing north 
84' 35' west. distant 354.02 metres from the geodetic point. The northeast corner of 
section o bears north 69' 25' east. aiid is distant 502.7 metres froni the geodetic point. 

Clni-enioiif, Richland County, Illinois : established in Is79 by tlie United States Lake 
Survey. This station is situated in section 29, township 4 north, range 14 west, German 
Township, about 3 i d e s  northwesterly from the town of Claremont. a station on the 
Ohio and Mississippi Railroad, on land belonging to the Brinkley heirs. The geodetic 
point is marked by two stone posts set one above the other, in the usual manner. 
Three stone reference posts, are set as follows : One bearing north 67* 33' west, distant 
233'1, metres; one bearing north O' 39' west, distant 7.3 metres, and one bearing north 
71' 45( east, distant 24'6 metres from the geodetic point. The northwest corner of 
section -.g bears north 60' 03' west, and is distant S47 metres from tlie geodetic point. 

Dower, Richland County, Illinois: established in 1S7g by the United States Lake 
Survey. This station is situated in the northwest quarter of the northeast quarter of 
section -. I ,  township 4 north, range g east,. Denver Township, about 5 3.i miles north of 
station Noble on the Ohio and Mississippi Railroad, on land belonging to Mr. Kinkade, 
living a little more than one-fourth mile east of the station. The geodetic point is 
iiiarked by a stone post of the usual forni set 3, feet below the surface of the ground, 
with a stone post set directly over it as a surface mark. 

Three stone reference posts were set as follows: One on the north side of the road 
north of the station, bearing north 15' 27' east, distant 344.92 metres; one on the east 
side of the road east of the station, bearing north 69' 35' east, distant 575'75 metres; 
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and one on the west side of the latter road, bearing south 70* or’ east, and distant 56S.15 
metres from the geodetic point. 

The corner .of sections 15, 16, 21.  and 22 bears north 5 S 0  52’east aiid is distant 
62S.32 metres. 

NEZCJ~OJZ, Jasper County. Illinois; ,established hy F. W. Perkins iir rSS3. This 
station is situated near the iiorth\vest corner of the southeast quarter of the southwest 
quarter of section 2 5 ,  township 6 north, range g east, Siiiallwood Township, about 4,$4 
miles south of Newton, the county seat. The geodetic point is marked by the apes of 
an earthentvare pyramid set in mortar 3$ feet below the surface. The surface mark is 
the intersection of two cross lines cut on top of a white marble post, 6 inches square 
and 2;5 feet long, projecting 6 inches above the’surface. The letters U.S.C.SG.S. are 
cut in the 4 squares formed by the cross lines. This post stands on a brick foundatidti I 
foot thick and 16:;; inches square and is solidly encased in brick to its top. From this 
point up. a height of 3 feet. the brick pier is hollow’aiid is capped by a marble slab 2 

inches tliick and 16;; inches square, with a small Iiole in the center to mark the station. 
At the top of the iiiarble post openings were left in the brickbyork in order that the 
cross lines ou the post could be seen. The whole height of the brick pier is 6 5  feet. 
Another brick pier 3 1  by 16j.G inches. used for latitude observations. was built about 50 
feet distant due west. Two marble posts 5 iiiches square and 2,!i feet long, with arrows 
on top pointing to the station, were set as reference posts, nearly west and in range, 
one 221.4 feet and the other I 5oS.S feet distant, beariiig (:true:! south Sgo 59’ west 
from the station. The following true hearings and distances were measured from the 
geodetic point: East lightning rod of I. Wilson’s lionse south go 13’ west southwest 
corner of section 2 5 ,  south soG 59’ west 607‘4 metres distant. Chimney of Mcillurray’s 
house north 5.1’ 26’ west. Chimney of 
Weaver’s house north 22’ 33’ west I 1S0.3 metres distant. Southeast corner of section 
25, south 71’ 50’ east I 217’6 metres distant. 

f%irL C?v, Jasper County. Illinois; e..;tahlislied in 1Y7g by the United States I+ake 
Survey. This station is situated in the northeast quarter of the northwest quarter of 
section 7 *  township 7 north, range 1 4  west, Grancloille Township. about I O  miles iiortli- 
east of Newton, and about three-fourths mile northeast of Hunt City, a small station on 
the Danville, Olney and Ohio River Railroad. The geodetic point was iiiarked By a 
stone post of tlie usual form, set 3 feet below the surface, with a stone post set directly 
over it as a surface mark. Tliree stone reference posts were.set as follows: Two 011 the 
south side of the sectioiiiline road north of the station, oiie bearing north 33” 52’ east, 
distant 334.71 metres, and one bearing north 9@ 54’ west, distant 2S2-62 metres; and 
one on the east side of the section-line road west of the station. bearing south S5’ 33‘ 
west, aiid distant 67S’SS metres from tlie geodetic point. The section corner at the 
northwest corner of section 7 and southwest corner of section 6 (above township) bears 
north 66,’ 46‘ west, and is distant 749’0 metres. The section corner at. the southeast 
corner of section 6 and tlie northeast corner of section 7, township 7 north, fractional 
range I I  east, bears north 67’ 05’ west, and is distant 747’0 metres from the geodetic 
point. 

Obloig-. Crawford County, Illinois: established in 1S7g by the United States Lake 
Survey. This station is situated in the southeast quarter of the southeast quarter of 
section 32, township 7 north, range 13 west, Oblong Township. The geodetic point is 

Chiiiiiiey of schoolhouse north 4.6’ 20’ west. 

These two section corners are 4’56 metres apart. 
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marked in the us@ inantier by t y o  stone posts set one above the other. Three stone 
reference posts are set along the east side of the road west of the station as follows: 
One bearing south 4 4 . O  15' west. clistaiit 1 2 5 . 7  metres: one bearing south 75' 32' west, 
distant 90.0 nietres. and one bearing north 6 5 O  13' west. distant' 9 7 . 7  metres from the 
geodetic point. The first reference post iiientioned is set iiear the land-survey stone on 
th,e south line of section 32. one-fourth mile west of the southeast coriier of the section, 
the land-survey stone bearing south 46' 23' west, and being distant 131 metres from 

, the  geodetic point. The southeast corner of section j2 bears south 73' 42' east, aiicl is 
distant 31,506 iiietres from the geodetic point. 

c,d', El Past B(~st  Liiit-, C o l w t r t l ' o .  1S79. 

1,OCATION. MWSUREI\IENT. AND LENGTH. 

This base is located on the eastern slope of the Rocky Mountains, in El Paso County, 
A r.econnaissnnce macle by Q. H. Tittmaiin, Assistant, Coast aiicl Geodetic Colorado. 

S u r v e y ,  i n  August ,  
I S ~ S ,  resulted in these- 
lectioii of the site about 
@ kilonietres ( 3 0  stat- 
ute ,miles) east north- 
east of Pikes Peak, with 
the middle point in ap- 
prosiinate latitude 3S0 
5s' and longitude I O ~ O  

31' west, a 11 d a 1) o LI t 
3 063 m e t r e s  ( 6 7 6 s  
fee t : )  a b o v e  the sea 
level. I t  is. the most 
elevated base line 011 

the arc. The length is 
n p p r o  s i  niately I I '29 
kilonietres i 7 . 0 2  stat- 
ute \miles) and the azi- 
muth East Base to West 
Base  a b o u t  1o2O.s. 

Tlie line is on the table 
l and  s o u t h  of t h e  
clivicle between the val- 
leys of Monument aiid 

NO. 7. 

S t a n k  Miles 

Xilometres 

c - -  
0 b 10 15 ' 40 

c b-4 I- 3 
5 0 5 10 15 20 85 u) a5 50 

Bracket creeks, with a gerieral slope of the gro~incl upward from east to west, the 
\vestern terminus bring nearly I 72  metres above the rasterti one. as  detrrinined hy two 
lines of spirit levels. The line was free of all obstructions, such as trees, shrubs, fences, 
or buildings, and requirecl 1 1 0  gracliiig whatever; the ground was clry, gravelly, and 
sancly aiid coeerecl with a short growth of grass. The line crosses the dry bed of 
Squirrel Creek and a few gulches and running springs. :4 masonry inoiiunient on the 
Townsrid Ranch inarks the east end, another like it on the old Pugsley Ranch the 
west end. The underground marks are two granite posts, set it1 cement and one above 

, 
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the other. Each has a hole .drilled in its upper surface, filled with'lead with a copper 
tack driven into it; a line drawn on the head of the tack marks the terminal point c.f 
the base. The monuiiieiits are of brick, about a metre high, and capped with a stone 
slab 15 centimetres ('6 inches) thick. 

A prelimiiiary measure was made with a 60-metre steel chain, and stubs were placed 
in alignment subdividing the line into 54 sections. The base was measured twice. 
once forward ancl once backward, by Assistant Tittmann. mith the 6-metre coiltact-slide 
steel roils Nos. 3 and 4, between August 7 aiicl Septeiiiber 1q 1S79. This apparatus 
was macle by E. Kubel, of Wa'shitigton, District of Columbia, in June, 1S7S, and was 
employed here for the first time. A description of this kind of apparatus will be 
found in Appendis No. 1 7 ~  Coast andGeodetic Survey Report for ISSO, pp. 341-345. It 
embodies the principle aut1 construction of Colonel Mudge's apparatus,* but received great 

Na. 6. 

Projecting Ledge at end surface I3 
improveiiieiits in the hands of 
Assistant J. E. Hilgarcl, as stated 
by him in the above appendix. 

Lcizgfh of- fhe roaf~n-f-s/i& r d s  
Nos. 3 a m 1  $.-These rods are 
agate-capped and about S milli- 
metres in diameter. They were 
compared at the Survey Office 
with the standard iron 6-metre 
bar No. I ,  by Assistants H. G. 
Ogdeii a i d  0. H. Tittmann. iii 

May, IYjg, &id again after tlie 
return of the rods from the base 

measure by Assistants Ogcleii and S. Foriiey in November, 1879. The &meter standard 
bar No. I-dates from March, 1S47, and was made for standardizing the Baclie-Wurcleiiianii 
compensation base apparatus, last used in 1573. The length of this eiicl standard t was 
'determined at  various times, in rS'47 by J. Saston and A. A: Hu~iphreys, in 1853-54 by 
J. Saston, in 1S60 by J. E. Hilgard ancl W. I,.' Nicholson, and in '1S77 by H. W. Blair. 
These last comparisons are dependent on six new steel metres s p e h l y  constructed for the 
purpose, and being the most elaborate and nearest in time to the base measure, their result 
alone is given here. Extensive observations were made at the Smithsonian Institution 
between Febr;ary and April, IS60, for the determination of the coefficient of espaiision. 
For an account of these observations, as mdl as of the standardizing of the bar, see tlie 
description given by Assistant Hilgard in Appenclis No. 26, Coast Survey Report for 
1561. The range of temperature during these observations was between oo and 38' C. 
( 32 to rooo F. j ,  with resulting coefficieiit of espaiision o'ooo 01 I 54 for the ceiitigracle 

scale (o*ooo 006 4.1. for the Fahrenheit scalej. The observations of February ancl March, 

1S77, for length of 6-metre standard, consist in the first place of comparisons of the 6 
steel-end $metre bars (Nos. I ,  12 ,  13, 19, -1S, 35:) iizfcr se', ancl of No. 19 with the 

. 

, 

. 

f 4  

* 2  

- 
* l'riangulation of Eiiglaiid and Wales. etc. VOL I. London. tiag, plate ir. 
t Projecting ledge at elid surface. (See above cut.) 

Alxittiug elid cylilidric atid of I ! ;  iiiillinietres radius. (See a1nx.c cut.) 
4 
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Coiiiniittee Metre; aiid, secondly, of comparisons of length of the' 6 metres joined, coii- 
tacts secured by sp,rings, aligned, leveled, and duiy supported with the 6-metre bar. In 
these comparisons se!reral therniotIieters were used. They were properly distributed 

.and corrected for indes error aiid defect in graduation, besides the i T / ( z f i w  positions of 
the various bars were systeinatically changed: the average temperature was about 
7 $ O C. (45% O F. 1. Sastoii's reflecting comparator (called pyrometer j was used for 
tlie differential iiies1sures. At the same time a copy of the 6-metre standard, kiiowti as 
No. 2.:k cut to length in February, rS.55, was standardized in the'saiiie manner and corn- 
pared with No. I :  it  was found to be 24.7~ (microns) longer than No. I (both at 
5O.1 e.:). The coiiiparisoiis of rS6o give the result: Length of the 6-metre iron 

standard No. I = 5.999 940 7 at o°C. 
f S  

and of No. 3 = 5'999 gS2 3 at 0°C. 
f I  0 , 

111 

. 

From 'the coniparisons of 1877 the following results t have beeii deduced: 
111 0 

Length of 6-metre iron standard No. I = 5.999 954 7 at  o C. 

Length of 6-metre iion standard No. 2 = 5'999 9% 6 at o C. 
* 2 5  

f. I O  

An .additional value for length of standard No. . I  is obtained froiii comparisons 
inade by Assistant C. A. Schott in August and September, IS?. at the Survey Office in 
connection with the standardizing of a 5-metre staiidard to which was joined a siiigle- 
inetre bar, both of knowii length,$ whence we have length of 6-metre standard' No. I 

111 0 

5.999 gq j  I at o C. For final value of length of this standard we take the weighted 
f 4 6  

mean of the three values of 1S6o. 1S77, and I Q S ~  with their weights ;<, I ,  and 5;. 
respectively, aiid find length of standard No. I = 5'999 949 at o C. Comparisous 

f 3  
made in May aiid November, 1S79, of the 6-metre contact-slide rods Nos. 3 and 4 with 
standard No. I gave the following results: 

ni 0 

May 17 and IS, rS7g. H. G. Ogden and 0. H. Tittman, observers. 
111 I) 

Length of No. 3 = 6 'MI 076 at 17 *zS C. 

Length of No. 4 = 6 'OOI 142 at 17 .zS C. 
* 5  

& . r  

November 26 an3 2s. 1S79. H. G. Ogden and S. Forney, observers. 

111 

Length of No. j = 6 'MX) 514 at 7 '74 C. 

Lriigtli of No. 4 = 6 '000 476 a t  7 '7.4 C. 
* - I  

- c 4  
~ 

*AII end tileasure without projecting edge. 
+The observer's result was: Length of standard, 5 ' 9 3  9$ j metres at 00 C.; but a discussion of March. 1S3. gave 

1 Appeiidix Nu. 7, Const and Geodetic Survey Report for 185:. pp. 137-rjS. 
the result iii tlie test. 1 - 7  



Observations I For 6-metre standard No. z 
' in March, For 6-metre bar No. 3 

For 6-metre bar No. 4 1897. 

Mean Mean 
Differ- 
ence 
from 
mean. 

t e ~ .  F. telnp. F. NO. of Corrected Corrected 

FOT- Back- I:ms. forward. backward. 
Section marks. Wrr'd. ccm'd. (average) distxlicc. distance. 3reati. 

ward. ward. 

o '000 OII 2.5 for the C. scale 
O ' i o o  011 49 
0.m 011 1 1  

East Base to A (day) 
[night) 
(night) 

A to B (day) 
E to h (day )  , 

A to B (night j 
E to C [day) ' 

C to B (clay ) 
P, to C (iiight) 

111.. .l11111. 

I '39 
q o * o 1 3  T I  0.02 

1 '37 
o .26 

rgs '023 33 I 

I '75 

I .60 
222 '032 OS I -76 

j, *.6 
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St-cfiorr I I i t - m I 1 I s - s  of t h ~  El Puso ,G~st--Continued. 

Section marks. 

C to D (day) 
D to C (day)  
C to D (night) 
D to E 
E to F 
E to G 
G to H 
H to I 
I to J 
J to I< 
E; to L 
L to Ridge 
Ridge to E1 
Rl to N 
N to 0 
0 to P 
P to Q 
Q to R 
R to S 
s to Signal 
Signal to T 

u tov 
v to \v 
w to x 
s to Y 
I' to z 
Z to Gulch 
Gulch to Range 
Range to Dot 
Dot to Spring 
Spring to Road 
Road to 11 

*r to u 

I t  p 
f i  to y 
?' to 8 
6 to e 

e t o 6  
6 to 
' I  to 0 
0 to 1 

Mean Mean 
te'llp. F. F. No of Corrected Corrected 
corr''. c ~ T ' ~ ' .  (areiage) distance. distance. 
For- Back- bars. forward. backward. 
ward. ward. 

Differ- 
ence 
from 

menri. 
Mean. 

111. 

204 '023 61 

276.030 90 
19s '003 99 
2 I O . O I S  54 
192 -027 S; 
222 '045 39 

rSo'o21 51 
203 'gS3 63 

215 '975 74 
203 *5S4 jS  
174 .azo og 
192 '00.1 3; 
204.'005 j0 

203 '976 9s 
322 '027 16 

2 4  '032 47 
239 '994 56 
2 q  '02' 0 2  

2~ '041 91 
204.04s 32 

204 '0; I 69 
204 '031 44 
204'QII 33 
203'041 33 
186.055 Os 
264'007 27 

204 '034 52 
144 ' ~ 6  87 
ryS '01 7 63 
294 m 6  6 2  

192.026 25 
222 '004 66 

234 '05s 32 

192 mj7  58 
210 2 0  

203'992 75 
203'995 14 
210'029 31 
Z I O ' O ; ~  40 

111111. . 
0.32 

I '79 

o '30 
I '5s 
0 .os 

I '40 

o '62 
0'15 
I '42 
0 '50 

I S I  

o -92 
0 *os 
0'77 
1 '37 
I '15 
0'37 
0 . 7 1  
1 '65 

0'73 
I '74 
o '"9 

0.40 
0.14 
I '72 

0.43 
0 '42 
.o .40 

I '53 
2 *04 

I '23 

I '23 
o '70 

0 '69 
o .64 
0 -94 

2 '10  

0'10 

2'11 

0 '01 

0 . 0 2  
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St-t.tioii nwnsit1.ri qf I/Ic E/ ~ r s o  Btrsr-continued. 
Mrari Mean 

temp. F. temp. F. NO. of Corrected Corrected 

For- Back- bar,. forward. backward. 
ward. ward. 

Differ 
ence 
frain 

mraii. 
Section marks. corr'd. corr'd. (average) distatice distance. ivean. 

2 t0K 
K to A 
A t o p  , 

kt to Y 

1' to 5 
<. to  0 

57 top  
p to d 

0 to 7c 

(I to r 
i- to v 
u to West Base 
u to West Base 

West Base to v , 

West Base to L' 

East Base to West Base 

111. 

203 '9S7 97 
339 '977 s4 
346'033 Q 
167 *9j4 SS 

143 '999 79 
239,966 23 
21o*aog 30 
215'952 02 

203 *gSJ ss 
2x5 '977 46 
T73'97-1 05 

I s92 1 I 752 523 09 

'111 111. 
0 .gS 
0.5s 
0 -00 

0 .JI 

0 'S3 

0 '53 
I 'ng 

o .63 

0 '44 
4 '62 
2 '57 

0 'IO 

0 

The forward and backward measures of the subdivisions were frequently macle with 
greatly clifferelit aveiage temperatures, yet wlien we compare their respective sums we 
find I I  292.533 I metres and I I 2g2.81 j 7. showing the small difference of 17.4 inilli- 
metres. 

The matter 3s to whether the thermoineters indicate the true teiiiperature of the 
rods has been inquired into, and it seeiiied as if the rods were lagging somewhat beliiiid 
the thermometer, indications. but there are so many esceptions to this that no satisfac- 
tory result (numerical value) could be deduced. 

For the reduction of the length of the E1 Paso Base line to the sea level we have 
the following data and results: 

The provisional value for heiglit of the St. Louis, Missouri, bench mark is at present 
taken as 125% This mark, know11 as the City Direc- 
trix. is identical in level with the be1ic.h mark K3 on the St. Louis great bridge. They 
are referred to the nieaii level of the Gulf of Mesico (and probably also to the Atlantic 
Ocean at Sandy Hook, New Jersey,, within the assigned probable error:), 

The difference of height between the St. Louis bench mark K3 and top of base 
monument marking the west end of the El  Paso Base, as derivecl from spirit leveling in 
1 ~ ~ 2 - s ~  and xSgr-gj-g6-97-gS, a distance of I 437 kilometres nearly, is ~h = 2 o40*g1 
f 0.044 metres or 6 695'59 f 0.15 feet. Hence the height of West Base Monuiiieiit 
(,top*) above sea level is 3 166'7 f 0 '25  metres or 7 105.6 =!= o'S feet. In August and 
September, 1S79, J. B. Weir rail a line of spirit levels over the base and found the East 

o'zj metres or 412.7 f o'S.feet. 

-___ - _ _  . . .. - 
*Top ahwc growid 1.05 metres. 
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Base Monument (,top*:) 172.14 metres or 564'76 feet below the West Base Monunietit, 
whence the height of East Base Monument (topj is I 994'56 metres or 6 543.8 feet. 
From IO equal subdivisions of the base its average height above the East Base NIoiiu- 
nient (topj was found to be 66'86 iiietres or a19.4 feet: hence the average height of 

' base line .is 2 061'4 metres, or 6 763.1 feet. . T o  the.al>ove height we must add the 
elevation of the base bars above ground or 1.25 &res (4.10 fret!: lieiice the filial 
result for height of base above sea level is h = 2 062'65 metres or 6 767.2 feet with 
an estimated probable error of =k 0'5 metre or =t I '6 feet. I n  latitude 39' and azimuth 
1 0 3 O ,  log. [radius of curvature] or log p = 6'Sog 19 aiid the reduction to sea level -f 

Ih IF _-  + -- 
p p hecoiiies - 3'646 7 n i e t r e s  =t 0'000 y metre 

hence wit;! the measured length of the base d = I I 2gz'S2j I metres the final or reduced 
base L = I I 289.176 1 metres a i i d  its logarithm .+'os2 662 26. 

The probable error of measure of the base is: 
111111. ' 

For the part between East Base and D, where the number of measures is three & I '57 
' 54'57 * 1 '24 

For the part lying between D and Upsilon from double measures 
And for the reiiiaining part to West Base 

Total for length of base , . -t- 4'99 

The probable error due to ~ulcertainty in the length of the .rods is 18Q2 j< 6,u 

The probable error produced by an uncertainty of one-half metre in the value of 

Coiiibining these prohalde errors we get for the base. 4 (,4*99:)'+ ( I 1-2g:)~+ (o*go)' 
= ~ a * $  millimeters, which is about G T $ ~ v r  part of the length and corresponds to 
tlie logaritliiiiic difference e M I  = f 4's in units of the seventh place of c~ecima~s. 

This may be taken tCJ represeiiit' the error of nieasure and of reductjon to sea keel, 
coiiibining it with the probable error clue to 6ur practical unit of length, the Committee 
Metre, taken as 
part of the length. 

' 

= =k I I '29 millimetrrs. 

the elevation of the base above the ocean =t 0.90 niillimetres: 

. 

- 
i / i ,  we get J ( 1a'4:)= + c , s . s ) =  = f 15.0 milliiiietres, or about 752 

111. 

Resulting length o f  the El Paso Base 

aiid its logarithm 

1 1  289.176 1 
51 .5  0 

4-052. 443 36 
c ss 

~ ~ 

* Tnp ahore groniid 1.06 metres. 
this rerli~ctio~i aswell as to its probableerror attachestheuncertaintydue toanyerror in the radiosol corratilre 

Strictly speaking. to the height should be added the elesatiori of t k  eqiiipotetitial surface or the reference spheroid. 
[to \vhich spirit levels necessarily conform) under El Paso as produced iiilaiid from the sea level. 
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I 

z 

3 
4 
5 

ABSTRACTS OF RESULTING HORIZONTAL DIRECTIONS. OBSERVED AND ADJUS'rED. FORhIINO THE 
EL PAS0 BASE NET. 1879-h ISg5. 

El P~KSO Emf Birse, El Paso County. Colorado. September 29 to October 13. iS79. 30-centimetre 
theodolite. No. I&. 0. H. Tittmaiin, observer. 

Correc- ,=:..", 

0 1 I1  I I 1 I I ,  I ,  

Azimuth mark 0 oc, 00'00 

Holcolni Hills 6 j  .IS 34.45 +o.ro 34.55 -0.652 33 S9S 
Big Springs 141 17 47.36 -0 .12  47.24 $0'S64 J S ' I ~  
Corral Bluffs 229 5 j  10.4s $O. t3  ro'61 -0.216 10'j9.+ 

Divide 3-10 5s 34.49 -0.09 34 '40 +0'@55 34'455 

El PasoWest Base 2Q2 or '59 . -0 .06 vi '53 -o '051 CII '479 

11 

12 

6 
7 
S 
9 

l 

Divide ' 15 36 S"41 
El I'aso Bast Base 4s og 1 7 3 7  

0 / / I  , Divide 0 m m w  

Holcolm Hills . 50 45 56'46 
E1 Paso East Base 69  55 e2.Q 

Corral Rluffs ~ 4 8  54 j 5 . S  
Bear Creek ' 202 33 37 '97 
Glen Eyrie 219 44 -'4'0.5 

13 
14 

Prolmble error of a single o\servation of a direction D. and A'.') = 1".12. 

G~ri-tzl Bluffs. El Paso County, Colorsclo. 
No. I&. 

Xovember 2 to Novembcr 6, 1B75. 30-crntirnrtre theoildite. 
0. H. Tittmann, .observer. 

Holcolrn Hills 56 40 1 1  '06 -+0'13 11 .15  ' +o'og7 11.287 
Big Springs 112 06 29'6s -o'og 25.59 fo.065 29'655 
Bear Creek 255 7 5  13'89 
Glen Eyrie 275 IS 41 '66 
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15 
16 

17 
15 
19 

ABSTRACTS O F  RESULTING HORIZONTAL DIRECTIONS. OBSERVED A N D  ADJUSTED, FORMING THE 
Er, PASO BASE NET. 1S79-So, 1S~5-coiitinued. 

July 20 to August 16, IS-%. 
. .  

N u b ~ o l ~ i ~  Hills, .El  Pasn County. Colorado. jo-centimetre theodolite. 
No. 10s. 0. H. Tittmann, observer. 

0 f I t  I ,  I I  I f  I f  / I  - 
Holcolm Hills 0 a3 OO'IIUXI -0.11 59.S9 $0.191 oo.oSr 
Big Springs j 3  19 299190 fo-134" -0'114 29'076 -0.926 3.3.150 

El l'aso East Base 46 47 59'57 -0.0s 59'79 + ~ ' 4 9 2  60.282 
Corral Bluffs SA 14 I-r '24 +ox& 11.32 -0.314 rr.006 

Pikes Peak 1.26 59 1gyS0  ' 0 . 1 1 1 ~  +0.240 20 '220  

Bison IJeak 16s 39 32'642 o.oSS* -0.104 j2'5j8 

El Paw West Base 9s 42 24.31 $0'13 4 . 4 4  SO'S57 24'997 

No. of 
direc- 
tioii. 

20 

21 

7 -  -- 
., . 
-.I 

2s 

I f  ' I f  0 I / I  f I  

Holt o m Ix,'oo +0.03 oo'oj 

Square Rlnffs 29 14 12.37 -0.0s 12.29 

R ig  Springs S6 36 2 7 %  -0.05 27.53 -0.370 27.460 
Corral Bluffs 156 28 04'74 $0.12 04% -to'457 05.317 

El Paso West Base IS1 JS 5s.15 +o.o3 ~ S ' I S  $0'265 55.145 
Divide 312 IO j 6 . Q  -0 ' I  I 36 '73 . -0.162 ;6..56S 

E1 Paw East Base 165 4s ;;S5 +O '09 35 '94 -0.190 35 '750 

IJrol,aljlc error i*f a single abser\:atioll of a direction ( j D. and 3 R. ) = c o"51. 

Corral Bliiffs 
El Pa.m East Base 
Divide 
Holcnliii Hills 
Square Bluffs 
Crainers Gulch 
Dry Camp 
Plateau 
Pikes Peak 

/ I  

-0 'IO 

-0 '13 

-Q'J37 
-0 '0.5 

f o  '06 
-0 'IO 

-0 -040 
f o  -10s 

-0 *os3 

*Directioiir iiiarked with I * dcpciid 011 tliu 1".olmI-.lc error 2= 8?'''1:4 of Biz Springs duriup the secotid oCciipatiOli. 
t Directions iiiarked with o. t clepeiicl oil the probable error + o"'115 of Divide duriiig the secoiid occupation. 



I 

2 

3 
4 
5 
6 
7 
S 

9 
I O  

I1 

I2 

I3 

14 

Correc- 
tions. 

- f I  + I  -1 -1 

--I +I + I  

---I -1 +-I +I 

-1 + I  - 1  

+ I  . . .  + I  ... --I . . .  ... -1 ... 
--I 

-1 

+ I  --I +I  

... -1 ,... ... ... ... ... . . .  ... 
+I 

--I 

+I + I  -1 -1' 

+I 

' +I  

. . .  ... ... ... --I ... ... ... ... . 
-1 

-1 --I +I +-I 

+I 

+I 

... ... ... ... ... ... ... ... --I 

-0 '77 

+I 'IS 
-0 .41 
-1 'sg 

+3 '30 
-1 .qr 

. . . . . .  

--I '20 

+2 'SS 
--I '65 
. . . . . .  

. . . . . . . 

- 6'06 
+ 6.47 
- 0.41 
- 1 5 9  

t 15 '95 
-14.06 

. . . . . . . . 

. . . . . . . . 

. . . . . .  
-0 '77 
+6 '06 

-5 '29 

. . . . . .  

--I .gS 

+3 '63 

-I '65 
...... 

. . . . . . . . 

. . . . . . . . 
- 3.30 

+ 4'33 

- I 
. . . . . . . . 
- b.79 

- 2 ' S S  

-t X I  -64 

. . . . . . . . 

..... 

* Niiniher of conditions in the net 1.1, of which 9 relate to the slims of nrigles and 5 to the ratio of sides. 
The side equations are established with S places of logarithms and differences of I" are cut of€ at the sixth place. 



TRANSCONTINENTAL TRIANG ULATION-PART I-BASE LINES. I I I 

-1 

--I -1 +I +I  

+ I  

+-I 

... ... ... ... ... -1 . . .  ... . . . .  
+I --I -1 

+ I  
\ +-I 

- 1 2 ' b  

+20 '22  -5.41 + Z . - I I  

- 7'42 +7'J2 
-2 'DI  -2 '01 

........ . . . . . .  - 4'06 -4'06 
+23'43 +S'J4  
-19'37 

-4 'OS 

+ 0.073 I + 1'243 I 

(6 )=-0 '~63  4 (m)=-o'37o I 

(7)=+O'715 7 . ( 2 1  )=+O'457 .2 

(S)=-0'<65 S ( ? ~ ) = - O . I F  3 
(9)=+0'213 6 (23)=$0.265 3 

3 of + corr's. =4 '643 4 . (10')=+0'042 J (24)=-0'162 I 

2 of - corr's. =4 '653 2 (11)=-0.162 I !25)=+0.002 5 
(12)=-0'042 3 (26)=-0'267 9 

-[wC] =4'Sgj 6 (14)=+0'065 I (2S)=+0'635 S 

C6=-o-~g3 I C,,=+o'o46 04 
C,=-O'O~I 4 C,,=-o'o59 320- 

I 

and  pi^] = 4 'S93 7 (13)=+@'097 0 (27)=-O'37,O 4 

Mean error of an observed dii-i*ctiiw 111. =. J@J = t o'"59 where f r  = number of conditional 

equations; mean error of an angle 111 = l i i l  d?= & o".Sq, also probable error of the same = ~ 0 / / ' 5 6 .  
I 
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TRIANGLES OF THE EL PAS0 BASE NET, COLORbI)O. IS7g-ISgg. 

NO. Stations. 

Divide 
El Pau7,East Base 
El Paso West Base 

Corral Bluffs 
E1 Paw \'Ted Base 
El Paso East Base 

Corral1 Rluffs 
E1 Pax, West Base 
Divide 

Corral Bluffs 
Divide 
El Paso East Base 

Holcolni Hills 
Corral Fluffs 
El Paso East Base 

Holcolrri Hills 

El Pa.w West Base 

€Iolcolm Hills 
Corral Bluffs 
Divide 

I Holcolni Hills 
S El  Pa& East Base 1 E1 Paso West Base 

9 

Spher- Spher- 

tion. angles. escess. 
Observed angles. ical ical 

Holcolm Hills 
El Paso East Base 
Divide . 46 47 59'90 

00 .s3( 

s. Distance in 
metres. 



TRANSCONTINENTAL TRIANGUL.~TICIN-T'.~RT I-EASE LINES. I I 3 
TRIANGLES OF THE ET. PASO BASE NET, COLORADO, rS~g-~S~~--Co~it i i t i i r i l .  

No. Stations. 

I 0  

I 1  

I 2  

Holcoltii Hills 
El Paso WCst Base 
Divide 

Big Spriiigs 
Corral Bluffs 
El Paso East. Base 

Correc- Spher- Spher- 

angles. excess. 
0l)served angles. ical ical 

Big Springs 
Corral Bluffs 
Divide 

Rig Springs 
Corral Bluffs . 

Holcoliii Hills 

Rig Springs 
El Paso East Base 
Divide 

Rig Springs 
El Paso East Rase 
Holcolni Hills ' 

Rig Springs 
Divide 
Holcdni Hills 

no '99 

Log. 5. 
Distance in 

illetres. 
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Big Springs to Divide - sin lg - S )  sin (5 - 3 )  sin ( 14 - I I ) -- 
El Paso Base - sin ( 1 2  - IO) sill ( IS-  17) sin (27 - 25) 

Take F = log sin ('9 - S) + log si11 (5 - 3)  + log sin (: 14 - I 1') - log sin (.I 2 - I O !  

- log sin ( , IS  - 17.) '- log sin - 2s 1.  

Establishing atid solving the transfer equations, we find tlie reciprocal of the 

weight or - = 7'545; .also, the mean error inF and tlie .probable 'error rP both 

espressed in units of the sistli place of cleciilials in their logarithms, viz, f 1-62 and 
f: 1.10 respectively. Hence log. distance Big Springs to Divicle 4'623 055 03, and the 

leiigtii of the side in metres 11 gS1'6o. The probable error equals about T3&vv part 
f 106 

of the length. 

I 

P 

+ I  Io 

To this must be added tlie uiicertaiiity arising from the base measure. viz, 
41 g S 2 .  
I 1  2sg 

,< 0.015. Hence we have- ' 

Probable error of leiigtli of side Big Springs to Divide \I(*106)'+ ('056)' 

The probable error of the side Hnlcolm Hills to Big Springs may without sensible 
= f 0.120 metre. 

error be taken as f: 3vB1Bvv of tlie length aiid =t 2u >, 0'015. Hence- 
I 1  2sg 

Probable error of length of side Holcoliii Hills to Big Springs 1, ( '070 )' + ('03s J' 

= f: O'OSO metre. 

GENERAL DESCRIPTIClN OF STATIONS FORMING THE EI, PAS0 BASE NET. CnLOKhD1.i. 

E/ Poso Lost Bast,. El Paso County: establishecl in 1S7S by 0. H. Tittmaiin. This 
station is situated 011 Muuson & Hamlin's ranch, coinnionly known as the Townsend 
rauch, which is included in the southwest quarter of section 33 a i d  tlie southeast quar- ' 

ter of section i z 3  township 12  south, range 63 west of tlie principal iiieridiaii. The 
west gable of Munsoii Sr Hnmliii's barn bears north 14' 35'03 east, and is 376'6 metres 
distant from the geodetic point. The underground inark is a line on a copper tack in 
a leacl plug in clrill hole in the toy of a granite post, I foot square aiid about 2ji feet 
long, set in cenieiit. tlie top of the post 1)eiiig 3:; feet lielow tlie suri'ace and liaviiig tlie 
letters U.S.E.B. cut on it. Over this about 6 iiiches.of earth was packecl. then a 6-incl1 
bed of concrete, on which a siniilar granite post, marked in' the saine way. 'was set as a . 

surface mark. Around this a brick pier, rising about -?,!.< feet above the surface was 
built and capped with a so-called lava stone about 26 inches square and 6 inches thick, 
having upon it tlie letters U.S.E.B. Arches at right angles to each other run through 
the pier a few inches above the ground, in order that tlie iiiark on tlie surface stone caii 
be seen. 
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El Paso lPkt BCZSC, 13 Paso County; established in 1S7S hp 0. H. Tittmann. This 
station is about 15 miles northeast of Colorado Springs ancl about I mile north of the 
sheep corral and main spring of water of the Pugsley ranch, so callecl. The moiiuiiieiit 
stands 011 a knoll somewliat higher than a similar one to the southward and lower than 
a knoll to the northward of it. The geodetic point is marked in a manner esactly 
similar to that of East Base, escept that the letters W.B. are substituted for the 
letters E.B. 

This station is 
situated on the western end of the middle atid largest of three sinal1 hills or buttes rising 
more than 150 feet from the plateau, near the head of Bracket Creek, about 5 miles 
southwest of Bijou Basin post-office, about 3 miles east of the town of Eastonville on 
the U.P.D.B G.R.R., and about one-fourth mile south of the !duffs forming the southerii 
edge of a large plateau or mesa. The undergroutid mark is a flat stone about IS inches 
square, I O  ijiches thick, irregular in shape, and sunk about IS inches helorn the surface. 
A cross cut on lead run into a hole I ;..i inches in diameter marks the geodetic point. 
Four reference stones were set in the ground north, east, south, and west approsiniately. 
Lines clra~vn froin the leaden bolts in these stones iutersect at the geodetic point. The 
marks in the lead in the north and east stones are each distant 5 feet I I ?i inches, and 
those in the south and west stones 6 feet one-eighth inch from the center. The surface 
mark iiow ( 1S9g) consists of the capstone of the former stone pier, 20 iiiches square and 
6 inches thick, having a hole I inch in diameter and 3 inches deep in its center, buried 
flush with the surface. 

This 
station is situated ou the edge of the bluffs forniing the northern honiiclary of what is 
kno\vn as the " Big Corral," a natural formation used to pen up cattle during the 
" rouncl-ups." It is on the highest land in that imined.iate vicinity, ani1 commands a 
view of the plains as far south as the Arkansas River. Soine of the houses in Manitou 
are visible froin liere as well as the rocks forming the entrance to the ' *  Garden of the 
Gods. ' ' 

A solicl brick pier, capped with a hewn stone, n7as built over the underground 
mark at this station. The top of the capstone is ~ ' 2 7 6  metres above the surface of the 
ground. 

This station 
is on tlie highest land bordering the valley of Bracket Creek on tlie east. The knoll on 
which it is located overlooks the plains toward the west and the head of the valley of 
the Big Sandy toward the northeast. To the eastward the land drains into Horse 
Creek. 

The uiiclergrouncl mark is a cross cut on lead run into a hole clrillecl in the npper 
surface of an irregular stone, about I Z  by IS by IS inches, set 3 feet below the surface. 
The letters U.S. A T S .  are roughly cut on the stone. 
' The surface iiiark is B hole filled with lead on the upper surface of a large irregular 
stone about 2.5; by j by I '4 feet in size, also having the letters U.S.T.S. cut on it. 
Four smaller stones with crosses cut on them were set approsimately north, south, east, 
and west and 1 feet distant from the center of the station. 

. DizJitic, El Paso County: established i n  1S79 by 0. H. Titttiiann. 

C07717Z ShHs, El Paso County; established in 1S7g by 0. H. Tittnianii. 

Holcolr,~ Hills, El Paso County; establishecl in rS79 by 0. H. Tittmann. 

The station is about I mile northeast of the Paint Rocks. 

' 

A cairn was built over the station. , 
B& S#riizgs, El Paso County; established in 1S7g by 0. H. Tittmann, This station 
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is situated about jo miles east of Colorado Springs and about 6 miles south of Mr. 
Pebble's home ranch. known as  Big Springs. It is on the highest point within a radius 
of about 6 miles. A road connecting various outlying ranches with the home ranch 
runs close to the station. 

The undergroiind niark is an irregular white conglomerate stone, having a triangle 
and the letters U.S. A T S .  roughly cut on it, set about one-hnlf metre below the surface. 
The surface mark is a small leaden bolt in an irregular red sandstone.. Four reference 
marks of similar sandstone, each having 3 small hole filled with lead in its upper surface. 
were set in the ground at a distance of I metre from the center. A pile of loose 
stones was erected over the station. 

( e') I X) Bast: Linc. CliZ$w/i(i. rSsx. 

LQC.lTIQN. i\IE.*SUREi\IENT, APU'D LENGTH. 

Ltmfion qf ihc blzst:, liiw.-The line is in Yolo County, in the Sacramellto Valley, 
nearly midway between the Sacrainento River aiicl the Vaca Mountains and a short 
distance to the westward of the towis of Davisville and Woocllatid. . The site was 
selected by Assistant G. Daviclson in April, 1576: it is about 2s kilometres (.17;;< 
statute miles') to the mestwarcl of Sacramento City. Approximately the latitude of 
the southern terininus is 3s" 51' 34'' and that of the iiortherii teriiiinus is $3' 40'06 
the aziniuth of the line at Southeast Base is 163' 07'.3, making the inclhiation of 
tlie base with the meridian at its niidclle point about 16' 53"s. The length of the 
line is approximately 17.5 kilonietres. or 'a little short of 11 statute miles. The 
grouncl at Southeast Base is 3 I .G metres and at Northwest Base 46'6 metres above 
the mean tidal level of the Pacific: these two ends of the base mere finally located 
and marked in June, ISSO. The .southeast station is about 25 metres from the left 
hailk of Putah Creek. Appenclis No. S? Report of the United States Coast and 
Geodetic Survey for rSS2, entitled "Report of the measurement of the Yolo Base, 
Yolo County, California, " l3y G. Daviclson, Assistant, contains all needful infornia- 
tioii respecting the organization .of the party and its method' of working, as well as 
the clescription of nio11L11i1ents and markings of the base. As the high ridge of 
Willow Slough lies directly across the line, it was decicled to build a brick shaft of 
about IO metres elevation above the ground at Southeast Base and one of 5 metres 
elevation at Northwest Base for occupation with the theoclolite in connection with 
the triangulation and the astronomical observations. ' The underground marks of the 
bnse unclerneath the nioiiunients are copper bolts inserted in stone blocks. A line 
of levels was run twice over the base and a stub placed at e17ery 50 metres. 'The  
soil is a rich, dark loam, sandy near Southeast Base and composed of stiff clay near 
Ncrthwest Base; the grade is very easy, almost level. escept when nearing tlie 
'upper end, where for almut IOO nietres the ascending slope' is nearly 4'. .A line of 
spirit levels connects the base with tlie half-tide level at San Francisco Bay. 

3%- I I I Q I S Z I I T I I I C I I ~  1~1' fhc btisc.--The line was nieasurecl twice aiicl in opposite 
directions: and some parts of it thrice: tlie time speiit in tlie first measure was 20 

clays, in the second IS,  and in the third S working days. The measurement was 
in charge of Assistant G. Daviclson: it coinn!enced ,September rg ancl was completed 
November '24, ISYI. The apparatus used was of new construction, the measuring 
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bars being composed of two metals, steel and zinc, rigidly joined and cut to lengths. 
so as to nearly compensate for changes of temperature. The bars are 5 metres in 
length and contact is macle by iiieam of contact-slide pieces. A fnll description of 
it is given in Appeudis No. 7 *  report of rSSz, elititled * ‘  Construction arid description 
of a new compensation primary base apparatus, inclucling the cletermiiiatioii of the 
length of the corresponding 5-metre standard bar, ” by Charles A. Schott, Assistant, 
pp. 1o7-13S. A third report, Appendix No. 1 1 ,  Coast aiicl Geodetic Survey Report 

FrJ. E. 

Statiite Miles 
c.-- 

.la u) 20  30 k0 50  so 

Tidometres 
IO 10 20 au co 50 SO I O  80 
w - -  

for ISS;. 111). rq3-zSsS. contains tlie results of the base measures. These pul>lications 
render any lengthy report of the base in this i h c r  superfluous. 

Thc lcizgfh lzf  t h  ~ i i z / ) ~ z i i z d .  5-iitch17 bnsc b17l.S I liizd 2.-For the purpose of deter- 
mining tlie length of these measuring bars, two s-metre standard bars of steel * were pro- 
cured and staiiclardized by means of the combined length of.5 single nietre steel bars knowii 
as A, B! C! D. E. The first operation, therefore, coonsistecl in determining the length of 
these seyeral metres in ternis of tlie Committee Metre. To effect this, the follo\ving 
subsidiary measures and results had to be obtained- 

. - - . ._ - .. . . . . . -- .- - ._ . -. . 

*For particulars see C,.mast nnd i;wrlctic Sl1rve.v Report f ~ r  IS:. pg. I I  j -150.  



.-I = I ] / /  f 175 .SI// + 6 '359\~' ( f - 57 '53 F. ). 
f '52 f 17 

* 'JS f 8 

- + '45 c I 

- + .SI t 7 

i '51 c 19 

8 = I I I ~  + 157 . I J / ~  + 6 .jSS/i ( L  - 57 .g.j F. ). 

C = I it /  + 174 '77Ll + 6 '346/t (,/ -'57 '53 F. ). 

L'=JII/+ ISS. . .~IL~+~'$.Y ( . t - s i ' ~ . j  F.) .  

E = I I I I  + 1 6 ~ ' j 7 / ( + 6 ' j ~ s i t  ( t - 5 7 ' 5 3  F.). 

Also S ur .-I + B + c'+ D +  E 
11 /! 
+ 3 1  '851 

& I  y 2  f 6 3  

LL 11 

+ I  '92 c 10s 

= S I / )  + S27 'SO ( f  - 57 '53 F . ) .  

= 5 , 1 r + s 2 7 . ~ o  + 5 i . 3 3 2  (i-J40.1s q. 
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tight wooclen bos and iinniersed in glycerin which could be raised to different teinpera- 
tures : four therniometers gave the temperature of the fluid. 

Mounted on the same movable platforni in the office comparing room was a second 
bos containing' the five metres, joined together by spiral springs to make proper con- 
tact ::: and carefully aligned. Six thermometers gave the temperature of this conipound 
bar, which at the contact encls only was esposecl to the air. The cylindric eiicls of the 
bars protrucle through sinal1 holes in thin brass plates and are secured by india-rul111er 
cliaphragms~ perniittiiig contact with the screw comparators 'mounted 011 ii~clepenclent 
brick piers. Observations macle iu March, 1851, comprising 35 sets, gave the coefficients 
of espaiision of the office or No. I standard 0'000 01 I 491 and of the field or No. I1 

staiiclnrcl 0.000 01 I 495 for the centigrade scale. 
f 32 

f 41 
, The comparisons. for length iiiacle at variow tiiiies gave the following results: . 

rSSr.  April niirl May 

ISSS, May awl June 
iW3, J:liiiinry nnil February 
rSSj, Fetlruary 
LSSj, Feliruary . 

l I  
Whence length of I =sin + I  101.8jt + 57'46 

C 7 . 1  &.16 
( / -  1 7 ~ ~ 0 7  C. ) .  

arid of I1 =5/1r + I 163'orc + 57.47 ( t -  17'07 C. ). 
-c 2 ' 7  &.?I 

The length of the base measuring 5-metre bars depend on the latter value. Com- 
parisons with this field stanclard were niade every .nioi-uing before commencing the 
measure on the base; generally lietween the hours of 7 and S a. ni. The mean error 
from two sets of coniparisoiis is for base bar I ,  f j ' S j 1  aiicl for base bar 2 ,  f 5.2,". 011 
other days hihourly coinparisoris n7ere niacle extending over day and night hours in order 
to ascertain the cliuriial vnriatirm in lerigtli of the roughly compensated base bars. In 
connection with this work the temperature of the bars is given liy the readings of mer- 
curial thermoineters. 

The following table gives tile length of the base bars [ p z  + tabular quantity ( in 
microns)] hetween the hours S a. 111. aiicl 6 p. in. and for two periods, from bihourly 
coinparisoils 011 5 clays in September and from hourly comparisons ou ;I days in October 
a d  November, ISSI. 



I20 UNITED S T A T E S  COAST AND GEODETIC SURVEl-. 

The Borcla Scales were foiiiid ~iiireliable on accouiit of the zinc bars taking up a iiew 
set after changes of temperature. The length of the base bars adopted in the coniputa- 
tion was deteriiiiiiecl as follows: For any one day it clepeiicls on the morning coinparisoii 
with the stanclarcl, to which is added differentially the cliurllal difference for the particular 
hour, taken from the nornial or tabular values and iiiultiplied by a factor of the ratio of 
the range of temperature on the particular day to the norm1 range. Before and cliiriiig 
the first measure of the base the diurnal range of length was very small, but during the 
second and partial third measure it had sensibly increased. This change was most 
pronounced between October ,4 aiid October 15. Fractional lengths of the base bars 
were measurecl by iiieaus of a ;-metre steel rod aiid fractibtial parts of a metre by iiieaiis 
of a brass-metre scale, and for transfers to the ground a small ivory scile graduated to 
half liiilliiiietres was employed; one or the other of these means came into use at the base 
end, at the 17:kilometre marks aiid the su~ iv i s ions  at the crossing of fences ancl at 
the numerous temporary stopping places cluriiig the ineasnres. For reduction to sea 
level, we have from spirit leveling the bench mark at Woodland 17.7s metres above the 
half-tide level of Saii Francisco Bay atid the average height of the base, including 1-25 

The reduction is separately applied to each 
kilometre. 

' iiietres for height of bars, 26's metres. 
The total amount equals GS'oG iiiilliinetres. 

Kilo- 
metre 
&vi- 
sions 

I 

2 

3 
4 
5 
6 

7 
?j 

9 
IO 

I 1  

I2 

13 

14 
'5 
76 

17 
( .IS)  -- 
3 

First 
measure. 

'Il l .  

999 '93s 57 

'9'9 67 
'955 17 
.935 61 
'993 a6 

'910 55 
'94s 47 
'961 21 

'973 45 
.9ri .1;5 

'9'4 50 
.$I;? 2s 

'933 46 
'87.5 $2 

999 '936 2 2  

'S65 46 

'957 92 

487.653 5 1  

Second 
measure. 

111. 

999'936 74 
%2 57 
'920 53 
'953 37 
.934 55 
'992 40 
.9" 54 
'950 99 
'965 S6 

'975 17 
'909 45 
'917 03 
'931 14 
'954 12 
,599 77 
S j 2  70 

999'933 33 
$37 '679 34 

Third 
measure. 

111. 

999.942 30 
.Sb4 42 

999 '932 43 
'9.58 57 
.g@> 53 
'Si3 59 

999 '934 54 
4s: f S r  03 

'3 

111111. 

-3 '10 

-G '27 

-0 .# 
--I '50 

-0.61 

+@ '45 
$ O ' I b  

+o .2s 

Tlir kilometres coniit from the southesst elid from which the first iiieasme started, tlie seconcl 
one was ruii in the opposite direction, and the third tileaspre \vas equally divided as to direction. ' 
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irlie$l~ob~?.b/c' tww qj fhr rcsir/firy /mg-fh .-That clue to the measure proper,' which 
includes errors of contact, of transfer ( bar to ground and back to liar:), of fractional 
parts of l~ars, of inclination, of alignment. and pf assigned length of bars, is f 3.29 
iiiillimetres; also tlie J J Z L W I Z  error of n single measure of I kilonietre = k I 'SI  millimetres. 
The probable error arising from tlie fielcl comparisons. of the staiidnrd bar with tlie base 
bars has been taken as f I '3 millimetres, aiicl 'that due to uncertainty in the length of 
the bars due to diurnal variation has been cstiiiiatecl as fg millimetres. The 
probable error due to uncertainty in the length of the measuring bar is given liy 
f 2'1 p :?( 3 49; = f 7'34 millinietres: the probable error due to uncertaintp,in the 
espansion coefficient ,is but f 9.3 millimetre, and the probable error clepeucling on an 
uiicertaint~~ of 0'35 metre i i i  tlie height of tlie base is f 1.0 inilliiiietre: hence the 
probable error of the whole base. combining the G separate equals f 9.6 iiiilli- 
metres, wliicli is about T.Klf-BBV part of the length, or 0.009 6 iiietre and in the sistli 
place of log's io--.;S. 

Combining it with tlie 
probable error clue to that of our practical unit of length. the Coiiiiiiittee Metre. taken 
as ;.$:.ii'/.~. we get 

This may be taken to represent the measuring error. 

J (g.6:) '+ ( , I ~ * I : ) '  = f 16'; ~nillimetres. or about i-U7$TiBU part of the length. 
Resulting length of the Yo10 Base, 17 +$6.51 I 9 and its logarithm + - ~ 4 ?  703  IS^. 

f 16 j f 405 

ABSTRACT OF RESULTING HORIZONTAI. DIRECTIOKS. OBSERVED .*,XD .IIJJUSTED, AT\ T H E  STATIONS 
FORMING T H E  S O L O  BASE NET. 1S76, 1880, IsS2. Iss4, IY9I-92. 

Yolo Smi/h~i?sf Bnsc, Solo County, California. July 2 1  to -August 16, ISSO. !jo-centimetre theodolite. 
No. 115. G. Dayidson, observer. . 

PXo iVw/hx~c*s/ BLISC. Solo County, California. . .%ugust 19 to Septeniber IO.  IS^. so-ceiitirnrtre 
theodolite, No. 115 .  G. Dadson.  observer. 



I22 UNITED S T A T E S  COAST AND GEODETIC SURVEY. 

AI3STRACT OF RESUI,TING HORIZONTAL DIRECTIONS. OBSERVED AND ADJUSTED, AT THE STATIONS 
FORMING THE YrJLcJ BASE NET. 1S76. ISSO. ISS~, ISS~,  ISgI-g?-continued. 

I h c i 7 ,  Solano and Nap" counties, California. C)ctober 30 to December 11, ISSO. 5o-centimetre 
theodolite, No. 115. G. Davidson, observer. 

I ...... ̂ ..! 

1 0  

9 

i lZ~wf i i t . / /L i .  Soln County. California. Septerriher ' 3  to October 19. ISSO. 50-centirnetre theodolite, 
No. 11s. C;. Dauidsaii. ol:v=,errer. 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED. AT THE ST.ITIONS 

FORMING THE Y O L ~  BASE NET. 1S76. ISSO,  IS^. ISS~.  ~.Sg~-g~--contiiiuecl. 

Alortrr/ Uic76/0. Contra Costa Comity. California. June 25 to September S. 1S76. so-centitnetre 
theodolite, No. 5. G: Davidson. C. Rockwell. and 1x7. EilIihWk. observers. Novrtuher 14 to 
December 29, 18S4. 5o-centiuietre theodolite, No. I 15. R. A. Marr. observer. (G. Davidson. chief 
of party.) June 2s to July 19. ISRZ. 50-centirnetre tliewlolitr, No. 115. G. Davidson, ol?server. 

No. of 
direc- 
tioii. 

23 

23 
24 

2.5 

26 

31 

Ohjects observed. 

Mount Helena 
Monticello 
Vaca 

Azimuth Mark (Clayton ) 

Yo10 Northwest Base 
Marysville Butte 
Yo10 Southeast Base 
Momit LOIS 
Pine Hill 
Round Top 
Mount Coiiness 

RIOCllO 

Loilia Prieta 
Sierra Morena 
Mount Taiiialpais 
Ross I'lountaiii . 

Probalsle error of a single observation of a d i rec th i  (0. and f?. ) = C 0'/ .72.  

Afcwrid Hc/cr/t7, N a p  County, Califorilia. September 23 to Ncweinber 26, 1576. peentimetre 
theodolite, No. 5. G. Davidsoii, W. Eiiiibeck, observers. . \upst  14 to August 2 1 ,  1S51. 50- 
ceiitiiiieti-e theodolite, No. 115. 

. .  
E. F. Dickins, observer. 

I I I /  I f  I ,  I /  I /  I ,  

l\'lotuit Diablo 
Mount Tanialpais 
Ross Mouiitain 
Cold Spring 
ivlouiit Sanhedriii . 
Snow Mouiitaii> West 
SII~.IW Mountain East 
Aziiiiutli Elark (Woods) 
R!arysville Butte 
NIount Lola . 
Pine Hill 
R o u d  Top 
RIonticello 
Vaca 

* 'OjY 

'07 I 

(49 6 IS) 

ProhaLlr error of a single observation of a directivii ( D .  aiid I?. ) = c o"%2. 
~ 

*The directions marked hy n 'E depeud on the prolialilc error s o'"oi~ af  the mirriiitli iiinrk chiring the second 

t The directiuiis iiiarketl by n t depend on the probable error i ir''xxi? of Mnclio during the third occiipatioii. 
occupot ion. 
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ABSTRACT O F  RESULTING HORIZONTAL DIRECTIONS. OBSkRVED .IND ADJUSTED. AT THE STATIONS 
FOR1\IINi; THB.YOLU B.iSE NET. 1Sj6. ls%, I%?, I8S4, IS~I-92--Colnplrttel1. 

illorrul X~iiiizlpois, Marii1 Couilty, California. August 2.1 to OctolJer 9, IS$'. .5o-ceiitirnetre theoilolitr, 
No. I IS .  G. Daviclson, observer. 

Nu-, 
I 

2 

3 

4 

5 
6 
,, 

S 

' 9  
10 

I 1  

1-7 

'3 

14 

1.5 

16 

17 
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UNITED STATES COAST AND GEODETIC SURVEY. 

.- - -. -- ~- 
+19'j5 - 6.gS + 6 . ~ 4  + I 5 . q  - 6.yS . 

+zr'o6 + 6'7j  + i'* - 7'33 - 7'33 
+ I o ' * ,  + 6 . q  + 6.70 

+21'2S - 7'6.5 + 7.56 
............................. +2r '75 . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 737 

+ 1 2 ' I I  

f21 .19  - 6.62 + j ' j j  

+m'rg + 6'51 + 6'* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +21'9.3 .- 6 ' j o  
+ MJ '56 

+21'96 - S'c6 

- 4'2J-l I 

.......... 

.......... 

- ry'63i 0 

+378'5Fd j 

- 1  I j6 'yc;J  0 

- 7 2jQ '3 js 0 

+ I  946 641.e 4 
............................ 

-13'79j s .......... 

.... 



Cs= -0'011 325 
c, +.  .or9 3% 
cs + .oog 930 
C,=$.o'o;g 21s 

// 

(.Ig)=+@-o61 5 
( 2 0 )  + ' I21 0 

(21) - '047 I 

(23) - - 1 0 1  S 
(24) + -31s 7 

( 2 2 )  - '644 6 

(25) + '036 I 

(26)=+0 ' j23  6 

I f  

c -  ,, - .- o '000 oSS 967 
C,, -+ .erg S67 4 
cl* + '012 030 j 

C,,=+o'o16 115 3 

' S of the + corrections 3 '316 
Bof the - correctioiis 3 .zgS 

Also [/):'zp] = 0 '62.15 
- [ : c K ]  = o '6249 

number of coiiditioiial equations; the average weight of a direction is 0'2S5: hence 
7)l  = itdl /,/E = o"'36 and the mean error of an observed angle = m Jz= =t o'"51: 
also the probable error of the same = f o"'34. (Cf. Appendis No. g-Aiinual Report 
of the Survey for 1SS5.) 

TRIXiSGLES OF THE YOLO RASE NET. CAI.IFORNIA, Is76-1s92. 

No. Stations. 

Yolo N. W. Base 
Yolo S. E. Base 

l\Ionticello 
Yolo N. W. Rase 
Yo10 S. E. Base 

3 
Vaca 
Monticello 
Yolo S. E. Base 

Observed angles. 

25 21  21'287 

107 1s 04'749 

00 232 
27 12 15-561 

ro j  42 21.392 

0 I / I  

47 20 34'196 

- 

49 05 23-4k  - 
00 '433 

71 41 15'tio; 

50 06 o ~ ' j i 9  
5s 12 41.269 

02 '4 j 1 

Correc- '~z- 
angle. 

I f  I f  

$0 '369 21 '656 
+o '220 34 '416 
+o '45" 05 '201 

Splier- 
ical 

escess. 

0 '424 
0 '424 
0.425 

I f  

+0'171 15 '732 
+o '345 Z I  '740 
$0 '295 23 '775 

I '247. 
0 'SO2 
0 So3- 
0 'so3 

Log s. Distances 
in nietres. 

4'242 703 19 17 4S6.512 

4'477 552 13 30 029'7s 
4 '590 907 73 3s 9% '9' 

4'570 Os5 0 1  37 I60.k 
4'477 552 12 30 029.7s 
4 '522 072 61 33 271 ' 52  
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TRIANGLES OF THE YOLO ]<.*SF: NET, CALIFORXIA. 1576-1S9~-canti1iued. 

Stations. Observed angles. 'Orre'- tioiis. NO.  

J 

O I  / I  

Monticelln j7 IS 2" '9.10 
Solo N. 111. Base 56 21 47 .196 
Vaca 46 19 54'576 

Nouiit Diahlo 
Solo N. IV. Base 
Polo S. E. Base 

Mount Diahlo 
VACa 

Yolo N. W. Base 

hIouiit Diahln 
Vaca 
Polo S. E. Base 

4 
20 

I55 

IS 

I34 
27 

2.3 
109 
47 

45 
04 
I O  

'9 
24 
16 

04 
03 
52 

- 
02 '65 2 

I I '792 
24 '632 
34 '203 

00 '624 
09 '643 
:44 'gs4 
09 '564 

3Tount Diahlo IS j j  jS'j1S 
S . 3Ioiiticello 77 46 30'7s~ 

S; 37 56'760 I Yolo N. 11'. Base 

IO 

I1  

06 '063 
Mount Diahln 23 20 50.310 
Moi~ticello 50 34 1.5'223 

Polo S. E. Base 106 04 b ' 7 2 0  
.- 

n6 '253 

?vIoi~ticello 0 2s og'S44 
Mo'ouiit Diablo o 16 25: '870 

Vaca 179 15 20'5rXI - 
S9"I-l 

Mount Helena 53 17 ZS .o2S 

'Moiiticello 107 I T  n.? '765 

VaCa 39 31 33.095 

03 %92 

02 '79 

I /  

to .003 
+ O . l ? j  

-0 ' r p o  

to '437 
t o  '07s 
to ' 1 1  I 

-0 '233 
-0 *a% 
t o  '143 

f" '205 

-0 '457 
--0 '241 

f O . I S S  

-0 '057 
t o  '270 

+o '625 
--0 -22s 

-0 'OS4 

+o '420 0 

-0.060 7 
+0'4SS 7 

-0 '630 
-+o '158 
--n '347 

- t o  '96.3 
f o  'SO5 

+O 'S j5 

Sqher- Splier- 
ical 1cal 

angle. escess. 

20.945 0'79.1 
47 .y3. 0 '794 
54.116 0'794 

. 2.352 
12.'229 n '450 
24.710 0.456 
24'411 0.450 

1 '350 
Og.415 1.339 
44'S96 1'340 

09.707 1.339 

4.01s 
21 '645 I '365 
23.240 I '365 
19.210 I $5 

4 '095 
3S.706 2'1j4 
3 0 ' 7 2 j  2'154 

I /  I /  

- 

- 

- 

- 

57'030 2'155 

6 '465 
50.935 2.1Sg 
4.995 2'1S9 
60'636 ~ ' I S S  

6 '566 

- 

- 

0'021 0 

0 ' 0 2 1  (r 

0'020 0 - 
0.062 o 

I '0;s 

I '03s 
I '0.57 

5.401 

Log S. Distances 
in metres. 

1.590 907 73 
1'522 072 61 
1 '461 001 97 

5s 9% .91 
3; 271 '52 
2s go6 '93 
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TRIANGLES OF THE POLO BASE XET, CALIFORNIA. 1S76-rSgi-continued. 

I 29 

Spher- Spher- 

angle. escess. 
No. Stations. Observed angles. ical ical 

O I  

Moiiiit Diahlo 20 03 

llouiit Helena 53 13 
Moiiticello 106 43 

Mount Tainalpais IS 23 

Monticello 39 3s 
121. 5s 

15 

16 

17 

IS 

'9 

Mount Tainalpais 25 

Mount Helena S6 
Moilticello 67 

Mount Taiiialpais 43 
IvIount Helena 53 
\7aca s2 

Mount Diahlo 49 
l\louiit Taiiialpais 96 
Mount Helena 3; 

Moiiiit niablo 69 
Mount Tamalpais 70 

Moiiticello 39 

Mount Diablo 70 
Mount Taiiialpais 52 

Vaca 57 

30 
57 
32 

53 
40 
26 

47 
2s 

43 

5r 
5s 
10 

07 

34 
17 

-9 

06 *S7S 

I /  

i o  '543 
+ O ' I 7 5  

t o  25s 

-0 '429 
+0'139 
t 0 ' 2 I 9  

-0 '005 

$0 "95 
+o '059 

-0 '43.1 
$0 .gi j 
$0 366 

-0 '597 
+o '223 
+0'120 

-0 '054 
4-0 '229 
+o.rgS 

So0366 
$0 '657 
+o .269 

I /  

3 I -236 

53 'IS3 
44 '033 

TS 'sgg 
44 '0555 
01 .s6s 

07  .S23 

IS .912 
41 364 

26.722 
I j 366. 
29 -120 

50'103 
25 'I43 
57 '531 

21 '339 
I7  '321 

34'270 

50.629 
5s '421 
19'120 

/ I  

2 'SI7 
2'Sr7 
2 %IS 

s '452 

I '607 
I '607 

- 

I '605 

4 '822 
2 '699 
2 ';m 
2 '7tm 

-_ 

I2 .gjn 
2.724 
2 '723 
3 '723 
- 
S.170 

Distances 
Log '. in metres. 

4.522 072 61 3; 271 '52 

1'S27 gSo 0s 67 294.5s 

4'951 716 47 Sg 4 7 s ' ~  

4'91S 061 79 92 So6'00 
5 n32 332 46 107 72s 'g6 
4 '779 637.67 60 205.71 
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. For the side Mount Helena to Mount Diablo we make use of the espressioii-* 

Mount Helena to Mount Diablo- sin ( 2  - I )  sin ( 7  - 5)  sin.( 13 - X I )  
sin ( I O  - 9) sin (26 - 24) sin (29 - 2s) - xITolo Base 

hence the function . 

F = l o g  sin (2 - - I )+ log  sin (7-5)+10g sin (I:-Ix)-1og Sin (Io-g) -1ogs in(26-24)  
-1ogsin(29-2S) 

Establishing and solving the transfer equations, we find for the reciprocal of the 

weight p =  74'469; also the nieaii error i i i ~  aiid the probable error 1 2 ,  both espressed 

in units of the sisth place of decimals in the logarithm, viz: f 1'654 and f 1.116, 
respectively; hence log. distance Mount Helena to Mount Diablo 5-03? 332 46 and the 

distaiice Io7 72S.56 metres. The probable error correspoiids to about HBTITiTa part of 

the length. To this must be added the proportional error depending upon that of the 

base measure, viz: 0'016 3 X ~ IO7 729 = f 0'100 metre; hence probable error of length 

of side Mount Helena to Mount Diablo J(o.2 j 7)' + (0'100 1' = =t 0.295 metre. 

I 

f I 116 

f 0'277 

17 456 

For the sick Mouiit Tamalpais to Mount Diablo we use the espresion- 

sin ( 7  - 5 )  sin ( 2  - I )  sin ( 1 2  - 1 1 )  

sin ( I O  - 9)  sin (26 - 24) sin (34 - 33) 
Mount Tamalpais to Mount Diablo 

Yo10 Base 
_- - 

hence the fnnction 

F = h g  sin ( 7  - 5)  f l o g  sin ( 2  - I )  +log sin ( 1 2  - 1 1 )  - log sin (10 -9 )  -log sin (26- 24) 
- log sin (34 - 33) 

Establishing and soloing the transfer equations, we get 5 = 59'796; also 

?it,,. = f 1%17 and r,= f 1'225: hence log. distance Mount Tamalpais to Mount Diablo 
4-775 637 65 atid distance 60 205'71 metres. The probable error is about.3T&Tc part 

of the length. Combining with this the proportional error arising from the base 

measure, or 0'016 3 X - = f0.056 metre, we have probable error of length of 

sick Mount Tamalpais to Mount Diablo ,/(0*17:)' + (0'056)' = =I= 0.15 metre. 

f I 2 2  f 0'17 . 

60 206 
I 7  436. 

GENERAL DESCRIPTION O F  STATIONS FORMING "HI3 YOLO BASE NET, CALIFORNIA. 

Ibh  Soitflrwst Base, Solo County: established in 1Sj6 by G. 'Daoidson. This 
station is situated in the northwest quarter of section 19, township S north, range 2 east, 
Diablo niericlian, 3% miles west aiid I % miles south of 1)avisville and about 25 metres 
from the left bank of.Putah Creek. The geodeticpoint.is iiiarked as follows: The sub- 

*Appendix NO. 9. Report for 1 S 5 .  
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surface mark is a .fine needle hole in a German-silver plug inserted in a copper bolt in 
the top of a granite block 35 inches long by 30 inches square at the base and dressed to 
I-? inches square at the top and having the letters U.S.C.G.S. deeply cut on it: The 
top of the block is 4% feet below the surface aiid a glass hemisphere is placed over the 
copper bolt. The surface mark is a fine needle hole in a copper bolt set in lead on the top 
of a granite block, 25 inches square by 26 inches deep, having the letters U.S.C.S.S.E. 
YOLO BASE cut on it. The top of this block is even with the surface of the ground 
aud the block itself is in the center of a solid brickwork pier, having a base of 70  inches 
square at  a depth of 50 inches below'the surface, battering to 54 inches square at the 
surface. This brickwork was carried up as a hollow pier to a height ssg feet above the 
gromicl and capped with a granite slab, 40 inches square by 8 inches thick with a I>$ 

inch hole in the center. Charcoal and charcoal dust were mixed with the earth in 
filliug in around the subsurface part of the structure. 

Four reference marks were set, consisting of granite blocks I foot square and 
I feet high, with copper bolts and drill holes on the top. They were incased in brick- 
work with their tops IS inches below the surface. Two were set in line to Northwest 
Base at clistauces of IS feet I I& inches and 327 feet IO inches from the center and two 
in line at right angles thereto eastwardly at distauces of 20 feet five-eighths inch aiid 32s 
feet inches froin the center. 

This 
station is situated in the estrenie southeast corner of the southeast quarter of section zQ, 
towiisliip I O  north, range I east, Diablo meridian, 4yi miles west of the railroad passing 
through woocllaud, and immediately on the uorth side of the county road running west 
toward Madison and Copay Valley. 

The marking at this station was practically identical with that at Southeast Base, 
with the esception that the hollow brick pier was carried to a height of only about 13 
feet above. the surface, arid the letters N.W. were substituted for S.E.' on the granite 
blocks. 

This station is situated 
in the southern part of section 9. township 6 north, range 3 west of the Diablo mel-idiaii, 
on the divicliiig ridge between Solano aiicl Napa counties, about 7 miles a little north of ,  
west from Vacaville. The mountain slopes gently to the eastward , but is much more 
precipitous 011 the western slope. The station can, however, be approached from either 
side. Mr. A. J. Raney, living in ISSO at Gordon Valley. to the .ivestward of the 
mountain, is referred to as kiiowiiig the locality well. The underground mark is a 
soda-ivater bottle filled with sand, buried neck upward; the top is 1-18 feet below the 
surface, and has a copper nail stuck in the sand. ' Over this was built a rough stone 
pier laid in Portland cement. The center mark at the surface is a copper bolt, five- 
eighths inch in diameter by 5 inches long, projecting about one-fourth inch and having a 
silver pin set in it, set in cement in a large stone in the center of the.pier. . 

The top of the pier is 3.44 feet above the underground mark: The astronomical 
piers built of concrete, situated as follows, serve as reference marks. Vertical circle 
pier bears south 6' 03' east (true), distant 15.9 metres, and zenith telescope pier sopth 
55' 42' east (true), distant 72'1 feet from the geodetic point. 

This station is 
situated in the estreine northeast corner of. section 4, township g north, range 3 west of 

' 

Yolo A~oi-th~ucst Base, Yolo County; established in 1S76 by G. Davidson. 

No reference marks were established. 
Vacn, Solano County; established in 1S76 by W. Einibeck. 

flfozticcllo, Yolo County; established in 1576 by W. Eimbeck. 
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tlie Diablo meridian, on the highest suniniit of the iiiountain range lying betmeen the 
Sacramento and Berryessa valleys, about 5 miles northward from the town of Moilticello 
in the lower portion of Berryessa.Valley. It m y  be most readily approached froni this 
town. froin which it is visible. Its locatio11 is n7ell known to the people of the neigh-' 
borhoocl. The lower underground mark is a loaded metallic cartridge placed ball 
clownward in a half inch. hole. I $ inches deep, drilled in the bottoiq of a 6-inch round 
hole I foot deep escavatecl in the sandstone rock, the top of the cartridge being 2.5 feet 
below the surface. Over this was placed a stone about 4 inches square and I foot long, 
with a copper bolt in the top,' its top being I .  I feet below the surface. A rough stone 
foundation was laid over this and cron7ned with a large stone coming even with the 
surface. As a surface niark a copper bolt five-eighths by 5 inches, with a si.lver pin in 
it, was set in cement in a hole clrillecl in this stone. The bolt projects about one-fourth 
inch above the stone. A rough stone theodolite pier was then built to a height of j's4 
feet and capped wit11 a flat stone j-. inches square, having crosslines on it. Reference 
tiiarks are the transit pier ' 3 1 . 2 ~  feet north and 3 % ~ 7  feet east of the station: tlie 
latitude pier 31'4.13 feet north and S*Sz3 feet east of the station, and the vertical circle 
pier bearitig south $3' 17' east (truej and distant Ig'gSG iiietres froiii the station. 

Mount 
Diablo is a prominent and well-known peak of the coast range of mountains about 26$ . 
miles to tlie eastward of Sail Francisco. , The station is on the highest summit, about 3 , 
feet froni the starting point for the public lancls surrey of California, ancl czin be readily 
aljproached by a graded wagon road reaching tlie summit (1S76). 

The geodetic point is marked by a cross cut 011 a copper bolt firmly cenieiited in a 
hole drilled into the solid rock of the niountain. Over this a brick pier was built j feet 
3 inches above the surface (1S92:), aiicl a three-fourth inch 'copper bolt cenieiitecl in a 
hole in the top, with a cross cut 011 it, marks the point. 

The reference marks are the latitude and transit piers built of brick, distant nearly 
due west 167.54 feet and 171.42 feet, respectively, from tlie geodetic point. 

Afozmf N c h n ,  Wapa County; establishecl in 1S76 by W. Eimbeck. This station is 
situated 0x1 the sumniit of Mount Helena, which is abqut 12 miles distant in a northerly 
direction by wagon road and trail from Calistoga, a station 011 tlie Southern Pacific 
Railroad 73 miles froni San 'Francisco. I t  is 7 feet I 3;i inches histant in a southeast 
direction froin a basaltic rock. with a large clrill hole in itl inarkiiig one aiigle of tlie 
boundary between Lake and Napa counties. The mountain top toward the south and 
east is smooth, but falls off precipitously and is very rough toward the north and west. 

The geodetic point is niarked by a fine drill hole and cross cut 011 the top of a 
copper bolt, one-half inch in diameter by 5 inches long, set in cement in a drill hole and 
projecting abont one-fourth of ail inch almve tlie bed rock. Over this was erected a 
brick pier for the theoclolite tu rest on. having a half-inch drill hole on the top to mark 
the station. The reference inarks are 4 brick piers situated as follows: Transit pier in 
a south southeast direction, distant 55 feet 11 inches; latitude pier a little more to tlie 
eastward, distant 53 feet 2,T.S inches; vertical circle pier about southeast, distant 109 feet 
3% inches, and the collimator pier a little west of north, distant 7 feet 7 5  inches from 
the geodetic point. 

Mozm.6 Tama@nis, hlariii County; established in 1S52 by R. D. Cutts. This station is 
situated on the highest part of the peninsula north of. San Francisco Bay, about I O  miles 

. 

Afozcnf Ditrlh, Contra Costa County; establishecl i n  1S52 liy R. D. Cutts. 

. 
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distant from the Golden Gate, 011 tlie western and highest of three peaks 011 the bold 
ridge running east and west. The top of this peak is tolerably flat and the station is on 
the highest part, at an elevation of about 2 570 feet above the sea. 

The geodetic point was re-tiiarkecl in ISSI as follows: The iiiiderground mark is a 
stone bottle set in concrete, neck up, 20 inches below the {surface, around and above 
which was ,Built a solicl stone ancl concrete pier, hexagonal in shape? 36 inches in 
diameter at the base, arid battering to 36 inches a t  the surface of the ground. The 
surface mark is a copper bolt in an irregular shaped stone set in  the iniclclle of the pier 
even with the surface. The pier was continued with tlie same cliaiiieter (36 inches') to 
a height of 53 inches above the ground, having on its top a %-inch copper bolt with a brass 
screw in center as a station ivark. At a height of 2-1. inches above the surface another 
stone bottle was set? neck up, in the solid concrete pier. 

Tliree other concrete piers will serve as reference marks-one bearing north 76" 47' 
west (true), distant IS*$ feet; one north 79" 4s' west (true'), distant 23.20 feet, arid 
one iiortli 5" 54' east (true). distant 41 '12 feet froiii the geodetic point. 

Holfon. b'rrsc Liw,  /)riiia.?za, 189r. 

LOCATIOS, ME.4SUR$3IEXT, AND LEXGTH. 

This base is located in Ripley County, southeastern Indiana, with its niiddle point 
in latitude 39' 03l.3, a i d  in loiigitride . ~ 5 '  zz"3 west; the azimuth at the south eiicl is 
175' 53'.S. The length of the base is 5.50 kilometres or 3.42 statute ~niles nearly. and 
its approsimate height a6ove tlie sea level is 3Sj metres. Besides the nieasiire of tlie 
base by a contact-slide npparatns, test measures were macle with n bar-in-ice apparatus 
aiicl also with iiietallic tapes. The last two iiieans as applied to the measures of length 
keing new to the Survey, a full acbount of the ap1)aratus aiicl inetliocls employed by the 
observers was required, and will be fouud in Appenclis KO. S, Coast mid Geodetic 
Survey Report for rSgz, pp. 324-50;. The general charge of the mensiireinent of the 
Holtoii Base was with Assistant A. 7'. Mosman, the measures and experiments with the 
bar-in-ice were conducted by Assistant R. S. Woodivaril, and the experiments with 
iiietallic tapes were intrustecl to Assistants Woodward and 0. H. Tittmanii. In coiise- 
queiice of these several operations the party remained in the field during June, J ~ l y ,  
August. September, aiicl part of October. 

As the result of the office computation, a report \vas subniittecl Augnst 25, 1Sg4, by 
Assistmt C. A. Schott. giving in Appenclis No. 5 .  Coast and Geodetic Survey Report 
for 1S94, Part 3 ,  in ' a systematic and sticciiict iiiaiiiier, the final conclusions reached: 
hence it suffices to restrict this account to brief statements respecting the outcome of 
the several operations. 

The site of the base was selected by Assistant Mosiiiaii iii October and No\;einber, 
~Sgo; it is on a nearly level tableland between the villages of Holtoii ancl Ne\\- blarioii. 
The line passes over grassy soil and plo\vecl fields, ancl in part through ~ o o d s .  At cer- 
tain places and times the ground was foiiiicl wet am1 springy. Its elevation was oIItaiiiec1 
by spirit-level with the line of levels from Sandy Hook, New Jersey. 

The whole length of the bake was measured twice with the contact-slide apparatus, 
5-metre steel rods NIX. 13 and 14, once forward and once backward: two estra iiieasiires 
were made of part of it. One kilonietre of the base mas nieasurecl four times Itvith the 

. 
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bar-in-ice apparatus and its 5.iiietre steel .bar No. 17. There were made besides for each 
of the six sections of the base from 6 to 30 steel tape measures, those over the bar-in-ice 
kilometre being quite numerous. 

The terminals of the base are marked by stone monuments, in which are inserted 
copper bolts with cross lines on their tops. The.subsurface mark is a bolt in ;I limestone 

NO. 9. 

Startpte Miles 
1 

b 10 10 

I 

post. Section stones 
weresetat r ' ~ l ~ . r l s q  
4, and 5 kilbmetres 
.from South Base, also, 
at 3;9 and 4.9, for the 
measure. of a kilo- 
metre with the bar- 
in-ice. At the camp 
near Holton there was 
also established under , 

a covered shed a 
standard I oo-metre 
line or hectometre. 
and repeatedly meas- 
uredwith thesameap- 
paratus for the pur- 
pose of testing the 
combinecl length of 
the 5-metre contact- 
slide barsand of stancl- 
ardizing the metallic 
tapes. 

metre s k i 2  bnr No. 
LE?I.Q.fh q- Ihc 5- 

I;.-This being the bar, when immersed in melting ice, to serve for the determinatioii 
of the lengths of the rods Nos. 13 am1 1 4 ~  the first step taken was to find its value in 
terms of the International Prototype Metre, for which latter No. 2 I was selected. We 
have the folloming results from elaborate series of observations made at Washington 
under different conditions by observers Woodward, Tittmann~ and Siebert. Both No. 
17 and No. 21 are line measures. 

Date. 

July. I S ~ I  ( in  office vault) 
February ancl' March, 1S92 ( in  vault) 
April to Ma)-, 1S92 (in vault) 
Jnly and August, 1Sg.r (011 field coinparator south of office building ) 

Weighted Mean 

. Length of 
R,, a t  oo c. 

I t  was noted, however, that for Woodward and Siebert, observers, there obtained an 
. effect of a personal equation which made the length 5i)i - I S ' O ~  f I . jp.  
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Dt-it-riiii)z.atioiz qf the coc&??imi (?f ~ . ~ ~ a n s i o a  cf ~ o d s  ATos. 13 niid ~~.-Ohservations 

were made for this purpose in the office vault by Assistant Tittmann and Mr. I,. A. 
Fischer, in May, 1891 with the following results: 

For rod No. 13 I o w m  0 1 1  776 1 
' *27 I for the centigrade scale 

14 O'OOO 011 714 I 
I * 29 I 

The h g t h  of thr 5 - m e f n  m i  id-slidt:  rods Nos. 13 and I#.-Four different detennina- 

(:a) Coniparisons in the vault at Washington, of Nos. 13 .and 14 with No. 17 in melt- 
tions were made, two or three of which were of a confirmatory character only. 

ing ice, observers Woodward and Tittniann, July, I Sgr. Whence 

No. 13 = yn.. + I 27511 and No. 14 = 5))' + I 2 9 7 ~ 1 ,  at the temperature 22O.2 C. 
' f q  * 3  

and using for the length of No. 17 the Wkdward-Siebert value.* 
( b )  Coinparisoiis of the combined length or of B ( 13 and 1 i  j macle at the hecto- 

metre line in the Holton camp, observers Woodward and Siebert (,July to October, I S ~ I  j .  
Twelve measures of this line were made with No. 17 and twenty-one, l)y Mr. Tittmaiin, 
with the rods Nos. 13 and 14 under a variety of conditions. 

2 ( 1 3  + I q j  = I&+ a-4osnii)i. at z O . 2  C. 
Whence we get 

I 

* 5  
(c> Comparisons of 3 (IS+ 14:) at north end hectonietre of the Holton Base. 

Four measures were had with No. 17 and thirteen measures with the two rods, in 
September. rSgr. Whence we get 

2 (13 f 14j = IOIIZ + ?'60gi)i7il at 2 ~ O . 3  C. 
f 6  

(d) Comparison of the 2 (13 + 14) at the Holton Base kilometre 3.9 to 4'9. This 
distance was, measured 4 times with No. 17 and 6 times wit11 the rods in August and 
September, I S ~ I .  Whence we have 'for the aboae temperature 

z (13 + 14) = IOlil + 2'tjISncm. 
zk 5 i ? )  

The value finally adopted is 

~ o i n  + 2*410imn at  ~ 2 ~ ~ 2  C. 
= t 5  

Tht7 I I Z . E ~ S I I I . E ~ I ~ P ~ L ~  of fht. btasc.-The measureiiient of the base proper with rods Nos. 
13 and 14 was made between Jiily ZS and August 1 3 ~  rSg1, Assistant Tittniatin being 
aidecl by Mr. J. F. Hayford and part of the time by Prof. J. H. Gore. Special measures 
were continued up .to October 4 .  Pages I IO to I I q of the Coast. and Geodetic Survey 
Report for 1Sg4 (:part 2 )  give a1.l needful infor~iiatioii respecting the results iii detail. 
The foliowing two tables showing the discrepancies of the forward and backward measures 
of subdivisions of the base are taken from that publication.. 

*When joiniiig these rods. their combined length must be increased by o'ojo rnillitiietre for slant of knife-edges. 
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Section of base. 

S. Base to 66th bar 

66 I39 
I39 740 

240 420 

420 600 
.600 7% 

$30 SGU 

7y0 so0 

1SW) P 7 5 )  
(S75) (9so) 

so0 9SO 

9% I o m  

Mean. 

sum. , 

Mean. 

i onn to N. Base 

B 
Mean 

Differ- 
ence. 

f l l  111. 

+o *6 
$2 '3 
-1  '4 '  

-3 '9 
+o '3 
-2 '7 

' + 1 . 6  
(-0.4) 
( + 2 ' 7 )  

+ Z  '.j 

+3 '2  

+2 '7 
-0 '9 
0 '0 

--I '4 

The above tabular results when further condensed become as follows: 

Bar number. Nnmber 
of hars. 

2.10 

I so 
I so 
IS0 

300 

I70 

Forward. 

111 111. , 

+ 24.4 
- 35'5 
C 63'9 
-+ 1S.7 
- I '5 

+744 '5 -- 
+SI.$. '5 

Backward. 

111 111. 

+ 21'9 
- 31.6  

+ 63 % + 21 '4 

+ 745 '4 

+SI5 '7 

. .  

- 6'0 

Differ- 
ence. 

+ I  '5 
--3 '9 
.+@ '3 
--2 '7 

+4 '5 
-0 '9 

111 111. 

-1 '2 

This difference for the space fSO to gSo is derived froin the several. measures 
involvecl. 

The length of the base? 5 500.S1.5 metres, given above is yet to be corrected for the 
small change macle in the length of the combined rods, viz: - ,550 4: 0.01 niillinietres 
or - 5.5 millimetres. ,We may also substitute the length of the base kilonietre as 
derived froin tlie bar-in-ice apparatus i.999'996 6 metres) for the value derived from 
the rod measures (:999*956 S);  whence the length of the base. 5 _soo.Sog metres. 

For the reduction to the sea level. Mr. Siebert connected bench mark LSVII of the 
transcontinental line of spirit levels with North Base and the base~line levels. The north 
end was found 2'743 metres above the southern end aiid the average level 4.401 metres . 

above the latter. We have height of North Base SSI '65 irietres and of tlie average base 
2Sj.31 metres, and adding 1'16 metres for height of bars above gfouncl, we have 
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254.47 metres. From this must be subtracted 0.61 metre, a correction to the line of. 
l e ~ e l s  betweeii Sandy Hook and St. Louis at mark LSVII, making the reduction to 
sea level = - 0.245 5 metres and the length of the base 5 j00-564 metres. 

P~,,-~hlblc  m - o r  of fhc ~lic-asi~l-L~ z c l i f h  fhr L-mfucf-slitic rwis. 

Let S, = length of first section and rl. the difference of forward and backward measures, 
sa = length of second section and ti2 the difference of forward and backward measures, 

s,, = length of 11 section and if,, the difference of forward and backward measures, 
etc. etc. 

then tlie iiielin error of a single measure of the unit of length, here assumed one kilo- 

metre,m, =JL[$]. anc1 the mean error of a clouble measure 112,, = ;JL["], slid 

the probalJle error of R double measure o f  length L becomes I -  = 0'674 5 

We get 

2 )I - 78 s, 

mr= f 2.01 niillimetres nnci I'  = + :.'q millimetres. 

The probable error:of 2 (113 + 14) has been estimated at =t 0.005' milliinetre, and 
siiice t1iere.are 550 double bars, the error arising from this source is f 2-75  mi~~irneties. 
The questionof tlie relative tem;)erature of the rods (ases:) atid the attached thermometers 
was inquired into, but the relation was too uncertain to admit of a general ckduction. 
Whatever error may arise from this cause is included in the above rnlue of r. An57 
error in the correction of the tlieriiionieters woulcl be felt as n constant, and supposing 
it to lie o"03 C. the effect oii the base would he + 1.94 millimetres. h uncertainty 
in the height of the base of f 0.6 metre woulcl procluce mi error of L, 0.55 inillimetre. 
Coinbiniiig these four probable errors, we find for the base f 4-1  iiiilliiiietres or about 
T.3S.:.-iTBB of the length.2: 

At the south end tlie triangulation station was 6 &lliinetres inside the line as 
marked by the monument. As a side of the triangulation,, therefore,, we hare 
5 500.55s iiietres and its logarithm 3.740 p 6  S. ' 

f l  ' . :* 3 
As already stated, 'certain experimental work uhertakeii at the Holton Base had 

for its object the inquiry into the practicability of applying long inetallic t a A p  or wires 
for the nieasureiiient of principal base lines. The practical iiietliocls applied and the 
apparatus used, as well as the theory of such measures, are given in Appeiiclis No. S, 
Coast and Geocleti'c Survey Report for 1Sg2, Cliapter IV, pp. 413-490, aiid it will liere 
suffice to exhibit the differelices in length resulting- from certain measures by bars aiid 
tapes. A condensed account of the facts brought out will be found in Coast and Geo- 
detic Survey .Report for rSg4, part 2, pp. 114-116. At Holton two 100-metre steel 
tapes, supported generally at intervals of IO metres, were standardized at the canip 
hectoiiietre under given tension and temperature, and were subsequently used on the 
base itself. I t  was thought that whatever advantage and disadvantage a tape measure 
may have over a bar measure could here lie realized; it is evident that ' the  main 
advantage of .the tape lies in its long unit of length atid the ease with which measures 
of a line can be repeated when once the grouiici has been prepared. But to secure 

' 

. 

*Fur final result see furtlier nn. 
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these advantages a staiiclard length inust be provided for by other means (i; e.p bar 
measures) and the ground iiiust be suitable for the driving of stakgs and maintaining 
t!irir horizontal aiicl vertical alignment. The main uncertainty in the results from tape 
measures lies in tlie difficulty of knowing the temperature of the tapes under various 
atmospheric conditions during the day as ~ e l l  as during tlie night; hence what we 
haw to fear are constant errors due to this cause. 

Three measures by Assistant Woodward in August a i d  October, I S ~ I ,  with the 
1% 

. I .  

bar-in-ice No. 17 gave the length of the  caiiip hectometre Ife = 10o'ojg 16 
os . .  

01 

The same distance mas gone over 77 times ,between August 6 and October 9, 1891, 
with tape ?ko. S5, and 85 timtis between August I and October g with tape No. SS, 
the temperature, during these measures ranging between 32O.1 C. and 3 O . 5  C. The 
resultiug lengths of the tapes were: 

111. m n .  
TZj = 1oo.003 50 +. I '094 7 f 
T,, = roo-clog 95 + r-ogr 4 t 

with the probable error of a siizgh- measure of the length of the tape. No. Ss, f o ' 1 7  
millimetre ancl of the tape No. SY, f 0.22 millimetre. The standard lengths of the 
tapes being known, 30 measuses of the base kilometre were made and compared with 

the supposed true length 6'= I OOQ - 3.4 f 0 . 4 ~  viz: 
111. ?"!". 111l12. 

. Error of 
Date. No. of ' . measure Time Of "'? Or night- measures. ohserv&- 

true value. 

The day measures are considerably in error, while the night nieasures appear fairly 
correct. 

The following table eshibits a coniparisoil lietween the results of the bar and tape 
nieasures of the length for: the several sections of the base. 'I'm70 sets of results - are 
given for the tape measures, one clepending 91ely on night (:after suiiclomn j measures, 
the other depending on night and day iueasure~ aiicl after a certain correction had been 
applied for the case of insolation. Some results of August 27 and 2.3 ancl all of September 
4 .were rejected. 
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I &,- L L _ - .  - Bar nlinus 
tape. 
h'idit 

~ r n g r i i  I>?; rapes 
integer metres NO. of Lellgth of 

measures. section. Section of base line. -. 
measures. t or -. 

South Base to I -2 kin. , 7  . 
I .2 klll. ' 2  'I km. S 

2 'I klll. 3 '0 kni. 7 
3 '0 kni. , 3 '9 kin.. 6 

3 '9, kni. 4 '9 klll. 30 
4 '9 kni. North Base. ( 1 2  and 7) 

sa111 5 500 . + s p  '0 5 500 
- 3 2 s  -4 

111111. 

- 6.4 
- 3 '6 

- 3'9 
+ 3 '0  

-. 5 '9 

- 0 ' 2  

- I 7 "3 

Froni.46 tape measures, covering 6 sections of .the base. the observer deduces tlie 
probable error of a measure (of a single tape) f 0-55 millimetre, atid that of the single 
nieasure of ,a kilometre .1*74 niillinietrrs, which equals nearly 5T-&EnT part of the 
length ; yet tlie length of t1ie.base from tlie bar aiid tape measures differs 17 millimetres,* 
that is, by its.3z&TT part. The observer assigns f 3'6s niillimetres for the probable 
error of the base from tape measures. The reduction to sea level for the tape measures 
is - o 'q5  o metre aiicl the length of the base is 5 500'5S7 metres. 

We niay take the simple mean or + ( , s  500'564 + 5 5'110'5S7) or 5 500'576 f 7'7 
~nillimetres, where tlie probable error appears largely increased in consequence of the 
above discrepancy between the bar and tape'results; it is abont 7T$sra part of the 
length. 

Length of base between inonuinents 5 500'576 and its logaritlilri 3'740 40s 17 
* 4  -I- 32 

Length of base as side of triangle 5 500.570 and its logarithm 3'740 407 70 
k . 4  & 32 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED ANLI ~ D J U S T E D  AT THE STATIONS 

W o h r  NorLh Bmc, Ripley County,' Indiana. 3c-centinletre 
A. T. Mosman and W. B; Fairfield, 

FORMING THE HOLTON BASE NET, ISS9-y. 

Noveniber 13 to Noveriiber IS.' 15y. 
theodolite, No. 11s. 
observers. 

Telescope above ground 30.94 metres. 

Resulting direc- Approximate Corrections Final seconds 
Objects observed. tions from station probable frorii base-net iii I adjiistmeiit. error. adjustment. triangiilation. 

24 
25 
26 

27 

/ I  -- 0 I / I  I /  / I  

Glasgow . 0 00 oo'O0 *O'I2 , -0 '35 59.65 
Correct 66 oi 33-34 'IO + O . I S  33.52 
Holton South Base , 109 00 45-41 'I I +n -16 .45 '57 
Greeii 215 .36 q ' 4 g  "9 0'00 33 '49 
Probable error of a single observation of a direction ( D .  and R. = * o".70. 

*Aud 23 luilliluetres as 611a!ly given. 
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29 
j o  
2s 

0 I / I  /I I I  / I  

Correct 0 m 00'00 :&0.14 +o '47 03 '47 
CulbertFn 71 51 23.22 'I1 -0 '19 23 '03 
stout 247 ss 54'69 'I I -0 .2s.  54 '41 

3 

I 

2 

o S I  W'00 , Z k O ' I j  -0.14 3 6  ' Glasgow 
Tanner 161 59 13-94 '13 
Stow 215 26 34'50 'I2 

Culbertson 255 56 07'7s '14 -o '15 07'63 , 

Correct 31s 50 47'95 'I 2 +o '29 4s '24 

6 

4 
5 

I /  I I  0 I I /  I I  - 
Rriziii 0 00 00'00 k O ' O Y  -0.42 55 3s 
Stow 71 44 14.43 'I I 

Dry Ridge 96 41 06'92 '13 

Correct - 32s 1 0  57'51 'IO f o  .46 57 '97' 
Mud Lick 265 16 50:q ' 'IO -0 '04 50.23 , , 



TRANSCONTINENl'AL TRIANGULATION-PART I-BASE LINES. I4I , 

ABSTRACT OF RESULTING HORIZONTAI. DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS 
FORMING THE HOLTON BASE NET. 1SSg-go-continued. 

Ghrsgow. Ripley County, Indiana. 
metre theodolite, No. 11s. 
Fairfield, observers. 

June 24 to July I ,  November 21 to November 23, r S p .  io-centi- 
A. T. Mosnian and W. B. Telescope above ground 35.h metres. 

Resiilting direc- . Approxiinste Corrections Final secolirls 

adjostiiient. error. adjustriicirt. triangulation. 
diz;t&, ' Objects observed. tioiis froiii station probaMe from base-net i l l  

17 
IS 
19 

1 6  I correct 

Holton South .Base IOI j6  56'15 "II* -0 '07 56 '05 

Holton North Base 132 04 02.37 'r7' . $0'41 01 . is  
Green 1.54 19 54'47 '13 -0 '52 53'95 . 

/ I  a I / I  ./I / I  - 
0 uo 00'00 *O ' I I  -0 '33 59 '67 

7 Glasgow 

S 
9 

IO 

I 1  

. 12 

13 
14 

Reiziri jj 19.93 . ir  +o '15 20 'OS 
Culbertson 165 SI i S . 4 7  'I5 -1-0 . I  I 3s 3s 
MudLick 211 06 09.57 ' '16 -0 .49 q 'OS 
stout 24: 49 02'23 -14  -to .S4 03 '07 

t-0'32 14 .?6 Holton South Base 2Sg $3 14.74 ..16' 
Green 335 52 53'77 'I? -0 .AI j; .36 
Holton North Base 319 51 OS'j7 76% -0'19 OS'lS 

36 
37 
3'3 

0 I I t  . I! II . ,' 
Tripp 0 00 00'00 f O . 1 3  

Correct 74 0 1  1 1  '01 '20 -0.17 2 0  .S4 

Holnian 214 2s 07-36 3- 

Green 32 33 Q5.72 '24 $0 '14 05.56 

Mud Lick 111 17 21.59 '22 +0 '03 31 '62 

Miller 2S7 $3 14-96 '26 

**'I 
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ABSTRhCT .OF RESULTING HORIZONTAL DIRECTIONS. OBSERVED AND' ADJUSTED, AT THE STATIONS 
FORMING THE HOLTOTON BASE NET, ISsg-go-completed. 

Grct-n, Jennings. County. Indiana. July 11 to August r4. and November rg to November 20,  ~Sgo. 
J. B. Bou- So-centimetre theodolites. Nos. I 1.S an& 147. 

telle and W. B. Fairfield, observers. 
Telescope above grouud 46.79 metres. 

diz;t& Objects observed. 
Resulting direc- Approximate Corrections Filial :semiids 

adjustment. error. adjustment. triangulation. 
tioris froin station probable. .from base-net 1 I1 

31 
32 

33 
34 
35 

No. 1 
I 
7 

3 
4 
5 
6 
7 
S 
9 
IO 

11 

!I 0 I / I  I I  

Tripp 0 00 00'00 +OY2 

Weed Patch 49 57 4 3 - 5 2  . ' 2 0  

Glasgow 222 13 mmg '16 + o x  
Holton North Base 235 33 52'9.7 '22 $0 'IO 

Correct . 250 01 2s-54 ' 2 0  -0 .'15 ' 
Holton South Base 237 24 2 4 - 1 Q  'IS +0*41 
stout ' 3 2 6  2 9  45'14 '20 -0 '51 
Probable error of a single observation of a direction (D. and R. ) = j= 1//*15. 

FIGURE ADJUSTMENT. 

I /  

2 0  a 2 4  

53 '03 
2s '39 
24 '59 
44 '63 

*The net contains I I  angle and .I side equations; the coefficients in the latter refer to the sixth place it1 the'log's 
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FIGURE .mjusTnnwr-continued. 

Corrcfale. qiiatioris. 
I Cr Cz c3 cq c5 c6 c7 CS c g  Cia CII CIZ c I 3  ci4 

(1) 

(2) 

(3) 
(4) 
(5 )  
( 6 )  
(7) 
(8) 
(9) 

( IO)  

(11) 

(I?)  

(13) 
' ( 1 4 )  

(IS) 

(16) 
(17) 
(IS) 
(19) 
(20) 

(21) 

(22) 

(?3) 

( 2 s )  

(26) 
(27) 
(2s) 

(29)  

( 3 0  
(52) 
(33) 
(34) 
(3s) 
(36) 
(37) 
(38) 

(24) 

(30) 

i43 

-1 

--I + r  
+I 

-1 

... ... ... . .. .. . ... .:. -1 ... ... +I ...... 
+I +I -1 -0.76 

+I . 

+I -1 

... ... ,.. ... ... ... ' ... ... ... -1 +I ...... 
- 2  -I  -2.SS 

. - I  ' +I 

4-1 +3 '64 
. .. . .. , .. . .. ... . .. . -I ... .-. .... .-.. ...... 

-1 -1 +I. -2 '23 

+I -1 

-I +I 

+I --I +5 '81 
-1 -3 'ss 

...... 
+I +I +I 

... ... -1 -1  ... ... ' ... ... -. .-. .. . 
- 1  +I 

+ I  +I 

+I +0'73 
- 1  ... ... .... ... ... ... ... ._. ... ... + z %  
+ I  -1 -2'99 

-1 +I 

+ I  -1 

--I 

+I --I 

... ... ... ... ... ... ... ... ' ... ,.. +I ...... 
-1 -1 -1 

-1  +I 

+ J  + I  

+ L  --I 

...... ..: ... ... ... ... ... ... ... +I ... ... 
' --I 

+ I  -1 

-L: 

Xornzaf cqiia f idm. 

0=+0'17 

+ 0.73 
+ 0.13 
+ 0'50 

+ 1'33 
+ 1'14 
- 0'78 

+ 0'59 
+ 1'93 - ?'25 

+ 0'76 
+ 4 ' 5 ,  
+ ? ' I  

+'3 '9 
- 3'4 

...... ..- .... 

' CI cz C; ca c i  c6 c7 c8 c g  cm CII C.. 

+6 +: -2 + 1'27 
1 +6 -3 +i --a - +10'16 

+6 i-2 -2  + 2 3 9  

+6 +I +2  - 5 %  
. . . . +6 +Z + 4'31 

. +6 - 2  -2 + 1'47 
+6 -2 - 1.47 

' +6 -2 

+6 -2  

. . . . . . . . . +6 
+6 

+ss'2$ 

...... ....... 
- 7'Q 
+ s.40 

. . . . . . . . . . . . . 
- 2'23 

+I .*  + 3'83 
- 3.58 
+ I ' h  - 1'60 
. . . . . . . . . . . . . 

i-0'73 

--I '36 
+o '63 

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

...... . ..... 
+3'gs - 2.98 

-5'25 
+ 16 '2s 

+ a w  -13'27 
. . . . . . . . . . . . . 

- 1 '07 
+j '4s 
-2'j1 

- 1  'OS 

i 4  '47 
-3.39 

...... 

...... 

+o '$5 
-0'16 

-0.69 
-3'99. 

+4 '50 

-0'51 

--? 39  
f5 '16  
-2.77 

- I '36 - 7'64 
+ I ,*  + 12'94 

- 1.3 - 15'72 
- 2.05 -c I .jq 

- "47 

+ 9'51 - 1 3 ' 2 j  

- 1'3s l G ' j 0  

- 7'85 

+ 4.?2 

+ 4'22 
+ i .65. 
- -  3'52 
- j . 31  

+ 2 ' 5 4  

- R . 9  
f 5'02 

- "39. 
- 1 I '53 

+ 82.25: 

+I32'?S 
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/ I  

=+o S j 6  
f-0.221 

-0 '415 
-0 .19  

-0 *331 
+o '507 
-0 '070 

$0 '4r5 
-0 '522 

+o'151 

I I  

:-o-1~7 
-0.160 
S o '  136 
-0 .A47 
+o '1S3 
+0'162 . 
+o '002 
-0 '"9 
+o '469 
-0 .IS9 

Bof + correctionsq '939, 
I Bof - correctionsq -9;s 

also B p r ~  = + 3"75S, 
- B o C  = + 3 756 ' Cllrck 

&rean error of an observed dirfctioti 111 - v..] = & o"'50 where 1b = number of conditions, 
1-47 

and mean error of an angle IA = I I ~ .  &= & o'"71, also probable error of the same & 0ll .g.  f 

TRIANGLES OF THE HOLTON BASE NET, INDIANA. 

No. Stations. 

Correct 
Holton South Base 
Holton North Base 

Glasgow 
Correct 
Holton South Base 

Glasgow 
Correct 

. Holton North Base 

4 

Glasgow 
Holton South Base 
Holton North Base 

Log s. Distances correc- Spher- Spher- 

tiom. angles. escess. in metres.' Observed angles. ical ical 

I /  

-0.41 
+o '26 
-0 '02 

-0 -5s 
-0 '45 
t o  '30 

-0 'IO 

-0.04 

t-0 '53 

+o *4s 
-0.04 
.fo '5 I 

I /  / I  

53.2: 0.03 
54'S3 0.03 
I 2  '05 0.04 

0 'IO 

zS.01 0.06 

4736 0'06 
440.31 0'06 

' 0-1s 

51 '59 0.06 
34'71 O ' O j  

'33'S.l 0'06 

o '17 
06.70 0'03 
07'47 0'03 
45-92 0.03 

. 0-oq 
- 

3'740 407 7 5 500'570 
4'021 4 4  g IO 506'1s 
3'S74 346 o 7 487'66 

3:S74 346 0 7 457 

3'999 s93 9 9 997'56 

4.011 195 S IO 261'14 

4.021 444 g 10 506'18 

3 'S4S 417 4 
3 '999 593 9 ' 9 997 *56 

7 053.71 

3.740 407 7 5 500.570 
3 ' q S  417 4 7 053'71 
4.011 195 S IO 261'14 
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TRIANGLES OF THE HOLTON BASE NET.* rrunIan-i-continued. . 

. Correc- Sp11er- Spher- 
Observed angles. ical ical 

angles. escess. 
Distances 

Log in metres. ;NO. Stations. 

I /  

-0 '04 
-0 '94 
-0 '35 

-0 '30 
-I '03 
+o.rg' 

+o -26 
-0.4 

-0.31 

-0 '25 
-0-1s 
f o  '23 

-to '31 
-0.16 
-0 -28 

+o 36 
-0 Q 
-0 '01 

-0 '44 
+o -3s 
+o '99 

-0 'sg 
-0 *04 
$0 -44 

-0 -66 
-0 -60 
$0 '50 

I f  

32, $0 

51 -16 
' 36 *r6 

os '15 
25.85 
26 '42 

04 '35 

gS 'I j 
57 'S7 

35'36 
49 '97 
34 'S3 

31 -56 
37 *92 
so '67 

56 '20 

. IS '39 

45 '51 

11 .61 
20.31 
2s -40 

01.60 

IS -50 
40.61 

22 36 

07 '74 

30 '50  

Green 

Holton North Base 
. 5  [ Glasgow 

3 w  417 4 7 053.71 
4'063 736 7 I I  5So.75 

4'250 322 2 17 795'99 

0 'I2 

0 'I5 
0 !I5 

0 '15 

0 '45 
- 
0 'I2 

0 ' 1 2  

o '13 

3 '999 893 9 9 997 5 6  
4.325 671 I 21 314'30 
4.250 322 4 17 z g 6 m  

Green 

Correct 

Green 
Glasgow 
Holton S,outh Base 

7 
.. 

S 

9 

TO 

0 '37 
0.06 
0 '05' 
0 '05 

4.021 4 4  g IO 506'1s 
4.325 671 I 21 314'30 

4'063 736 9: 11 5 % ~  

Green 
Holtoii North Base 
Correct 

00 -36 
' .21 50 31'25 

51 33 50'95 

00 '2s 
7 22 55'64 

'4 04 '9.03 
158 32 45'52 

!06 35 3 S . d  

- 

o -16 
0 '05 
0 '05 
0 '05 

0 'I5 

0.04 
o '03 
o '03 

- 

Green 
Holton North Base 
Holtoii South Base 

Green 
Correct 
Holton South Base 

OO..1g 
41 og 12.05 
E@ 35 19'93 
5s 15 27-56 

0 '10 

0.11 

0 ' IO 

0 ' L I  

3 '999 s93 9 9 997 3 6  
4 '175 733 S 14 957.66 
4'111 254 5 12 919'76 

Reizin 

Glasgow 

59 '54 
31 49 02-49 
85 I6  IS054 
62 54 40'17 

01 '20 

- 
71 51 ,23-22 
45 I4 31.10 
62 54 0 7 - 2 i  

01.56 
- 

o -32 
0 '24 
o '23 
o -24 

0 .71  

o '26 
o -27 
o '27 

0 'SO 

- 

- 

4.111 254 5 12 91976 

4.33s Sog 3 21 517.72 
4'3S7 797 5 24 422.5s 

CUlhertSOll 
Correct 
Reizin 

4.33s ~ o g  3 21 s i 7 7 2  
4 '212 265 2 16 303 '03 

4 '310 460 5 20 439 '04 

Mud t i c k  
Correct 
Culbertsou 

I3 

18732-No. 4-10 ' 
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TRIANGLES OF THE HOLTOX BASE WET, rNnr.~aa-compIetecl. 

NO. Stations. . ' Observed angles. 

0 I 1  I I  

stout ai 25, 15.29 
Green 76 25 16.60 
Correct 62 03 31 '54 

03 *a5 
Stout ' . 37 16 00-5s 
Correct 30 42 52.66 
Mud Lick 112 or oj.51 

5 s  '55 

- 

- 

Correc- 
tions. 

I /  

-0.32 
-0 '36 
- 1  '25 

$0 '21 

+I '32 
t 0 '75 

Spher- Spher- 
ical ical 

angles. escess. 

14.97 0'50 

r6'-24 o '50 

30.29 0.50 

I ' 50  
00 '79 0 '2s 

53.99 0 . 2 s  

0 '83 

I /  I /  

- 

06'06 0.27 - 

Distances 
Log s. in metres. 

PROBABLE ERRORS. 

Reizin to Culbertson -sin (9'- S )  sin ( 16 -- 15') sin (25 - 24) .sin (23 - 2 1 )  
Holton Base - sin ( 6 -  5 )  sin (3 - 2 )  sill ( I S  - 16) sin (14 - 12) 

hence the function: 
F=log sin ( 9 - S ) t I o g  sin (:6-1rg)+log sin ( 2 5 - 2 4 )  -i- log sin ( 2 3 - 2 1 j  -log s in(6-5)  

-log sin ( 3  - 2 )  -log sin ( I S  - 16) - log sin ( I $  - 12)  

Establishing and solving the transfer equations, me find the recipkocal of the 
.r 

weight = 17.776, also the 1iiea11 error I+ and the probable error 3-r. both espressed in 

units of the sisth place of decimals in their logarithnis, viz: + 2 . 1 2  and =t 1-43, 
respectively; hence log. distance Reizin tu Cnhertson 4'5S7 791 5 atid the distance 

24 ~ 2 ' 5 s  metres. 
f 1 4  

The probable error is about SBbizzV part of the length. 
f 0.0s 

. To this w e  have. to add the proportional error depending upon that of the base 
24 423 measure, or 0.0041 X - - - f 0.01s metre; hence probable error of length of side 
5 501 ' 

Reiziii to Culbertsoii, 
J!O*OS)'+ (O'OIS:)' = 0.0~2 metre. 

For the side Green to Stout, we use the espression- 

Green to Stout-sin ( ~ 3 - - 2 r )  sin (27-25)  sin (13-11) 
sin ( 1 4 - 1 2 )  sin (3-32) sin (37-36) 

- -- 
Holton Base- 

F= log sin (23 - 21) + log sin (27 - 25) + log sin (13 - 11) -log sin (14 - 12) - log sin (33 - 32) 

Establishing and solving the transfer equations, we get P- - - 14'783, also mP = f I '93 

-- log sin (37 - 36) 
r 
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and rF = f 1 - 3 0 ;  hence log. distance Green to Stout 4'4.53 827 3. and distance 

28 433.30 metres. The probable error is about ssTji?vaa part of the length; coilibining 

with this the proportional error clue to the base measure, or O'OOL+ I X - 5 501 
metre, we get probable error of length of side Green to Stout- 

f I 3  

f 0'085 
2s 433= *o.031 

,/(0.085j'+ (0'031)' = &o'og metre. 
rn 

GENERAL DESCRIPTION OF STATIONS FORMING HOLTON BASE NET, INDIANA. 

UOZ~OJG Sozdlt Base, Ripley Comity; established in ~ S g o  bp A. T. Mosman. This 
station is situated in the'nortliwest corner of section 25. township 7 north, range I o  
east of tlie second priiicipal meridian, in Center Township, about I $ miles north of 
the village of New Marion. The geodetic point is marked as follows: The under- 
ground iiiark is a fine drill hole one-fourth inch deep at the intersection of cross lines 
cut on a copper bolt set in the top of a limestone post 6 iiiches square aiid 2 feet long, 
its top being 3 feet belon7 tlie surface. Above and around this post, except for a, space 
of I foot square immediately over it, is a layer of concrete I foot thick aiid 4 feet 
square, ~vhich serves as a foundation for the surface monument, consisting of a linie- 
stone block coinposecl of two parts firmly cemented together, 3 feet square and 30 
inches high, projecting 6 inches above the surface. The upper part is beveled to 24 
inches square, and a fine drill hole a t  the intersection of cross lines cut on a copper bolt 
set in the top iiiarks the geodetic point a t  the stirface. On this 'surface monument was 
placed a limestone shaft 3 feet high, 2 feet square a t  the base, aiid I foot square at the 
top, having the following inscriptions cut on three of its faces: On the south face, 
" U. S. COAST AND GEODETIC SURVEY;" on the east face, "SOUTH BASE," 
aiid on the west f a c e ,  "HOLTON BASE LINE, I S ~ I . "  As reference marks, four 
stone posts, each 6 inches square and 2 feet long, with copper bolt on the topq were set 
as follows: One about northwest, onethe fence line 011 the south side of the public road, 
distant 54'So feet; one about IiortheaSt, on the salile fence line, distant 5 I '6G feet; m e  
about soiitheast, distant 35.55 feet, aiicl one about southwest, distant 42.7 I feet from 
the geodetic point, forming a square 65'62 feet on each side. 

This 
station is in tlie southeast corner of section 2, ton~nship 7 north, range I O  east of the 
secoiicl principal meridian, on land of Mr. Sam Cos, in Otter Creek Township, about I 

mile east of Holton, 'on the south side of tlie Ohio and Mississippi Railroad, and distant 
94.52 feet from the south rail of the track. The' markings a i d  nionuinents a t  the 
geodetic points are esactly siniilar in every respect to those at South Base, with the 
esceptioii of the inscription on one end of the faces of the upper limestone shaft, 

-NORTH being substituted for SOUTH. As reference marks, four stone posts, each 6 
inches square and 2 feet long, with copper bolt on the top9 were set as follows: One on 
the line to South Base, distant 49'24 feet; one in prolongation of the base line north- 
ward, distant 49'05 feet; one at right angle to the eastward and one,at right angle to 
tlir westward, each distant 49-21 feet froin the geodetic point, forming a square 69'5 
feet on each side. 

Xolton North Bmc, Ripley County; established in ~ S g o  by A. T. Mosnian. 
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COTJTC~, Ripley County; established in 1SS7 by F. W. Perkilk. This station .is 
situated in the southwest corner of the southeast quarter of the sou'theast quarter of 
section 17, township 7 north, range I I east of the secoiicl principal meridian, John@ii 
Township. I t  is nearly'on tlie line dividing sections' 27 and 34, and 4o'feet west of the 
county road running from Versailles to Correct, Versailles being 14 miles nortli sild 
Correct P. 0. a half mile south of tlie station. The geodetic point is marked by the apes 
of an earthenware pyramid buried 3 feet. below tlie surface, over which is placed a tile 
drain pipe 6 inches in diameter and 2;i feet long, filled with cement concrete, and . 

having a 6-inch spike in the center of the top as a surface mark. The hole around this 
pipe was filled with concrete so that the pyramicl is covered kith a solid block of con- 
crete z > i  feet high and 3 0  inches in diameter, with the drain pipe in its center.' Four 
4-inch tile drain pipes, filled with concrete with nails in the center, were placed as 
follows, as reference marks: Two to the eastward of the station; one on the west side. 
of the roa6,'distant 2 3 ' s ~  feet; and one oii the east side of the road, distant 65'1 I feet; 
and one sout'ii 6ii the fence line, distant 30.23 feet; and the fourth one just  iiisicle of the ' 

fence line on the west side of the road, distant 66'43 feet, and bearing north 40' 43' 
east from the geodetic point. 

This 'station is 
situated in the southeast quarter of the southeast quarter of section 2S, township S 
north, range I I east of the second principal meridian, .sS4 feet north and 94;.i feet west of 
the section corner. I t  is on the land of Asliniaii and Glasgow, about 1% miles south 
of the town of Osgood, on the west side of the road running from that town to tlle stone 
quarries of the above firm, but beyond the quarries. The geodetic point is marked by 
the apex'of an' earthenware pyramid sunk 3 feet below the surface, over which is placed 
a section of draiiirtile pipe, 6 inches in diayeter and z;i feet long, reachiiig to the surface 
and filled with concrete. The hole around the pipe, IS inches in diameter, is also filled 
with concrete, making a solid block of concrete with.tlie pipe in the center. As reference 
marks, four 4-inch pipes filled with concrete were set as follows: Three 011 the western 
line of the road, one bearing .north 46' 45' east (true), distant 100.5 feet, one bearing 
east I O  37' south, distant 75'34 feet, and one bearing south 5r0 17' east, distant 91-55 
feet from the geodetic point; the fourth one is'oii tlie eastern line of the road (which 
runs along the section line between sections 27 and 2S), bearing east IO-37' south, and . 

distant I 12.94 feet from the geodetic point. 
Giwn, Jentiiiigs County; established in 1SS7 by F. W. Perkiiis. ' This station is . 

situated in Columbia Township, near the northeast corner of section 34, township S 
north, range g east of the second principal meridian, and is distant 927 feet we'st and 61 
feet south from the section corner stond. 'It is on land belonging to'Samuel R~isli, about 
5 miles north of the town of Butlerville, on the Ohio and Mississippi Railroad, and 
about z miles southwest of the town of 'Zenas. The geodetic point is marked by the 
apes of an earthenware pyramid buried 3 feet below the surface. Over this is a terra- 
cotta drain pipe, 6 inches in diameter and z feet long, filled with cement and projecting 
about 2 inches above the surface. Tine letters U.S. are. marked on the cement and a 
nail inserted head downward in the cement at the top of the pipe serves as a surface 
mark. As reference marks, three 4-inch drain pipes, filled with cement with nail in 
ceiiter, were set in the fence line north of station, their tops projecting 2 inches above 
the ground; the western one distant 69 feet 4 inches, the northern one distant 42 feet 
I I inches, and the eastern one distant 67 feet from the geodetic point. 

Glusgom, Ripley County; established in 1SS7 by F. W. .Perkins. 



TRANSCONTINENTAL .'TRIANGULATION-PART I-BASE LINES. 149 
This station is 

situated about I 'mile east of the town of Elrod, and about 320 yards south of the road 
from Elrod to Dillsboro, 'on land belonging to Mr. Joseph' Beall, 39 feet east of the line 
fence dividing the lands of Mr. Beall from those of Mr. Reizin Johnson. The geodetic 
point is 'm?rkecl by the apes of an earthenware pyramid buried 37.6 feet below the 
surface, over which is placid 4 inches of soil. then 3 iliches of blacksmith's cinder from. 
tlie forge, then 3 inches more of - soil : over this is placed a solid shaft of concrete 20 
inches high and about 16 inches in diameter, having embedded in its center a drain-tile 
pipe 6 inches in diameter and 2 feet long, filled with cement, the top even with the 
surface and having a spike it? the center to mark the geodetic point.. 

. As reference marks, four .+-inch drain-tile pipes, filled with cement and nails in the 
ceiiter, were set as follows : One true iiortli, clistant 5'9s feet : slid true' south, clistant 
5'96 feet; one true east, distant 6'05 feet, and one true west. distant 39'9 feet from the 
geodetic point. 'A.hickorp tree staiiding alone in the field, bearing north 24' 11' east, 
and distant ISI -3  feet from the center mark, was ljl.azec1 and niarkecl with a triangle of 
small nails and a large one in tlie center, as an additional reference mark. 

This 
station is situated in the iiorthwest corner of .the southeast quarter of section 53, town- 
ship 5 north, range 12 east of the second principal niericliaii in Pleasant Township, on 
land of Jaiiies Culbertson. It is about 1 1  miles northerly from the town of Vevay on 
the Ohio River. It is on the llighest part of the pasture just east of Culbertson's 
house, .about 700 feet from the pike and .+S feet east of center of country road running 
south from the pike. The geodetic point is niarkecl by the apes of an earthenware 
pyramid ljuried 3 feet below tlie surface, over s which is placed a coiicrete block IS '  
inches in clianieter by feet long, having embedded in its center a chin-tile pipe 
6 inches in clianieter, with a nail at the intersection of ,cross lines on top as B surface 
niark. As reference marks. four 4-inch drain-tile pipes were set in concrete in at similar 
man!ier: One due north, distant 5'92 feet; one' due east, distant 6-12 fret:' one due 
south, distant 5'93 feet, and one due west, 35'6; feet distant from the geodetic point. 
Tile west pipe is in the fence line on east side"of road. 

Tliis station 
is situated in the southeast corner of the northwest quarter of section 26* township 5 
north, ralige I O  east of the second principal meridian, on land of Mr. W. H. Buck- 
hannon. It is on the west side of the Michigan road, about one-half niile south of 
M~id  Lick post-office and 7 miles from Madison. a town. on the Ohio River, and just  
north of a county road running west to Lancaster. The geodetic point is marked by 
the apes of an earthenware pyramid buried 3 feet below the surface, over mXcli is 
placed a solid concrete block 2 feet in diameter and z,!i feet high, having eiiiheclded in 
its center a drain-tile pipe, 6 inches by 9;.$ feet, filled with concrete. The letters 
U.S.C.S. are niarkecl on top, and a 6-inch spike at the iiitersectioii of cross lines marks 
the point at the surface. As reference marks, four 4-inch drain-tile pipes filled with 
cement were set as follows: One iiearlyceastI distant 165 '5 feet; one nearly southeast, 
distant 1Sg-7 feet; and two nearly south, one 107.4 feet and the other 144-9 feet distant 
from the geodetic point. . 

Stout, Jefferson County: established in 1S87 .by F. W. Perkins. . This station is 
situated near tlie northeast corner of section 25, towiiship 5 iiorth, range S east of the 

Rcizilzq Ripley. County; established in ISST b$ F. W. Perkins. 

. . 

CziZbcrfsoJz, Switzerland County;' established in 1SS7 by F. W. Perkins. 

. , .  

Mzm? Lick, Jefferson County: established in 1SS7 by F. W. Perkins. 
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second principal mericliaii, on land of Mr. A. (3. Stout. who lives about one-third mile 
south of tlie station. I t .  is about 5 miles southwest of the town of Dupolit and the 
same distance northeast of the town of Paris. and about I mile north of Neils Creek 
post-office. The section line a few feet north of the station is the boundary line bet1veen 
Jefferson and Jeniiings counties. The geodetic point is marked by the. apes of a11 

earthenware pyramid buried 3 feet below the surface, over which is placed a drain-tile 
pipe, 6 inches in diaiiieter ancl 2.5 feet long. filled wit.11 cement, the top projecting about 
I inch above the surface, and liaiving tlie letters U. S. cut in the cement, and a nail in 
the center as a surface mark. Three drain-tile pipes, 3 inches by 2.5  fret. filled with 
cement and a nail in tlie center, with the numbers I ,  :9 a i d  j cut in tlie cement, were 
set as follows, for reference marks: No. I ,  bearing south 43' ~Ywes t ,  distant 40.95 feet; 
No. 3, bearing ioouth S6' 4s' west, distant 27-72 feet, ancl No. j, bearing north 36' 41' 
west, distant 45-94 feet from the geodetic point.' They were placed in the fence line 
west of the station. An aclditioiial reference mark is tlle quarter-section stone marking 
the northwest corner of the northeast quarter of the northeast quarter of section 25, 

which hears north 39" 55' west and is 43-16 feet distant from the geocletic point. The  
above bearings are magnetic. 

, 
. iE ) St. .-~/iw)zs B Z S ~  Liizr, ll.>st I . ' i , g i ) t i c c ,  1892. 

LOCATIOX, XEASUREMEW'I, AND LENGTH. 

This base is situated in the  alley of the Great Kanawha River, 'near the village of 
St. Albans, in Kanawha County, West Virginia. The middle: point of the base is in 
latitude 3s"  23'-0 and in longitude SI' 4S"g west of Greenwich; the aziiiiutli east end 
to west end is 10s' oj"g. The length of the base is nearly j 'S7  kilometres or 2-40 statute 
miles; its elevation above the ocean is about IS0 metres. This is the second base of 
precision the measure of which was effected by nirans of metallic tapes, and tlie first 
one where the tape measures were accepted esclusive of other means. The esperimental 
work at the Holton Base of 1891 (,see account of that base) seemed to prove that tape 
measures could be depended upon for refined results in those c'ases where the requisite 
close attention is paid to all circumstances and to minute details which have or iiiay 
have an influence on the result. Among these influences the condition of the atmos- 
phere is the most potent. and measures iiiacle after sundowii or cluritig iiiglittime 
were considered more favorable than those taken in daytime and during sunshine. For 
a comprehensive unclerstandiiig of the use of tapes for the above purpose, no better 
reference need he given than the report of Assistant R. S. Woodward, by whom the 
method 117as developed on the survey (,see Appendis No. S, Coast aiicl Geodetic Survey 
Report for rSg2, part -7. pp. 453-4591. This also includes his account of  the St. Albans 
Base. . A more condensed paper of the results as reviewed by the office is given in 
Appendis No. 6.  Coast and Geodetic Survey Report .for 1Sg4. . 

The base was located by Assistant 'A. T. Mosman, an< in the summer of 1891 
the terminal stones were set and the profile of the line secured by Subassistant W. B. 
Fairfield : 2: the nieasurenieiit of the base in October, 1Sg3, was in charge of Assistant R. S. 
Woodward. The base was divided into four sections and between October I and g the line 
was cleared of obstacles and the marking and support stakes for the tapes were set, IO  

-. __ 
*The coiiiiectioii of the base with the main triaiigulatioii was made by the same observer ii i  IS,~.  
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metres apart, and carefully aligned and the slope determined. ,411 ineasures were macle 
between October IO and @ctober 14. Four of these were made at night and one 
during bright sunshine, but the observer escludecl the last result from his final coni- 
bination. Of the four effective measures two were forward and two were backward: they 
were macle with steel tapes Nos. S5 and SS, the same as hac1 heen previously employed 
and standardized at the Holton Base in the preceding year. As there stated, the lengths 
of the tapes depend on coiiiparative measures with the 5-metre steel bar No. 17 when 
enibedded in ineltiiig ice. The cliliiensions of tlirse tapes are : Length IOI '01 metres, 
cross section 6-34 by 0'47 milliiiietres. Their weiglit is 23.j gramnes per metre of 
length. During nieasure the tension 
applied was 25 p o u d s  6 ounces. 

When not in use, the!; are rolled up op reels. 
The following results mere found : 

Bar B,, = 511' - rS'op at oo C. and 

Tape Ts, = 20 B,, + 3% + 1'mg4 71 or T& = T O C I ~  + 3.50 + r m g l  7t  
T,s = I W ~  $- 5'55 + I ~ I  & 

. 

mtn. mm. nun. mm. 

Tsz = zoB,, + 6'31 f ~-ogr .Q 

These numbers answer to the standard tension of 25 pounds and 9 oiiiices* and 
are for the centigrade temperature t (referred to the hydrogen scale). The fractional 
part of a tape was obtained either directly from the 20-metre subspaces of the tapes or 
by means of a r&tlietre tape graduated to millinietres. The several positions of. the 
tapes were marked on zinc plates left in position tliroughout the measures, these marks 
forming part of the record. The corrections to tlie thermometer readings during the 
base measures are as follows : 

Thermometers. 
Tempera- Green Green Green 

ture. No. 559s. No. 5620. No. 5621. 
0 

0 

5 

15 

IO 

20 

25 

30 
35 

0 

- 0 . 2 0  

'15 
'2 I 

'25 

'27 

'35 

-25 

-0 -23 

0 

-0 '25 

'26 
'32 

'31 
'3 2 

'25 

-0 '25 

' 2 0  

These tlierfiiometers were provided with steel sheaths of thin steel tape slipped 
over their bulbs, in the hope of securiiig a close approsiniatioti to tlie actual temperature 
of the tapes. Two of the theniiometers were placed at a distance of IO metres froin 
the tape ends and the third one was placed at  the middle. 

, *With j ouuces less than the standard tension the tape shortens o r 4  millirnetre. 
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The results of the several measures of the base sections in terms of the length of 
B,, are as follows: 

- 
.E Datc, . . 'rimeof da;. 
8 I S j Z .  p. 111. 
1 

In 

.- : i  Mean 
db - . Elld No. of tempera- : 0 5 points. tape. . ture, .= 2 
a z  

O C .  

ss g:o4 
SS 7.62 
S5 13.30 

s5 9.56 
ss 32'11 

w. 1 SS 6.23 

w. .J 

w. 
E. 
w. 
E. 
w. 

Tempera- 
tnre 

rising or 
falling. 

f. 
r. 
,f. 
r. 

r.; f .  

f.. r. 
' f . .  r. 

f . .  r. 
f . .  r., f .  . 

f . ,  r. 

r., f . ,  r. 

Grade 
Length. ' correc- 

tion. 

111111. 
2OoB,,+25S 2 

252'6 ;d 
- 1  

' 24s-I . . I '  . 251 '5 

ss 7 .s4 'r., r. , 524 '0 

Sg 9.92 f . .  r..  f. 
Sg S '75 r.. f., r. 
SS 30.0s  r.. f . ,  r. ' 534'0 . 

Section. 

I 
I1 
111 
IV ' 

Total 77z&,+10 636'25 +IG 639'90 
. .. 

. Length of base* froin- 

Mean. 

111111. 
$- . 251 '70 
+ 534'SZ 
+ 526'93 
+ g 334.62 

Correction 
for slope. 

-' s.52 

- 93.5s 
7 ' 2 0  

- 3.40 

.111111. 

- 

Resulting 
. length. 

I l l .  
I ~ ~ 0 . 2 3 9  6 
I 000.437 6 
1. 0 ~ 0 ' 5 1 6  I 

S69'31S T 

+IO 63s '07 

111. 

-112 '70 

2 westward measures 3 Sjo '51; 5 
2 eastward measures j 870 '509 3 

Mean . 3 S70'511 4 
-41~0 difference of measure by the two tapes 3 '65 inillimetres. 

*Unreduced to sea Ie\.c.l. 
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The individual results of the 4 iiiglit aiicl tlie I day Iileasures are: 

1S92. 

Meail 3 S70.514 I - 
For the reduction to sea level we have the following data: fxverage'distaiice of tape 

below -stone 2t West Base, 2% feet; stone at West Base below beiicli mark at'.St. 
Albaans, I -29 feet: resiilt of, spirit leveling in November. rS91, by . Sub-Alssistaiit 
Fairfidcl, froin for\+ard and backward measures, bench iiiark below trian@tioii 'statioii, 
Big Rocks, 576'05 feet: top of .pier at Big Rocks above grouiicl. 3'40 feet; hence tape 
below ground at  Big Rocks, ,576'60 feet, or 175.75 metres. The height of this station 
resulting from measures of zenith, distances brought over from the surve; of the 
District of Coluiiibia is 356'23 iiietres f 1-75 metres; adding to this accuindatecl 
probable error the nncertainty in the starting level f o ' z c ;  metre, we get for the 
average lieight 'of the base ISO'~S irietres f I '76 metres, with tlie corresponding 
recluctioii to sea level - 0'10g 6 metre; the leiigtli of the base reduced to 'sea level is 
therefore 3 S70-401 S metres. There is still to be appliecl B small correction to the 
length of the base, due to thermoiiietric corrections, amounting to* + 0'97 millimetre; 
lienci final length of ]lase is 3 ~ 7 0 . 4 0 2  s metres. 

The p~.:':-~'- -I--- A +L .assigned length of the Basc ma!- be dedrrced iii different 
ways; that due to the uncertainty in measllre may be made to depend on the cliscrep- 
aiicies is shown by the 5 measures of each of the 4 sections and noting the fact that 
tlie sum of the sqiiares oi the clifferetices for the last, or ciaylight, measure is iiot 
the largest of these values. We find for the probable error of tlie'base measure. 

The probable. error arising froin the uiicertaiiit; in the assigtiecl length of a tape, 
is'given by the observer as' f 0'06 millitnetre; hence probable error of 'the base froiii 
this cause is 38.7 x. 0'06 = f' 2-32 millimetres. The probable error of the base from 
uncertainty in the recliictioii to sea level is =k I 'IO n~jllimetres; hence total probable 
error ,/(,2*38)' + (12.32 j2 + ( I . IO>'  = f 3-50 millimetres. or about STbbXbbV part of the 
length. 

111, 

Resulting length of the St. Albam Base 3 S70-402 S . . 

f 3 5  

=t 39 
and its logarithm 3'557 756 17 . 

-- 
*See 11. &. Coast and Geodetic Survey Report for r S q ~  part 



= 54 LINITED ST-qTES COAST AND GEODETIC SURVET. 

60 
61 
6 2  

I /  / I  a I I I  

Rogers 0 t x l  oo'fn -to '37 00 '37 
St. Albans West Base ' 13 54 3 1 2 s  -0 'OS 31 ' 2 0  

Ryan s<, I1 54'74 -0 '29 54 '45 

30 
31 
32 

35 
34 . 

3 j  

0 I I /  / I  / I  I 

Piney 0 00 00'00 -0 '02 59.93 
Siinnis 79 I7 34'Q$ +c %6 34 9 4  

Ryan I I Z  06 27'25 $0 '20 27 '45 . 
Holmes 1 2 0  or 56'30 -0 '59 35 '71 

Table Rock 170 12 . 30.5s 

Rogers 109 27 01.41 -0 '02 nI 'jg 

Coal 130 04 rS.04 . -0 '43 17.61 

29 

24 
25 
26 

27 
2s 

0 I It I /  II 

Pigeon 0.00 03'00 -0 '17 59.53 
Ihvis 66 33 51 
Gebhardt 117 16 06.01 
Sininis 265 09 53-S4 -0 -2s 53 '56 
Holmes 270 j6 07'62 $0'21 07 'S3 
Cpal 293 29 60.19 -0 'jg 59 s3 
Table Rock 304 16 56'S4 +o *45 57 "9 
,BigRocks 310 g r  jS.03 +o .IS 39 '21 

Ivy 523 43 . ao -6s 
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37 
38 
39 
40 
41 
36 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED. AT THE STATIONS 
FORMING THE ST. ALBANS BASE NET, ISS~J-SI, IS;, rSg1-52-93-continued. 

Siwms, Putnani County. West Virginia. Janpnry 16 to February IO,. 1S92. . pcentinietre theodcJite, 
. No. rrY. \V. B. Fairfield, observer. Telescope above ground about 17 tnetres. 

0 / I f  / I  I' 

Ryan 0 c o  00'00 $0 'S5 @@ $5 
Coal 25 32 9 . 0 2  $0 ' 2 0  09 '32 
Rogers 34 31 53.71 +o '09 53 .so 
Big Rocks 64 55 25'25 -0 .41 27 .s4 
Piney 119 56 9'0-4 -0 '26 n!3 .7s 
Holmes ;Io or; 23.22 -0 -4s 22 ' j 1  

Resiilting clirec- Corrections Final seconds 

adjustment. adjustment. triangulation. 
tions from station from base-net in No. of Objects observed. direction. 

5g 
54 
5.5 
56 
57 
5s 

I/ I f  0 / I /  - 
Sinims 0 m m'00 -0.64 59.36 

Coal 245 30 30.40 +O '07 so '47 
St. Albans East Base 216 09 IS'SI +o '23 16'04 

BigRocks 277 4-4 1S.60 +O '03 IS '63 
Rogers 2S3 30 26'53 +o '39 26 '92 
St. Albans West Base 291 54 51 .14  -0 .os 51 *06 

51 

' 52 
53 

theorlolite. 

St. Albans East Base 52 22 30.4s --0 '93 25 '55 
Coal ' 147 02 33.75 +I '51 3.5 '29 
Big Rocks 240 30 mfq -0 '50 00 .I4 

42 
43 
44 
45 
46 
jj 

0 I II I f  

BigRocks 0 00 00'00 +o '99 
Piney 32 34 04'93 +@ -28 
Rogers 65 55 21.51 -1 '53 

Ryan 129 $3 22.62 - to '15 
Sinims s9 4? 60.49 -0.56 . 

, Hnlnies 16.5 55 04.33 +o '67 



I - 
3 .  

0 / / I  / I  / I  

Beach 0 rn rn'oo 

Ivy 9s 56 sS.36 -0 '27 5s '09 
Table Rock 132 q 23'34 +o '29 ' . 23 6 3  
Holmes '155 27 j6'S5 --0 '02 36 'S3 

6 

. 7  
S 

4 

I /  __ 0 , /  I /  I /  

Table Rock 0 00 00'cnJ --0.05 . 59 '95 

Sumrnersville gS zz 05.66 -0 '09 03 '57 
Beech 7s 34 '9'0.5 
Keeney 104 44 w.s2 

Holmes 6 35 23-49 f-o '15 23.64 

Pigeon 327 57 11'54 +o'bg ' 11 -63 

I4 
9 

IO 

IS 

Ivy ' 162 07 55.05 -0 '06 54 '99 
Pigeon 272 '9 39'43 -0 -4s 3s '95 
BigRocks agg 02 15.27 + O ' V  15 *+I 
Piney ' 302 15 04-12 $-0 -03 04 '1.5 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, O B S ~ R V E D  AND ADJUSTED, AT THE STATIONS 
FORMING THE ST. ALBANS BASE NET, rSSo-31, 1SS3; 1Sgr-g2-93-Continued. 

Holnrcs, Kaiiawha County, West Virginia. August 26 to September 27, 1931. 50-centimetre theodolite,, 
' No. 114. A. T. BIosnian and W, B. Fairfield, observers. 

"3 

No. of 
direction. 

Ivy 132 07 07.02 , -0 '40 ' ' ,06.62 

Davis 296 4s 34'59 
Gebharrl t 332 13 32'79 

I7 

IS 
I9 

15 

16 

Objects observed.' 

Table Rock 
Martin 
Elk 
Coal . 

. Big Rocks 
Piney 
Sinims 
Suniniersville 

' Resulting direc- 
tions from station 

adjustment. 

0 I I /  

.o 00 00'00 
3 33, 12.21 

13 47 20.76 

, 6' 51 22.56 
SS 34 16'67 

2 k  & 25.50 

' 307 49 07-41 
34s j~ 16.93 

64 49 

. _  . 93 1s 

Corrections 
from base-net 

. adjustment. 

/ I  

-0 '30 

-0 '33 
$0 '50 

-0 '42 

+o '55 

Final seconds 
in 

triangulation. 

/ I  

59 '70 

OS '0.3 
2' '23 

17'17 
17 '05, 
25 *OS 

17 -4s 
Probable error of a single observation of a direction (D.  and R.) = & r"'4S. 

P&t-1011, Lincoln County, West Virginia. July ZI to August 5, 1SS3. 50-centimetre theodolite, No. I 14 
A. T. '35osman and W. €3. Fairfield, observers. 

No. 
I 

2 

3 
4 
5 
6 

7 
S 
9 

I O  

I 1  

I2 

' *Number of conditions in the net SQ: of these 18 relate to sums of angles and 12 to ratio of sides. The side equations 
are established with 7 places of decimalsinthe lop .  anddifferences for I" are cut off at the sixth place, except equations 
24 and q, which are carried one place farther. 
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FIGURE ADJaST~lE~T-COntinued. 

@&t-r:latic>ii e~rrr7tioi1s-~ontinued. 

Correc- 
tions. c, c, c, c, c, cs c, ,C8 c, c,, c,, c,, Crg 

-- 

-I --I 

+I --I 

+I +I 

--I 

. . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
-1 +I 

-1 

+I S I  
+I --I 
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I 

. . . .  

- 1  

+I 

.... 

.... 

. . . .  

.... 

.... 

.... 

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

+I 

.... 

.... 

.... 

.... 

.... 

.... 

. . . . . . . .  

--I 

7 1 ,  -TI 

+ r  

-1 .... 

+I -1 

S I  
. . . . . . . . .  

- 1  

11 

. . . . . . . .  ... 

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . . . . .  
' +I 

-1 

. . . . . . . . . . . .  
1 

-1 

- t r  
. . . .  --I ..... 

-1 +I 

.t 1 . 

. . . . . . . .  --I 

-1 . 

+I 

+I 
. . . . . . .  - 1 .  

S I  
. . . . . . . . . . . .  

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

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

. . . . . .  

. . . . . .  

. . . . . . . .  

-1 

. . . . . . . .  
< 

.-I 

. . .  
+I +I 

,-I --I 

S I  
. .  

+-I 

. .  
-1 .... 
S I  

--I 

+I  

. . . . . . . .  

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

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

. .  
. .  

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

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

'I 

. . . . . . . . . . . . . . . .  
+I 

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

-1 

..... +I .... 

--I 

-1 -1 $1 

+I 
I . . . . . . . . . . . . . . . . .  

+I 
-1 

-1 

-1 

. +I +I .... -1 

. +I +I . 
. .  

--I 

. . . . . . . . . . . . . . . . .  
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FIGURE ADJUST~EI:IT.-COlltinUed. 

. , .... .... .... ..... . . . . .  .... .... .-.. . . . .  .... --I --I 

+ I  

. . . . . . . . 

. . . . . . . . 

. . . . . . . . . 

I 

. . . . . . . . 

. . . . . . . . 

.... 

.... 

.... 

.... 

.".. 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

..... 

.... 

.... 

- 2.YS ' 

- I  7 '75 
-- 4'S7 

- 3-36 
.... + 1 1 6 1  

.... [ 7 '02 
j rS.32 

- S'25 

--- I '30 . 

.... .... 
- 5.96 

+ 5-96 
.... ' - 0 '.37 , 

1 10.52 
- IO -15 

.... + 0.17 

f 2.57 
- 2-74 

..... .... 

+ "43 

-2 .ss 
+i '75 
-4 '37 
-3 .3b  

-4 '66 
.... 

- 1  '30 

.... 

-0 '37 

+Q .-I2 

-0 '05 

+0'17 

$ 2  '57 
-2 '74 

-3 '16 
. .  

+-I '59 

.... 

- 4 - 2 2  

+41 '72 

-37 :so 

.... 

- 2-3s 

+ 3.96 
- 1.5s 

.... 

-IS '25 

+ 20 '07 
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(44) 
(45) 
(46) 
(47) 
(4s) 
(49) 
(50) 
(51) 
(52)  
(53)  
(54) 
( 5 5 )  
( 5 6 )  
(57) 

( s i  
( 6 0 )  
(61) 

( 6 1 )  
( 6 3 )  
(64) 
( 6 5 )  

( 5 8 )  

c.5 

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

--I 

-1 

+I -1 --I' -+.I .... . .. . .... .... .... 
+'I 

+ r  
--I --I 

. . . . . . . . . . . . . . . . . . . . .... .... .. . . . . . . .  
-1  

-1  + I  -:r :-.I 

' r  ! i  

+I 

. . . . . . . . --I . . . . . . . . .... .... .... .... 
-. I 

+ I  - t r  
-1 --I 

+ I  . 
. . . . . . . . . . . . +I .... .... .... .... .... 

~ 

c., c.8 

-I 
. . .  . . . . . . . . . . . . 

. . . . . . . . 

I' 

. . . . . . . . . . 

--- I '43 
.... .... 

... .... .... 

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

.-) ' 2 1  

7- 5 '55 .... .... .., .... .... .... .... 
8 

---I '17 

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

-0 .Si 
+6 .bS 
- j $7 
-2 'j8 . ... ... .... .... .... .... .... 
+; .96 
--I '58 

. .  

$-A - 67 '35 

.... + 17.71 
+ 17.1s 

--I $2 

- 27'26 

.... 

. . . .  
-44 2 7  

+ I .62 

- 9.77 - . . . .  .... 
+16'51 

- 6'74 

.... 

. . . .  
-3  6 2  

+g '1 I 

-5 '59 

.... 

.. . .  

.... 

.... 



Correc 
tioiis. 

.... .... 

.... .... 

. . . .  .... 

.... .... 

f47  'SS 

-3s ..so 
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'FIGURE .~DJr;STMEKT-conlpleted. 

Norimil! t-qmr!io)i.c - Completed. 

, - ' 15 '7 
- 1.3 

- 6,'s 
, - 4 .3  

o=+ 0.8 
+ 29's 
-112 'I 

+ 1'5.  + 7'5 
+ s.9 
+ 4.2 
- 3 .9  

+S '23 

' - I ? % '  ...... . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
+~.'93 -30s '73 ' + ~ C I  ' S j  

+ 3 6 ' 1 3  -1 351'71 - I  35 '1 j 

+179'76 - 2Yg.60 - x p ' j o  - 4.73 , a  . .  
+ZO 611.12 - 5 Sj5:4S +; .75S'65.+401'~5 --154'24 + 4 6 . k  

...... . . .  . . .  +21 .16S'45 - [  9 2 5 . ~ 0  -379.56 . .  . . . .  . _ . . _  . . .  , _ .  
, . . +5 5S6.94 +215'01 +215 'or 

$655 'S; +sSS *&. $-266 UI 

f 5  955.33 +-617 '94 +3jz '-73 

f 2 2 o . S  + ~ o . 8 r  
.....: . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . .  . . .  . . . +46j%> 



166 UNITED S T A T E S  COAST AND GEODETIC SURVEY. 

TRIANGLES OF THE ST. ALBANS RASE NET. WEST VIRGINIA, 1SS0-1S93. 

correc- Spher- Spher- 

angles. . excess. 
No. Stations. Observed angles. tions. ical ical 

0 I / I  

75 45 35'33 
East Base 75 17 23'46 

St. Albaiis West Base 2s 57 00 '54 
- 
59 '33 

St. Albans West Base IO; 47 39'21 

St. Albalis East Base 13 54 31 'as 

Rogers . 6' 1; j I . 4 0  

- 
01 'S? 

Ryan 66 11 10.72 
St. Albaas East Base s9 11 54'74 
Rcgers 24 56 56'21 

01 '67 

Rogers 37 40 55'19 
St. Albans West Base 152 44 39 '75 
Ryan 9 54 24.61 

59 '55 
Coal 6; 53 0 1 . 1 1  

- 

- 

Rogers 79 16 59.51 - 
Ryan 36 49 56'13 

56 '75 
Siniins 34 34 53.71 
Ryan 77 39 33.47 
Rogers 67 45 34.37 

0 1  '45 

- 

- 

. 9  

IO 

00 '75 
Rig Rocks 17 57 50'79 
Ryan 31 '13 4s.20 
Coal 1.29 $3 22 '63 - 

01 .61 

Sininis . 64 55 2 S . 2 5  

Ryan s2 15 41 '40 

Big Rocks 32 4s 53.17 

0 2  $2 

I /  

-0.31 

+ I  '71 

--0'1I 

-0 a s ;  

-0 6 3  

-0 '45 

+o '16 

--I '15 
-0 '66 

+o '3.2 
$0 '62 
-0 .4s 

+I '67 
+ I  .3@ 
+o '32 

-o '76 
-I -03 

$0 ..-I3 

-0'10 

+o '97 
+I  '71 

-0 '65 
-0.71 

+o '70 

- 0.63 
-0 '05 
-0 .s4 

-0 *66 
-1 '26 
-0 '66 

/ I  I I  

35 '02 0.m 

23'15 0'01 

01 '75 0'01 
- 
0 '02 

50'57 0.00 

3S.61 0.01 

,?os3 0'00 

0 '01 

1 0 s  0'01 

54.0s 0'00 

55.06 0.01 

0 '02 

55.51 0'00 

400'37 0'01 

14.13 0'00 
- 
0 '01 

02.7s 0'01 

6o'SI 0'02 

5h.45 0.01 

5' '95 0.03 

3' ..$4 0 '03 
34.70 0.0; 

- 
0 

0 '09 
50'16 0'03 
4Y.15 0.0; 

21.7s 0.03 
n '.>9 
- 

52.51 0'0s 

26.99 0.0s 

40 .74 . 0 .os 
0 '24 

Distances 
Log s. in metres. 

'557 756 2 3 Sjo .403 
j 'gS6 S36 6 3 S67.22 
3.2% 203 6 I 937.S7 

'627 920 6 4 245 '42 
3'666 521 S 4 640.04 

3 2S6 203 7 I 932 'S7 

3 556 S36 6 S62 ' 22  

;.(i66 521 S 4 640.04 
3.021 516 2 I' 050.79 

'666 521 S 4 640'04 
7 9Y6 -2s 

7 566 '99 
3.902 344 7 
' 3  .S7S 923 I 

3S7S 923 I 7 566.99 
4.101 993 7 12 647'1s 
4.141 or5 o 13 S36'oS 
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'TRIANGLES UP THE ST. ALBANS RASE NET, WEST VIRGINIA. IsSc~ISgj-C0iitiiiued. 

NO. Stations. 

Big Rocks 

14 

Rig Rocks 
Siiiiins 
Rogers 

l<ig Rocks 
Rogers 
C c d  

R i g  Rocks 
Rogers 
Ryan 

Piney 
Siiiinis 
Coal 

Piney 
Siiiiins 

'Big Rocks 

17 

IS 

Piney 
Cual 
R i g  Rocks 

Holriies 
Rig  Rocks 
Piney 

Correc- Spher- Sqlier- 
Ohserved angles. ical ical 

tions* angles. escess. 
Tjistances 

Log '. in metres. 
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TRIANGLES OF THE ST. .u.n.ms HASE NET, WEST VIRGINIA, I S S O - J S ~ ~ - C O ~ ~ ~ ~ L ~ ~ C I . ~  

NIB. Stations. 

20 

Holmes 
Coal 
Big Rocks 

Holmes 

. Simins 

22 

23 

24 

Table Rock 
Piney 
Holmes 

Pigeon 
Piney 
Table Rock 

Big Rucks 
Pigeon 
Piney 

1 Big Rocks 
35 Table Ruck 1. Pigeoii 

Big Rocks 
Holmes 
Table Rock 

27 

2s 

Big Rocks 
Piney 
Table Rock 

Piney 
Holnies 
Coal 

Correc- Spher- Spher- 

, angles. excess. 
Observed 'angles. tions, ical ical 

4 4j . . . . .  
5 26 ~ 3 ' 7 s  

169 49 45'SZ 

0 'I2 

. 59.Sg 0'06 
+o*@ 14.24 0'06 
+ a m  46.04 0.07 

0 '23 

20 '60 51 '97 o '30 
09-14 0.30 

SO.39 59'79 0.30 

Logs. , Distances 
in metres. 

4.681 725 o 4s 053'50 
4'600 201 9 39 829'23 
4 '37s S42 6 ' 23 924.49 

4'37.5 S4;.r. 6 23 924.49 

4.257 561 3 IS 095'11 
4.199 74.2 9 I5 839'55 

4.600 201 g 39 829'23 
4'257 561 3 IS 095.11  
4'510 131 o 32 $9'13 

. .  
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TRIANGLES OF THK ST. ALBANS BASE NET. WEST VIRGINIA, 188*1Sg3-Completed. 

No. Stations. 

29 

30 

31 

32 

Holmes 
Big R.ocks 
Sirnnis 

I V Y  

Pigeon 
Table Rock 

I\.y 
Piney 
Table Rock 

Ivy 
Pigeon 
Piney 

j:, [ 2 i e y  
Holnies 

34 

35 

36 

37 

I V Y  
Table Rock 
Holiiies 

Observed angles. 

32 0 2  $3.46 
37 35 32.79 

I 1 0  2 1  44.3s 

0.5 '63 
20 26 31 '00 

rp 26 .... 
140 0 7  09.07' 

-- 

11 36 17'46 
132 n-/ 07.02 
3 6 1 6  .... 

26 54 54'49 

99 52 59'74 

5 j  07 . . . .  

Si1~1111iers\41~ 
I V Y  

Table Rock 

Suniniersville 
Table R u ~ k  
Holmes 

Suniniersville 
I V Y  

Holmes 

I 0  '05 

Corrrc- 
tions. 

Spher- Spher- 
ical ical 

angles. escess. 

c-o.24 54'73 
1 2  '35 

--0'04 55'70 

7 .2s 

0 '3' 
0 131 
0 '32 

-0.31 13.30 
+0.40 16'52 

0 'qj 

2 '55 

2 '55 
3 .56 

7 %tj 

J '45 
I '45 

I 1  '07 

Distances 
in metres. Log s. 
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PROBABLE ERRORS. 

L)c.f~r.iitinali'iit qf the pia6irhlr. ~ i ~ o i - s  qf tlw Isiigtlr czf thrp  s i d s  ictiiiitioii f o  the r i c f  iriiil  to the. tid'tic~iif 
6-hlri.v~ :?i tr~iort .~it~t~iiort .  

For the side Siiniliiersoille to Ivy. as adjusted, we make use of the expression- 

Surniriersville to Ivy - sin ( 16 - 15 ) sin ( 5  - 7 -+ 16 - 19)  sin (34 - 30) sin (43 - 42 ) sin ( 5 3  - 5-7.) - 
St. AlhaiisBase. -sin ( 3 - 1 )  sin ( 7 - 5 )  sin (,19- IS)  siii (2s-26) sin (35-32,) sin (46-44} 

sin (57 -55)  s i i i ( 6 ~ - 6 O ) ~ i i i ( 6 ~ - 6 ~ )  
sin (SI -50) sin (5S-54) . .  

hence the fuiictioii- 
F = l o g s i n  ( r 6 - 1 5 ) + l o g s i r i ( 5 - 7 + 1 ~ - 1 q ) + l o g ~ i n ( 3 4 - 3 3 u ~ + l o g s i t 1 ( 4 3 - 4 2 )  + l o g s i n  

. (53 - 52') + log sin (,57 - 551 4- log sin (6-7 - 60) + log sin (54 - 63)  - log siii ( 3  - I )  - log 
sin ( 7 - 5 )  - log sin ( 1 5 - 1 s )  -log sin (38-26) - log sin ( 3 5 - 3 2 )  -lug sin (46-44') - 
log sin (51 - 50) -log sin ($3 - 54). 

Establishing and solving tlie transfer ecluatioris we pet the reciprocal of the weight 

p- = 32- jS0,  also the iiieaii error nz,r and the probable error ri ; .  both espressed in units 

of the sisth place of clecinials in  their logarithms. x7iz: + 3.9" awl f 2-64. respectively; 
hence log. distance Sumniersuille to Ivy 4'SSS g4S 6 aticl the distance 77 4 3 7 . 0 ~  - metres. 

The probable error is about iB5iiiaTi part of the length. 

iiieasiii-e, or o'ocl; 5 Y M =  + 0.07 metre; lience 
3 870 

I 

* 2  6 f 0'47 

To this must be aclcled the proportional error clepencling upon that of tlie base 

Probable el-ror of lengtli of side Sunimers..~.ille to IVY J(0.47 1' + (,0*07 )' =: +o.~s 

For the s i ck  Piney to Pigeon we use the espressioii- 
metre. 

Pine?; to Pigeon - sin ( 20 - 21 + 3s - 2 9 )  sin (43 - 42) sin (5; - 52) sin (57 - 55) 
St. Albaiis Base- 

sin (62 - &') sin ( 64 -- 63) 
sin (51-50) sin ( 5 s - 5 4 )  

F =log  sin ( z o - z 1 + 2 ~ - 2 g )  + log  sin  log sin (53-52)+1og sin ( 5 7 - 5 5 ) ' + l o g  
sin (62 - 60)  + log sin (64 -6;) - log sin (21 - 20) - log sin (2s  - 26) - log si11 (35 - 32) 
- log sin (46 - 44) - log sin (51 - 50) - log sin ($5 - 54).  

Establishing and solving the transfer equations we get - - 9.''696; also rri 

sin ( 2 1  - 2 0 )  sin (2s--6) sin ( . y j - - z )  sin (46-44)  

' I  = 

f 3.2s ancl rF = f =--?I: hence log. distance Piney to Pigeon 4'37s S42 6 and distance 

23 9-74'49 metres. The probable error is about part. WC adcl to this the 

proportional error arising from the base measure, or O'OO~ .s X -- - &om2 metre; 

hence- 
Probable errorof lengtli of side Piney to Pigeon J<o.r?)' + ( , o m  j= = j z  0 .13  metre. 

p - - -  

f 3-7 

f 0'12 
' 'j 924 

3 S 7 0  
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GENERAL DESCRIPTION OF STATIONS FORMING ST. ALBANS BASE NET. WEST VIRGINI.4. 

Sf.  .4/hrizs Ensf Btzst., .Kaiiawha County: established by W. B. 'Fairfield in I S ~ I .  
This station is situated about 2 miles east of the Chesapeake and Ohio Railroad statioii 
in tlie town of St. Albans, about 150 feet west of the west bank of Swincllers Creek and 
60 feet north of tlie north rail of tlie nia'in line of the Chesapeake a d  Ohio Railroad 
track. .It is in the southeast corner of a large field belongitig to Mr. Samuel Shrews- 
berry. The geodetic pyint is marked by a copper bolt with fine liolc drilled a't the 
intersection of cross lines cut 011 it in tlie top of a limestone post 6 inches square and 2 
'feet long, buried with its top 4 feet below tlie surface. Over this was placed a concrete 
block 3% feet square and I foot thick, having a hole 9 inches square in the center. On 
this fouiiclation was placed a monument of Indiana liiiiestoiie I Y inches square aiicl 4 
feet high. the upper foot, projecting above the surface of the ground aiid Ixing cut in a 
pyramidal form with a copper bolt in its apes. A fine hole, 'drilled at tlie intersection 
of cross lines cut on this bolt, marks the geodetic point. 

St. Jlbai is  H+st Bnsc, Ganawlia County; established by W. B. Fairfield in 1891. 
This statiorr is situated iu the town of Si. Albaiis, 011 the west side of First street, 60 
feet iiortli of the north rail of tlie main line of tlie Chesapeake and Ohio Railroad track 
and on tlie line of tlie fence forming the eastern boundary of the land belonging tu 
Mr. Daniel J. Lewis, n7ho lives in the brick house on this lot. The inarkiiigs and 
monument at this end of the base are siiiiilar in every respect to those at the East 
Base station. 

This station is 
situated almout 2 miles northeast of tlie town of St .  .4lbans. on the north side of the 
Gana\vha River. I t  is oii the top of amial l ,  cleared, rouiicled hill on the laud of Mr. 
Pat Ryan, and is 011 the highest part of tlie Ryan farm. The geodetic point is marked 
by the apes of an earthenware pyramid. buried 3 feet below the surface, over which 
was placed' a fj-inch clraiiitile pipe filled with concrete and having n 6-inch spike in 
the center of the top, which projects about 3 inches above tlie surface and is marked 
U.S.C.&G.S. 1Sg3. 
with a nail in. the center of each. were set as follows: One clue north. distant 5-95 feet; 
one clue east, distant 6 feet; one due south, distaut 6.04 feet. and one clue west, distant 
6 feet from tlie geodetic point. The tops'of these pipes project almut j inches above 
the surface of the ground. 

This station is 
situated on a sharp. rocky hill with R sninll top 0x1 the west side of Coal .River, about 
one-half niile from the town of St. Albans in a southwest clirectioii, 611 land belonging 
to Mr. L. R. Rogers. The geodetic point is marked by a cross cut on n copper bolt suiik 
it" the solid rock 15 iiiclies below the surface of the ground, over which was placed a 
6-inch clraintile pipe fillecl with concrete ntid with spike ill the center. projecting about 
j inches above the surface of the grouiyl. 

The reference niarks. are holes drilled in the rock, north, east, aiid south, and a 
4-;nch draintile pipe, fillecl with coiicrete and with a nail in  the center. to the west, at 
the following distances from the geodetic point : North hole, 13 feet: east hole. I I '20 

feet; south hole, 5'5s  feet, and pipe to west, 6-64 feet. 
This station is 

~ I W Z ,  Kanawha Count?;; established by W. B. Fairfield in ~Sgr. 

As reference marks, four 4-inch draintile pipes filled with concrete, ' 

' R O ~ L J X ,  Kauawlia County; established hp W. B. Fairfield in rSgr. 

cU17/ ,  Kaiiawha County: establishrcl by W. B. Fairfield in I S ~ I .  
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situated about 7 niiles from the town of St. Albans, 'in a southerlp'direction. It is on 
the highest point of the ridge known as the Iuclia~i Creek Hills,>.on a sharp rocky 
point, sliiall on top ancl with very few trees on it, belonging to Mr. Tdni Vickers. The 
geodetic point is marked by the apes of aii earthenware pyramid, buried 3 feet below 
tlie surface, over which was placed a 6-inch draintile pipe, filled with concrete, with a 
6-inch spike in the center as a surface mark. As reference marks, 3 holes about I inch 
in diameter and 6 inches deep were drilled in the solid rock, as follows: One bearing 
south 3" 33' west ( t rue) .  distant 17-55 feet: Olie bearing north 1 6 ~  26' west' ( t rue ) ,  
distant 9.60 feet, and one beariiig north 52" 30' east, distant 13 feet, from the geodetic 
point. 

This statioii is 
situated 011 the west side of the Kanawlia River, about 5 niiles in a northerly direction 
from St. Albans. I t  is on the land of Mr. Robert Sininis, and on the highest point of 
the first river hill north from Scary station on the Chesapeake and Ohio Railroad? 
about z miles distant. The geodetic point is marked by the apes of an earthenware 
pyramid buried 3 feet below the surface of the ground. Over this is placed a 6-inch 

. draintile pipe, filled with concrete, and having a 6-inch spike in tlie center as a surface 
mark. A circle of cement 6 inches thick and 2 feet in diameter, marked with the 
letters U.S.C.S., was put around the top of the pipe. 

As reference iiiarks four 4-iiich draintile pipes, filled with cement, with a nail in 
the center of each, mere set as follows: One due north, distant 5.55 feet; one dne east, 
distant 7 . j ~  feet; one due south, distant 5-95 feet, and one clue west, distant 6'Sj feet. 
from the geodetic point. 

This station 
is situated 011 the highest point on Big Rocks Hill, about s3$ miles, air line, in a south- 
westerly direction froiii St. Alhaiis. The distance by road is between 7 aiicl S miles. 
It is about 150 yards 'to tlie right of a road winding up tlie ridge for a distance of about 
one-half mile froin the house of Mr. Osley. who lives at the foot of the hill on the 
eastern side. The geodetic point is marked by tlie apes of an earthenware pyramid 
buried 3 feet below tlie surface of tlie ground. Over this was placed a draintile pipe, 6 
iriclies in clianieter and 2 feet long filled with concrete with 6-inch.spike in the center and 
projecting about P inches above the surface. As reference marks. four 4-inch draintile 
pipe&? filled wit11 concrete ancl wit11 nail ill center of eacti, were placed as follows: One 
due iiorth, distant 6-11 feet; one due east, distant 4-92 feet: one due south, distant 
6.19 feet, ancl one: due west. distant 5.57 feet from the geodetic point. 

Pimy, Cabell Couuty; established by A. T. Mosmaii in ISSO. This station is situated 
on a ridge iieai- the line betweeii Cabell and Putnani counties, about 2 .miles in an air 
line and about 4$ miles by road northwest of Hurricane station on the Chesapeake and 
'Ohio Railroad. The geodetic point is inarked by the apes of an earthenware pyramid 
buried about 2 feet bel& the surface in a hole in sandstone rock. Above this were 
placed two concrete. blocks, each 6 inches thick, the lower one S inches and tlie upper 
one 3 feet square. On this foundation was built a concrete pier 2 feet in diameter, 
having a 6-inch spike ill the center just below the surface of the ground. In I S ~ I  this 
pier was built up with cement, forming a dome -7 feet in diameter and about 6 inches ' 

above tlie surface with a spike in the center ani1 the letters U.S.C.S. marked in the 
cement. 

Sinzms, Putiialii County; 'established by W. B. Fairfield in I S ~ I .  

B k  R o L ~ ,  Ganawlia County; estalAishec1 by A. T. Mosnian in ISSI.  
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As reference marks. 4 concrete blocks S inches square with a 6-iiich spike in the 

center of each. were placed even with the surface as follows: One north, distant 6.22 feet; 
one south, distant 5'95 feet: one east, distant 5-90 feet, aiicl one west. distant 6:o5 feet 
from tlie geodetic point. 

This station is 
situated S 1.; miles northward from. Charleston, West Virginia. on the ridge dividing the 
waters ,flowing into Coopers Creek, and thence into Elk River froni those flowing by 
Two Mile Creek into tile Kanawha Riuer. I t  is on the l a d  of Mr. S. W. Gibson, 
about one-half mile northeast froin the house of Nlarshall P. Holmes at the liead of the 
left fork of Tn7o Mile Creek (of Kanawlia:). The geodetic point is inarked by a bottle 
set in ceilieiit and  over this a sandstone post 6 by 6 by 30 inches with cross lines ancl' 
the letters U.S.C.& G.S. cut on top, reachiiig to the surface of the ground. 

As reference marks, four sandstoile posts of the same cliniensioiis with diagonal 
lilies aiicl an arrowhead pointing to the station cut on tlie tops wefe set as fo l lo~s :  One 
clue north, distant 6.94 feet: one due south, distant .6'60 feet: one ilne east. distant 
6'95 feet, ancl one clue west 6'69 feet, from the geodetic point. 

This station 
is situated about 1 2  miles in an air line south of Charleston, West Virginia. 011 a long, 
cleared, very iiarrow ancl steep ridge on the range of hills lying between the two forks 
of Lens Creek, which flows into the Kanawha at Brownstown. and is near the liead 

The geodetic point is iiiarkecl by a small bottle set in cement 3 0  
inches below the surface, in a hole dug in the sandstone ledge underlying the soil. 
Over this was placed a sindskmr. post 6 by 6 by 30 inches with cross lines mid the letters 
U.S.C.& G.S,. cut on top. reaching to the surface of the ground. 

As reference inarks, fom sanclstone posts of the same dimensions, with diagonal 
lines am1 an arrowhead pointing to the station cut 011 tlie tops, were set as follows: One 
clue north, distant 7'0.1 feet: oiie due south, distant 6'97 feet; one due east, distailt 7.05 
feet, aiicl one clue west, distant 6'9s feet, froti? the geodetic point. 

This station is. 
situated about IS miles in an air line southwest from St. Albans. I t  is on the land of 
Toni Huffniaii at the ,liead of Middle Creek, which flows into' Mud River, at a point 
about 3.9; miles from Hanilin, on the road to Griffithsville. A path lends to the top 
from Huffnian's house. There is also a good path on the east side of tlie hill, about 
one-half mile loilk, from the house of William Stowers, 011 Laurel Creek, s miles from 
Hniiilin. The geodetic point is .marked ljy the apes  of ail earthenware pyramid lmriecl 
3 feet below the Surface of the ground, over which was placed a sandstone post '6 by 6 
by 30 inches. with cross lines and the lettkr:; U.S.C.&G.S. roughly cut oil 'the toll, 
reaching to the surface. 

As reference niarks, four sandstone posts of the same dimensicm. with diagoiiel 
lilies and an arrowhead pointing to the station, cut on the tops, were set as follows: 
One clue north, distant 9.07 feet; one'due south, distant 4.05 fret; one due east, distant 
9-07 feet, and one due west, distant 9.01 fzet. froin the geodetic point. 

Iqi, Raleigh County: established by A. T. Mosiiiati in 1S79. This station is. 
situated on a knob of tlie Cherry Pond Mountains, known as Ivy,Gnob, near the corner 
of Wyoniiiig and Boone counties, West Virginia. I t  is on the highest part of the h o b ,  
which is of a rounded form ivith a very'steep asceiit-1 700 feet to a mile. The top 

. NO~JIICS, Ganawlia County; established by A.'T. i~Iosnian in ISSO. 

7kb/e,Aoz/r, Ganawlia County: estaldished by A. T. Mosman in ISSO. 

' waters of the creek. 

P&wo1z, Liiicolii County; establishecl by A. T. Mosmaii in ISSO. 
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was coinpletely cleared with tlie exception of oiie tree left standing near the itation. 
I t  is about 50 miles by road from Brownstown and about 43 iiiiles from Quinniinont, ' 
two stgtions on the Chesapeake and Ohio Railroad, and about 31:. miles by bridle path 
from Mr. Thoiiins Webb's house on Peach Tree Creek. Tlie geodetic point is niarkecl 
b y  311 iron spike set in cement in a hole drilled iii the ledge I S  iuches below tlie surface 
of. the ground; over wliicli is placecl a saiiclstone Mock cvitli a cross cut on its top. 

As reference marks. four sandstone blocks, with cross imcl arrowhead pointing to 
tlie center cut on each. we& set as follows:. One north, 24 inches long. 'distant 7.07 
feet; m e  south. 13 iilches lmg, distant 6.95 feet: one east, 23 inches long, distant 6'99 
feet, and oiie west. 30 inches long. distant h.95 feet, from the geodetic point. -4 hole 4 
inches deep is drilled iii the solid rod; under both tlie east aiicl ,south blocks. 

. S r ~ i ) ~ i i i , : i ~ ~ i ~ ~ / ~ , ,  Nicholas County; established b!7 A. T. Mosniaii in  1S73. This sta- 
tion is situated on a ridge distant I n d e  and 1iearil:g 6' north of west from Nicholas 
court-house belfry, in the town of Suinmersville. Tlie prolongation of the main street 
of S~in~iiiersville, which ruiis nearly east aiid west, cuts the ridge very near. the station. 
"lie nearest railroad statioii is Kanawlia Falls, on tlie Cliesapeake mid Ohio Railroad, 
3s miles distant. The geodetic point is marked by a ljottle set in a hole in the ledge 
underlying tlie white clay at tlie station, over which was placed n sandstone block 30 
iiiclies long ancl r j  inches square, having cross lilies cut on tlie top. 

As reference itlarks. four sandstone blocks of the saiiie dimensions, liaviiig cross 
aiid arrowhead pointing to the center cut on each, were set as follows: One north, 
distant 7 -02  feet; one south. distant 7 feet: one east, distant 7-25 feet, aiid oiie west. 
6-90 feet, distant froin the geodetic point. Aclclitionnl marks are a spike in a large tree 
stancling alone, bearing north 5' -10' west. distant' 15.4 feet; a spike in a stump bear- 
ing south 29' 43' east, distant 14 feet, and a spike in a stump bearing north 2s' 09' 
west and distant 2o.S feet, from the geodetic point. 

Locufim lf fhc. Bmt- Li)ie.-This base is located in central Kansas, near Salina, 
Saline County. 'I'he recoiiiioissance for a base was iiiade in 1Sg5: the site was selected 
atid the line laid ont by Assistant F.. n. Granger in October, 1Sg5. Its'middle point is 
approsiiiiately in latitude 3s' 52' and in longitude 97' s+', aiid its elevation is about 
369 metres (:I 2 1 0  feet:) above the ocean. The length of the base is approsimately 6.55 
kiloiiietres (4.07 statute miles') and its azimuth from the east end is 6s:;'. 

The base is in the valley of the Saline River, north of aiicl nearly parallel to 
the Union Pacific Railroad, between Saline and New Cambria. Tlie general character 
of the ground is smooth and hard, rising graclually from East Base to West Base with 
a difference between the base. ends of xbout 6,% metres (21 feetj: both ends were 
connected with the transcontinental line of spirit levels. Beginning at the west end. 
the line crosses a cultivated field and enters the,Salina and Cainbria road, ancl folloming 
the north side of the road for a distance of 5-16 ldonirtres, it reaches East Ease through 
cnltivated fields. At a distance of 6'1 I kilometres from West Base the .line crosses a 
gully, which was bridged. The measuring bars rested on the bridge. but were hanclled 
by the observers, supported by plank walks constructed 011 each side of' it. The east 

. 
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end mark is situated about I -G kiloiiletres ( I mile) west of New Cambria and the west 
end mark is in Korth Salina. east of tlie iron tanks of the Standard Oil Cornpan!;. 011 

land ownecl by the city. These base terminals are markecl by two stoxir posts, one 
above the other; tlie subsurface mark is a copper' bolt, with cross lilies set in a liniestoiie 
and sunk three-fourths iiietre (2% feet',) below the surface of the grouiisl; above'this 
rests a double block of limestone, set in R layer of cement, also marked with copper bolt 
and reference lines. The exposed surface bears the inscription. U. S. Coast and Geod. 
Survey, ISgG. Sectiotl stones with ccipper bolts aiicl cross lines were set I .  2 ,  3 ,  + , 5 ,  
and G kiloinetres from West Base, set i;i cement with tlirir top surfaces IC) centiiiietres 

' 

NO. I. 

North 

Statute Xles 
c - --I I 

0 5 10 15 20 

mOnh?&X?6 . 
--,- I I%=--- 0 10. 20 30 40 

(,4 incliesj below the level of  the grmiiicl. The ~iieasuri~ig force consisted of  F. 1). 
Crraiigi-r, in charge of the party; LIT. C. Hodgkins, :\. I,. Balclnyiri, and E. B. lath an^. 
with a foreinmi aiicl s i s  Ia l~rers .  

T/IC rrrc.~s*rr.~.rirri;t o/- t/IL* /ltzsr..-~~11e 1msc. esclucling a practice iiieasiii-e of the first 
section and an estra iiieasiire of the west iiaIf of the third section, measnred twice 
1:q Assistant Granger between Julie 19 and J U ~ Y  2~~ IS+. He used the S-!iietrccontact- 
slide steel rods NOS. 1 3  and 14. They were constructed at the office shop in Jiily, I S ~ I ,  
by Ah-.  E. G. Fischrr. axid exnbody the principle of contact arid iiiocle of coiistriiction 
proposed by Colonel Muclge,:k but have receiveel great improvements, due to Assistant 
J. E. Hilgarcl, as esplaiiiecl by him in Appendis No. 17,  Coast arid Geodetic Survey 



( 1 )  July, 1 % ~  

( 3 )  Septeniher, ISPI 

( 2  I August, rS91 

[ 4 )  Septeinber, 1S51 

~ 

*For further iiifornixtiail sc'e rein:irks i l l  coiiiiecticw with the Salt Lake Base of I+. 

Comparisons with 6,, iti, vault 

Comparisons with liectomrtrr on base - 2 '609 6 

IO 111. + 2 '605 niiii. f 5 j t  

Coiiip&xms with liectoiiietre in cainp 2 flos 5 

Coinparismis with kilometre 3 '9  to 4.9 on base z %IS 5(?) 



0 

3 
6 

I1 

. 16 

25 

32 
34 
37 

21 

Date, 
rSg6. 

February 25 
25 

March 9 
' 9  
9 

March 31 

31 
April 2 

3.I 

2 

2 
April 7 

7. 
7 
7 

April .S 
S 
S 

-0'27 -0'30 -0.35 -0.30 -0 '05 

35 '59 ' '15 '47 . '23 
.2S '54 -51 a 4 1  '14 

'30 '53 '53 -40 ~6 
' -34 '52 *54 '41 '17 
-43 -56 '43 '43 '21 ' 

'33 . -51 -56 -4s '26 
.3S 56 -56 -50 '27 

'39 '57 '52 -54 '3 2 
-0.43 -0-63 -0.4s -0'50 -0 '2s 

.., 

Length by No. 17 
50 111. +. 

- 
- :; }- ' 79P 

1 
1 

- 136 

-I 27s -I 24Sj1 
--I 216 

-1 251 

--I 075 

--I I35 
-1 092 -1 09711 

Clmi I$. 

Date. 
1Sg6. 

February 27 
February 2s 

' 2s 
February 29 

29 
' 29 
. 29 

. 29 
29 

March 2 

March 7 
' ' 7. 

7 
7 

April I 

April 2 
I 

2 

2 

2 

April 7 
7 
7 
7 

April S 
S 

Corr'd, 
temper- 
ature. 

O c. 
+. 6 '9-1 

4 'I3 
6 *gS 
9 '37 
g -so 
IO '00 
IO -1 I 
IO '24 

. 10-32 
2 .gs 
7 'IS 
7 '87 
I I '03 
TI '72 
g '22 
9-51 
7 -36 
7 '41 
7 '39 
7 '35 
5 '77 
6-0s 
6 .31 
6 '39 
6 '97 
7 '41 

Length by Z 13 
and 14, 5 B +. 

- }- 154 
97 - 

+ 71s ) 

+ 1-12 J . 
37 - 37 - 

20 - 
- 

28 }- 20 6 - 

N., B.-For dates between February 27 and March 7, inclusive, we take 53 in. - 26i1 approxi- 

The probable error of a single measure of the So-metre test line is & 2111. 
mately. For April I we use 50 m. - I 17211 approsimately. 

18732-No. 4-1 2 
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974 - 37 I o ' m  002 2 

From the preceding measures we derive tlie following values for the length of 
B (13+ 14) at oo C.: 

"R,fkt:f Same length Resulting 
paratorby by S 13+14) length of 2 (1j+'~4)  
barNo. 17. S8 '' ( I3+14) weight. 
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xrbk qf rrsidtsjbr- Ic.,igfli t f b f l . ~  iimf its snMk7isioiis. 

[One average bar = 5 ' m  ix)r) 6 metres.] 

W. Base 1 
I {  & I 

. For- 
NO. Nuinber wardor 

&- ~ectioll. average ward 
tion. bars. meas- 

of back- Date of measure- 
utent. rw. 

111 { } 200 

I , {  } 200 

\I ( 'pd } 200 
loo0 

V I  { 
1ma 

ure. 

July 23 to July 13 

July 21 July 21 

June 23 June 27 

July 20 July XI. 

June 27 June zg 

July 16 July 3 

June Zg June 30 

July 14 July 14 

June 30 Jiily I 

July 13 July I; 

July 5 July 6 

July S I  July IS 

July 7 July S 

July 9 July IO 

~ Resiilti;~ Corrected Corrections for- average 
tetnpera- Exress 01' Inclina- Excess HeighL length 

. ture of teinpira- tion of over x6tionc 
do~lhle tures of bars. ruark. and base. 

iniii. 111 111. 

Mean 

- 57 '74 

Mean 

- jl'7.5 

Mean 

Total length 

I t  is noticeable that in every section the brward measure is smaller than the 
backward 'measure. That this is not clue to an iinperfect coefficient of espansion is 
shown by comparison of the temperature difference of Sections 111 and V. S o  
adequate cause of the plienoinenon could be assigned, though it seems to be connected 
with the fact that the reversal of the direction changes the insolated and shady sides of 
the apparatus. .The question of a possible difference of temperature of the rods as 
indicated by the thermometers in contact therewith \vas looked into. but uo definite 
result could be had for want of measures withfblfi7z.y temperature. 

a 50-nzefis. sfccl'ta~sc (Ab. .137j, Jum 8 
f:7 rSIrSp6.-Three measures ikere made, the object being to gain some further esperience 
respecting the value by such means. The work was condiicted by A. I,. Baldwin and 
E. B. Latham, aided by D. W. Eaton, a volunteer observer. All measures were made 
in .daytime, generally in the early mcrning hours, the thermometer was read as each 
tape was laid, and was held at the saiiie height as the tape, about 0'3 nietre above 

Addifio~ad m ~ a s z ~ w s  $- the h e  kit i)zcnizs 
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ground. The steel tape was teskd 'for length. on the bench standard at the Survey 
pffice in May, 1Sg6. and again in February, 1897 ; its average value at oo C. tempera- 
ture and with a tension applied of IO kilogrammes indicated at ,division 25, 25 metres + 
0 - S  milli.metre, and at division 50, 50 metres + 1'6 millinietres; total weight I os2 
grammes ; correction to spring balance - 0'3 kilogramme ; assumed coefficient of 
espansioii 0'000 01 I 4. During iiieasurtf the tape was supported at its ends and in the 
'middle and was uiider a tension of 9'7 kilogrammes. Making all due corrections for 
temperature, tension. inclination, catenary, and escess at tlie section marks, we have 
the following results for length of the sections by tape measures : 

NO. 

I '  

2 

3 

4 

5 

6 

7 

Measured length. Reduction to Resulting length by- ' ",;n::- 
sea level. Tape. Bars. B.-T. ure. Section. 

West Base to first 
kilometre mark 

Second kilometre I' 2 

Fourth kilometre I' 

1 3  

Third kilometre 

Fifth kilometre 

Sixth kilometre 

Last half kilonietre I 
First measure 
Second measure 
Third measure 

Mean . 

. . i 3  

1fZf>&. 

- 5s.24 

- 5Y.21 

- 57'97 

- 57'44 

- 57-71 

- 57'61 

- 31 -65 

-379 *36 

6 552 ' 7 s  6 

111. 111. 

I o r x l  I o 0 0  

+'I91 I +'2IO I 

IOOU I o 0 0  

$- -03s 6 + '034 3 

I 0 0 0  I o 0 0  . 

+ '220 0 + 21s 4 

551 55 1 
+'777 7 f'777 9 

6 552 '375 s 
'47.3 s 
'372 9 

91I 111. 

ti9.0 

$15'4 

- 4'3 

- I -6 

+ 1'9 

+ 6-3 

+ 0 ' 2  

+37 '0 

The difference in the length of the base by bar and tape measures is 37 millinietres, 
about i7'11TJ7i part of the length. To obtain the probable error of the length of the 
base from the three tape measures, we form for, each section the differences from its 
mean; let. S = the sum of these squares, then for all sections* 2 s' = 0.001 551 65 

*Clarke's Geodesy, Oxford. ISSO. 
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and the probable error for length of base = 0'674 5 J = + 0.010 85 metre. 

This is equal to 9a&av part nearly. 'On the other hand, if we base. the probable error 
on the discord of the three measures of the whole line. we find probable error = f 23'5 
millimetres, which we regard as a more just value than the preceding one. This last 
probable error is yyu?Bc.v of the length. The relative weights of the results by bars (2 
measures) and by tape (3 measures j is therefore as I I to I. 

'' 
.71 ( I t  - I )  

No further use .was made of the tape measures. 

Probable P I ~ I .  (.f bast f i - w t  bar- rnmsio-ts. 

Supposing the differences between forward and backward measilres of the several 
subdivisions to represent accidental errors of measure, the mean error of a unit of 

length, here assumed as  I kilometre, equals 712, = ,/&, [ q] and for a double measure 

u r , ,  = ~4 ,/:[:I, where ?a = number of sections = 7. Also the mean error of the 

total length L of the base is  it = inll dz and probable error of same Y = 0'674 5 1 1 1 . ~ ~  Jr 
We get 

~)i.~' = =t 1-77 m 1 r  and 111 = 3.2 iiznz 

?1JZ1 = f 1-25 lltllt 1' = f: 3'2 111112.. 

'The effect of the uncertainty in the coefficient of espansion becomes quite large on 
account of the high temperature during the base measurement. The average temper- 
ature was 25O.5 C., hence the probable error of base from this source is (25'5 - 7.2) 
x 3Qli X 6'55 = f 3'4 millimrtres. 

The probable error of the base, due to uncertainty in the height' above the sea 
level, is f 0.5 millirnetre. 

The probable error of the length of B (13 mid 14) at oo C. was fouhd to be f 7'1p; 
the corresponc1ing.value for the whole base is therefore 6'55 X 7'1p or f 4.6 millimetres. 

The probable error in length of the bar-in-ice No. 17 is =t 1*1jti'tlie corresponding 
probable,error of the base is f I '4 millimetres. 

Conibiniiig these five probable errors, we obtain that of the 1ength.of the base, or 
f 6'3'millimetres, which is equal to i.c.++-aa.v of the length. 

. 

111 
Final result for length of base 

and its logarithm 

6 552'446 z 
c.006 3 

3-Sr6 .p3 46 
c 42 
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ABSTRACT O F  RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED AT 
FORMING THE SALINA BASE NET, 18go-91, 1Sy6. 

Snlinn .Eiud B i w .  Saline County, Kansas. May 26 to May 31. 1896. So-centimetre 
1 1 s ;  10.73 metres above station. F. D. Granger, observer. 

11 

12 

IO 

THE STATIONS 

theodolite, No. 

0 I / I  I /  I /  / I  / I  - 
Salina West Base 0 00 00'00 +-02  0 0 ' 0 2  -0 -13 59 'S9 
North Pole Mound 7 4  29 25'26 --03 25'23 f o . 1 9  25 '42 
Iron Mouiid 277 07  rS.65 --01 IS-61 -0 '07 1s '57 

' t2E;hf$$zn RedEtion Resulting Corrections Final secotlds %%! 1 Objects ohsen& sea lwei. seconds. f ~ ~ , " , 8 , ~ ~ t  intriangulation. tion. 

g 
7 

Iron Mound 52 50 5 2 - 6 0  -'03 52-57 -0 -36 52 '21 

North Pole Mound 2ss 52 34-12  '00 34'12 $0 '20 34 '32 

15 
16 
17 
IS  

13 
14 

0 I I f  / I  / I  I /  / I  - 
Iron Mound 0 00 00'00 -- '0; 59 '97 +o .04 00 '01 

Salina West Base 25 14 2S.00 '00 2s.m -0 -26 27.74 
Heath 100 2s 0594 +'02 05.96 ' -0 'ag 05 's7 
Thonipson 152 19 04.79 --os 0476 +0'47 , 05 .?I 

Vine Creek 256 37 34'03 +'03 34.06 $0 -1s 34.24 
Salina East Base 350 51 19.33 - -oz 19.31 -0 '35 IS .96 

4 
5 
6 

I 

2 

3 

0 I I /  / I  I I  I f  I /  - 
North Pole Mound 0 00 00'00 --03 s -0 .os 59 '90 
Salina East Base 13 29 12 '12  --01 12.11 -0 'a 12 '07 
Vine Creek 45 39 51.96 + '02 51 9 +o '33 j 2  '3' 
Frey 7 s  21 30.32 f.03 30.35 

Heath 302 47 3 5 %  -'OI 35'79 -0 '02 35 '77 
t 0 '30 45 '29 Salina West Base 329 I2 45'01 - .02 44'99 

Thouipsoii 344 26 20'14 - -03 20'11 -0 -4s I9 '63 

Taylor 106 49 5 S . g ~  +-or 58.95 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED: AT THE STATIONS . 

Fitit- C%&, Ottawa County, Kansas. 

FORMING THE SALINA BASE NET, ISSO-91, ISg6-Completed. 

Julie 2Sto July 21, 1 8 9 .  35-centimetre theodolite, No. IO: 6-07 
metres above station. F. n. Granger, observer. 

27 

No. of Resulting direc- Red;;tioti Resulting ' Corrections Final secorlds 
direc- Objects observed. tions adjustmel,t, frotiistation rea level,' seconds. f ~ ~ ~ ~ ~ ~ ~ t  i n  triaugulation. 
tion. 

- 
Lincoln 0 00 00'00 --01 59 '99 
Thompson 46 04 27'51 +'03 27'54 +o .6S 3s a 2 2  

I9 
20 

21 

22 

26 

23 
24 
25 

0 I / I  I I  / I  / I  / I  

00 ..,- $0'31 35 Iron Mound 0 00 00'00 + 'O? 00'02 

North Pole Mound 30 57 43'92 t '03 43'95 -0 '67 43 .2s 
Heath 45 3s 34'0' + '03 34'05 $0 '06 g4.11 
Thompson 66 5.5 43'54 +*or 43'55 +o '29 43 .s4 
Wiliner 247 46 14.56 *olJ 44.56 
Frey 276 35. 31.59 - - 0 2  31 '57 

1 Taylor 2SS 06 51'69 -.03. 51'66 
Probable error of a single observation of a direction (D. and R.) = & o'"75. 

Heath 0 00 00'00 f'q 00 -04 -0 '21 5% 
'Golden Belt ' 3s 54 0 1 ~ 1  +.02 02-26 
Lincoln 55 20 oY.93 - -01 OS-92 

Vine Creek 227 20 01.45 +.or 01.46 $0 '60 02 '06 
North Pole Mound 267 o j  34's' .-'03 34-79 -0 ' S b  33 '93 
Iron Mound 279 10 4s.50 -'OS 4s.47 +o -46 4s '93 

2s 

29 
30 . .  

Vine Creek '72 07 24.06 + ' 02  24xS. --I 'XI 22 '97 
North Pole Mound 81 17 05-14 + e 0 2  05.16 -0.35 04 'SI 
Iron Mound 103 36 35-S7 --01 3556. +o '77 36 '63 
Ellsworth watertowerpole 241 43 '27 + '03 04 '30 
Wilson 2S2 15 47'25 '00 47'25 
Golden Belt 312 37 2S.69 - '03 25.66 
Meads Ranch 323 40 31'.61 - .04 31 '57 

\ 

Prohablq error of a single observatioil of a direction (D. and A?. ) = o"*Sq. 
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NO.  

I 

2 

3 
4 
5 
6 

7 
' S  

9 
IO 

I 1  

12 

' 13 

-1 

--I 

+I. ... 
+I 

-1 

+I 

+I 

--I ... 

-1 

... . '+I 

-. I 

... + I  

-1 

--I 

-1 

4-1 --I -+-I 

.:. . . . . . . . . . . . . .  .\-I ... 
+I 

--I 

-t I 
. . . . . . . . . . . . . . .  --I ... 

-+ I ' 
+ I  4-1 

. --I 

. . . . . . . . . . . . . .  --.I +I --I. 

, .  +I 
--I .+;I  

-1 

-1 

... -1 ... - 1  . . . . . . . . .  
-1  +I 

+q .6 

-35 '2 

. . . .  
+II  .6 

.... 

.... 

+ 9'0 

-54 'I 

.... 

, -1-75 '6 
-96 '-7 

. . . 
+ 20 '6 

... 

.... 

+ 3.5'1 
- 64.1 

+ '3'5 
$ 21'6 

- S7'S - 34'1 
-+ 66 ' 3  

f 20'6 

+ 7 ' 2  

+ . I 5  '9 

.... 

+ 23'1 

+roo.o 
-130's .... 
+ 30'8 

+ 35.1 
.... -115.1 

' + h . 3  

* Numher of conc1:tions in the net 12. of these 9 relate to sums of angles and 4 to ratio of sides; in establishihg the 
side equations 7 places in the logarithnis are used and the logaritlitnic differences for I" are given in units of the 
seventh place. 
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FIGURE ADJUSTMENT-Completed. 

185. 

Correhzfr. quafioas-Completed. 

Correc- C, C, C3 C., C, C6 C, . CS C, . C,, C,, cz, c., I tions. 

. . .  ... 

. . .  ... 

+I + I  +I 

+ I  

--I -1 -1 

... ... +I ... ... '... ... 
+ I  . 

. .  

--I 

+ I  -1 

-+I --I 

.,. ... ... ... +I ... ... 

+457 + 29.0 
+ 25'3 
-123.3 
+ gs *o ' .... . .  

1-29's 
-43 'I 

+ I 3 3  .... 

.... .... 

+ 130 -5 
-1S1;7 

.... ' + 51'2 

o = +  0'93 

+ 2'37 + O'\% 

- 0'65 
- I .76 
- 0'93 
- o '70 

. + 1.25 

+ 0.71 

-111 

-207 + 46 
- 6 0  

Chec :kS: 

/ I  

( I)=-0 '027 

Corrections. 
/ I  

(.11)=-0 '12s . .  
(2)=+0'304 . (12)=+0 '194 
(3 )=-o '433 
(4)=-0 *os1 (.14)=-0 '353 

(r:,)=+o -1S5 

(5 )=-0  '03s ( 15 = +n '044 
( 6 ) = + 0  '325 (16)=-0-260 
.(7)=+0 '199 
(S)=+o*rQ 

[ 10)=-0-067 
(9)  =-o '363 

2 of + :corrections 5.076 ancl 3 PZT =+ 5'557 

/ I  

(21)=+0 '062 
(22)=+0.2Yg 
.(q)=+n '602 
(24) =-e 562 
(25)=+-0 '466 
( 26)=-0 '206 

(27)=+0 '6% 
( ~ S ) = - - I  '107 
(rg)=.-0 '347 
(3o)=fo '772 
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TRIANGLES OF THE SALINA BASE NET, .~~ANsAs,  1Sg0 TO 1S96. 

No. Stations. Observed angles. 

0 1  

Iron Mound 44 16 
Salina West Base 52 50 
Salina East Base S2 52 

North Pole Mound 34 23 
Salina East Base 74 29 
Salina West Base 71 07 

II 

27 'I2 

52 '55 
41 '3s 

North Pole Mound 25 14 2s '03 
Iron Momid 30 47 14'99 
Salina West Base 12s $3 IS '45 

0 1  '47 
North Pole Mound 9. OS 40'66 
Salina East Base 157 22 06 '59 

13 29 12.13 

- 

59 '3.5 
Heath 22 19 30.70 
North Pole Mound 100 2s 05 '99 
Iron Mound 57 12 24'!9 

. m s s  
Thompson 92 56 25-25 
North Pole Mound 51 50 $3 .So 
Heath 35 12 37'62 

01 6 7  
-- 

Thompson 
Iron Mound 
Heath 

Thompson 

Iron Moyiid 

Vine Creek 
Iron Mound . 

North Pole Mound 

'so 49 11-57 
,41 3s 34'32 
57 32 os.33 

.- 
@ '21 

12 07 13-6s 
152 19 04'79 
I5 33 39'S7 

5s -34 
.30 57 43'93 
45 39 52-00 

103 22 25-91 

0 1  'S4 

- 

- 

Spher- Spher- Correc- leal 
tionso angles. excess. 

-0.34 26.75 0.04 

-0'53 52.02 b q  
-0.06 41-32 o q  

ical 

II I1 I1 

0.12 

+om9 0'3.7s 0.06 
+0.32 25'53 0'06 

-0'03 25 'S7 0.06 

0 'IS 
-0.30. 27-73 0.07 
-0.39 14.60 0'07 
-0.56 17S9 0-0s 

- 

0 '22 

+ o - ~ o  41 '06 o '03 
+o'26 c6-S.5 0.03 
+ o q  12'17 0.02 

0 'os 
  IT^ 31-52 0.60 
-0.14 05.85 0.61 
-0'05 24'14 0.60 

I .Sr 
+0'65 2 5 . p  0'62 
+o.56 59-56 0'62 
-1.03 36.59 0.61 

- 

0 *49 
-0.9s 42.95 0.37 
+ o . ~ I  54.41 0.3s 
-0'14 25'77 0.3s 

' 1-13 
- 

Log s. Distances 
in metreg. . 

3 Sr6 403 5 
4'04s 425 5 11 179.66 
4 *NO 530 4 IO 978 'IS 

6 552 '446 

4-25s 002 I IS 113.49 
4-67' 3 46 S9 .33  
4'602 976 6 40 oS4-51 

4'671 0% 3 46 890'33 
4'499 ISS o ' '31 563.71 
4.602 SS2 3 40 075*S1 

4'25s 002 I IS 1.13'49 
4.401 roS 2 25 1S3.04 
4 '534 704 9 34 253 '50 
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TRIANGLES OF THE S A ~ I N A  BASE NET, KANSAS, ~sgo ~~'~S+-~ompleted. 

No. Stations. . ,Observed angles. 

Thompson 
Vine Creek 
Iron Mound 

I1 

I2  

I3  

Vine Creek 
North Pole Mound 
Thompson 

Vine Creek 
North. Pole Mound 
Heath , 

o /  

51  50 
66 55 
61 13 

,35  57 
104 IS 
39 43 

I4 40 
156, 09 

9 09 

/ I  

47 '01 
43 '53 
3' '87 

02 '41 

59 60 
29 '30 
33 '33 ' 

02 '23 
50 'IO 

2s 'IO 

1 1  .os 

- 

- 

' 59.2s 

Thompson '32 39 5s.5s 
Vine Creek ?I 17 @'so 
Heath 26 0 2  56'54 

94 '62 

Iron Mound 102 52 16'19 
Heath 31 29 XI .7S 

- 

Vine Creek 45 3s 34.03 

0 2  '00 

Correc- '~2- "rz- 
tion'. angles. escess; 

- - o q  46 'S7 I '02 

-0'02 43 .SI 1-02 

+o*Sr 33 .6S I '02 

/ I  I /  . I /  

3 .06 

-0-29 29.01 0'4s 
-I -46 31 'S7 o *4S 

-I-0 '95 60 '55 0.47 

' '43 

+0'27 28-37 0.35 
$0'76 41 'Sq 0'35 

+0'73 50.83 0'34 

1 'al 
--o.SI 57'77 0'75 
t-0.23 09'73 0'75 
-1 '79 54 '75 0'75 

2'25 
-0.25 33 *7s 1'33 
+0'35 16.54 I '33 
.k1'8S 13-66 1'32 - 

3.98 

. .  

Distances 
in metres. 

4 '534.704 9 
4.602 8S2 4 40 oj5S2 
4 9 1  S4S 9 .  3s 1Sx.14 

34 253 .so 

4 -364 404.4 23 142 '19 
45Sr S4i.9 39 ISI '14 
4.401 IOS I 25 1S3 '03 

4'%5 732 3 63 934-736 

4 '$31 YJS 9. 3s IS1 '1.1 
4 '499 ISS I 31 563 '72 

4'671 083 3 46 Sgo.33 
4 . k ~  732 3' 63 934'06 
4'534 704 9 31 253.50 

PROBABLE ERRORS. 

Defcrnrixation qf fhe piobnblc errors of fhe Itvrglh qf flrr. sides roiiiiiton to fhe itct nnd fo.fhr 17li~i7Cd 
chains of friartgigakzfio)i. 

For the side Vine Creek to Iron Mounc1;as adjusted, we make use of the espressioii- 

sin (IS - 13) sin (9  - 7) sin ( 12 - 11) 
Salina Base sin (4-22)si i i (16-14)si i i (20-19)  

Vine Creek to Iron Mound - - 

hence the fiinction- 
F=logs in  (15-13)+logsin (9-7)+ logsin (12--11)-1ogsin (4-2) 
- log sin (16 - 14) - log sin (20 - 19) , 

Establishing and solving the transfer equations, we find the reciprocal' of weight 

7 j  = 14.01, also the mean error l i d F  and the probable error rF, both expressed in units of 

the sisth place of decimals in their logarithms, viz: f 2'44 and'+ 1'65, respectively; 
hence log. distance Vine Creek to Iron 'Monnd 4'534 704 g and'the distance 34 253.50 

+ 1 6  . f o ' i 3  
metres. 

I 

The probable error is about BBB1Tb7i part of the length. 
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To this must be added the proportional error depending upon that of the base 

= f 0.033 metre; hence probable error of length of side measure, or '006 3 X 

Vine Creek to Iron Mound ,/(0.13)'+ (0'033)' = f 0'13 metre. 
6.552 

For the side Thompson to Heath we use the espression- 

ThompsontoHeath _ _  s i n ( 3 - 1 ' ) s i n ( r 7 - 1 ~ ) s i n ( g - 7 ) s i n ( 1 2 - 1 1 )  
Salina Base - sin (26 - 2 5 )  sin (30  - 29) sin (4 -.z) sin ( 16 - 14) 

F= log sin (3 - I )  + iog sin ( 17 - 15)  +log sin (9 - 7) + log sin (12  - 1 1 ) .  

-log sin (26- 25) -log sin (30- 29) -log sin (4  - 2)  - log sin (16- 14) 

Establishing and solving the transfer equation, .we get- 

I 
= 24'65 also mp- = f 3'24 and rF = f 2:19; 

hence log. distance Thompson to Heath 4.499 158 o and distance 31 563'71 metres. The 

probable error is about Tg&iiV part; adding to this the proportional error arising from 

the base measure, or 0'006 3 X - 31 564 - - f 0'030 metre, we have- 

Probable error of length of side Thonipson to Heath ,/(0.16:.)'+ (,0'030)' = f om 16 metre. 

f 2 2  f 0'16 

6 55" 

G E N E R A L  DESCRIPTION O F  STATIONS FORMING THE SALINA BASE NET, KANSAS. 

S d i ~ a  TI.+st Base. Saline. County; established by F. D. Granger in 1Sg5. This 
station is situated in the northeast part of Salina, east of the tanks of the Standard Oil 
Company. The geodetic point is marked by the intersection of cross lines on a copper 
bolt set in a limestone post, 6 inches square and 2 feet long, sunk 2.5 feet below the 
surface of the ground. About 5 inches of earth covers the top of the post. 'Above this, 
escept for a space of S inches square over the post, is a layer of concrete 4 inches thick 
ancl $3 inches square, on which rests a limestone block 30 inches square and IO inches 
high, supporting another limestone' block 30 inches squdre aiid 15 inches high, n7ith 
beveled top and having a copper bolt with cross lines ancl a. small drill hole sunk into its 
top as a surface mark. The two,blocktj are ceniented together and are surrounded by 
a body of concrete several inches thick. The exposed top of the block bears the 
inscription U.S. C. SrG. Survey, I Sg6. The following distances are given as reference 
marks: The geodetic point is 42-75 feet northwest of the line of telegraph poles which 
follow on the north side of and parallel to the track of the Union Pacific Railroad, and 
I O  feet east of a north.and south fence which marks the eastern limit of gronncl owned 
by the Standard Oil Company, 79 feet iiortliwest of the north rail of the main track 
of the Union Pacific Railroad. I t  is also 79'7 feet west of telegraph pole and 35.2 feet 
a little east of north of the fence corner of the Standard Oil Company's property. . 

This 
station is situated about I mile west of the village of New Canibria on land owned by 
Mrs. Mary .Marlin, of Salina. The geodetic point is marked, both 'underground and at 
the surface, in practically the same manner as at West Base station, the only points of 
.difference being that the underground post is 2'7,feet below the surface, with 8 inches 

Sdim East Base, Saline County; established by F. D. Granger in 1S9j. 
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of earth and 5 inches of concrete over it. The geodetic point is 7S.S .feet a little south 
of west from a wire fence on the Marlin farm: 22'43 feet a little west of north of a wire . 

fence alongside the railroad; 35-05 feet from the second telegraph pole-marked with a 
triangle-west of .the gate entrance to the Marlin farm, and 70.3 feet in the sanie 
direction from the north rail of the .Union Pacific Railroad track. 

IJ-OR jlfoon~a!, Saline County; established by F. D. Granger iii 13S6. This station is 
situated on a prominent and well-known butte in the northwest quarter of .section 26, 
township 14 south, range 2 west of the sisth principal meridian, about 7 miles south- 
east of Salina.. The geodetic point is marked by a stone ink bottle, filled with ashes 
and buried 2.7 feet below the surface of the ground. Over this was placed a. marble 
post 6 inches square and 2'3 feet 1ong;witli cross lines and the letters U.S.C.S. cut on 
its top surface, which was flush with the ground. As reference marks, two hard lime- 
stone posts, each 5 inches square a d  2'3 feet long and having a single diagonal groove 
and arrowhead cut on the top, were placed in the nieridian of the station, one north and 
one south of the central marble post. 

Nol-th Po/e Moiuz.d, Saline County; established by F. D. Granger in 1390. .,This 
station is situated on a prominent and well-known 11311 in the northwest quarter of section 
I ,  township 14 south, range 3 west of the sisth principal meridian aiid.about 8-5 miles 
north of Salina. The geodetic point is marked by .a bottle filled with ashes, buried. I. 
foot below the surface of the ground. Over this was placed a limestone block I foot 
square by 5 inches thick, with two cross lines and the letters U.S.C.S. cut on its top 
surface, which was covered with several inches of earth. 

This station is 
situated in the southwest quarter of section 12, township 14 south, range 7 west of the 
sisth principal meridian, on land owned by William Heath, who lives in a stone house 
about one-third of a mile to the southwest. The nearest towns are Brooliville, 14 niiles 
to the. southeast, and Ellsworth, IS miles to the southivest, both on the Union Pacific 
Railroad. The geodetic. point is. marked by.a glass bottle filled with ashes. the top 
being 3 feet below the surface of the ground. Over this was placed a iiiarble post 
6 inches square' and 2 - 2 5  feet long, having two Cross lines and the letters U.S.C.S. cut 
on its top surface, which was flush with the ground. As reference marks, two hard 
liniestone posts, each 6 inches square and rz.55 feet long, with a single diagonal groove 
and arrowhead cut on top, were placed in the meridian of the station, one 7-51 feet 
south and one 7-16 feet north of the central marble post. 

This station is 
situated about 12 niiles southwest of the town of Miiineapolis, in the northwest quarter 
qf section 25, township 11 south, range 5 west of the sisth principal meridian, oil a 
prominent round-top hill belongilig to Judge R. F. Thompson, of Minneapolis, Kansas. 
The geodetic point is marred by a bottle filled with ashes, biiried, 3 feet below the 
surface of the ground.. Over this was placed a marble post, 6 inches square and 2-25 ' 

feet long, having two cross lines arid the letters U.S.C.S. cut on its top surface, w k h  
was flush with the ground. As reference marks, two hard limestone, posts, each: 6 
inches square and 2.25 feet long, with a single diagonal groove and arrowhead cut 
on top, were placed in the meridian of the station, one 13'1s feet north and one 14'10 
feet south of the central marble-post. 

This station 

. 

Ht.nlh., Ellsworth Couilty; established by F. D., Granger in  go. 

Thompson, Ottawa County; established.by F. D. Granger in 1390. 

Vim G-LX~, Ottawa' County; established by F. D. Granger in 1886. 
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is situated, in the porthwest quarter of section 1 3 ~  township 11 south, range I w.est of 
the s is th  principal meridiay. miles 
to the nortlimest, and Manchester, 4 miles east, both on the Santa FC Railroad. The 
geodetic point is marked by a bottle filled with ashes. buried 2% feet lxlov,~ the surface 
of the ground. Over tliis was placecl a. marble post, 6 inches square and . ~ ‘ 3  feet long, 
having two cross lines ‘and the letters U.S.C.S. cut on its top surface, which was flush 
with the ground. As reference marks, two limestone posts, each 5 inches square arid 
2-s’feet long, with a single diagonal groove and arrowhead cut on top, were placecl in 
the ineridian of the station, one north and‘ one south, each distant 10.01 feet froin the 
central inarble post. Additional reference marks are as follows: The iiortheast corner 
of McDacle’s house bears south 53” 30’ west, distant q 0 . 5  feet; stone at northwest 
corner of section 13 bears north 7’ 41’ vest ,  distant 466’7 feet; southwest corner of old 
stolie.st,able bears north S;’ OS’ east, distant 21S.6 feet; stone on the sisth principal 
iiieridian at th6 southeast corner of the northeast quarter of section 13 bears south 
67’ 12’ east, distant 5 6So feet. and the northwest corner of stone “dugout” bears 
south 65’ 31’ east, and distant 124’6 feet from the central marble post. All bearings 
are true. 

The nearest railroad stations are Vi11e Creek,. z 

(i) Sdt Lakt b’ust Lhc,  l h h ,  r896. 

LOCATIGW. MZEhSUREMEKT. AND LENGTH. 

This base line is located between Kaysville. Davis County. and Zlooper. U’eber 
County, Utah, about 16 kilometres or IO statute miles south-southwest of Ogden, aiid 
within about 5 miles of the railroad connecting with Salt Lake City. I t  estends along 
the eastern shore of the Great Salt Lake, over hard and somewhat sandy ground, 
including pastures and some cultivated fields. I t  is flat. throughout, but crosses _two 
niain irrigation ditches (which liad to be bridged) the railway, a turnpike, mipor.water 
ditches, dikes. .furrows, arid iniiumerable barbed-wire fences. The northwest and south- 
east ,ends are located 011 pasture grounds; the line is a t  an approsiniate elevation of 
I 297 metres (4 255 feet) above the sea level, and its length .is 11-20 kilometres (or 7 
statute miles) nearly. . 

The middle.of the base is in latitude 410 04’ and in longitude I I : ~  04’~ and its 
azi&th at the southeast end is 13:o 05’ nearly. The terminals of the base are marked 
by brick inonuments rising g feet above the ground, with bases 4 feet square, and 
tapering upward. Each monument has a capstone, a second stone flush with the surface 
of the ground. aiid a third one 3:feet below, each having a copper bolt in its center to 
secure the end of the line. The kilometre or line stones, . I O  in !lumber, have their 
upper surfaces flush with the groutid and are likewise provided with copper bolts. 

The’ site was first reconnoitered in 1SS3 by Assistant Eimbeck, and was again 
visited by him in IS% and in 1SS7, but the final location of the base was made in 1996. 
To obtain its height above the sea. a line of spirit levels (forward and backwardj connects 
the ,@den railroad station (,old depot) with the Ogden Observatory. The Hooper 
bench mark on the lake is connected with the latter place, also with Northwest Base 
and along the base, with Southeast Base.. ’ The ends of the base are connected with the 
surrounding trigonometric stations by reciprocal zenith distances. 

The base was measured in September and October, 1Sg6, under the direction of 
Assistant Eimbeck, with the new base apparatus known as the “cluples,” designed by 



. .  
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hinl and here used for :he .first time. A detailed description of this apparatus is given 
in Appendix No. I I I Coast, and ' Geocletic Survey Report for ISg7. The base .was 
measured twice. under canvas cover; once forward ' and once backward. I!. includes 
elei;en subdivisions. Each half kilotiletre was measured as gear as. possible with 
stationary or with rising and with falling temperatures, and with interchange of the 
coniponent b.ars witli.respsct to I !  up and down.". A description of the measure will be 
found in Appendix No. I?, Coast and Geodetic Survey Report for rSg7. 

. .  . .  

No. is. 

Thr sttrlirinrdz'zczti~~z of tht- dq%x roliftzrt-shh't- base nppurntlcs.-Tliis consists in 
determining thelength of one of. the rods in terms of the observed difference of length of the 
steel and brass cotnponrnts at a giveii temperature and includes also, as a precautionary 
or auxiliary measure, the length,of each rod at a given temperature and its coefficient of 
espansion. During these and ,all subsequent operations the bars were covered with felt 
cloth. 

Themetallic duplex 5-metre base bars Nos. 15 and 16 were standardized at the Survey 
office a t  Washington both before and after the measure of the Salt Lake Base Line. 
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For this and other purposes a test line 50 metres in length was established'in the yard 
adjacent to aiid south of the office building. The location is unfavorable, beirig.on made 
ground and. covering a surface originally sloping, but was the best that could conven- 
iently be had. It, however, iiecessitated the frequent redetermination of its length, 
which was readily effected by meaiis of the 5-metre bar-in-ice. No. r7. The terminal 
niarks are bronze bolts about IS millimetres in diameter and ending in a spherical segment 
the center of which is determined by means of the so-called cut-off apparatus. Each 
bolt is embedded in a block of concrete a%out I 1.6 metres square and 1% metres high. 
Between these marks woodeii posts'are driven at intervals of 5 metres, which, together 
with two brick .piers at the eilds I '3 metres higher than the concrete containing the 
terminals, serve for the support of microscopes as may be required during measures. 
Alongside of these supports there runs a wooden track capped with iron rails for the 
easy transportation of the measuring bars. The whole line is covered by a shed with 
openings in the sides for ventilation, tliose on the north side beiug opposite the posts and 
piers for illumination of the line measures. . 

The first operation, in charge of Assistant A. Braid, chief .of Office of Weights and 
Measures, consisted of the measures of the length of the office test line, the variations 
of which were found to reach a range of nearly z millimetres during the interval froin 
February to May, 1Sg6, and of the standardizing of the two bars of the duples appa- 
ratus. The second operation at this place, and after the measure of the Salt bake Base, 
comprised similar work in charge of Assistant W,. Eimbeck during November, 1896. 
In accordance with the principle of construction of the duplex base apparatus what must 
be known first is the length of the steel and brass compouents for a given temperature, 
and second according to the dnples principle,, the lengths of the steel [,or brass:) bar 
corresponding ,to a given d@rem-c of length of the two components: thus the use of 
thermometers may, if we choose, be dispensed with in the work of standardization as 
well as in that of the base measure. I t  is only assumed that the steel and brass bars 

,are of the saiizc temperature. Thermometers were employed, however, in the work on 
the test line and as :I precautionary measure also in the first practical application of the 
apparatus in the field. 

The method of using the bar-in-ice No. 17 for laying out a standard length is 
described in Appendis No. 8, Coast and Geodetic Survey Report for '~Sgz, pp.329-503, 
where the length of the steel bar at the temperature of melting ice was found to be 
5 metres - 16'2p =I= o.ql.* 

Jfcusurc qi ihc 50-uicirc q$cc icsf Z i w  wifh  fhe 5-nzcire bar-iz-icc No. rT.-Micro- 
scopes A and B were mounted over the west and east piers, respectively: microscopes I ,  

z , 3 ,  and 4were Inountedon posts within the line(at clistances of 5 metresj. The valueof 
one turn of niicronietre of A, was 72'06j(, and of B, 71.2~1, and one division of each of 
the micrometres of the intervening microscopes was equal to Ip. Cut-off cylinder No. 
I wasused at both endsof tlieline. Its length was 104's centinietres; one division of level 
was equal to 6". 17, equivalent to 3 1 . 3 ~ .  On April 3 a new level was substituted with a 
division = 2".4j. equivalent to 12'3p. The cut-off scale is divided into millimetres. .A 
sector was read for grade correction. The first series of measures covered the period 
February to May. 1596; the second series was made in November, 1896. The results 
are given below: 

(See also account of the Holton Rase measure. j 

. . .  

~. 

*This probable error which refers to Prototype ?detre No. 21 must be changed to = l ' l l r  to refer it to the Intern*- 
lioiial Metre. Appendix KO. S. Repor! for I&?, p. 391. 
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NO. 

I 

2 

3 
4 
5 
6 
7 
S 
9 

I O  

11 

12 

13 
14 

1.5 

16 

17 
IS 

19 

20 

21. 

22 

23 

. Fiist scw'c-s. 

Date, Hoar. Direc- Length Daily Date 
lL%. tion. 5om. tneaii p m .  p \ ' ~ .  IS*.' 

j. 111. P B 

Fehniary 25 

March g 

6 

Marc11 IO 

March 3r 
' I  

April 2 
'. I ,  

April 4 
' 

April 7 

Subtracting 

0.4 E. - 
3 '0 w. - 

1.0 E. - 97 

.- I .s IS. - 95 
2 '2  E. - 

3 . 3  E. I- 35 
1.S W. - I  2161 
2 . S  E. - I  27s  - I  "qS 

3 .6 
' 1 ' 7  E. - 1  075 
2 .5  W. --I 0921-1 ogj 
3 . 0  E. - 1  I25 

W. --I 251 J 

2 .s w. - SI7 ', 
3'5 E. - S"7 r- 822 

,I. 111. 

0'; E. - 525 - 4S?j I I I  '6 W. - 45s 
p .  111. 

3'2 w. - 459 
3 3 E. .- 4SI 

April S 

I .  

April 1.1 
' 

April IS 
I 

1' . 

Ilay 7 

' 

May S 

Hour. Direc- Lengtli Daily 
tioit. SON/. iiieaii 5011,. 

a. 111. P P 

I1 '5 w. -354 ) 

3 'I (?)W. -394 I 
c1 .4 1%'. - 76 1 
1'2 E. ' - 1 7 ,  - 41 

5 ' 4  w. - 29 
a. 111. 

11-0 E. + 1 r 7 ]  

:ach result from its daily mean. sq~iaring am1 summing, me find the 

= =t Z I P  = I - T ~ ~ - ~ ~ ~  part of the length. The great change in length lxtweeii March 
10 aiicl 31 was unrspected, and siiici 110 interpolation for length during this period could 
be macle, all (33 in number) nieasures with the cluples bar made during this period had 
to be rejected. 

' 
.Sk-oid av-ics, after the nieasure of the Salt Lake Basc. November. 1896. 

No , . Date. Ho,lr. Direc- Length Daily 
1546. tiuti. jorrr .  itieati sou/. 

November I j 

IS 
18 

p .  111. P c 
2 . 5  E. +A 165 -1-4 165 
a. Ill. 
10% W. +.+ 072  
11'6 E. +4 051 }+4 077 

S 
9 
IO 

I 1  

I 2  

Date. Haor. Direc- Length Daily 
1.W. tion. 5 0 ~ 1 .  mean 50111. 

November 24 

24 
25 
25 

25 

P P 
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Apparently no change took place in the length of the .base; hence mean length 
= 50 iiietrerj + 4 140ji and f I ~ P  when referred to the International Metre; also the 

probable error of n single iiieasure f 2 7E.I Qr -f-ar{--8sii- of length. 
Dd&iziizufim '!/- fhr' lcizgfh qf fhc t?i@ltl/elr h i s  Ngs. 15 uiid 16, f i i w  iitt'nszlrt-s of fhe 

5o-;i:cfir fcst /k-.-'I'he stalidarclizatioii of these bars can be effected with or without the 
use of thermometers. The results by the thermometric methocl will be 'given first. 
The niensiires cover the sailie dates as those oil which the exact length of the test line 
was ascertainec! b y  means of the bar-in-ice' measures: Centigrade thermometers Nos. 
ssso, .%4S, aiicl SSIS mere placed between the rods of No. 15. and C. thermometers 
Nos. 5556, S S g . + ,  ancl sS1.5 between the rods of No. 16, at one-sisth of the length from 
the . ends of the rods and at the middle. respectively. Corrections to thermometers 
referred to the hydrogen scale. 

h S '  

* .  

0 

5 
1 0  

15 
20 

2.5 

3" 
35 
40 
4s 

Tempera- sj6 
ture. , 

'03 

- u3 
- '02 
- .@3 

. --oh 
- '07 

- 'OS 

-- '09 
- ' I j  

- 'I' 

s SIS s s47 
0 0 

'on 'W 

+ '01 
+ .03 
-"oI . --q 

- *w 
- '06 
- '00 
- 'IO 
- 'IT 
- '06 

The iiieaii of the three thermometers attached to each bar was used in the' com- 
putat ion. 

The value'of the divisions of the' four scales on bars 15 aiid 16, which measure the 
~ c / a t i z ~ ~ *  longitudinal shifting of the bars, was found to be I millimetre, very nearly, at a 
temperature of I I ''7 C. 

. A table was formed which contains, for each measure of the test line, the escess 
or defect of the IO steql rock (,of 15 aiid 16:) and the IO brass rods (of 15 atid 16') on 
a 5o-inetre' line. Due regard was paid to the actual distance b&ween the ' terminals 
as founcl 011 the stiiizc: t h v  of iiieasiire with the bar-in-ice, and to all .corrections for 
slope, inclination, and scale of the cut-off apparatus. The observations, however, 
of April 14, IS, May 7. S, were not made with the apparatus under the same con- 
ditions as afterwards employecl. In  the first place, no inversion of the bars took 
place; i. e., observations with "face up and face d o ~ a . "  An' attempt was made to 
supply this omission by the direct measure of the clifferelice between the two fiducial 
lines of each of the four rods, but these last measures proved unsatisfactory. In  the 
second place, it should be noted that in the measures over the test line the same metal 
of the rods was always exposed to the south-that is, to greater heat radiation than the 
other. This circunistaiice. was brodght about by the back;cltzid manipulation of the 
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apparatus wheii chaiigitig the direction of .the measure.* .For these reasons, i t  was 
thoiight best to depend for 'the standardization of the apparatus on the November 
observations alone. . .  

The following table eshibits the 32 measures of the test base (50 metres-4 140/.4> 
\<Mi the duples bars, giving the seiarate results for the steel and brass components; 
the last three columiis give the escess of length of Io-metre steel rods over 50 iiietrrs the 
same for ro-metre brass rods (.the negative signs shows that they fall short df it),  and the 
difference in the length of Io-metre. steel aiid;Io-nietre brass rods for the temperatures 
noted. These quantities are given .in microns. 

Ir 
I '9 
2 '9 
3 '6 
4 '2 

I '9 
2 '3 
2%. 

0 '9 
1 '3 
I '6 

1 '9 

2 '6 

3 '0 
3 '4 
1 '7 
2 '3 
2.6 
3 '0 
3 '4 
3 '7 
4 '0 

4 '3 

I ' I  

2 .2 

1 '0  

I ' 2  

1 '7 

2 'j 

2 '6 
2 '9 
3.2 

2 '0 

0 P P I *  

W. U. 20'49 + 3 -619 7 
E. D. 21'17 +44 -233 6 
W. D. 2i.G -19 -175 6 
E. U. I S ' S  +22 -468 g 

E. D. 1S.37 - S +%gY 6 
11'. D. 18'02 -35 + I  05s 7 
E. U. 5'05 -91 4900 6 
W. IT. 5 '13  -45 +S57 6 

E. 1'. 19'37 -4 +539 -7 

\v. u. IS'S2 +rg +527 g 

E. D. 5 ' 3  -17 +755 6 
w. D. 5 ' 4 2  - g +74s 6 
E. D. 5'57 -54 +75S 6 
W. D. ' 5'74 -40 +752 6 
E. U. 5'95 -36 +530 6 
W. U. 6'01 -w +5so 7 
iv. 'u. . 15.19 -2s +512 s 
E. U. 16'11 -18 +% 7 
W. D. 16'43 ' -24 - 2 S 
E. D. 17'32 -41 + 14 7 
\V. D. 17'68 -4s + 21 7 
E. D. 17'97 --5q + 22 k 
w. u. 1S.26 -16 +c+I s 
E. U. 18'jS +jg +51o 7 
w. u. 1 5 q  -11 + l W  7 
E. U. 1565 + 6 +r46 7 
W. D. 16'34 + 6 -96 8 
E. D. 16'91 + 9 -395 7 
W. n. 17'46 --IS ' -5% 7 
E. U. 17'87 + I -399 7 
W. U. Is's9 +IS -645 7 
E. U. S.61 -4 -a -7 

P P  
+ 61 

+s57 
+I33 --I 493 
-1s -1 413 
- 559 
-435 
213 -2 693 

+Io0 -2  753 
- 62 
3 4 6  
-150 -6 S70 
-266 -6 g63 

-326 -6 937 
-2N 

- 4 -3 613 
+ 7 -3 277 
- 75 
-241 

-541 

-162- -7 073 

-201 

-565 
- 39 -2 460 
+ =9 -2  413 
+507 -3 630 
+ 8 -3 5.53 
- 203 
+ I 9 1  

-- 6.3 
- 24.15 
+271 -2 5% 
+ 66 - 2  43a 

.P I" 
+ 39 .+2 16.2 

+ S I  + I  750 
+165 
.- 102 

+ I  163 + Soo 

-404 +2 330 
-3% 
- 82 
+ 6 +7 1% 

- 4-5 + 7 ~ 7  
- - s o  
-272 

- 3 3  
-& 
-175 +6 770 
-16.z +6 543 
-- 7 

- 73 4-2 953 
-2.31 +z 717 
-477 4-2 730 
-523 +a 620 
- 9  
+ 46 
'+'I75 
+ 44 
-'62 +3 117 

+333 +2 977 
+ 52 +2 720 
-127 +2 603 
+230 
+ 24 

0 

. Mean 
~ 

- 5 996 - 9 719 +3 723 

*To turn the apparatus end for end woiild have e x p s e d  it to the direct action of the SIIII. The spring iiieasnrrs 
were all made during rking temperature. 
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DETERMINATION OF THE COEFFICIENT5 OF EXPANSION OF THE STEEL'AND BRASS RODS FROM 
PRECEDING OBSERVATIONS. 

Let L = length of I O  rods (steel or brass:) at temperature t; 
I, = average length of same at  the average temperature to; 

hence the conditioiial eqiatioii, o = Z, - Z'+ B ( i  - fJ. 

equations; viz: 

i 

. Substituting the proper values from the preceding table, we get 32 observation 

' For the steel rods. 

o = - 3 a02 + 5'6s (2 

For the brass rods. 

0 = - 5  211+5'6Srr 
0 = - 2 61. + 4.56'0 o = - 4  Ig5$4'56a 

' 

u - 3 691 + 6 . ~ 6  <I. . o = - 5 SSg + 6-56 D 

etc. etc. 

The nornial equations are- 

for steel, o = - 567 8S4'5S + gQ-103 g n, and for brass, o = - 9 7  9 1 - 6 6  + 934.103 g t r  

hence 1r8=577'057 54 and dividing by 5 0 ~  the coefficient of espansion' N*= 11'541 15 per metre 
ab = 922.566 S7 and diqiding by so. the coefficient of expansion Iw6 = rS.451 34 per metre 

also the ratio 5 = 1.595: 74. 

The final results are, therefore-, 

11 

1l.a , 

Length of IO steel rods at 14".S1 C. '=.gor~r - 5 996j1 
I steel rod 

Length of IO brass rods at I ~ O . S I  C. =gor/t - g 71911 
I brass rod = 5trr - 97r-gji 

= sin .- 599'6r(, i. e.. the average of rods of bars 15 and 16 

Since in all inaasures with the bars they occur always in pairs, it is not i&ssary 
to know the length of the 5-1iietre components separately for bars 15 and 16. They 
are, however, of very nearly equal length. 

If t = temperature at which the (,average) steel'and b r a s  rods are of equal length, 
w e  find f = + 25O.555 4 C.,* and the corresponding length of rods of bars Nos. 15 and 
16 = ioiii. + 44'406j1, or that of the average bar 5))'. + 22'nogp. 

means of- 

we fincl- 
Probable error of resulting value of a for steel 0.674 5 47 "I = &2'17 ; 

r4S%g:<3r 

hence of N, f 0'043 4jc per metre 

Probable error of resulting value of a for brass 0'674 5 1/ 4.6 = 3= 2-13 ; 
14s 69 x 31 

' hence of frt, & o'o& 611 per metre 

alia 

a1111 ,.r,.= IS'4SI 5 , 

= 11.541 2 .: 10-6 
*4S 4 

.- + 4? ti 
I < l . f i  

-_ -- .. - ~ -  .- 
*For this IO i~?eas;orts i n  April  alii1 M a y  gave + 250'30 C. , 
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For the probable error of the length of an ayerage steel rocl we have- 

0.674 5 Jm = 0.674'5 4- = * 7'21 for IO rods; hence for I rod =!= 0'72j1; 
I8  ( r r - I )  992 

also for brass 0'674 5 'I7 Oo0 = C 7-32 for IO rods; hence for I rod -C 0'73/i JG 
a i d  finally 0 

Length of an (average) steel rod at temperature I equal 5nt - 5gg.&i + 57'7r/i ( t -  14 .~1)  

Length of an (average) brass rod .?t temperature 1 equal 51)r - g71.'gji + 92.2611 ( I  - 14'Si) 
f 0.7 f .22 

c 0.7 f -21 

T H E  DUPLES APPARATUS PROPER. 

. Determination of length of the steel (:or brassj rods as a function of the difference. 
in length of the steel and' lwass rods when at the same temperature. 

By the preceding table of results over the test line we have given 3;. differelices in 
length between the two components, together with the corresponding lengths of the 
steel, as well as of the brass rods. Let 101 = length of IO 

rods (steel) when the developed differential length of the two components is A ,  in the 
sense (s - b ) ,  also IO& and lo similar quantities at their iiieaii value or 101, = 50ria 
-5 996p aiicl lo = 3 7 2 3 ~ ;  then the 32 conditional equations will be of the forni 
o = IO (lo - l )  + c(ko-A-) from which the coefficient,c will have to be detenniried. 

The former will be used. 

The equations are- 
n = - 2 612 + I 5s; c 
n = - - ;  202+2009c  
o = - 3 6 9 1 + 2  ~ g S c  

etc. 

The nornial equation is o = - 196 145 716 + I I 7 622 S95r; heilce c= + 1'667 5.5" 

For a developed difference of length A the length of the IO steel rods is given by 

For the steel and brass coniponents to be of equal length 1. we have for A = o 
id = 50112 - 5 996p + I .667 6 ( 3 723 - L). 

IO/,= 50ur + Z I ~ ,  

or two bars when components are of equal length = io112 + 42.4,~ arid I lxlr 
The probable error of I O ~  i s  

= 5112 + ZI*Z,II. 

.- 

101 or IO steel rods = 5orn - 5 99611 + 1'667 6 (3 723,- A )  
e IS C 1 0 2  

and I steel rocl = 51n - 599.611 + I '667 6/i (372'3 - I )  
c 1.S -c I O 2  

! 
where I refers to one rod, and when components are of equal length 
2 rods = IOIA e 3.611 + 42-411 c 7'6p = IOJM + 42'41 e S ' j j t ,  and I rod = 5)rr + 21.211. , 

e 4'2 - 
*For this IO iiiensiires of the test line i n  April and May gave 1'656 5. 
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SIa 
XIb 

I S  
VI11 
VI1 
VI 
v 

I V  
111 
I1 
I 

COMPUTATION OF THE 'LENGTH OF THE EASE. 

In tile application of the Duples apparatus to the measure of a base line each sub- 
division, in the present case each kilometre, is measured independently, ancl the result 
will depend upon the accumulated dzTc)-eirq of length between the two rods of steel 
and brass; thus it may be likened to a Borda Scale, of which the component metals 
estend over the whole length of the section. At the ,same time it is apparent that we 
can also deduce the' length of the base' without resort to this principle by simply 
regarding the apparatus as an ordinary contact-slide apparatus, provided the thermom- 
eters between the rods are read during the measure. Since the apparatus contaiiis 
two rods (steel and brass), we have the nieatis of deducing two separate results. Nolle 
,of these three results is independent of tlie others, escept as to the accidental errors 
special to each method and developed during the measure. 

There are I I' subdivisions of the base, IO of which are each I kilometre and the 
eleventh 1.2 kilometre in length, of which the'first part, 700 metres, was measured at 
the close of the whole work to take'the place of an initial measure when the party was 
insufficiently experienced. At the southeast elid of the base the bar measures com- 
menced 1.141 06 metre past. the motiument, and at the uorthwest end they terminated 
0.772 54 metre before coining to the monument. The base was measured fonvard and 
backward, aud the'discrepancy shown for each subdivision furnished the data for the coin- 
putation of the probable error. The .' ' face ,'.of bars for the second half of each kilometre 
was reversed from that employed during the first half. . 

. 

(a) Letqth qf base am? sirbdivisio~zs 611 fhe ther))zo~mfr-ic yliethod. 

FIRST MEASURE. 

Oct. 3 
Sept.4,5 

5. 7 
7. s 
s.g 

IO 

I 1  

i a  

14 
15 
16 

. 17 

Mean Rising 

Sec- Date, bdsfraiii  :::& t\Egz- falling: (lorrec- Shifting Forward Length Of section from- 
Of section by-tioii for orbackyardof- Steel rods. . Brassrods: 

4 

%!her- temoer- i teel  rods. B!sss' il!$!illa- Steel Brass S.-B. 
rod. rod. 11. 

r. 
f. 

s.. r. 
f., s. 
f., r. 
r., s. 
r.. s. 
r.. s. 
r., s. 
r., 5. 

r., f. 
r.. f. 

MI. 711711. 

ioo- 29'90 
5004- 12'53 
00O-l- 51'56 

+ 0'43 
- s2.01 

-1W'2S 

- 19.2s 
+ 9.1s 
+ 45'09 
+ 42'79 
- 25'71 
- 50 '74  

7IIlP8. 

- 4 9 ' ~  
+ 1S.71 
+ s0.27 

+ 1.97 
- 133 '77 
- 161 'gS 

+ 12'02 

- 33'48 

f 69'44 
+ 65'77 
- 43'75 
- 83.77 

7 l l I l l .  

- 23 '03 
25 .os 
I02 '77 
lj2'12 

70 '70 
40 '59 
76 '77 
62 '19 
3s '44 
14'41 
7s '93 

-w .65 

911111. 

+o '87, 
+o '46 
-0.M 
-0 '36 
+o '83 
-0 '47 
+O' 19 

'-0'29 

-0'01 

-o' 28 
-0' 10 

-0 'q 
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[a:, LEllgfh .f hfisc alzd szlbdi~~isio/zs i,v fhd fhc~i/zonz.cf/-ic i~zrfh~c~-Colllpletei~. 

SECOND MEASIIRW.. 

I 
I1 

111 
, IV 

V 
VI 

VI1 
VI11 
IS 
x 
XI 

r.. f. 
s., f .  
r., s. 
r.- s. 
r.. s. 
r., s. 
r.. s. 
r., s. 
r.. s. 
r.. s. 

f., r., 1'. 

The last coluiiiii shows n rri&kable accord between the results by the two 
metallic rods. 

( b  j L C I Z ~ V Z  of' bt~se. a d  . d d i ~ l i s i l v ~ s  i!~' fh dz1fik.i- n d t d .  

TIR.5" AND SECOND MEASURES. 

.. The third and fourth coluinns in the table below contain the differences accumulated 
during each sectiou by the two rods, aiid the values are. take11 froin the preceding table, 
co~uillli ( 9  j iniiius coluinii (s j ;  the corrections for inclination are the same as before. 

Accumulated dif- 
ferences in total No. of No. of 

section. bars. lengt11. 

First Second 
measure. measure. 

111 112. 111 111. 

XIa 
SI), 
s 
IX 
VI11 
VI1 
VI 
V 
IV 
I11 
I1 
I 

Length of nieaii rod 
(steel) 5 metres, 

First Second 
measure. measure. 

11 

+150 '71 - gS '65 

-,403.41 -162 '11 

-505.46 - 266 '41 
- 95'57 -447'93 
+ 42 '51 -456 '77 
+234 '19 -395 '74 

- I '77 -14s 'IO' 

t-210'52 .-25S'S3 
- I 30 *rm -- 266 'S3 
-- '54.49 - 1 I 1  '14 

-s 
d 

Differ- 
ence 

Length of section from- first- 
second 

First measure. Secorid measure. measure. 

111. 111. ' 111111. 

- 1 . 2 4  

-4 '50 

-t3 '92 
-0 $5 
+2 .so 
--o . j6  
-1 '35 
-2 ..;4 

-; '65 

--I '30 

--I '03 

--9 'I7 



etlicient of espaosion. 
From brass rods usiIig co- 

From difference in length 

I I 200 '945 O I I ZOO '$1 2 I I 200 '555 I 

eficient of expansion. '919 1 '963 4 '956 3 

of rods, over total line. '947 2 '956 4 '951 S 

Mean I 1  "00'554 4 

+2 00 c ~ - ~ ~ $ - ~ ~ ~  part. 

c3 '0 *5-r&aiJ part. 

-C2 '7 +-s&-iraa part. 
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stations in the Rocky Mountain region between Pikes Peak and the Sierra Nevada. 
The heights of the stations as adjusted depend upon Pikes Peak, 4 300.2 metres, Round 
Top, 3 165'6 metres, and Mount Lola, 2 7S6.S metres, the adjusted height of Salt Lake 
Southeast Base being I 239.4 metres. 

A line of spirit ,levels was run forward and backward by J. H. Turner in October 
and November, ISSS, from the crossing of the Union Pacific and Utah Central railroads 
at Ogden (of the same elevation as the old passenger station at  Ogclen) to the United' 
States Engineers' astronomic observatory; thence to the Hooper bench mark on the shore 
of the Great Salt Lake, about 16 kilometres or I O  miles in a southwesterly direction 
from Ogden. Froni the Hooper bench mark levels were run to Salt Lake Northwest 
Base, a distance of. 7.2 kilometres or 4,$ miles, and thence over the length of the base, 
a distance of 11.2 kilometres, o r 7  miles, by J. J. Gilbert in August aiid October, rSg6. 
The resulting heights based on the height of Salt Lake Southeast Base are as follows: 

Southeast Base, top of bolt and surface stone 
Metres. Feet. 

I 2.sg '40 

I 294.s9 
First kilometre stone from Southeast Base I 291 '57 
Secoiid kilometre 'stone 1 293'77 
Third kilometre stone . 1 295'37 . 
Fourth kilometre stone 1 ?$ '7 j  
Fifth kilometre stone I 297.1s  
Sixth kilometre stone 1 "S'39 
Seventh kilometre stone T 29S.65 

I 29S'OI 
I 297.0s 

Eighth kilometre stone 
Ninth kilometre stone 
Tenth kilometre stone 'I 296 '52 

Hooper bench mark, bowlder on lake shore I 2SS'7r= 4 228.0 

United States Engiiieers' observatory. top of transit pier I 338'12=++4 390'1 
Top of rail at crossing of Union Pacific and Utah Central railroads or old I 315 .oj=tA 314.5 

The average height of the base (stubs) above Southeast Base is 6'5 metres and 
average height of the base bars above the stubs 0.9 metre. Hence average height of 
base bars above mean sea level is I 296.5 metres. For the .reduction to sea level s 
(reduced)= I I 1gS.7 metres, h = I 296.5 iiietres and log p = 6%0+ 5s : hence reduc- 

tion = - = --'2*277 5 metres. Length 

of base reduced to sea level, 1 1  19S.676 9 metres. 

Northwest Base, top of bolt and surface stone 

passenger station at Ogden 

hs 
P 

Measured length of base, I I 200'954 4 metres. 

* Lieuteriant Wheeler gives the height of the transit .pier as 4 37.1'0 feet, in  his report on Surreys West of the One- 
Iilititlredtli Mcridiail. 

t 111 Hulletiii No. 76 of the United States Geological Sarvey theheight of this crossing is stated to he 4 303 feet. Mr. 
W. (;. Ciirtis, eiigiiieer of the 5outherii.Pacific Railroad. in his letter of  Ueceniher q ~.%fi. gives the elevation of hottom 
of ties ahove mean IMP water in San Francisco Bay as 4 296.14 feet, corresponding to an elevation of 4 29.1'3 feet of top of 
mil above half tide level, 
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Antelope 0 00 00'0u3 

Promontory 100 51 17.201 

Ogden Peak ' ' 214 31 36-34" 
Salt Lake Southeast Base 287 34 49 -556 

PROBABLE ERROR, O F  THE LENGTH OF THE SALT LAKE BASE LINE. 

The probable error of measurement may be taken as not more than part of 

The error due to standardization of the base bars, whether we make use of the steel 
the length or f 2'5 millimetres. ' 

or the brass rods, is found from the espression for the length of ax1 average steel rod 
. .  

5772 - 599'6b 4- 57'7.1 y.(f - I.+"SI) 
d ~ 0 - 7  f o . 2 2  

the nnmber of bars is 2 240. The mean temperature of the base rneasiires is 22"66C .; 
hence the probable errors =t I '6 rnillinietres and f 3'9 millimetres. 

.The probable error of the length of the 5-metre bar-in-ice No. 17 is f 1 - 1  j i ,  the 
correspo&ling uncertainty of tlik base being I * I  .<  3 240 = =t 2-5 millimetres. 

The uncertainty in the elevation is estiiiiated at 2f.i metres ; hence. probable error 
in reduction to sea level = f4.4 millimetres. Combining these five quantities we get 
for the total. probable error 

J (a.s)'- l- (1.6)'  4- (.3'9)'+ (,2*'5.)'-l- (,4-4j2 = f 7 iiiil1inietres 

or T-FBQ-BaTi part of the length. 
Length of base I I rgS.677rs -c omo7rrr. 
and its logarithm 4.049 166 72 

c 27 

ABSTRACT OF RESKlLTlNG HORIZONTAL DIRECTIONS. OBSERVED AND ' ADJUSTED AT .THE STATIONS 
FORMING THE SALT LAKE BASE NET, 1SSj-S-Sg, 1891-92, iS96-97. 

.Silt Lake Nor-fhscl& BRSC. Davis County, Utah. 
olite, No. 5. W. 

Resulting direc- 

adjustinelit. 

_ -  
0 .o 

Objects observed. tions from station 1 

August 6 to August 14, rSg6. 50-centimetre theod- 
Eimbeck, observer. 

Approsi- Corrections Final sec- 
mate Resulting frniri onds ill 

prrh&le sea ,eve,, secoiids. haw-net triangola- 
adjustmeiit. tioii. 

I I  I I  I1  / I  I I  

&*os1 + * I W  00.104 -"067 OO'O:,~ 

'092 - '122 17.079 +'125 17'204 
YJSQ + . I @  36.490 - - o z ~  36'466 

vgz --'os0 49.176 - .034 49 '442 
Probable error of a single observation of a direction ( D .  and R. ) - -C o'"5g. 

S z / t  Lakr Sorlthlrwsd &is.?, Davis County, Utah. July 17 to July 26. 1896. 50-centimetre theodolite, 
No. 5. W. Eimbeck. observer. 

5 

6 1  

8 7 1  

0 I II / I  II / I  / I  II 

Antelope o 00 m*ooo . c m g ~  +*ror OO'IOI +'151 00'252 
Salt LakeNorthwestBase 71 39 13 '222 -106 - '080 ,13 '142 + -065 13 '207 
Ogden Peak 149 25 04S32 . '076 ' + '165 ~ ' 9 9 7  - - U I  04.556 
Waddoup 259 37 17.050 -113 - '079 16.971 +'a25 17.196 

Probable error of a single observation of a direction (D.  and R.) = &0"'65. 
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14 

15 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS OBSERVED AND ADJUSTED AT THE STATICINS 
FORMING THE SALT LAKE BASE NET, ISS~-SS;S~, ~Sgi-gz, rSgti-~7-continued. 

?~%dhztfl, Davis County. Utah. go-centimetre 

. 

May 25 to June IS, 1Q52. and June 25 to July 3, IS#. 
. theodolite. No. 5. W. Eimbeck, observer. 

Corrections Final sec- 

Azimuth Mark (North - 
Ogden) o 00 oo~ooo k-052" - .IIS 5 9 S 2  

Draper. 193 54 09'172 -ro,st - -037 09'135 
Mount Nebo 196 16 3 1 q : !  'o77t --ozg 31.~13 - -s i5  30.835 
City Creek 199 49 45.631 x6iC m o  4.3.631 
IVaddoup 200 39 53S35 '&of + . c a  53537 + ' 7 p  51.627 
Ocjuirrh ' 221 37 o o q 3  '&t + . E I  00'364 

. .  

9 
'0 

'I 

12 

'3 

19 
20 

21 

22 

. adjustment. tick. sea tevei. 

Ihepah 249 12 o2'ogr .062t + z 2 7  02.31s - '729 01 9 9  

Pilot Peak 2Sq 31 :,0-171 n36t  -t '03s 30.2- - '274 29.935 

Salt Lake NW. Base 262 4: 36.2% '07.1: + '065 36-34 +'269 36'614 

Azimuth Station 303 I O  J5'4Ss ' -'037 15'451 . 
Promontory 303 42 05.866 a7St  - agS o ~ S S  .-!- '434 0 6 . y ~  

0 / I /  I /  / I  

Azimuth Mark. o 00 ooyl'ann f.106 
Deseret sz '31 23.644 7 1 2  + ' 2 0 5  

Pronion tory 165 05 25'477 .OSI -.127 
Salt Lake Southeast Base 173 33 24.056 .15o 2 '075 

Antelope J33 Is 39'657 '072 - '053 

Ogden Peak 211 2s 26 'g0S ns: + '035 
' Probable error of a single observaticn of a direction ( D .  
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A B S T R ~ C T  OF RESULTING HORIZOWTAL DIRECTIONS. OBSERVED AND ADJUSTED AT THE STATIONS 

/ ) ~ * s m - t ,  Too& County, Utah. 

. FORMING THE SALT LAKE BASE NET. ISS7-SS-89, ISgI-92. 1~6T97-C~>ntinlied. 

September I tu Septetnher 13. ISS~. 50-centimetre theodolite, No. 5. 
W. Einibeck. observer. September 4 to September IS. ~ S g z .  50-centimetre theodolite. No. 5. W. 
Einibeck, observer. 

Corrections Final sec- 

s ~ a  level, seconds. hase-net triangula- 
onds in Resnltilig direc- *pproxi- ._ 

C 3  @ v iibjecta observed. 
?> :: adjustment. 

tions fKlrll statioli p;;l~;le K e d ~ ~ t i o i i  R e w l t i n g  - froin 
error. adjostmeiit. tioir. 

-1  -.> 
24 
2s 
26 

27 
2s 

'9 

Azimuth Mark, 
Proriiontory 
Ail telope 
(3g;den Peak 

Ocpiirrh ' 

Draper 
1Mount Neb0 
I hepali 
Pilot Peak ' 

Oiiaqui, 1SS7 

Waddoup 

1S92 0 

7 
2s 

33 
47 
61 
SI 

I 30 
234 
,294 
359 

0 3  

07 
19 
44 
53 
44 
2s. 

50 
34 
03 
59 

.Probable error of a single observation of a ilirection ( D .  

-k * I  Sg 5 I -507 

+ '177 12'422 
-k '599 21 '323 

1bcp7h, Jaab County. Utah. August 2.j to September 27, rSSg. go-cetltimetre theodolite, No. 5. 
W. Einiheck. ohserver. 

0 I / I  / I  I /  / I  I I  # r  

30 
31 
32 

33 

Azimuth Mark 
Ogden Peak 
Deseret 
Mount Nebo 
Tushar 
Wheeler Peak 
Dianiond Peak 
Pilot Peak 

Prolmble error of a single observation of a direction (D. and R. ) = C 0~f.62. 

JZonirC rVc-b;>. Juab Coutity;Utah. June 16 to July 29. 18S7. pcentiiiietrc tlioeilolite, No. 5. W. 
Eimheck. observer. 

0 / / I  , I  / I  / I  / I  II 

34 
35 
36 

37 

Aziniuth Mark 0 m oo'ooo s_.Oqi  

Patnios Head 9 26 '42.277 ,096 --og6 42'1S1 
Wasa tch 155 13 16.56 .o91 --137 16.371 
Tushar 154 36 40.046 '090 + 'is5 40.201 
Scipio 213 51 gS.S4S . . . . +.I% .sg*oj6 
Wieeler Peak 242 '40 45.69'4 '075 + .17S 45'872 ' 
Ibepah 265 4s 49'527 '0%. - " o I I  49'5r6 -'I47 49'369 

'070 - .rgg 1r.g3; - - o ~ I  1z.S52 299 41 13.102 Pilot Peak 
Deseret 309 IS 25%1 '112 --2rg ?9'60-. --'r33 29.469' 
Onaqui $5 22 52.056 '070 - '176 51 S o  

@gden Peak 350 55 13.527 .o6i -- .024 rj'403 4 '330 13.833 
Oquirrh 332 4s 19'604 ' 6 6  - ' I 2 5  19'479 

Draper 353 14 45'IgI '097 ' -'d 45'1s2 
Probable error of a single ohser3ation of a direction (,D. and R.)= co"'61. 
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ABSTRACT OF RliSKWI'ING HORIZONTAL DIRECTIONS, OBSERVED AND -4DJKSTED AT THE STATIONS 
FORMING THE SALT LAKE BASE: NET. ISS~-SS-S~, rS91-92, 1Sgbg7-completed. 

.4izic/ojz, Davis County, Utah. October 4 to October 23, 1Sy2. 50-centimeter theodolite. No. 5. 147. 
3U-c.entinirtre theodolite KO. 

( W. Eirnheck, chief of party.) 
Einibrck and F. A. Welker, observers. 
146. P. A. Welker. ohserver. 

June 25 to July  4, 1Sy6. 

3s 

Corrections Fiji-l PBC- ' 

adjiistnieiit. tioii. 

<lllilP Ill 
Resii 1 ti 11: di rec- .' pprOs '- 

tiolla frolll station p;;;;;le Kedi$ioii Kesulting from 
sea sccoiida. haEe-iiet triaiipiiln- '(I Ohjects ohservtd 

adjiistiiieiit. t.rror, -2 .g 

Azimuth Mark,rSS9 0 130 o o ' m  to.049 
Reference Mark, is92 o 00 02'534 .055* 

Cache . 2 19 21'749 msg" , 

.and 1Sg; 

Okford 36 43 40:495  SI* 
Proniontory 64 26 05.747 '065' +-os5 05Sn2 + '19s ob*ooo 

0 I I /  ' I  / I  I I  I /  I' 

44 : Ogrlen Peak 0 C Q  m.'ooo c _ . C s j  + .IS2 rn'IS2 - '277 55'C3@5 
4 I Salt Lake SE. Base 16 20 nj'S15 '0% +'065 q * S %  - .2o6 03.67~ 

. 40 
41 

46 
47 
4s 
49 

Antelope 79 13 44'735 '074 .- '00s 44'727 + '0;s 44-765 
Deseret 103 56 04.921 '054 --169 '04.752 --os2 q.670 

waaaoup 55 42 47'371 '079 - '034 47'337 - '04s 47'2s9 
Deseret 165 21 37.057 '113 +.rSg 37,246 + .234 .-;.~SJ 
Pilot Peak 226 23 06'2?5 '13s --021 ~6.204 -- ,343 oj.561 

Aziniutli Mark 302 00 46'574 '151 
Salt Lake NW. Sase 341 24 26 '394 .oSh + '067 26 -1- '255 26 '719 

Promontory 2SS 47 49'415 ' 'IO7 -'095 49'320 +'3s3 49'705 

Probable error of a single obser\-ation of a direction (9. and A.) = & ~"'u?.  

39 Ogden Peak 

0 

Azimuth Mark 0 

Salt Lake NW. Base 167 
Ogden Peak 142 

wadanup 173 
Antelope I94 
Deseret 229 
Pilot Peak 297 

/ 

00 

33 
54 
06 
26 
4s 
:4 

II 

00 'ooo 
IS .257 
30 ' 5 0 2  

09.217 
3s '562 
34 '243 
29 '422 

Probable error of a single observation of a direction (,D. and R.) = Co"'57. 

17 'S26 
30 '607 
os s o  
37 '973 

' 34 '933 ' 
29 '537 

~~ 

* T h e  directions marked ljy a * dcpeiid oil the probable error & ".os of Ogdeii Peak. during the second and third 
occiipatioiis 
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Respectiug weights to the several directions entering into the ‘adjustment, it has 
bec-ii decided to give them all the. same-that is, unit weight. This proceeding is justi- 
fied by the following considerations. 

From the approsiiaate probable errors of directions in the preceding abstracts we 
find the average value from 82 directions = f o’”08S; on the other hand, we derive from 
the base figure adjustment, as given in the following pages, the probable error of a direc- 
tion by using ;.5 of the value resulting from the 56 direction corrections, viz: + o ’ ” ~ K ,  or 
3.4 times the first value. We may also use the gg angular corrections of the 33 triangles. 

whence we get for the probable error of a direction I- - f ot“24. Again, if we 

operate with the closing errors of the triangles, we find for the probable error of a 
direction- 

25’0 - 
3 1 2 x 9 9  

We thus find the probable error of a direction et as derived from the corrections demauded 
by the acljustment of the base net = =!= 01”2Q arid the same as derived from the station 
adjustment = f ot”og; the fact that r‘t is three times as great as e, is attributed mainly 
to the effect of local deflections in nieasuriug angles, the vertical asis of the theodolite 
beiiig necessarily adjusted to the plumb-line. Besides, a very careful adjustment of the 
instrument is required when the station observed upon is considerably above or below 
the one occupied. Persistent lateral refraction also has a share in producing the above 
result. Following the methods outlined at the beginning of this paper and us:d in the 
adjustment of the Yo10 Base Net. we have r, = ~ ( O . % S ) ~  - (0.0~ )‘= f 0’27, which is to 
be combined with the particular value of es; hence the relative weight of an observed 
direction becomes- 

,In the case of the Salt Lake Base Net, we have in the main figure the cxfr -em values 
of fs =t o”’06 and j= o”’15; hence the estrenie weights to directions would be in the 
proportion of 13 to 1 1  nearly. The introduction of weights was therefore deemed 
unnecessary, especially when we consider the strength of the development of the length 
of the base to that of the primary line. 
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FIGURE A~JUSTI\IENT-~O~ltill~le~. 
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FIGURE ADJUSTBIENT-completed. 

iVo)-)nal eqriations-Completed. 

c z ,  C*r, C2;. , e28 c* c3a 
. ._ 

- 0'210 
+ 2 ' 2 3  

+ 2 '25 

- 7'94 
+ 0.06 

o= - 2.31 
-26 -4' 
+ 1.92 
+ 5'33 
4- 5 '65 

+ 4-17 
+ 6.26 

....... +12g.p ....... 
- I 2  .75 
- 35.2s -115.49 + 14.56 
- S7.03 + 53.12 + r z y  
4-341 -85 +250 '8; -130 '59 
....... +I 955'77 +12S'51 

+323.71 

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

C r = : + ~  '065 4 
c .---0-215 g 
C;=-o.116 3 
c ,=-0.124 5 
c 5=-o .Y24 y 
c f,=$o.225 0 

C i=-o.766 6 
C s=+o'oj6 I 

c 9=+1 '534 j 
c,o=+o .440 0 

* I /  

(1)=-0'067 I 

(2)=+0.124 5 
( 3 ) = - 0 ' 0 2 3  7 
(4)=-0'033 7 
(5)=+0'150 5 
(6)=+0'065 .I 
(7)=-0'440 9 
(S)=+o.225 o 
(g)=+o'sJ2 s 

(10)=-0*007 S 
(II)=-0,066 5 
(12)=-0 '200 g 
(13)=-0'567 6 
(14)=-0*375 3 

+ 0'03 +I -76 
-11.13 . . . . . . . . . . . . . .  

+IS '65 
- 4'35 + 9.7s 

-327.70 -9s '21 -163 '43 
- 13's; -91 '23  

+so1 '55 -49 '61 
+ I  093 '96 Sr jq '41  

+745 '49 
. . . . . . .  . . . . . . .  . . . . . . .  

( 15 )=+o '790 2 

(16)=+0 .jS2 2 

(I7)=-o .7S6 S 
(1S)=+o'292 o 

(zo)=+o 26s 6 
(19)z-o '72s 6 

(21)=-0'273 0 

(22)=+0 '434 

(24)=+0.20g s 
(23)=-0.6SQ o 

(29)=$-0'176 6 

(31)=-0'192 4 
(j2)=+0'097 o 

(34)=-0'146 7 

(36)=-0'1;3 o 
(37)=+0'330 3 
(3S)=+o.19$ 2 

(j0)=+0.012 g 

(33)=+0'082 5 

(35)=--0'OsO 6 

(25)=-0 '143 o (39)=--0 "44 9 
(26)=-0'344 o (40)=+0'0;7 7 
(27)=+0 .1S9 4 (4I)=-O'aSa 2 . 
(2Q)=+0 '599 3 (42)=+0'02T j 

Check sum of + corrections ==o'4og o a*3d H pw=6.696 
Check sum of - corrections=o.4oS 4 --Hr~c'=6*6Sg 

-1 ' 02  

. . . . . .  

- 27.72 
- 20'75 
- 49.61 
+a02 '72 

+I  23 -66 
+ I73 '99 
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TRIANGLES OF THE SALT LAKE BASE NETi UTAH, ISS7 TO ISg7. 

Correc- SPher- Spher- 

angles. escess. 
No. . Stations. Observed angles. . ical ical 

Ogden Peak 
S. I,. Southeast Base 
S. L. Northwest Base 

Antelope 
S. L. Northwest Base 
S. L. Southeast Base 

Antelope 
Ogden Peak 
S. L. Southeast Base 

Antelope 
S. I,. Northwest Base 
Ogden Peak 

Proinontory 
Ogclen Peak 
S. L. Northwest Base 

Proniontory 
S. L. Northwest Base 
Antelope 

Proinontory 
Ogden Peak 
Antelope 

S I Antelope 
S. L. Southeast Base 

waddoup 
Antelope 
Pronion tory 

01 .oss 
0; 693 
52 '529 
04 Sg6 

01 '092 

OS '044 

16 '975 
37 '141 

01 'I60 
20 '262 
33.312 
ID S62 

04 '436 

34 '375 
43 '457 
43 . I 3 0  

- 

00 '962 

35 '746 

2g 332 
5s '017 

03 '095 

' I  

-0 .I 14 

-0 '506 
-0 '010 

-0 '464 
-0 '033 
-0 .os5 

+ O ' O ~ I  

-0 '09 

-0'591 

--v '535 
-0 

-0.023 

- t o  '563 
+0'166 
-0 *I@ 

-0 6-50 
-(-o.IgI 
-0'126 

-0.117 
+o '142 

-0 '661 

-0 '193 
+o '15s 
-0 '075 

-0 '059 
-0 '432 
-0 '240 

r /  

o ~ 9 6  

""97 
0.196 
- 
0 '5Sg 
o ~ 6 9  
0'169 
0.165 

0 '506 
0.171 
0 'I 71 
0.171 

0 'SSZ 

0.75s 
0 '7SS 
0 -75s 

2 '364 

Log s. Distances in 
metres. 

4.049 166 72 11 I ~ S - 6 7 7  
4.336 120 31 ZI 6S3 'c5 
4'32s 533 Os 21 307.53 

4 q g  166 72 11 1gS-6i.7 

4 '270 594 77 
4x71 152 75 IS 670'36 

1s 6.46 '39 

4 -613 249 35 41 043 '97 
4 '795 001 3s 62 3 3 . 6 s  

4 '453 I79 57 2s 390 '93 
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TRIANGLES OF THE SALT .LAKE BASE SET, UTAH, 1S87 TO 18g7-continued. 

Correc- Spher- Spher- 

tioil. iuigles. excess. 
No. Stations. C)lisserueil angles. ical ical 

IO 

16 

0 I / I  

Waddoup . 7s 09 37 '309 
Antelope 55 42 47'15.5 
Ogden Peak ' 46 0: .;8.659 

Ogden Peak 

Deseret 
Promontory 
Antelope 

Deseret 
Prouiontory 
0gden Peak 

Deseret 
Proniontory 
Waddoup 

Deseret 
Ant  elope 
Cbgdeli Peak 

- 
03  ' I ' 3  

Waddoup 46 2j 01 '563 
Promontory. 30 32 50'930 
OgdenPeak . 103 0 2  I1 971 

04.464 
Waddoup .>/ 55 0 2  '934 ..- 

S. I,. Southeast Base I IO IZ I I '974 

Deseret 
diitelope 
waddoup 

Dkseret 

Chij.312 

I '  

-0.560 
+o .229 

-@ -49s 

-0 '501 

$rJ .I24 
-0 . - -6 33 

-0 .-6- 3 1  

+o ,666 
-0 '405: 

f o  '899 
+ 1.111 
+o 'I50 

+o .544 

t o  '992 
+I '330 

$0 '344 
+o 'S71 
-0 'gag 

-0 -354 
f o  '509 
+ 1 '077 

I /  

36 '749 
47 '3% 
3s 761 

0 1  TI62 

51 '0.54 
1 1  d 1 5  

02 '567 
I 2 ,640 
.45 '732 
& 

56 '525 
56 '961 
I2 '224 

10'1~2 

17.1q 

43 '83s 

45 ' S i7  

00 '602 

26 '053 

13 -668 
37 '573 
IO'jSj 

I I -134 
4 'I77 
4.177 
4 -17s 

12 '53" 

0 -541 
0 '542 

0 '541 

Distances in 
metres. Log s. 

4'585 977 92 "3s 545.98 
4.513 416 19. 32 539'90 

4 '453 -179 56 is' 390 w 

4.666 302 46 46 376.98 
4.512 416 20 32 5 j g . y ~  
4.795 001 j 9  62 373'68 

4.32s 533 OS 31 jo7-53 
4'513 416 19 32 539'90 
4.262 736 60 IS 312.03 

4'795 001 39 62 373'68 
4 '902 3s2 59 79 'SSI .41 
4.976 446 51 .721 -14 

4.4.53 775 57 
4-92 282 57 79 851.41 
4 -517 539 61 65 696 'IO 

35 390 '93 



TRANSCONTINENTAL TRIANGULATION-PART I-BASE LINES. 

TRIANGLES ofi TI& SALT ZAKE BASE NET, UTAH, I S S ~  TO 1~97-contiiiaeii. 

2 I 7  

No: . Stations. 

19 

2 0  

21 

Pilot Peak 
Promon tory 
Ogclen Peak 

Pilot Peak 
Promon tory 
Antelope 

Pilot Peak 
Promontory 
Deseret 

Correc- Spher- Spher- Distances in 
metres. Observed angles. ical 'ical Log s.. 

tion. allgles. cscess. 

Q I .  I ,  

6 OS' 19'196 
154 41 11 ,255 

15 IO 55'595 

06 'og3 

102 47 51 '036 
14 47 35'925, 

62 24 43'116 ' 

'3 '077 

67 25 55'1x6 
39 25 5s.950. 

73 04 3S.9'5 , 

Pilot Peak 
Ogclen Peak 
Antelope 

Pilot Peak 
Ogdeii Peak 
Deseret 

25 

26 

27 

Pilot Peak 
Antelope . 

Deseret 

Mount N e b  
Pilot Peak 
Deseret 

Mount Nebo 
Pilot Peak 
OgcIen Peak 

Mount Nebo 
Deseret 
Ogden Peak 

35 '336 
24 42 20.025 
61 or aS.ggS 

94 16 '34.541 

2 j  '524 

9 37 16.699 

___ 

j IO 32'7.;" 
163 I2 20'927 

- 
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TRIANGLES OF THE SALT LAKE BASE NET, UTAH, 1SS7 TO 1Sq7-completed. 

No. Stations. 

2s 

' 29 

30 

31 

32 

33 

Jbepah 
Pilot Peak 
Ogden Peak . 

Ibepah 
Pilot Peak 
Deseret 

Ibepah 
Pilot Peak 
Mount Neb0 

Ibepah 
Ogden Peak 
Deseret 

Ibepah 
Ogden Peak 
I\iount Neb0 

Ibepah 
Deseret 
Monnt Nebo 

Observed angles. 

71 -S71 
32 47 2"gCQ 

IO; 4.3 29.406 
43 29 do.oS6 

32 '392 

Correc- 
tion. 

' I  

-0 -070 
+o '115 
$0.155 

-0 -273 

+o '053 
-0 *422 

$0 '01.5 

-n '05 I 

+o '096 

-0 '2136 

$0 '05s 
-0 '742 

-to .os4 
--a.351 

$0 '177 

+o 'ZSS 

+o .or; 
'409 

Spher- Spher- 
ical ical 

angles. escess. 

I /  !I 

37'047 20-SS7 
57'267 2o.SS6 
2s .346 20 S37 

62.660 
30.723 13.091 
17 '451 13.091 
51'ogg 1 3 q r  

- 

72 .&I 
23 'IS$ I I .034 
29*S15 11 '034 
40 '0% 11 '034 

33 'I03 

Log s. Distances in 
metres. 

5 -265 251 Q 185 460'68 
5 '362 230 02 230 266.11 

5 *124 323 42 ,133 144 3 6  

5 '138 35s 69 '37.517 '74 
5'116 021 g.$ 130 623.69 
5 '124 323 41 I33 1 4  '55 

5 . O I ~  731 72 103 450.29 
5'116 021 96 130 623'69 
5 -362 230 0 2  230 266'11 

5 *IS9 17.3 s5 I54 587 '31 
5.265 702 67 iS4 375'27 
5.362 230 01 230 266'10 

5'011 s 7  45 102 774'99 
5'265 702 6s 1S4 375'27 
5 '116 021 95 130 623 '69 . 

Hence we have- 

F= log sir1 [ 7 - 6 j + log sin ( 3 - 2 ) + iog sin (55 - 51') + log sin ( I 7  -- 14) 
+ log sin ( 2s - 27) - log sin ( 26 - 16) - log sin ( 52 - 51) - log sin (25 - 23) 
-log sin (37 - 36) -log sin (32 - 3 1 )  
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Establishing and solving the transfer equations, we find the reciprocal of the weight 

or p= 23.70; also the mean error 112 and the probable error I - ,  both espressed in units 

of the sixth place of decimals in their logarithms, viz: f 3 - 3 0  and 1-55,  respectively: 
hence- 
* Log. distance Ibepah to Mount N e b  is 5'265 702 6S and the length in metres of 

this side = 1S4 375.27." 

I 
. 

F F 

f I 5 5  
The probable error equals about qg+7ibB of the length. 

f 66 
' To this must be aclded the uncertainty arising froin the base measure ~7iz: 

Probable error of leiigth of side Ibepah to Mount Nebo .\1(0*66) =+ ( . O - I I S ~  

1#+# x 71)m = f I r5m.11~; hence we have- . 

= f 0'67 metre, correspoiiding to f 3'6 ndlinietres per kilometre. 

GENERAL DESCRIPTION O F  TRIGONOMETRIC STATIONS FORMING THE SALT LAKE BASE NET, UTAH. 

Salt Lakc Sovfhensf Bnsc, Davis County; established by W. Eimbeck in 1Sg6. This 
station i s  situated near the eastern shore of Great Salt Lake, about 12 miles in a south- 
westerly direction from Ogden ancl about 4f,g i des  west of Kaysville, a town on the. 
Utah branch of the Unioii Pacific Railroacl. I t  is in school section 16, township 3 north, 
range 3 west of the Salt Lake principal meridian, in a large inclosure used as a pasture. 
The geodetic point is marked by the intersection of two fine cross lines 011 the head of a 
copper bolt firnily set in the top of a hard red sandstone b l d i ,  3 feet square by IO inches 
thick, buried 4 feet and 4 iiiches below the surface of the ground. This was covered 
with a layer of earth 6 inches thick, and on this founclatioii a brick pier was built, rising 
to a height of 8 %  feet above tile grouilcl, surinouiitecl by a capstone, 30 inches square 
and 5 inches thick. This pier is 4 5  feet square at the base, 4 feet square at the surface 
of the ground, a d  26 inches square at the top. At the surface a stone 3 feet square and 

. Io'inclies thick was embedded in the niidcllr of the, pier, its top surface being flush with. 
the ground and bearing the inscription "U.S.C.&G.S. , 1Sg6." A copper bolt, with'fine 
cross lines 'vas firmly set in the stone. The pier is solid from the foundation to the 
surface, and above that it has a hollow space 12 inches square in the center, with 
openings at the surface, eastward and in the direction of tlie base line, to afford access 
to the surface copper bolt. 

Sn/f Lakc Norfhwtsf Basc, Davis County; established by W. Einibrck in IS~G. 
This station is situated in South Hooper, about I:< miles north of Syracuse Grove. on 
the pasture land of Mr. Cato Love, who lives about I I@ feet east of the station. It is 
in tlie southeast angle of the cross roads at this localitj. and is 167.3 feet from the fence 
to tlie north and 106'2 feet frohi the fence to the \+est. Mr. Gil. Parker lives in the 
nearest liouse just across the road southwest of the station atid Mr. John W. Singleton's 
house is in the northwest angle of the cross roads. 

The geodetic point is marked in precisely the same inaniier as at Southeast Base, 
escept that the bottoni of the brick pier and the top of the subsurface stone are I foot 
and IO inches nearer the surface of the ground than at Southeast Base. 

@gd& Ped, Weber County; established by W. Eimbeck in I%.+. This station is 
situated on a peak of the Wasatch range of mountains, about IO 000 feet above the level 

No reference niarks were placed. 

. 

*Equal to 114'564 statute miles r 2'17 feet. corresponding to &o.:s of au inch per mile. 



.22fi UNTTED STATES COAST -4ND GEODETIC SITRVES. 

of the sea and about 4' iiiiles in an air line east of the town of. Ogden: The west slope 
of the mountair> is very steep and rough; so the station is inore easily reached by passing 
throngh Ogden Canyon ancl the tonh of Huntsville in Cache Valley and approaching it 
011 the east slope of the ino~iiitain. The geodetic point is marked by a copper bolt in a 
hole drilled iii the rock. This .was covered with 3. flat stone, liavihg a drill hole in the 
top surface, cemented iii tlie space between tlie foot piers of the'theodolite stand, and 
tlie space between the piers was walled LIP. The tbpmf the copper bolt is 0.46 feet below 
the top of tlie surface'iiiark. As referen.ce marks, 3 holes were drilled in the rock and 
filled with lead-.one b e a h g  iiortli zo 05' west. clistaiit 9 feet 7?& inches; one bearing 
south 71' 17' east, distant S feet 4.1; inches. ancl .one bearing south z z o  35' west and 
distant g feet 4 inches from the geodetic point. Bearings are true. A ring wall of stones, 
nearly 15 feet in diameter, built to serve as 3' mind-break, was left standiug. 

This station is 
situated 011 the largest island in Great Salt Lake, known as Church or Antelope 
Island. The island is in  tlie sputlieastern part of the lake, and is about 15 miles long 
iiorth and south and j iiiiles wide in the widest part. The station is 3kJOut 2 400 feet 
above the level of the lalce, n'ear the niiilclle of the island, and 011 the highest peak of 
the Ion7 mountain range estencling nearly its 1vIiole length. The geodetic point is 
marked by a copper bolt set in tlie solid rock at the south end of the small, nearly flat, 
top of the peak. A lmllow Ixick pier, abont G inclies thick and 2s inches square, was 
built around this bolt and covered with a red sandstone cap block 214  inches thick and 
2s iiiches square. The inscriptioii "U.S.C.& G.Survey, 1Sg2 " was cut on its top 
surface mid in its.center is a copper bolt inclosed in a triangle. The distance between 
the tops of the two copper bolts is 8;; inches. Around the pier and coucentric to the 
statioii bolt was liuilt a rock wall, 4 feet,high and 2 feet thick, with an .outer clianieter 
of 14 feet, to seme as B wind-break. Just outside of this ring wal1.j drill holes were 
made in tlie solid roc!-., as reference niarks-one bearing a little west of north, distant 
8 feet 5+E inches; one about east sdutlieast, distant 7 feet 6 j . i  inches. 2nd one about 
southwest, distant 7 feet I I :..i inches from the geodetic point. 

This station 
is situatecl on the southern summit of tile eastern ridge of a lorn, I>roken range of 
niouuitains-the highest swimits being ,about 2 500 feet above the level of the lake-on 
the Promontory peninsula estending into Great Salt Lake from the north. On the 
ridge a short distalice northwest of the stbtioii there are several suniinits higher than 
the one 011 mhich the station is located. The geodetic point is marked by a cross on a 
copper bolt set in the solid rock, nrouiicl mhich mas built a hollow brick pier j-. inches 
square. S inch& thick. and 12 inches high. covered with a red sariclstonr cap block 256 

inches thick, having the inscription " U.S.C.& G.Survey. 1Yg2 " cut on its top surface 
and in its cknter a copper bolt it~closed in a triangle. The distance betvieen the tops 
of the two copper bolts is 15$ inches. The usual rock wall, for a wind-break! was built 
about j feet high and with an outer diameter of 16 feet. Just outside the rock wall 3 
drill holes were iiiacle as reference niarks-one bearing about northeast by north, 
distant S - z  feet; one about southeast, distant S feet, and one about west by south, and 
distant S.9 feet from the geodetic station. 

This station is 
situated SS feet north and 258 feet west of the southeast corner of the northwest 

- 4 1 ~ f c h ~ ~ ,  Davis County; established by W. Einibeck in 1SS7. 

' 

' PJvnJzo,rfor:ii, Boselcler County: establisliecl by 'Lv. Eimbeck in I SS7. 
. 

II.~i7~2'cJozQ, Davis County; established by . W. Eimbeck in ~ S g r .  
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quarter of section IS, towtiship 3 nortli, range I east of the Salt Lake priucipal 
meridian. in tlie west side of ThoiiI~~s Wacldoup's lxwigard. So feet west of his house. 
It is one-lialf mile west of tlie. navis ~ o u n t y  public road. tlie principal t1ioroug11fa1-e 
between Ogclen and Salt Lake City. Centerville station, on the Union Pacific Railroad, 
is located at the northwest corner of section IS. The geodetic point is marked by a 
copper bolt set in the top of a grauite post, 3 feet long with head dressed to 7 inches 
square, buried z feet below the surface of the grouiid. h h ~ l l o \ ~  brickpier. 3 2  iuclies. 
square outside and 16 inches inside, covered with a red sandstone'cap block 4 inches thick, 
having the inscription "U.S.C.S G.Survey,  IS^' " cut on its toy surface. and a drill 
hole in the center inclosrcl' in a triangle, was built up from the top of the granite post 
to about 4 feet above the surface of the ground. 

This station is 
situated 011 the szriilnfa'f of the h&he:~d j t r i f i  of the Onagui Mountains. about I I zoo feet 
above sea level. It is abont S miles, in an air line, a little west of smtli of the town of 
Graiitsville and about 12  miles, in an air line, west of the town of Stockton, and between 
6 and g miles in a southwesterly direction, by trail, from Fenstermaker's much in tlie 
entrance to Boselder Canyon. The geodetic point is marked by a copper bolt set in 
the rock, eiicirclecl by a rock wall, as a wind-break, about 4 feet high and 14 feet 3 
inches outer diameter. concentric with the copper bolt. Just outside the rock wall j 
clri.11 holes were iiiacle in  tlie rock. as refereiice marks-one bearing south 43' 55' east, 
distant 10 feet 2 inches; oiie bearing south SI' 22' west, distant 7 feet 2 inches, and 
one bearing nortlr IS' 3s' east, clistailt S feet 7 inches froin the geodetic point. Bearings 
are true. 

This 
station is situated 011 an alniost inaccessible aiid very rugged peak, the most souther11 
and highest of a proiiiiiieiit range of mountains near the northwestern border of the 
Great American Desert. I t  is about 15 miles south of Tecoma, Nevada, a station on the 
Central Pacific Railroad, aiicl is about IO 764 feet a h 7 e  sea level. Knaul's rmcli, I O  

miles to the north, is the only one in the vicinity. The geodetic point is marked by a 
copper Iiolt set in the rock, eucircIed 1 ~ y  a rock wall 4:.< feet Iiigli ancl 16 fret outer 
diameter, concentric ivith the copper bolt. Four drill liolrs weremiade'in tlie rick. as  refer- 
ence marks-one bearing south 3s' 01' east, distant y feet g itiches: one bearing south 
47' 35' west, distant g feet gf$ inches; one bearing north 56" 31' west. distant S fret 
11% inches, and oiie bearing north go 13' east and S feet g inche! distant from the 
geodetic point. The .latitude station brick pier bears east 5" 26' south and is distant 41 
feet 6 inches froin the central bolt. 

This statim is 
situated on 'the soubhhernniost suniniit of the Mount Neho raiige of mountains. at an 
elevation of about 11' 940 feet above sea level. It is about 16 miles in  a northeasterly 
direction, by wagon road arid trail, from Nephi, the county seat of Jual:, County, a 
station on the Utah $outhern Railroad, about 93 miles south of Salt Lake city. The 
geodetic p i n t  is marked by a coppe? bolt, with cross on it.' firnily set in the solid rock, 
with the usual brick pier for the theodolite aiid rock 117all wind-break built around it. 
The brick latitude pier, with wind-break wall around it, bearing south 38" 25' east, 
distant 76-2s feet from tlie geodetic point, was left standing. Four holes were drilled 
iu the solid rock, as refereiice marks-one bearing north 24" 16' east, distant '13.94 feet: 

Dmi-cf, Tooelk County; established by W. Eiiiibeck in 1S87. 

Pilot Pmk, Elko 'County, Nevada; establishecl ljy W. Eiiiibeck in 1SS7. 

fifozuzt Nch9 Juab Connty; established by W. Eiuibeck in ISY=,. 
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one bearing south 50' 21' east, distant ro*Sg feet; one bearing south 3s" 01' west, 
distant 8'4 feet, and one bearing north 5s' 32' west. and distant S.73 feet from the 
geodetic point. 

This station is situated 
011 the highest point of the southernmost peak of the Deep Creek range of mountains, 
on the southwest border of the Great Salt Lake Desert. at an elevation of about 12 106 
feet above sea level. This peak. as seen from the valley below, resembles a house top, 
with roof and gables well defined. It is about 15 miles south by east from Ibepah post- 
office and about 2 miles northeasterly from two very prominent twin peaks of a bold 
red color. The geodetic point is marked by a copper bolt, with cross on it, sunk in the 
solid rock. encircled by the usual rock wall, 16 feet outer diameter and 4 feet high. 
The brick latitude pier, with wind-break mall around it, bearing north 71" 09' west, 
distant 69 feet S inches. from the geodetic point, was left standing. Four holes were 
drilled in the solid rock, as reference marks-one bearing north 66' 20' east. distant 
9 feet S3.i inches; one bearing south 59" 4s' east, distant IO feet I .inch; one bearing 
north SS" -?St west, distant IO feet S inches, and one bearing north 45' ? S t  west, distant 
IO feet 5 inches from the geodetic point. 

All bearings are true. 
Ibepnh, Juab County; established by W. Eimbeck in ISSI. 

All bearings true. 

( j )  lP~.stri/le.s Btrsc Lim, Missoslcr-i, 1697. 

LOCATION, MEASUREYENT AND LENGTH. 

Lot-lifioiz t h  6 t m  lizc.-'IIhe Versailles base is located on the divide between the 
Missouri and Osage rivers, near the town of Versailles, Morgan County. Missouri. The 
site for this base was originally selected, as earl57 as IS~S, under the direction of Assistant 
J. A. Sullivan,. and its two terminals known as North Base and Hunter were occupied 
for angular measures in ISYO by Assistant F. D. Granger. The approximate length of 
the base is 7-64 kilometres, its middle point is in latitude 3s' 27'07 a d  in longitude 92" 
47I.4, and its azimuth at Hunter is about 157' 50'. The elevation above the sea leyel 
is about 31 I metres. 

The wcaszii-nImJt of fhc Etw.-The measurement of the line was placed under the 
charge of. A. I,. Baldwin, Assistant. and was accomplished by his party during May and 
June, 1Sg7. 

The levels for the profile and the determination of the absolute height of the line 
depend on the height of bench mark No. XSXV of the transcontinental line of levels, at 
Tipton* Missouri, as estahlished in IS~I. During J~itie, 1Sg7, lines of spirit levels were 
run between North Base and Hunter and between North Base and the Tipton bench, 
mostly by H. F: Flynn-the latter distance is about -70 statute miles. 

The line crosses cultivated land for almost its entire length. Yectioii stones with 
copper bolt and cross lines were set at I, 2, and 7 kilometres from North Base. Each 
stone is set in cement and projects from 4 to 12 inches above the surface. Other kilonietres 
were marl-ed by posts with copper tack. At North Base the center stone and bottle of 
ashes, as secured in .the ground in 1S7S. were replaced by rough-dressed sandstones 
each +ith copper bolt and cross lines. The two blocks are set in concrete and cement one 
above the other. the space of 23 centimetres between them being filled by four pieces of 
pine. At Hunter also the station n7as similarly remarked in 1Sg7. These surface stones . 

are inscribed U.S-C.SrG'S' The line was further prepared for measure by the removal 
1897. , 
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of fences, hedges, ancl other obstacles; and stakes were aligned for use with the sometre 
steel tape to serve as marking stakes for the ends and support stakes for the middle of'  
the tape. In setting thew support stakes. of which there was one for each'tape length, 
care was taken to Jllake the spaces between the supporting tiail and the marking tables 
uniform ancl to bring them into coincidence with the line of slope as near as could' be 

This work occupied the time between May zg aiid Julie 5 .  
( I  :) Mmsrii-rs 4v inrttzllic f@c.-Betweeii June S and 15 two coniplete iiieasures (,one 

north% and one south:) were made over the whole line and two more os7er the third, fourth. 
and fifth kilometres. The complete measures were niade at  night, either with falling 
or stationary temperature, the remaining ones before and after daybreak with stationary 

.without the use of a level. 

Statute Miles 
5 2 5 25 

Kilometre s 
k H H  I I 1 -I 1 

H H H U H I  I F I 
10 IO 20 30 

or rising temperature. 'I'he 5o-metre steel tape No. 204 was used under a teiisioil of 
15 kilogramines. Two thermoineters were tied to the tape about a metre from the 
marking sleeves and read immediately after contact was made. Just before contact was. 
made and with the tape under given tension it was slightly raised at the middle and 
forward end to relieve friction. For a full account of the method and apparatns of tape 
measures, see Coast and Geodetic Survey Report for 1Sg3, pp. 329-503; also Coast and 
Geodetic Survey Report for ~Sgq, part 2, Appendis No. j, on the length of the Holton 
Base, Indiana. 

( a >  Jfixwirs  with thc s-)mtiiT sie.cl J I X ~ S  Nos. 13 rind r+.*--with a view of controll-.- 
iiig the tape measure of the base, its fourth kilonietre was measured three times with 
the above contact-slide bars, between JLIW 16 and 24. Two of the measures were 

' 

- - - __ . 

*For gciieral description of contact-slide bars and accessories. see Const and Geodetic Survey Report. 1%. 

Appendis 17, pp. j41-34. 
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southward and one northward. The bars were aligued by means of a 20-centinietre 
transit. The line passes over meadows inter- 
sected by wide furrows: this, with severe rains ericouiiterecl on nearly every clay and the 
necessity of measuring through a barnyard and two stables, where the portable trestles 
could not be used, iiiacle speed impossible. 

Thc sfnJz&rdkr.f~mz qff'the s f d  I-& Nos. 13 nrzd r+.-The length of these rods has 
been determined on two occasions-viz? in coniiectioii with the measure of the Holton 
Base, Indiana, in I S ~ I , *  and again in connection with the Salina Base, Kansas. 1Sg6. 
The results were : 

UNITED STATES COAST AND GEODETIC SURVEY.. 

Pointing was niade on the agate ends. 

At Washington in At the Holton Camp, At the Holton Base, At the Holton Base 
vault, J ~ l y .  1891. August. 1Sg1. September, 1891. kilometre. ~Sgr.  

io111 + 2 6cSp & 511  IO^ + 2 bgjr f 6 ~ 1  IOIIZ + 2 61811 C ? 

The following result was obtained at the 50-metre test.line south of the office building 
at Washington, between February and April, rSg6, Ciz : I W J G  + 2 Gogj i  f 7 j i  at 23O-: !  C. 
The coefficient of espansioii was determined by Assistant 0. H. Tittmatin and Mr. 
I,. A .  Fischer between Mag IS and 27, I S ~ I ,  at the office vault. They found the value 
o'ooo 01 I 776 for No. 1 3  and 0'000 O I I  714dor No. 1 4 ~  and for the.ineaii rod the espan- 

f 27 =I= 29 
sioii 1'1'74,s~ per metre and centigrade scale. It was desirable to subniit the result for 

length of liars Nos. 13 aucl 14 to a check after their return from the base, to make sure 
that no change had occurred. The arrangement and procedure were the same as hac1 
been ocloptecl before, viz : The length of the office test line was iiieasured with the bar- 
in-ice apparatus No. 17 (,leligth = 5 ~ 1 i  - 16'2j1 =I= 1'11.c) a d  then redeterininecl by ineans 
of the joined bars Nos. 13 aiid 14, as well as by the tape No. 204. Len,qth of the 
p-metre  office test line 1 between jts two bronze bolts, as measured with the bar-in-ice 
No. 17 by A. Braid, L. A. Fischer. and A. I,. Baldwiii- 

., f 3 S  

' 

. . .  

A. N Z .  R .  111. 

1Sg7. Oct. 14. 11 26 a. ni. - 12 'bo 

o 20 p. m. - o 44 p. m. 
Oct. 1s. 2 21 p. Ill.  -- 2 50 p, 111. 

j 05 1). ni. -- 3 25 p. m. 
Oct. IS. 10 25 a. in. 

I I 16 a. ni. - 12 00 

3 3.5 p. 111. 

.Direction of 
rxieasurc. 

Eastward, sunshine. 
Westward, sunshine. 
Eastward suiisliine. 
Westward, sunshine. 
Eastward. . . . . 
Westward. . . . . 
Eastward, siiiishine. 

Length. 
111.111. 

5onr $. o '4 I 

+ 0 '44 
f o . 3 2  

+ 0 '37 
+0'32 + 0 .4.5 
+ 0 '50 

*See Appendix No. j. report for 1%~.  

f When piit together. jop should be added for slant of knife edges. 
ITlle shed was completed in January. IS$: the roof is coverer1 with tin and painted dark. 
3 The leogtli between the bolts is again nearly as it was in I*&. showiug a swaying Inck of the concrete blocks 

since the 1ast.comparison.s. 
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I I 05 p. m. to I 3s 
3 I 3s 2 00 

3 ' 2 . 0 0  2 21 

4 2 '21 2 40 
2 40 .. . . 

jlfl;rrsicii* if fhr f e d  lim- iii. tzi-iiis qf bm-s r3 ~iizd r+, 0ctobt.r r8, r897.-Table of 
These 
Nos. I 

corrections-to thermometers Nos. I ,  2, j, and 4, attached to the bars 13 and 14. 
thermometers have nietallic hacks; the graduation is on the centigrade scale. 
aiid 2 are on bar 1 3 ~  and 3 aiid 4 on bar 14. 

+I I  365 + I O I ~  -1441t 6 7S5,~i 
12.140 - 46s -159 7 126 
12.592 - 707 -15s 7 391 
'13.026 - gg6 -163 7 646 

+13'105 -I 166 -157 7 S69 

Tempera- 
ture. 

0 

0 '0 

3 '0 
6 'o 
I1 '0 

16 '0 
2 1  '0 

25 '0 

32 '0 

j q  .0 
37 .o 

No. I. No. 2. 

0 

-0 '30 

'59 
*54 
'55 
3 2  

56 
'5 I 
36 

-0 'b3 
'5 7 

No. 5. 

0 

-'o '05 
'23 

'I4 . 
'16 

'I7 

, '26 
.27 
'3 2 

--0.2S 

'2 1 

No. 4. Mean. 

For convenience, the five measures with the bars were referred to the terminal 
microscopes A and B instead of to the centers of the bronze bolts. All measures being 
made on the ISth of October, we deduct tlie measures' involving the cut-off apparatus 
from the above three nieasures with tlie bar-in-ice, and refer the length to tlie micro- 
scopes; hence- 

49 '999 50 

49 '553 62 Length of test line between terminal rnicroscnpes October IS 

-- 
' I ,  19 '949 44 

Mean value adopted ,' 49 '599 52 

This length is to be iiicreased by '7 niillinietres for shift of microscopes. The 
coefficient of expansion of these rods was carefully ascertained in May, I S ~ I .  with the 
results as previously given. The following table gives the particulars of the five 

'measures with the resulting value for the coinhiiiecl length of the two bars or for 
2 ( 1 3 +  I 4 j  at oo C. 

1;' leu-th of 
October IS I*- Mean Grade Effect ,of j z n e d  gars. cr 

telllperature DiE.T.ce correction. expansion. :; 2 [ I j + r q )  at 
00 c. corrected. NO. Titlie of ba,;." 

5 rrl.-23/1* 

+ a .  

+ 3  

- - I  

- 3  
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Mean of four nieasures 2 (13  + 14') at oo C. = IO  metres + 0 - 5 ~ f  ~ p ,  a value 
which may be regarded as practically identical with that found in February, hlarch, and 
April, 1S96, in connection with the Saliiia Rase.* Taking into account the probable 
error of the measure with the bars as well as that of the ,base.ancl standard, we get- 

3 (13 + 14') at oo C. = IO metres + 0 ' 5 p  * 3 - 5 p  nearly. 
i i i t z snrr  q- tht. fcsf lint in ftw)zs qf fht- 50-1~1ctn s fed  f @ * ,  No. ro+.-On May rg and 

30, and agaiq on October I-+ aiicl 1 5 ~  1Sg7. a number of comparisons for length of tape 
were macle. The tape was stretchecl over the test line with a tension of 15 kilogramiiies 
aiid coiiipared with the distance between the terminal microscopes, and when the differ- 
ence in length becaiiic too great. for microscopic measure, by reason of expansion or con- 
traction of the tape due to changed teinperatLire, the east microscope was shifted a certain 
number of millimetres by means of the Brunner centimetre scale. During the measures 
the tape was supported .at three points-viz, directly uiicler the microscopes 'and at the 
iiiiddle point. Near the same places thernioiiieters with metallic backs were placed flat 
upon the upper surface of the tape. The illuiniiiatioii iieecled for reading of the iiiicro- 
scopes was by means of a signal lamp placed outside the comparing shed. The iiieaii 
value for one turn or revolutioii of the microscope niicrometres -4 and B is 71'6p. 

The observations made in May. before the base measure, are less elaborate aiid not 
quite so satisfactory as those of October; they are, nevertheless, of value, since they 
prove the constancy of the length of the tape after its use in the field. In  the spring 
observations but two thermometers were read, and the resulting values for length of tape 
show a progressive increase as the observations were progressing. On May 19 and 20 
the distalice between the niicroscopes -4 and B was determined by rxiearis of the bar-in- 
ice No. 17, and on the saiiie days the length of the tape was tested.t The results were: 
49'986 o metres from fourteen measures with falling temperature (26%' to 17"); 
49.956 4 iiietres froni seven measures with stationary temperature f 16.G O :), and 49'986 6 
metres from eight measures with rising temperature. (:3oNo to. 2 6 y  O ) .  This last value, 
as will be seeii farther on, is identical with the value deduced from the October 
observations. The difference between groups I and j is ascribed, by the principal 
observer, to lag of thermometers. Respecting the October observations, we have to 
note the following particulars: 
- 

* viz, IO metres + 1,u * i p ,  5ee account of the Salina Base measure of 1.v; the probableerror given here and above 

t The obsekations were in charge of A. Braid, who was aided by A. I,. Baldwin, I,. A. Fischer, and other. help. 
in the test refers only to discrepancies in the comparisons and are not absolute. 
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Ti blc. f ihcr-iirarrrt-/cr- cor-irdions. 

Tempera- 
ture. 

CI 

'0'0 c. 
2 '5 
5 '0 

7 '5 

12 '5 
15 '0 

17 '5 

IO '0 

20 '0 

22 '5 
25 '0 

27 '5 
' 30.0 

32 '5 
35 '0 
37 '5 
40 '0 

NO. 7574 
at 

east end. 
0 

-0.1s 

-0 '16 

-0 .IS 

--O'Is 

-0 '22 

-0 . I 4  

-0 a5 

-0 'OS 

-0 '06 

N@. 7S71 
at 

middle. 
0 

-0 '07 
-@'I1 

-0 '13 
. -0 .I4 
-0 

-0 '23 

-0 '2 I 

-0.23 

-0 '2s 

-0'17 

-0 '28 

--0 .24 

--u '16 
--0.24 
--o '26 
-0 '23 

-0 ' 2 0  

No. 7S6S 
at 

west end. 
0 

-0 '00 

-0 'I I 

-0 'OS 

-0 'C6 
-0 '07 
-0'11 

-0.14 . 
-0 '13 
-0 '05 
-0 '05 
-0.17 

-0'16 

-0 .I4 
-0 .24 
-0 '19 
-0 '30 
-0.31 

Mean 
adopted. 

0 

-0 .os 
-0 '13 

-0'12 

---0 'I2 

---o '16 
-0.17 

---0 .IS 
-0 '19 

-@ .1s 

.-@ '20 

-0.17 
---0 'I5 
-0.1s 

* -0'IS 

-@ ' 2 0  

-0 ' 2 0  

-o*15 

On October 14 and 
was found as follows: 

15 :the distance between the microscopes of the office test line 

October 14 49'999 1S7 
October 14 2 23 
October 15 
October 15 

9 5 1  a correction of + I millinietre was 
141j applied for shifting of microscopes. 

Mean 49;999 16 

For the reduction of the length of the tape to oo C., the coefficient of expansion 
o'ooo 01 I was employed. The 3s measures were divided into two groups, ,one of high, 
the other of low, temperature. 

( I )  Length of tape at oo C. from 17 measures, October 14, between 2 hours 30 min- 
utes p. in. aiicl g hours' 30 minutes p. ni., and between g hours 25 minutes a. m. and . 
o hours 30 minutes p. in. October 15, at a mean temperature 20O.50, 49.9S6 66 metres. 

( 2  j I,ength of tape at oo C. from 2 I measures between o hours 03 minutes p. m. and 
6 hours 4s minutes a. m. October 15, at a mean temperature 14O-13, 49.986 49 metres. 

Value for length of tape 204 at oo C., 49'986 57 metres + 0'55 t milliqietre, under ' 

f 3  
tension and support as stated. 

Meamrcs mid vesiilts for length of the VrmzilZes Bme Line.--Between June 8 and 15 
two complete measures of the base were had with the tape, also two additional measures 
of the third, fourth, and fifth kilometres, and between June 16 and 24 three measures 

' 

' 
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mere secured of the fourth kilometre by means of the coiltact-slide bars.* These last 
measures were intended to furnish .the imam for a restandardization of the tape under 
better conditiolis as to surroundings than esistecl when this was done. under the covered 
shed at Washington, where the heat radiation, in particular from the ground, was 
obstructed., as coiiiparecl with the free radiation iii space. The results for the length of 
the fourth kiloiiietre space will therefore be given first. 

The corrections to h e  four thermometers, Nos. I to 4, are those already tabulated, 
aud they were applied, as well as t.liose for inclination of bars, as beloiv: 

/I. 111. /I. 111. 

First measure southward, Julie 16 
IS 

19 
S~,oncl iiicasurc southward, June Z I  

I .  

"2 

"3 
Thircl measure northward, June 23 

24 

Length of fourth kilometre space, 
100 bars 13 and 14 at to. 

; 50 a.m. arid IO zz a. m. 
i 07 9 09 
5 03 IO "9 
j IS 6 33 
5 09 I1 I 3  

5 57 '6 02 

j 21 . IO '11 

3s. 12 59 

Ill. / I  111 

Mean temperature i 
corrected for grad- 
uation errors. 

Corr'n for Escess. Resulting 
slope. length. 

I 000+50+0'303 14. -0.122 IO -0'207 36 

+o'2S5 S7 -0'116 39 -0.196 23 
*350 * 37 

-c 33 

* 35 

$0'299 15 -0'125 7s -0.T99'55 

Meall of j iiieasures 

999'973 7 

'973 3 

'970 9 

999'972 6 

. The probable error of this mean due to measurement is fd.59 millimetre. that 
clue to temperature, =t o * j g  milliiiletre. and that clue to the joined length of' 13  and 14, 
f 0.35 iiiillinietre; total, f 0.75: millimetre. 
-- -- 

*Mr. Baldwin was assisted by Mr. R. I,. Fsris alld H. F. Flynn. 
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0 

+o.nq. 
'07 
.Cxj 

'05 
.oj 
'00 

+O.W 

MKASURES OF THE FOURTH PILOYETRE BY hiEAWS OF THE TAPE. 

Theriiiometers No. 7S74 and No. 3666 were placed in contact with the forwarcl .and 
The gracluatioii corrections for the latter instrument rear eiicls bf the tape, respectively. 

and for the mean of the two instruments are as follows: 

0 0 

0 c -0.04 

.5 .06 
1 0  '07 ' 

I j  t15 
20 ' '075 
"5 '035 
jo '00 

3.5 '04 

No. Date. 

Temp. 

: 
0 '00 c 
2 6 3  

4 '95 
7 '59 

12 '54 
15 '07 
17 '37 
20 .OJ 

IO '00 

Thennometer 3666. 

Corr'n. 
0 

$0 'IO 

'05 
.Q7 
'03 

'04 
'07 

'OS 

'10 

+O '07 

Temp. 

22.60 c 
0 

24 .s4 
27 
30 '02 

32 '50 
35 '0.5 
37.61 
40 '02 

Mean Corr'n for Corr'n for 
tenip. espm- inclina- Sum Of tion. . set-ups. corr'd. sion. 

Hour of day. 

. o  h.  1H. 8.  . ,118. 

S 30 p. m. to q 30 p. ni. +I4 '17 +0 '155 q 
7 40 " s 22 " 20.63 0.216 g 
4 42 a. ni. to 5 IO a. in. rSS3  ,a'207 I 

j js I' 5 00 I '  Ig'sg 0'21s s 

111. 111. 

+ o . r S ~  6 
0 . 1 1 2  s 

-0 -10s s 
' 0.130 s 
0'12.2 6 

Mean 

Ill 
ancl 20 T. at oo C.+0'231 I = 999'972 6 

f.5 f S  

SUIll. 

hence length of tape at oo C., 49.957 IO metres, a value corresponding well with that 

found at the test line in Washington (49'9SG 57>. We shall make use of the result as 
f 5  

*3 
found from the field comparisons. ... 



230 

No. of 
kilanietre 
and tapes. 

I 

o or North 
Rase to 20 

' 2  

20  to  40 

3 
40 to 60 

4 
60 to so 

5 
so to Io0 

6 
Io0 to 120 

7 
I20 to 140 

S 

I40 to 153 
or Hunter 

Date, Direc- 
ISg7.. 

June IO 

June 11 

June 11 

June I T  

June S 
June IO 

June 14 
June 15 

June 8 
June IO 

June 14 
June 15 

June S 
Julie g 
June 14 
June 15 

June S 
June 9 

June S, g 

June , g  

June g 
June . 

tion. 

N. 
S. 

S. 
N. 

S. 
N. 
S. 
S. 

S. 
N. 
S. 
S. 

S. 
N.- 
S. 
S. 

S. 
N. 

S. 
N. 

S. 
N. 

Mean 
temp. 
corr'd. 

0 

20 '17 
24 '95 

23 '70 
32 '59 

15 *S6 ' 

19 '57 
17 '97 
19 :sg 

14-17 
20.63 
IS 'S3 
19 'sg 

15 '91 
17 'Jn 
19 'Sj 
29 '00 

13 '53 
IS '01 

16 'go 
IS '41 

19 '01 
IS '91 

Correction Correction Set-ups 
for temp. . for (or . 
of tape.' incliiiatiioi!. set-backs.) 

111. l i l .  111. 

Kesulting 
length of 

parts. : 

"2 .  

999'595 s 
'592 @ 

'593 9 
-- 

.- 

999.337 i 
.SsS 6 

'21s s J \ +o*oSg 2 

. .  . 

+o *066 5 
i-0.153 3 

'220 0 . 

'960 0 
-- 

999 '975 2 

'572 5 
'470 7 
'974 1 

'952 6 
- 

ggg .S69 o 
%7 6 

-S66 I 
563 g 

+O'I& s \ f $0'174 3 . -0.107 S 
79s  I I 1 +0'12I 7 

Diff. 
frcmi 
mean.' 

9NIIZ.  

--I '9 

+I '9 

i o  '5 
-0.4 

+I '2 

+I -4 
-2 .s 

0 '0 

-0.6 
+o 'I 

+I '9 
-1 '5 

-2 '4 

+2 '7 
-fu '5 

--I '0 

-I '6 
+I '7 

'5 
- L o  '5 

-0 ' 2  

-to 'I 

The fractional part of a tape. between Hunter A' and the end of tape 155, was 
measured by means of a p i e t r e  steel bar. one of the metre spaces being graduated to 



No. I 
2 

3 
4 

h '  
p = t 6  

to sea level beconies - b . . -  = - 0'373 3 nietre, where p = radius of curvature in the 

316'91, No. 5 ~ I S . O S  
6 308'14 
7 i .  302.60 311 ..S 

312'04 . S I i15.06 
303.46 

latitude aiid azimuth of the base. 

nieasiires of the segments by the tape, is given by the eqression- 
The prohble error of the base measure, as qerived from the discord of the several 

where for any segment 71. = number'of measures and 2 ( 6-sj' the sum of the squares 
of the iiiclividual differences from the mean vdlue 6. This probable error equals 
f 2-08 millimetres; hence u7e have fiiially- 

n1m. 
Probable error of rneasiire *2.& 

Probable error of reduction to sea level 
Probable error of 153 tapes (153 x 'a 05) 7.65 1 

9nni. 
0.60 1 total & 7.95 

which is about r-ca$aa of the length. 

Length of the Versailles Base 7 64355; 5 c 
* 5  

and its logarithm . 3'SS3 312 3 

*The height above sea of Hunter. copper holt in stone. = 3rg.o metres. 
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.ABSTRACT O F  RESKTLTING HORIZONTAL DIRECTI3XS. OBSERVED r\XD ADJUSTED, AT THE STATIONS 

FORMING THE NET. 1~79-So. 

l.>rsai//t!s Ntv-fh Btzst-, Morgan County. Missouri. August 16 to August 2S, rSn%. 35-centimetre 
theodolite,' No. IO. Telescope above giwiiid y ' j j  metres. F. D. Granger, observer. 

' 3-0. of 
direction. 

6 
' 7  

I 

2 

3 
4 
5 

Resulting directions Approximate Correctinn Final se,c- 

justinelit. error. adjurttiieut. gnlation. 
Ohjects ?bservcd. f r o i i i  station ad- probable froill hase-net ollds in :nan- 

0 I I /  / I  / I  / I  

Hunter (Versailles South Base) o 00 00 m~ -Co 'IO $0 '51 00 '51 

Hughes So ' 2 s  22'95 '16 +om7 23-02 
Hubbard ISS a7 27'11 .I4 -0.14 26.97 
Cole ' 225 40 1g.15 .y $0'12 19 27 

High Point 292 35 4SSo .I4 - 0 . 2 s  #'5" 
Christian 25s 39 45.10 '13 +0'07 45-17 

Hetshe , 312 31 39'77 .16 -o*,I~ 39'60 
Probable error of a single observation o f  a direction ID. and R.) = f o"'SI. 

H ~ ~ ~ C I -  ( P>rsa,i//cs Smbh Enst), Morgan County, Missouri. J d y  21 to July 30. ISSO. 3g-centimetre 
tlieodolite, No. IO. Telescope above ground 12'46 metres. F. D. Granger. observer. 

9 

IO 

I1 

I2 

13 
s 

0 I I /  / I  . / I  I /  . 
Ver.sailles North Base 0 00 00'00 f0.13 -0.24 y976 

Cole ' j 2  0 2  47.0s '20 , + '25 

Tipton spire 21 IS 61.21 ..I2 

California spire 60 37 21.99 'j1 

Christian 6; 57 44.25 '17 

Relshe I22 37 o4.11 '15 + '79 04.90 

47 '33 

'12 44.16 
IIigli Point S9 29. 1S.05 '20 - .so 17 2 5  

Hughes 293 39 12.5s .I6 - ; 'I1 12 '66 
Probable errqr of a single observation of a. direction (D.  and R.) = f I".o.+. 

- 

. 

H/tgYv.s, Morgan Coiinty. Missouri. 
No. IO. Telescope above ground 32-19 metres. 

September S to September, 26, ISSO. ;5-centimetre theodolite, 
F. D. Granger, observer. 

0 / / I  I /  I /  

Versailles North Base 0 00 00'00 co.10 ---o *nq 
*ZCI - Hunter (Versailles South Base) 33 IO 50 '59 .I2 

Schilackenberg , 2.9 36 0953 'I7 
Sedalia, German Methocljst 261 32 53 '97 *44 

Heard 264 26 26.61 *I4 
Hubbard 31.1. 13 16.91 ' I j  - '32 
Cole 339 57 I6'S7 .I4 - '20 
Christian 35.5 46 13'3; -2 I f '-75 

Church spire 

Probable error of a single observation of a direction [,B. and R. ) = f o'/*go. 

/ I  

59.96 
50 '39 

'6 '59 
16 '67 
14 *OS 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND, ADJUSTED, AT THE STATIONS 
FORMING THE NET, 1S7g-So-continued. 

Colt., Moniteau County, Missouri. October 12 to October 22, ISSO. 35-centinietre theodolite, No. IO. 

Telescope above ground 12-47 metres. C. Terry, jr., observer. 

' NO. of 
direction. 

29 

24 

25 
26 

27 
28 

Objects observed. 
Kesultitig directions Approsinlate Correction Final sec- 

from station ad- probable from base-net onds 111 trian- 
justment. error. adjustment: gulation. 

0 I '  If I /  I /  I! 

Hubbard o 00 OODO k0-11 +0'47 o ~ ' 4 7  
Tipton spire 6 35 31'72 .5s 
California spire 160 22 40'59 '30 
Christian 162 47 10'72 '21 .+ '07 10 '74 
Moreaii 1% 00 44'49 .IS 
High Point . 211 20 .2j*S6 '22 - '50 ' 25 -36 
Hunter (Versailles South Base) 259 34 20 '25 ' 2 0  + '32 20'57 
Versailles North Base 273 I1 52'42 'I4 - '22 5220 . 

Hughes 2s7 57 13-07 
Probable error of a single observation of a direction (D. and I?.) = f I".&. ' 

' '19 .- 'OS 12-99 

Wibbbord, Morgan County, Missouri. October 29 to Npvernbcr I 2. IS,%. 35-centimetre theodolite, 
No. IO. Telescope above ground 13.99 metres. . F. D. Granger and T.. P. Borden. observers. 

20 

21 

22 

23 

'9 

0 / I /  / I  I /  / I  

Cole . o 00 OO*CKY &oxo $0'27 00'27 
High Point , 19 27 23-21 ~6 - '95 . 22-26 
Versailles North Base 55 5s 59.63 '13 + '57 60.35 
Hughes Sz 13 13-27 .16 + '31 13 *5S 
Schnackenberg 1.25 22 I I  '35 -1s 

Sedalia spire J 6 6  IO 15.7s -'22 

Heard 16.3 31 22'35 '17 
Christian 350 25 26-60 -14 - '20 26-40 
ProbaFjle error of a single observation of a direction (D. and R.) = & 0'I.y. 

Chr*islinrr, Moniteau County, Missouri. October 25 to  November 7, IS79. 35-centimetre theodolite, 

. 37 
3s 
39 
40 
41 

42 

36 

No. IO. Telescope above ground 12'2S metres. H. W. Blair, observer. 
0 I / I  / I  If 

High Point 0 00 00'00 *ovg +0*40 
Hunter (,Versailles South Base) 30 . 12 30 '25 '2 I - '6s 
Versailles North Base ' 43 54 30'92 -1s - 3 7  
Hughes 4s 29 22%3 .2 2 - -29 
Cole SI 30 23-13 .IS + '70 
Tipton, Baptist Church spire S7 02  15'50 '22 

Hubbard Sg OS 40.05 '16 - 
California,ChristianChurchspire 100 45 IO '25 '38 

Noreau : 304 19 34-56 'I7 
Belshe 324 I8 q1.m 'I7 + '45 

' 2  I 

Medlock 254 so 12-26 '20 

Probable error of a single observation of a direction (D, and R.) = & I/"O.$ 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS 
FORMING THE NET, 1 S 7 ~ S ~ c o m p l e t e d .  

HiA4 Point, Moniteau County. Missouri. July IO to July 17; ISSO. ;5:centirnetre theodolite, No. 16. 
Telescope above ground 9.69 metres. H. W.. Blair, observcr. 

NO. or 
direction. 

34 I 
35 
30 

3' 
32 

33 

. Objects observed. 

Christ.ian 
Moreau 
Belshr 
Hunter (Versailles South Base) 
Versailles North Base 
Hubbard 
Tipton,First Baptist Church spire 
Cole 
California,Christian Church spire. 

Resulting directions Approximate Correction Final sec- 
frutu station ad- probable from base-net ouds in.trian- 

justment. error. adjustment. gulation. 

0 

0 

' 62 
1i7 
23.5 
25s 
29s 

30.5 
310 

353 

I 

00 

24 
56 
44 
50 

IS 

03 
37 

IO 

' I  

00'00 

21 '51 
13 'So 

00 '73 
3' '60 
34 '62 

53.9s 
36 '27 
15 '09 

I /  

-0 .51 

-- '35 , 

-t '45 
+ '65 
-- '92 

+ '67 

I /  - 
59 -49 

I3 -4.5 
0 1  -1s 
32 "5 
33 '70 

36 '54 

Approsinlate proliable error of a single observation of a direction ( D .  ani1 I?.) = f o'/.gg. 

Belshr., Cole County, Missouri. September 2 0  to October I. IS79. 35-ceiitimetre theodolite, No IO. . 
Telescope above ground 9'75 metres. 'H: W. Blair, observer. 

Moreau 
Medlock 
Cedar 
St. Thomas spire 
Kennedy 
lioeltztown spire 
Hunter ( Versailles South Base) 
Vrrsailles North Base 
High Point 
California spire 
Christian 

0 I / I  

0 00 00'00 

17 IO 45.00 

47 47 35'4s 
9s 47 4s.10 
IOI 29 05.71 
105 24 14.06 
2% 21 33 'S3 
196 16 oS.65 
315 25 60'07 

339 35 39'60 
541 $3 26.80 

* N~iiiiber of conditions in the net 16. of which 16 refer to sunls of angles and IO to the ratid of sides. The side 
equations are established with 7 places of decimals in the logarithms, and the differences for I" are cut off at the sisth 
place. 



9 
IO 

I1 

I2 

13 
I4 

15 
16 
I7 

IS 

19 

20 

21 

22 

23 

24 

25 

26 

+ I  --I -1 

--I -1 4-1 +-I 

+I --I +-I 

-1 4-1 

. . .  . . .  ... ... ... .... ... ... ' ... -1 + I  ... ... ... ... ... 

-1 +4-  --I -1 

'-.I ' 

+I +I + I .  + I  --I 

--I 

-1 --I --I -1 +-I 

... ... ... ... ... ... ... +I ... ... ... ... ... ... ... .... 
-1 +I  ' 

+I +I . 
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Correc. 
tions. 

UNITED STATES COAST AND' GEODETIC SURVEY. 

-I 

... 

. . .  

--I 

+ I  

. . .  

... 

... 

... 

....... 

. . . . . .  

. . . . . .  

-1 ... 
+ I  

-1  

... +I 

+I  

--I 

. . . . . .  

. . . . . .  -1 
+I 

c17 C18 

... 

-1 

+I 

+I 

... 

-'I 

... 

... 

... 
--I 

S I  

. . .  

. . . . . . . . .  

. . . . . . . . .  

-1 ... . . i  

+I 

... -1 ... 
-1 ' 

+I . 

+I 
. . . . . .  

--I 

+ I  -1 

+I 

. . . . . .  

. . . . . . . . .  

... 

... 
-1 

+I 

... 

... 

... 

... 

-1 

SI 

... 

--I 
... 

t 1  

... 

... 

-1 

+I 

... 

.+I 

... 

... 

... 

... 

... 

... 

-1 

S I  
... 

... 

... 

... 

... 
+I 

--I 

... 

-1 

+I 

... 

-1 

+I 

... 

... 

... 

... 

... 

... 

--I ... 
. .  

S I  

... -1 

+I 

. . . . . .  

-1' -1 

+ I  

... 

... 

... 

... 

;t 1 
... 

... 

... 

... 

CZS 

. . . . . .  
-1 

+ I  

. . . . . .  
-1 

+I 

. . . . . .  

. . . . . .  
-1 

-I- 1 

. . . . . .  

--I 

. . . .  ,+I 

. . . . . .  

o s  ' 

-0 '53 + 2-05  

-3 'I3 + 3.13 + O'S7 + 0.87 t 3 . 6 6  - 8-94 
- 1-93 . . . . . . . . . . . . . . . . . . . . . .  . : . . . .  ...... 4- 5'31 ...................... 
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FIGURE AD JUSTNE XT-CCmti llued. ' 

correc. 
tione. 

f 1-06 

. . . I . . . 

. . . . . . . 

....... 

...... 

- 2"' 33 
+ 3'36 
- 1'03 

. . . . . . . 

. . . . . . . 
0 

+ 0.7s 
. . . . . . . 
+ S.6d 

- 9-46 

- 3 %  

+ 4'93 

. .. . . .. 

- 1 . 1 1  . .  

- s.03 
+IO 'S7 

-, 2 as4 
. . . . . . .  . . . . . . .  

+ s a 2 7  

- I 2 .:os 
+ 3-7s .. . . . .. 

- 2.93 

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

--2 '05 
... ....... ...... +5 -7s 

-3 -73 

-12.4s +3 '79 , 

+1S.44 . . .  .... ... ... --r 'f2 

- 5.96 ' -6 -63 
+ r !  'Sq +-5 '69 

-4 *27 

. . . .. . . - I .8S 
.+IO 5 6  
- S.6S 

. . . .. . . - 4.54 
' + 4 '93 ' 

t-11'77 - 0.59 
- 1'77 

-10 '00 

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

. . .  

... 

... ... 

-7 -ss 
+s '00 
-0 'I2 

. . . . . .  

. . . . . .  

-- 0.32 +2 'OS 

- 2  *I1 

. . . . . . .  ....... ...... ... 
+ 16 '02 

- 15 70 $0 -03 

. . .  ....... . . . . ._ ..... . 

+ 0.92 . + 0'92 

I yj - 4-2s - 

+ I ' \J3 
.. . .... '+ 3-36 .. . , .'.. . . . . . . . . 

+ 4'37 
+ 5.7s -10'55 

+ 6.15: + 9S'iu 
- 9.00 -101 '32 

+ 3'22 + 5 . 2 2  

+12.4s 

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

....... ....... -12'77 . . . . . . . , 

+ 0'29 
.... ........ ....... ........ 

+ S.6S 
-16.6s 
+ s.00 

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

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . . .  
+ "'93 
- 5.04 

+ s.03 
+ 2'11 -215 '63 
. . . . . i .  . . . . . . . - 2.90 +207'60 

--rS'60 

+I5 '70 

.$- 6'06 
-10.31 

+ 4'25 
. . . . . . . . . . . . . . . . . . . . . . 



23s 

o = j o  .ao 

-0 a * -  -3 

-I '17 
+o 'S9 
$0 'IO 

+-' '71 

-0.66, 
-0 '14 
--I 'S3 

-1 *34 
-0 'JS 

... 

. . .  ... ... ... . . . . . . . . . . . . 
. -, - $ 2  +2 + 2  $6 

+G -2 

+6 -2 

... ... ... +6 ... ... +2 . . .  
$6 --2 

. + 6  f 2  

l-6 
' +6 

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

... ... 
+2 + 2  

-2 

... -2 

$6 -2 

t6 

- 

+2 -2 -2  +2 . . . . . . . . . . . . . . . . . . . . . 
-2 t 3-94 -+ 2'33 

- 4'sg 4- 1.4s 
' -2 + 3.62 - O'SO 

+ 0'10 
+ 2'71 
- 0.G6 
- 0.14 

- I 'S3 
- 1.34 
-. 0 '4s 

o=+ 0'75 
- 0.34 
- I '25 
+ 0.19 
+ o -702 
- I 'j 
- 5 :7 
-4s '4 

... -2 -2 f 2  . 

-2  

-2 -2 -2 

+2 

-2 

-2 

-2 . . .. ... ... 
-2 

- 2  -2 

+6 +2 +2 

+6 +2 

... $6 ... 
$6 

I . . -  ' - . -  
I . .  

-17 '33 
+I9'07 
- 1.06 

- 4.06 

$273 '619 

- 9.46 
- 7'00 
+ a0 ' 2 0  

--12-4.5 

- 3.62 
+ 2.33 

- 2'33 
+ 9.46 
t 9'46 

- IO 'S7 
. . . . . . . 

+373 '925 

t-11 '77 
- 1-45 

+1602 

. . . . ... . 

-4s '497 
+I 276'204 
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f 0'30 

- 0'33 
- r.17 
+ 0.Sg 
+ 0'10 

- 0.66 
- 0.14 

+ 2.71 

- I'S3 

- 1 *.%I 
- 0.4s 
-t 0'75 
- 0.31 
- 1'25 

+ 0.19 
+ 0'702 
- I 'j 
- 5'7 

. -45.4 
o=- 6'1 
- 7 '6 
- 2 '2 
- S *6 

' +17.6 
-91 '7 

- 6.2 .  

- 3'37 
.- 3'66 
+ 2.0s 

- 3'76 

+ 3'66 
- 2.0s 

+ 1'01 

. . . . . . . 
- 3 .66 

+ '3 '37 
+13.66 
- 1'02 
+ j -1.s.f 

- 22 '936 
- S.921 

+ j '1S.f  

+ gs '639 

. . . .  .... 

-I I '64 . . . . . . . 
+ s.94 

. + 6'59 
- 1'30 
- 7 s  - S . N  

+ 5'0s 
- I.@? 

- 7'SS . 

+ 2 - 2 2  

. . . . . .  f o . 1 5  

- 1'62 

+ 3 '73 + 6'37 
t U ' S 7  
+ 5'69 - S.94 
- j '73 + 1'02 

.- r;o 'qS6 
$74 '545 += '936 
-16.1S5 + I '613 

S16.160 . -57'453 
+6S.;gS - 7'77s 

+230 '255s 

. +322 '997 

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

-- 9'00 
+ 1.2s. 

-16.65 

+ 4.2s 
--I j '71 
+ 2 ' 1 2  

+ 4.2s 

' + 7'02 

+ 5'90 
+16'6S 
. . . . . . . 
- 9"jo 

t251'397 

+236 '443 

$262 '417 

4- 572 '796 
. . . . . . . . .  

- 4.0s 

+ 9-05 
. . . . . . . . 

- 4'77 
. . . . . . . . 

f 10'5.5 
+ 12'77 

- j .2S 

+ 5"SZ-I 

. . . . . . . . 

- - 9 3  '691 

+ 47'770 
- 53'052 

- 60.979 
+I 0s '359 

. . . . . . . . . 

4-19 563.96s 

-101 .-- 3 - 
+ I '9.5 

. . . . . . . . 
j 7.03 

+ J ?ts 

+ 1.95 

-220 .6S 

-109 .so 

+IOI '67 
-101 '3" 

. . . . . . . . 
+223 'SI 

-2 4W'S* 

. . . . . . . . 
+454 '979 
+377 .924 
-454 '979 

+I 2Os.296 
+9.3 I '44 I 

C.=+oTgs 7 C 8=+o .016 g C,,=-O'S2s s c2,=+0 '259 14 
C,=-o '21 7 3 C ,=+o '617 2 Cr6=-o'113 3 . , C,=--o'028 55 
c,=-o .oss 0 C;o=+~'792 6 C,,=+O'II7 13 Cq=+o 'I 24 43 
C,=+O.562 2 C,,=+o-r2g 0 Cz*=+o 'ogo 5s c,=-O '022 55 
c,=+0-543 3 
c6=-0'.577 s C,,=-o'292 5 c*o=-o '024 39 Cz,j=+~*oo2 6S6 4 
c,=-0 -605 0 

cI.=-o.132 s Crg=$ o 'mg 52 C,=-o'qo 16 

C14=+I *024 s 



I I  

(r)=-o'1j7 7 
(2)=+0-1*3 1 

(4)=-0:2i7 5 
. (5)=-0'166 S 

(7)=+0*074 3 
(S)=+o.114 5 

(10)=+0 '245 4 
(II)=-o.In@ 7 
(12)=-0 '755 I 

(3)=+0'072 I 

(6)=+0';12 j 

(5)=-0.236 S 

CHECK. CHECK. 

2y:T1=s '93 c 7 
-[zcC]=S p j 3  7 

2 of+corrections=S '372 4 
S of-corrections=$ -372 4 

Mean error of an observed direction j i t1 = J@q = 31 n".59 where I I  = number of conditions. 

Mean error of an angle mi L- nix $'; = c o ' S ~ ; .  also probable error of the same = r+ 0 ~ ~ ~ 5 6 .  

TRI.4NGLES OF THE VERSAILLES B.GE NET, AIISSOURI, IS79-Is-k 

NI 

I 

-a 

3 

4 

5 

Spher- Spher- 

tion'* angles. excess. 
Stations. . Observed angles. 'Orre'- ical icnl 

Hughes 
Versailles North Base 
Hunter 

Cole 
Hunter 
Versailles North Base 

Cole 
Hunter 
Huglies 

Cole 
Versailles North Base 
Hughes 

Hubbard 
Cole . 
Versailles North Base 

00 'IO 

5 2  'S?. 

54 '53 
33 '72 

or '07 
20 '65 
56 '20 
-13 -1.5 

- 

59 .30 

0 a24 

-0.40 52'42 0'26 
+o-13 '34.66 0'27 

omo 33-72. 0.27 

O'SO 

+o;13 20'7s O' IO 

+o'o5 56'25 0.11 

+ow5 43'29 0'11 

- 

0 '55 

Log 5. 

3 S 3  312 3 
4 'I39 070 5 
4.106 99' 9 

4.106 991 9 
4'457 394 6 
4.235 959 = 

Distance 
in metres. 

7 643 'Sg' 

13 774 '3.: 
I2 793'58 

13 774'53 
2s 667 '82 
23 a11 .gs 

12 793.5s 
2s 667 .S? 
17 217.07 

17 217.07 
20 739 '29 
12 562 '69 
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TRIANGLES OF THE VERSAILLES BASE NET. MISSOURI. IS:?- I S%-Continued. 

Splier- Splier- 

tion* angles. excess. 
N O .  Stations. Observed angles. ical ical 

6 

0 I I /  

Huhbarcl , S3 13' 13'27 
Cole ' 73 a:! 46.93 
Hnglies . 2s 3: 59.96 

ou '16 

Versailles North Base 107 59 04 '16 
Huh hard ' 26 14 Jj '59 

Hughes -15 46 43.09 

m .s4 
High Point 23 06 SO'S7 
Hunter Sg 29 1S.05 
Versailles North Base 67 '24 1 I .20 

- 
ou .I3 

High Point 74 '9 35'54 
57 26 30'57 

Cole 3s 13 51'39 

00 'go 
High Point . 39 2 0  03.02 

Vcrsailles North Base 104 0s 21 '69 

. 9 [ Hunter 

- 

H ubharcl 36 31 36.47 

High Point 51 
Versailles North Base 66 
Cole 61 

High Point I1 

Hubhard '9 
Cole 14s 

Christian 3 0  
High Point I 24 
Hunter 25 

Christian 44 
High Point IO1 

Versailles North Base 33 
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TRIANGLES OF THE VERSAILLES EASE NET, ~ S S O U K I .  1875-18.~-Contiiiue~~. 

I7 

IS 

I9 

2 0  

31 

2 :  

Q I 

Christian SI 30 25.13 
High Point 49 56 25.7; 
Cole 4s 33 15.14 

-- 

03 '00 

Cljristiaii Sg OS 4 0 V j  

High Point 61 49 2 5 3 s  
H u h b k  . 29 o r  56.61 

03 '04 
Christian 14 42 00.67 
Hunter ' .  63 57 u . 2 S  
Versailles North Base 101 20 14 '90 

59 'SS 

Hunter 13o IS 31.73 

Hughes 54 2-1 37'26 

Christian I j  16 51.58 

Christian 
Hunter 
Cole 

Christian 
Versailles North Base 
Hughes' 

Christian 
Versailles North Base 
Cole 

51 17 

31 54 
96 47 

@ 34 
173 1 1  

I 13 

36 3.5 
3 2  59 
I 1 0  "1 

Christian . 44 14 09.13 

Hubbarcl . 65 33 33 '0s  
Versailles North Base ' 7c1 I -  17 '99 

- 
00 ' 2 0  

Cl~ristian 36 01 m.30 

H uglies IS 4s 56.46 
Cole 125 IO 0 2 . 3 5  

59.11 
- 

I' 

-0.30 

- I  .IS 
-0 'j: 

-0 '61 

PJ:41 
-0 '75 

to  '30 

ti) .24 
t G . 1 2  

to  '39 

-0 -94 

--O '23 

t r '37 
-0 '36 
to '30 

.lo 'os3 
-0'0u1 

-0 '7s; 

f I  '07 
-0 '05 

-. 0 -24 

fo.16 
fo.21 

t o . 7 7  

+0 '99 
+I> .w 
-0 'IO 

I /  

0 '?I 

o "0 
0 ' 2 0  
- 
CI .61 
0 '37 
o '36 
o 3 6  

I '09 
o '17 
o '17 
o '17 

Distance 
i:i iiietres. 

7 643.s52 
"7 064.93 
29 534'37 

23 211.5s 
15 724 'I2 

29 534 '36 

I2 793 .gs 

39 s.54 7 7  
17 64'53 

I7 217.07 . 

1.5 '724 ' I 2  

27 064'92 

as 667 'S2 
15 724 'I2 

39 Sg4 '16 



TRANSCONTINENT-4L TRIANGULATION-PART I-BASE LINES. 243 

TRIANGLES OF THE VERSATL~ES BASE NET, AIISSOURI. 1S79-1S.~--conipleted. 

Correc- Spher- Spher- 

timls* angles. escess. 
No. Stations. Observed angles. ical ical Logs. 

23 

0 I I I  

Christian 43 39 17.22 

'Hughes . 44 32 56'42 
Hubbard 9' 47 46.67 

- 
. m';I 

Christian 7' jS 16'92 
162 47 10.72 

Hubhard 9 34 33.40 

26 

27 

2s 

29 

30 

Belshe 
Hunter 
Versailles North Base 

Belshe 
Hunter 
High Point 

Relshe ' 

Hunter 
Christian 

Relshe 
Versailles North Base 
High Poilit 

Brlshe 
Versailles North Base 
Christian 

54 
37 
2S 

04 
07 
47 

26 

:,9 
53 

09 
55 
54 

32 
51 
35 

59 ' 2 0  

26 -24 
46 '06 

46 '93 

59.23 
5' '97 
19 $3 

45 '25 

- 

02 '05 
5 1  .:,s 
50 '97 
17 .So 

00 '15 
IS 'I I 

54'67 
49 '92 

02.70 

- 

26 72 2673 
117 56 I:,.% 

Christian 35 41 Iq'~.m _ _  
59 '53 

2 ' IO 

0 '63 

-0'24 54'43 0 6 9  
$0.44 1S.55 0.69 

-0.82 49'10 0 .70  

2 'OS 
+ 1 u 6  27.79 13.24 

+ox6 13.96 0.2; 

__ 

-0'05 IS'95 0'33 

0 '-p 

Distance 
in metres. 

27 525'24, 
27. 97.2 "6 
39 % l ' I 7  

1 2  562 '69 
'7 972.26 
15 724.12 

7 643352 

37 411 .47 
32 732 '99 

I j  gSO'SS 
20 223.41 

32 732.98 

'9 534 '37 
j o  626.10 
3' 732.98 

19 475'24 
90 323 '40 

37 411 '45 

27 064 '92 

30 626 '10 

37 '45 

15 399 so 
30 626 '09 
20 223.40 
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PROBABLE ERRORS. 

Dcft-r~itiittidion of the /lil3b17blt7 ~ ~ ~ r w s  c?f the length qf the si1fc.s t!f the bdS< ric*f r m k i J i ~ ~  ihr sonmc-tion 
x i f h  thlrr. an'jtzlwrf chtrirrs 1!f f r i o ~ i g t t ~ ~ ~ f i o ~ t .  

The side Christian to Belshe is connected with tlie base by the eqwtioii- 

Christian to Belshe - sin ( rg -- I I ) sin ( 6  - j ) 
-sin (46 - 43 ) sin 39 - $3) 

-. 
Versailles Base 

Heiicr the function- 

F=logsiri ( I ~ - - I I : )  + l o g s i n  (6-5) -1ogsiii (46 -45)  -1ogsiii (5g-sS) 

Establishing a d  solving the transfer equations. we firid for the reciprocal of the 

weight or - - 16'66: also the iiieaii error i i i F  and the probable error I ' ~ .  both espressed 

in u'nits of' the sixth place of decimals of the logarithm, viz: n i  = f 2.39 and 
I-F = =I= 1.61; hence log. distance Christian to Brlshe 4'4S6 091 7 and the distance 

+ 1 6  I 

30 '626'10 metres. The probable error is abouts.&aii of the length. 

I 
P- 

f I 1  
: To this must be added the uncertaiiity clue to tlie base measure or- 

30 626 f o ' n o s  v - - - f O ' O 3 2 .  
7 644 

Then total probable error of side Christian to Belshe- 

+ ('o.op,i= = f 0.12 metre. 

The side Hiibbard to Hughes is connected with the base 1)). the equation- 

Hubbard to Hnglies 
Versailles Base 

sin ( J - 7 )  sin (9  - s) _- 
.- sin (23 - 22)  sin ( IS - . I  j )  

Take tlie functiou F--- log sin ('I - 7:) + log sin (9  - s.1 -log sin (23 - ~ 2 )  

- log. sin (:IS - 1 7 ) ,  then- -9.97 andni.= f r'S5 a i d  r F =  f r*-.s; hence log. dis- 

tame Hubbard to Huglies 4.'139 731 I and length of side = 27 5 q . q  metres. The 

probable error is about ----L-- .i (, ,, part of the length. 

I 

P- 

f I 2  f os 

Adding to this the uncertainty arising from that of the base or- 

27 525 f o * o o S  Y - = f 13'02'. 7 w 4  . . 

we have for tlie probable error of the leiigth of side Hubbard to Hughes- 

Similarly we obtain the probable error of the side Christian to High Point- 

Also probable error of side High Point to Belshe- 
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GENERAL DESCRIPTION OF STATIONS FORMING THE VERSAILLES BASE NET, MISSOURI. 

l,’ki-sd/cs Novfh Base, Morgan County: established by J. A. Sullivan in 187s. This 
station is situated about 5 miles north-northeast of Versailles, in the southern part of 
the west half of the southwest quarter of section g ,  township 4.3 north, range 17 west of 
the fifth principal meridian, on land owned by Moses H. Tipton. 

The geodetic point is marked by the intersection of cross lines on a copper bolt, set 
in the top of a rough-dressed sandstone block, I I inches square and 2 I >< inches long, 
set in cement and concrete 2 0  inches below the surface of the ground. 

The surface mark is a block of similar ’stone, 25% inches square and 10% inches 
thick, set in concrete and cement directly over the subsurface mark. It bears the 
inscription “U.S.C.&G.S.rSg7,” cut on its top surface, and has a copper bolt and 
cross lines in the center. 

As reference marks, two stone posts, 5 inches square and marked with a single 
cross line and ‘arrowhead pointing toward the station, were set, one north and one 
south, each 5 feet distant from the geodetic point. 

Humtcr- Vcisa ihs  So& Bnsc, Morgan County; established by J. A. Sullivan in 
187s. This station is situated 4 miles east of Versailles, in Moreau Township. I t  is in 
the southeast haSf of the southwest quarter of section 3, township 43 north, range 17 
west of the fifth principal meridian, on land owned ( 1897) by the estate of D. C. Dale. ’ 

The geodetic point is marked by the intersection of cross lines on a copper bolt set in 
the top of a rough-dressed sandstone block, II inches square and -31 !$ inches long, set 
in concrete and cement 13% inches below the surface of the ground. The surface 
mark is a block of similar stone, 25% inches square ancl-g:.< inches thick. set in con- 
crete and cement directly over the subsurface mark. with a copper bolt and cross lines 
in the’ center, and having the inscriptioh “U.S.C.& G.S. 1Sg7~”  cut on its top surface. 
As reference marks,. two stone posts, 5 inches square and marked with a single cross 
line and arrowhead pointing toward the station, were set, one north and one south, 
each 5 feet distant from the geodetic point. 

Hkghcs, ,Morgan County; established by J. A. Sullivat1 in r S ; S .  This s’tation is 
situated about. 5 miles nearly due west of Versailles, on the Warsaw road. I t  is near. 
the center of section 5, township 4’ north, range IS west of the fifth p-incipal meridian, 
on ‘land owned by Mr. Robert Hughes. 

The geodetic point is iiiarked underground by a bottle filled with ashes and buried 
2 feet 6 inches below the surface. The surface mark is a stone post E, inches square and 
2 feet long, marked with two rectangular grooves and the letters U.S.C.S. As reference 
marks, two stone posts, 5 inches square and marked with a single cross line and arrow- 
head Tainting toward the station, were set, one north and one south, each 5 fett 
distant from the geodetic point. 

Cole, Moniteau County; .established by J. A. Sullivau in 1S7g. .This station is 
situated almut 3 miles east-southeast of Tipton and is known as the “Old Windmill,” 
on,land owned by Mrs. S. F. Cole. I t  is in the.northern part of section 30, township. 
45 north, range 16. west of the fifth principal meridian. The geodetic point is marked 
underground- by a bottle filled with ashes, o.ver which was placed as a surface mark n 
‘stone post, 6 inches square and 2 feet long, marked on the top with two rectangular 
grooves and the letters U.S.C.S., As referellce .marks, two stone posts, 5 inches square 
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and niarked with a single cross line and arrowhead pointing toward the station, were 
set. one north and one south, each 4 feet distant'from the geodetic pbint.. 

Nzrbbard, Morgan Couhty: established by J. A. Sullivan in 1S7S. This station is 
situated about three-fourths mile northeast of Syracuse. on land omnecl by Mr. Joel 
Hubljard. I t  is liear the center of the southeast quarter of section I I ~ township 45 
north, range IS west of the .fifth principal meridian. The geodetic point is marked 
underground by a bottle filled with ashes, over which was placed as a surface mark a 
stone post, 6 inches square 'and 2 feet long, marked on the top with two rectangular 
grooves aiid the letters U.S.C.S.. As reference marks, two stone posts were set, 5. 
inches square and marked with a single c r b s  line and arrowhead, pointing toward the 
station. one north and one south, each 5 feet clistant from the geodetic point. 

Christimz, Moniteau County; established by J. A. Sullivan in 1S78. This station 
is situated. about a mile east-southeast of the court-house, in the town of California, on 
land belonging to the minor heirs of J. J .  Christian. I t  is just east of the center of the 
southern edge of the northeast quarter of section 27, township 15 north; range 15 west 
of' the fiftl! principal meridian, 011 a narrow strip of land-an opeti field--between the 
Missouri Pacific Railroad and the "State road," from Jefferson City; about 75 pards 
south of the former and about 40 north of the latter. The Christian house, a two- 
story brick, is about 300 yards east-northeast, and the house of H. Boepler about 150 
yards southwest of the station. 'l'lie geodetic point is iiiarkecl underground b)7 a bottle 
filled with ashes, over wliich was placed as a surface mark a stone post, 6 inches square 
and 2 feet long, niarkl;cl on the top with two rectangular gro017es.and the letters 
1J.S.C.S. As reference marks, two stone posts were set, 5 inches square, and i?iarked 
with a single cross line aiid arrowhead. pointing toward the station, one north and one 
south, each 5 feet distant froin the station point. 

High Poiuf, hfoniteau County; established by J. A. Sullivan in 157s. This 
station is situated one-half mile northeast of the village of High Point. in the southern 
part of Moniteau County: near the middle of the.southern edge of the western half of 
section g,  township 4s north, range 15 west of the fifth principal meridian, on land 
l~ long ing  to the midivided estate of George Radcliff, sr. The nearest .railroad' station 
is California, on the Missouri Pacific Railroad, distant 12 miles. nearly due north. The 
geodetic point is marked underground by a bottle filled with ashes, over which as a 
surface mark !vas placed a stone post, 6 inches square atid 2 feet ,long, marked on the 
top with two rectangular grooves aiid the letters U.S.C.S. As reference marks, two 
stone posts, 5 inches square and marked with B single diagonal groove' and arrowhead, 
pointing toward the station, were set, one north and one south, each 5 feet distant from 
the geodetic point. 

This station is- situ- 
ated in the southwest part of Cole County, on the road from Jeffersoii City to .Tus- 
cunibia,' Miller County, aiid about 50 yards east of the line between Cole and Miller 
counties. It is I mile southeast of Spring Garden Hill and about one-half mile north- 
east of Locust Mound post-office, Miller County. The nearest railroad station is 
Centertown, on the Missouri Pacific Railroad, distant 19 miles, nearly due north. It 
is near the. center of the north half of the southwest fractioiial quarter of section 19, 
to\viiship 42 north, range 13 west of the fifth principal meridian; in the yard of August 
Pfitzer's house,. and 26'1 feet from the northeast corner. The geocletic poist is marked 

' 

Beshe, Cole County; established by J. A. Sullivan ib 1S7S. 
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underground by a bottle filled with ashes, over which was placed as a surface inark a 
stone post, 6 inches square and -3 feet long, marked on the top with two rectangular 
grooves and the letters U.S.C.S. As reference marks, two stone gosts, 5 iiiches square 
and marked with a single diagonal groove and arrowhead, pointing toward the station. 
were set, one north an4 one .south, each 5 feet distant from the geodetic p i n t .  

[3.') SSNOPSIS OF FACTS AND RESULTS RELATIVE TO PRECEDING BASE LINES .4ND 
BASE NETS. 

[The bases are given hew i n  their gcngrnpliic < d e r  froxi east to west.] 
Ivleari 

Ayprox- . Num- Nom- error Of iiiiate Length of Probable Lorhrithln lJerof an 01% 
oceall, 1,1 pmhahle PartSol . of-1tngt.11. .-sta- condi- 

Ptatllle ertur, the,base. oi t.ase. tions tions 
iii net. i i i  net. ::;;:! iniles. 

gi 

Oa ;; 
StatP, leiigtl! nf )lase and. error 111 52  Name of base. 
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11. DETERMINATION OF HEIGHTS OF STATIONS. 

(A) '  GENERAL REMARKS. 

The necessity.of deterini~~ing the elevations of points .in the triangulation is apparent 
from what has lieeii stated. These elevatioiis were required in the preceding part in 
connection with h e  lines. whose lengths had to be referred'to the smie level, i. -e.. to 
the equipotential surface or an itiiagiued coutiiiuatioii of the average level of the ocean. 
Besides, the elevations 6f the stations Iocatec~ a t  tlie Iiig~ier levels iiiust be known, at 
least npprosimately, in order to reduce the horizontal angle ineasures to what they 
would h a w  ke.n if the stations ubscrz~Cn n j o a  had been at  the sea level. This reduction 
is ordinarily h t  a sniall fraction of n second of arc, but in refined work can not be 
ignored. Lastly, from a geogray~iic p i n t  of view t~ie'tiiird or ~ i e ig~ i t  coorcliiiate of points 
in the triangulation shoulcl lie deterniinecl. There are, however, only certain parts of 
the triangulntion presenting special features, for which it is desirable here 'to furnish 
detailecl information. ' For the fouridation of the Iiypsnmetric measures in the eastern 
part of the Survey we have a continuous h i e  of spirit levels run between tlie years 
IS~S-IS~S, coiiiiiieiiciiig at the Atlantic coast, wit11 its principal teriiiiiius at Sancly 
Hook, New Jersey, and its two southerly coiinecticins with ticlewater at the Gulf awl 
esteiicliiig to the eastern flaiik of the Rocky Mountains at Colorado SFrings, Colorado.::: 
With this line occasioiial coi~~iectioris were iiiade for height of points of the triaiigula- 
tion. though in general but few observations for deteriiiining the height of triangulation 
stations were iiiacle .until " First View, " Cplorado, was reached. Froiii that station w e  
have a continuous aiicl. complete series of oLservatioiis of zenith distances, or of iiiicro- 
metric differences of height to carry the height deterininations to " hlouiit Dialdo " and 

These two stations were connected by spirit levels 
with 'the Pacific Ocean. It is contemplated, ultimately. to carry the line of spirit levels 
from ocean to ocean, but in  order not to delay the computation aiid pulilicatioii of tlie 
results of the triaiiguIatioii it was tlioiight expedient and sufficient to'depencl for heights 
up611 the measures of zetiitli distalices between the stations stretching from Pikes Peak 
to tlie Califorilia Coast Range. 

The determination of heights from zenith distances and froin micrometric nieasures 
of difference of height will be presented under the following heads: The heights, c:f 
principal trigononietric stations in eastern Colorado between First View and Pikes . 

Peak; the heights of the subordinate trigoiiqnietric stations in the vicinity of the Coast 
Range of California from Point Arena to the Yolo Base: the heights of primary trigono- 
metric stations on the Sierra Nevada, California, from iiieasiires in a i d  across the 

' Ross Mountain, " in California. 

~ .. . 

*The results of these le\peliiig operatioris will he  foiiiid in Appendix 1 1 ,  Report for IS$.; Appendix 14, Report rSS7: 
Appendix 15. Report ;%;'Appendix 2. Report  IS^:; Appendixes z,~,.!, and 5, Report 1%; Appendixj,  Report 1597: 
ni id  Appeiidixcs I .  2, and j. Report lSgS. 
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Sacramento and Saii Joaquiu Valleys:' the heights of tlie primary trigonometric statioiis 
iri Nevada, Utah, and Colorado. between the Sierra Nevada and the eastern bank of the 
Rocky Mountains near Pikes Peak. For these several regions full information will be 
given as to abstracts of resulting zenith distances a t  each station, with adjustment of 
the incliviclnal differences of height apcl final results. For other localities where heights 
are desired the results.are simply stated. 

NO. I:,. 

0 

Besides the iiieasw-es of miitli clistaiices nncl iiiicrometric iifferencis of lieigllt 
iiieiitionecl aljooe. three series of special hourly observations, coiitiiiuecl for. a iiumber ofo 
days, were iiiacle for tlic purpose of elucidating tlie law of the diurnal variation ,of the 
atmospheric refr:iction ani1 conseyucnt variation of tlie 'cleducecl difference of height. 
T h e j i d  srr-ics coiiiprises reciprocal observations at Bodega Head and Ross Moulitaiii, 
California, macle on 6 clays in March, 1860, from 7th hour a. 111. to 5th hour p. ni. For 
record and cliscussioii see Appenclis No. 16, Coast Survey Report for 1S76. The sccmid 
scrics comprises rrciproel observations at Martinez East and Mount Diablo, California, 
macle on 14 claps in March and April, ISSO, hourly froiii midnight to midnight. For 
record and discussion see Appenclis No. 12,  Goast and Geodetic Survey Report for 
I S S ~ .  The fhinl st-r-ics coniprisrs rcciprwd observations at Jacksoii Butte and Round 
Top, California, iiiade hourly on 14 clays in September and October. 1S7g. .All three 
series were i l d e  under the direction of Assistant G. Davidson. This last series was 
discussed and made ready for yriiiting by the writer in iSS-+. but publication was delayed 
in the hope of having supplied a line of spirit levels between the two stations. This. 
paper will 1x found appencled to the present discussion. 

For the sake of easy referelice, we sliall give here in tabular forni ancl also eshibit 
by diagranis the resulting hourly values of tlie coefficient of. refraction,*: . I ) / ,  from four 
esperiiiiental series-i. e., the three referred to and a fourth which comprises olxerva- 
t i o k  of the zeiiitli clistance of the sea level. ' These were niade a t '  Ragged kountain,. 

Y. Usually denotell by k .  but i n  the Coast ancl Geodetic Survey papers the rlerigii3tioir in (= I&+) ha+ heerr adopted. 
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on the coast of 'Maine, by Assistant F. itr. Perkins on 27 days at irregular hours, but 
mostly between 6th hour a. in. and 6th hoiir p. m. in Jiily, August, and September. 
(See Appendis No. 17, Report for rS76. The line Bodega Head to Ross Mountain is 
directly on the Pacific coast, part of the line passing over the wean : its length is ?3''4S 
kiloihetres. The line Martinez East to Mount piablo, although 50 kilometres (131 
statute miles) inland. is still under the direct influence of the wincls from the Pacific ; 
its length is 24-26 liilometres. The line Jackson Butte to ROLIII~ Top. about 200 kilo- 
metres (I?.+ tiiilesj from the'coast, is affected by the clinlatic conditions of the valleg : 
its length is 75-37 kilometres. The elevations of the two stations for these lines arc 
73 and 672 metres, 57 and I 173 ~netres. and 714 and 3 174 metres, respectively. The 
height of Ragged Mountain is 397 metres. , The tabular values were dcduced uiider 
the supposition of equal refraction angles at lower and upper statioiis. 

I .  HOURL'I VALUES OF THE COEPFICIENT OF 

REFRACTION (:112rJ FRO3f SPECIAL. OBSER- 
VATIONS OVER FOUR LINES IN CALIFORNIA 

AND MAINE. 
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Masimum and minimum values of the hourly .variation of 7)). are underlined. The 
hourljr values for the four localities are plotted in the accotnpanyiiig diagram (No. 15 j. 
It shows th2t the refraction is greater and more irregular during the night hours than 
during the day: the iiiasiiiiuni value is reached within two or three hours from midnight 
and the tniiiimum value at  sonietime within 2 hours from noon-beforenoon at  the coast 
stations after ti0011 at the interior stations. . The average aiiiouilt '(mean of 24 hours ) is 
greater the ne& the line of sight is to the sea level, being some function of the altitude. 
The refraction changes hut little, comparatively, betweeu the hours if IO a. in. aiid 5s 
p. ni. and the intervening time is best suited for obsen7iiig zenith distances For altitudes, 
so far as refraction is concerned: but in other respects, as for telescopic visions. the 
hours about noon are unfavorable on account of faint , !insteady, a d  distorted images 
IJring then more prevalent. The diurnal range of the refraction also appears greatest 
at the lowest stations. 

' 

(B i DETERMTNATION OF HEIGHTS OF PRINCIPAL, TRIGONOMETRIC 
STATIONS I N  EASTERN COLORADO FROM FIRST VIEW TO PIKES 
PEAK. .' 

' The measures of zenith distances aiid iiiicronietric differences of height in eastern 
Coloraclo form a network covering a region 2 17 kilometres, or neirirly -135 statute n!iles; 
in. extent, as shown 011 the accompanying sketch. Seven of the vertical angle statioiis 
are coiiiircted directly with the line of spirit levels which terminates at present at the 
eastern flank of the Rocky Mountains. The heights above the St. Louis, bhsouri, 
"Directris" (bench mark q:)! of six of the stations, determined by spirit level, will be 
founcl in Appciidises Xes. 2 aiid j, Report for rS9S. The provisionally adopted 
height of the "nirectris" is 135's metres, or 412'7 feet. Heiice we get the followiiig 
resulting heights: . 

First View 0 
Metres. 

I 274 '.is+ 125 .Y = I  400 '2s 

Kit Car.wn 8 
Hugo A 

I 219d5+125'S =I 345'45 
I 499'57f125 3 =I 625 '37 
2 13; '.;7$-125 $ =1 259'I7 . Divide A . 

El Paso Base, west end. top of imonunient 
El Paso Base, west end. ground 
Colorado Springs, nail marking level of vertical circle 

. ' 2  q 0 . y  +125.S =3 166.7 
2 166.7 - I m5=2 165'65 
I 696 y5+125 *S =I Szz '15 

From the leveling of the El Paso Base by J. B. Weir of the party of Assistant 0. .H. 
Tittniaiin, in 1$7g, we have: El Paso Base, east end (top of nionunientj below yest 
end (top of nionunientj 172'14 metres; hence height of El Paso Base, east end, top of 
nion~iiieiit, 2 166'7 - 172.14 = I 994'56 metres and of El Paso Base, east end, ground, 
I 994'56 - I 'or5 = I 993'50 metres. 

railroad track in front of Denver and Rio Grancle Railroad passenger depot, below El 
Paso Base, west end, top of monument. 344'63 metres; hence height of railroad track 
at Colorado Springs = 2 166'7 - 34.4-6s The height of approsi- 
mately the same point derived directly froiii Assistant Winston's levels is I 696'16 + 
1.5-S = I S:! I '96 metres, showing a satisfactory agreement. 

Mr. Weir also leveled to Colorado Springs in 1S7g-So and found: Colorado Springs, . 

I 322'02 metres. 
' 



Statute Miles 
P m H m l  : I c 1 I 1 

10 b 0 10 PO 30 40 so 

DETERMINATION OF HEIGHTS 'BETWEEN P I ~ ' S  PWC AND FIRST VIEW. COL. 
1879 TO X398 



TRANSCONTINENT.4L TRTANGULA'I'ION-PART 11-HEIGHTS. 2 5 7 
Finally, Pikes Peak A, from spirit-leveling by Assistant W. Eiinbeck in 1 S y 5 ~  

is ~,'sgS metres above Pikes Peak East. where tlie 'vertical circle was mountecl in orcler 
to permit the sighting of Colorado Springs. 

I .  ABSTRACTS OF RESULTING ZENITH DISTANCES. 

These abstracts require but little esylanation. The first column gives the number 
of days upon which observations were made (:since the resulting C's mere. combined by 
claysj ; the observed zenith distances are reduced to the. gronnd a t  both 'stations; 
tlie columns heaclecl P aticl T contain the rough values of the' atmospheric pressure 
espresseil in niillinietres arid of the atmospheric temperature espressed in degrees 
Centigrade: tlie log. of the distance s between the stations is given for metres. Notes 
appeiicleil state tlie estreiiies of time between which observations were obtainecl. No 
rejections were iiiade of micrometric ineasures of differences of height. 

Pikcc P ~ w k .  July and Angust. 1S9j. Vertical Circles. Nos. 2s and 4.4. R. L. Faris, J. Nelson, arid 
If'. H. Clay. olxervers; W. Eirnbeck, chief of party. , 

I I 

I2 

IO 

II 

g 
13 

Mouiit Ouray gro 2s 52's -. 0.6 + 0 ' 3  go 25 52.4 459 5'7 5.052 21 

Bison 9 44 05.0 + 0 . 2  - 0.2 go 4-1. 05.0 459 5 - S  4-771 60 
Divide 92 25 43.5 - I 'I -+ I -2 92 25 43'6 460 6'7 4.721 59 

13ig Springs . . 92 14 53'5 + 1 7 3  - 12.6 g-? 14 5S.4 460 6.4' 4.S41 50 

b1OUIlt ElheKt ' go 27 50.5 - 0'8 t 0'3 gr> 2 j  50.0 a h  6.2 5'097 79 

Plateau 92 34 45.6 SrS.7  -- 14.9 92 34 49.4 460 5 %  4.S16 21 

4 
3.5 

Holcoliti Hills Sg 25 33-1 + 54'7 0'0 Sg 26 27's . . . ... 4'132 55 
Divide SS 5.4 26 ' 2  + Sg -3 o '0 SS 55 55 -5 . . . . . . 4 .I29 44 
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Vertical Circle, No. 75. October, 1S7g. 0. H. Tittniann. observer and chief of 
party. ' 

4 
4 
I I 

12 

11 

3 

NuIn- 
her of Object observed. 
days. 

E1 Paso West Base, IS59 9 27 41 ' I  4-77 '3  f 0.4 p ZQ 5s '5 . . . . . . . 4 'os5 9; 
Holcolm Hills, Is79 90 25 49.2 4-41 *I 0'5 go 26 j0.0 . . . . . . . 4'269 17 
13ig Springs. 1Sq5 go 39 16.1 - I .6 0.0 go 39 14'5 575 22'9 4.623 06 
Pikes Peak. ISg5' s7 59 24'9 2's q a  S7 59 27-7 577, 24.0 4.721 jg 
Bison. IS93 89 20 3j .4 - 1 . 4  0.0 Sg 20 32.0 576 2 5 . 2  4 . 9 0  23 

, Monte Rosa, ~Sgg SS 49 2 j - I  -- 6'5 0.0 ' SS 45 16.6 575 '3.4 4.712 41 

Rechic- 
Observed ze- tiori for 6. p. Lng. s, 
nit11 c1istancr. to level ccceii- 

' tricity. (C.1 ' 

. IO 

13 
IO* 

' 7* 
6 

' Pikes Peak S7 56 12.5 .+ 9-3 0.0 S7 56 21.7 616 30.4 4Sr6 21 

Mount Ouray S9 j; 20's - 0 . 5  0.0 Sg j; 20.3 614 j0.0 5.16; 93 
Rig Springs Sg 52 ~ S ' I  + 0'7 0'0 . Sg 52 sS.5 615 27.5 4'679 47 
Ilry Carnp go 0 2  2 2 ' 2  0'0 go 03 4s '0 624 20'3 4'551 SI 
Corral Bluffs Sg 45 14.9 -- 5.9 0'0 Sg 45 05'0 622 19.2 4p25 14 

*Double zenith distances: Clf  Big Springs, nine days: of Dry Canip,sir days. One day added to each for two days' 
inicromeiric diff ertnces. 
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Et.? Spr-i~~gs. August arid Septeinher, ISSO. Vertical Circle, No. 75$ and Theoclolite. No. 10s. 0. I-I. 
Tittmann and G. I?. Bird. observers: 0. H. Tittmann. chief of party. Jnne and July. 1Sg5. Vertical 
Circle, No. rog. E'. D. Granger, J. B. Boutelle. ohservers; F. D. Granger, chief of party. 

4 

, r 2  

I I  

I I 

I 

Reduc- 
7- Logs. Num- Observed ze- tioii for ;. p, ber of . Object observed. 

days. riith distance. t ~ ~ ~ ~ '  tricity. ecceti- . (. 5. ) 

Holcolm Hills, .ISSO Sg 36 47'3 +93'3 0 - 0  Sg j S  20.6 596 17'9 4.453 62 
Square Bluffs. IS% gcl 25 $3.7 +46'6 0.0 go 26 45.3 . . . . .. . 4-5Sg 22 

Cramers.Gulch, I S ~  ' gn 39 00.7 +15.'o o m  go 39 15:7 . . . . . . . 4 '51s 59 
Plateau, IS95 . gcl j o  o s 2  - 1.0 0-0 go 30 0 7 2  5% 252 4,679 47 ' 

Pikespeak, 189s SS 17 50.0  + 6.8 0.0 SS 17 56.S 5% 27'2 -+.S~I 50 
Divide, Is95 s5 41 05.4 - 1 ' 7  0 '0  sg 41 03'7 5s7 35.o 4623 06 
Dry Cainp. 1Sy5 go 57 40.9 - 1 6 7  om go 37 24.2  5% 25'0 4.325: 92 

5 
4 
S 
6 
I 

' Divide Sg 43 O j  '3 -&'o 0.0 S9 42 17'3 gS4 23.6 4'269 17 
Big Springs YJ 36 I Z  '5 -30 '4 o .O CJO 35 4?.1 5.Q 15 6 4 '452 62 
El P:iso East Base go 41 31.4 -7S.5. 0.0 90 40 12.9 gS4 15.2 4.132 55 
Holt go 39 01 :o -27 .S o '0 cp jS  33" sS4 19.1 4.479 56 
Square Bluffs y~ q; 36'2 - 7'5 0'0 gro 43 2S.7 $2  2 2 ' s  4.657 64 

2 

2 

2 

2 

4 
6 

Adobe, ISSO go 10 2 2 ' 0  +53'2 o'o go 11 15-2 621 31.1 4.535 56 
Square Bluffs, ISSO Sg 54 z 5 y  + 5 9 5  0.0 Sg 55 25-1  621 31.1 4.i7.S 69 
Big Springs, 18% Sg 36 29'5 +3S'7 0-0 Sg 37 oS-7 621 31 'I ' 

Big Springs, 1Sg5 Sg 37 22.4 -13.2' 0-0 Sg 37 04.2 625 30's 

Dry Caiiip, rYg5 Sg 52 01'2 - 5'3  0.0 Sg 51 55'9 624 31'9 ~ ' $ 7  04 
Big Springs, mean s9 37 0 6 . 2  4.51s 59 
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S ~ I ~ O W  R / I ( ~ G .  Septeniber, IS.%. Vertical Circle. No. 75. ani1 Theodolite. No. 10s. 0. H. Tittriiann 
and J. E. McGrath, observers; 0. H. Titttiiaini. chief of party. 

4 
2 

z 
2 

2 

w111n- 
h e r d  Object ohservcd. 
days. 

(3verland go OS 23 ' 2  +q '6 0.0 CJO OS go$ . 616 . . . . 4.476 XI 
Holt Sg '20.7 +j3'4 0-0 Sg $3 54.1 621 . . . . 4'hrm 35 
Aroya C~IJ 20 19.4 +IS'S 0'0 .go 20 3S.z 621 . . . .  4 . 6 2 ~  9 2  

Square Bluffs go oo 20.0 -+4S.4 u'o go QI oS'4 621 . ... 4-567 I I  

-4dohe F I 3 4 S . 7  +JO's  0.0 Y J 1 4 2 Y . 5  621 .... 4'616 19 

3 
, j 

3 

- 
Tittmatiii and G. F. Bird, observers. 0. H. Tittinann. chief of party. 

I If I /  . IJ  a I1 111ln, 0 

Overland g 50 53'7 +SI '5 0.0 Sg 51 25.2 646 . ... 4.41s 95 
Kit Carson go 23 57 -3, +SI '3 0.0  9 24 2b.6 646 . . . . 4.479 57 
H U ~ O  sg 5s 57'0 f .13'3 0'0 Sg 59 40'3 646 . . . . 4.620 92 

Eureka go 13 q . 5  0 ' 0  go 13 3 7 0  646 . . ,. 4.529 43 
Adobe go w 35;s $1.3'3 0 .0  go 00 54'1 646 .... 4'546 77 

Observations hetween S hours 55 minutes a. m. and 4 hours IO niinutes p. m. 

Aroya go 16 09.5 -+ 0'6 0'0 go 16 1 0 . 1  637 . . . .  4'546 77 
Overland . go IO J S . ~  + 0 . 4  0.0 9 IO 19.3 63s . . . .  4.716 S :  
Cramers Gulch 9 05 29'1 - S'I  0.0 v 05 21.0 639 .... 4.533 56 
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@z~c~-lnwd. September. ISSX. \;ertical Circle. No. 75. and Theodolite, No. 10s. 0. H. Tittriiaiiii 
and G. F. Bird, observers: 0. H. Tittmann, chief of party. 

3 
3 
3 
j 

Ret lnc  . 
Ohserved zr- Reduction tiori for <, p, (E, Logs, N II 111- 

k r  of Object observed. iiith distance. 'z:;:' eccm- 
days. trici t y. 

Hugo 90 o.+ 39 '9 +61 '4' o '0 g~ 05 41 '3 . . . . . . . 4 '476 .?O 

Aclc1,e 90 14 2S.g +13'o 0.0  go 14 41 '9 . . . . ... 4.716 SI 
Eureka . 90 26 41.5 + 4 I  'I 0'0 go 27 2 2 6  . . . . .. . 4 '440 09 
Kit Carson 93 30 IO . j + 2 0  ' 3  0.0 go 30 30.9 . . . . . . . 4.664 01 

j 

j 

j 

3 

Kit Carson 

Lnlldslllall gcl 0 1  3 0 . 2  . +as '3 0 '0  go @I 55.4 . .. . .. . 4 '557 53 

Aroy:r 89 jo oS.7 t 2 4 . 7  0.0 89 50 33.4 . . . . .. . 4'179 57 
Ovcrlniid 59 j r  27'9 +16.1 0.0 Sg 51 44.0 ... . _ . .  4 664 0 1  

' Enrekt Sg 56 ro'S +34 6 o '0 $9 56 .-l . . . . . . . 4. 4S5 SI 

11s' 

4 
and for its relative proportional weight n7e may take -. . 
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The resulting values of 711, arranged according to length of sight (:s in Xf/o&rcs), . 

and their respective weights are as follows: 

Line. 
Pikes Peak to Big Springs 
Pikes Peak to Plateau 
Pikes P e a i  to Divide 
Overland to Adobe 
Big Springs to Plateau 
Overland to Kit Carson 
Holcolin Hills to Square Bluffs 

Hugo to Aroya 
Holtto Hugo . 

Big Springs to Square Bluffs 
Square Bluffs to Hugo 
Adobe to Aroya 
Craniers Gulch to Adobe 
Aroya to Eureka 
Rig Springs to Cramers Gulcli 
Square Bluffs to Adobe 
Eureka to Kit Carson 
Holcolm Hills to Holt 
Aroya to Kit Carson 

Square Bluffs to Crainers Gulcli 
Hugo to Owrland 
Kit Carson to First View 
Holcolm Hills to Big Springs 
Overland to Eureka 
Orerlancl to Aroya 
Holt to Square Rluffs 

* Divide to Holcolin Hills 
.t Pikes Peak East to Coloraclo Springs 

$. East Base to Divide 

> Divide to Big Springs 

Holcolni Hills to East Base 

Divide to West Base ' 

East 13ase to West Base 
* Deen rsllcr between the two stations. 
+Line 011 steep iiiclirie aiid high above grouiid 
1 Kot used. 

Forming three groups of IO values eacli, we fiiii~ the iiieaiis- 

SO 111, 

50.3kn1. 0.056 o 
33 '3 0 .040 5 
23 '2 0.040 g 

General rnean o '053 o 
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The tabular values of iiz show an apparent dependence upon tlie length of lines s, 
viz: 'tlie shorter s, tlie snialler m. This fact may he esplaiiied by tlie circunistaiice of 
the line of sight being nearer the heated ground the shorter the distance. The coiii- 
paratively warm stratum of air is quite close to the ground, particularly during insolation. 
The two apparent esceptioiis marked :i: and f prove the rule. The ground is barren 
and treeless over the entire region and tlie cliniate is very dry, especially during the 
suninier. The instrument was only elevated sufficiently to overcome'the earth's c u r ~ a -  
ture and,permit tlie visibility of tlle distant object. 

3. DJ~TERMINATION OF DIFFERENCES OF HEIGHT AND THEIR ADJUSTMENT. 

For coiiiputing tlie difference of height hxz- Az of two stations where reciprocal 
zenith clistaiices C,, aiicl C, were observed, supposed siiiiultaiieously , the forniula- 

('72 72 ' j  loTo 
was used. and the'weight p mas taken equal to-'-- when but one zenith distance 

was observed,. a i d  coiisecluciitly a value for ??z. had to I x  assumed, we have- 
l Z x  f 7Zzx ) S" 

I - 2111. I - 212 
s=+ - s=cot= 6+ . . . . A h  = s cot C+- 

P Z P  

OZ) IOX0 

4s' with the assuiiiecl relative weight = -where 11 = nurnber of days of observation: 

in the latter case, for tlie line West Base to Pikes Peak iiz. was taken equal to 0.061 + 
which j s  tlie ~iieaii resultiiig value for the other four lines to Pikes Peak. The differ- 
eiices of height for tlie few remaining lines with but one zenith clistaiice were computed 
with Y)Z = 0.047 4. 

A table of values of log. p is given in Xp1)eiiclis No. IS, Report for 1 S j 6 ,  pp. $4- 
3s j ;  below we append 'a table specially adapted for 'tlie computations in coniiectioii n7itli 
the traiiscontiiieiital arc. We have tlie 
espression- 

It is based upon Clarke's spheroid of 1S66. 
. .  
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(Meridian ) oo 

5 
I in 

' 15 

20 

25 
30 
35 

. 40 
3 45 5 .  50 

z s5 
60 

.I 

65 
7 0  
75 
SO 

sg 
(Prime vert. ')qo 

Difference 
for IO' of 

latitucle. i n  
initsof sisth 

&:::at. 

13 

'3 
I? 

I2 

I3  

I1 

I 1  

IO 

9 
s 
S 

i 

6 
6 
7 

5 
4 
1 
4 

Stations. , Jh.  P. 
rll . 

Pikcs Peak and rlivide 2 Oil '554 2G ' 70 
Pikes Peak and Rig Springs I 395,441 12.36  
Pikes Peak and Plateau 2 655'317 11'04 
Pikes Peak East and Colorado 

Springs (, V. C. 1 2 473 '197 49 6 6  .-- .* Divide and Big Springs 233 372 51.26 

Divide and Holcolni Hill3 115.553 64.42 
Holcolni Hills and East Base 145 k 3  144 '9" 
Holcolni Hills and Big Springs 236 . fh~ 2-1 $9 

Holcolrn Hills ani1 Syuare Bluffs 428 ,236 3 '63 

Big Springs and Square Bluffs 15; Yi71 IO '11 
Rig Springs mid Cramers Gulch 2gS .4S4 15 .74 
Square Bl~iff~aiidCrauiersGulc~ 106 '295 I j  *?4 

Holcolrri Hills and Holt 270.183 I 6  '4.5: 

Big Springs and Plateau 75s '30-4 2; S S  

Stations. 

Square Bluffs ancl Hc~lt 
Square Rluffs and Hugo 
Square Bluffs am1 Aclohe 
Holt and Hugo 
HU& a n c ~  .\ro,a 
Hugo and cjverlnnd 
Adobe and Cratiiers Gulch 
Adobe and Aroya 
Overland ancl Adobe 
CIverland and Aroyn 

Ckerlancl and Eureka 
C~ver1m~:l and Kit Carson 
Aroya and Eureka 
Aroya and Kit Carson 
Hurelca aiid Kit Carson 



Stations. 

El Paso East Basc 1 99.3'50 6 540 'j 
Coloraclo Springs (V. C.) I S22 '15 j gjS '3 

West Rase a i d  Corral Bluffs 
Plateau aiid Corral Bluffs 
Plateau aiicl Drs Camp 
Big Springs and Dry Carrip 
Craiiiers Gulch a i d  Dry Camp 
Hugo and -4a:lol~e 
Eureka aiicl Laiirlstnan 
Kit Carson ant1 Lan3miaii 
Eureka ani1 First View 
West Base aiid Pikes Peak 

Kit  Carson I 345 '45 4 414.2 
First-View I 400.2s 1 594:1 

Divide 2 2 j9 '1 j  j '\I2 '0 I - 
Pikes Peak :hove Pikes Peak East 4'89s metres. 

.JSSII 111 L? f hcich fs. 

Pikes Peak 
Hul~olm Hills 
Big Spririgs 
1% tea u 
Corral Rliiffs 
Dry Camp 
Crariiers Gulch 
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To the observation equations as given below the' respective weights are attached, 
and a column is added showing the discrepancy between the direct measure and the 
adjusted me. cisuie. 

Dis- Dis- 
A crepancy. Observation equatioii. /I. crePallcy. Observation equation. 

In. 

-0 '05 

- --0.93 
--I '35 
-0 .4s 
-0 '99 
-@ '4 7 
+ I  '32 
--I '43 
-0 .s j 

+ I  '29 
-4 '15 
4-1 '07 
-0 .S5 
+CI '29 
-0 '23 - + I  .26 

4-1 '40 

- 1  'Ot 

4-0 '23 
---0 .Id 

29 '5s 
7 '55 
8 .SI 
2 '55 

IO .62 
I O  2s 
6 ' S i  

13 .IS 
I 2  .os 

' 9  .I1 
7 '05 
5 '52 

21 '7s 
IS '2s 

1 3 4  
16 '37 
22 '59 

5 '75 
S '61 

Forming the nornial equations and solving them. we get the following: 

&Sldtillg X Z l l I C S  c?f'-1', 0ildfiilt7l ht+dlfS. 

Hciglit- 
Station (ground). . r .  ' 

In  metreg. In feet. 

Pikes Peak 
Holcolni Hills 
Big Springs 
Plateau 
Corral Bl~iffs 
Dry Cattip I 

Crainers Gulch 
Square Bluffs 
Holt 
Adobe 
Aroya 
Overland 
Eureka 
Laiidslnaii 

111. 

-0 .Sq 
-0 '374 
-0 Yji4 

-0 '895 
-I '279 
-0 -S65 
$0 .ti50 
$0.206 

-0 '609 
-0'3'4 . 
--o*i50 
$0.236 
$0 'S4I 

- 0 '959. 

14 I o s ' 2  

7 016'5 
6 244's 

5 393 '7 
6 791 '7 
5 592'9 
5 2662 

6 129.3 
5 16s .6 

4 907 'I 

5 279 '7 
4 731 '7 
-I 651 '7 

5 615'6 

in. 

+o '57 
-1 '91 
-0 '86 
-2 '9 
-0.24 

-0 -40 
-2 '27 
+ I  '36 
-1 -4s 

+3 '52 
+o '69 
-0.68 
+ I  '22 

+ 1  '59 
-O '05 
--I '39 
t o  '55 
-0.35 

-2'37 
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That the corrections needed to harmonize the results by spirit levels and vertical 
angles should lx of the iiiagnit'ude shown above is attributed largely to the difficulty of 
securing a sufficient number of vertical angle nieasiires during the time wheii I '  seeing " 
was practicable. Observations were made at all hours of the day. beginning sonietinles 
before 6 a. ni. and reaching to ~ 3 , $  p. in. While at some stations fairly iiumerclus 
observations were secured, at others they were barely sufficient. As a rule (n7ith soiiie 
esceptions) .the early observati6ns-say those made before g or IO a. in.-and some late 
ones in the afteriiooii coulcl not be included, the refraction being then much almve its 
ordinary niiiiiiiiuni daily amount. . 

. The field ineasures do not warrant us to give the resulting heights closer than oiie- 
tenth of a metre, or in English measures, say abnht I foot. tlmugli, as L I S U ~ ~ .  the 
adjustnieiit is carried farther for security. 

The height of Pikes Peak being of special interest on account of the meteorological 
observations iiiade at the summit me maj7 corilpare the results from the angular measures 
in coniiectioii wit11 each of the five stations. lying round the Eastern Base of the moun- 
taiu. The heights of three of these stations were fixer1 by spirit leveling: those of the 
other two are taken as adjusted. 
Height of Pikes Peal;:Sm (,bolt:) from- 

The cliffererlces of height as iiwrrsirmt? are used. 

111. 111. 111. f.. 

Divide 2 259'17+2 041 ' 95  =; 43nI .12  20 ' ;  

El Paso West Base 3 165 %5+2 155 'Sg = ;I 301 '54 4-2 

C. DETERMINATION OF,  HEIGHTS OF TRIGONOMETR1.C STATIONS IN 
THE VICINITY OF THE COAST RANGE OF CALIFORNIA FROM 
POINT ARENA TO. MOUNT DIABLO. 

I .  INTRODUCTION. 

Some of the heights in this region have already been treated in Appeiidis No. ICI, 

Coast and Geodetic Survey Report for I S S ~ ,  in conriectioii with t lk  adjustiiient of the 
triangulation about the Yolo Base, but the present discussion eiiibraces n largel- number 
aid a iiiore coniplcs system of meawres. as showii 011 the acoxiipaii?;ing diagram. 

*Ail additionalvaluc for the height o'f Pikes Peak may he ohtairle~l from i~lforlnstioii furliishecl l>y Mr. H. I. Reid, 
civil c-ngiueer, in a letter to .Issistant I. Winston. dated Colorado Springs. C:olomdo. Jiine.2:, IS$. Fronl the lerels of 
the Mnnitou and Pikes Peak Railwsy, checked I>?. liiinself to about the 12 -foot level, he fiiids the differelice of height 
betweerr the top arid center of marble block 011 e3st side of signal station or1 Pikes reak a11~-1 the bench 111ark at the 
Deriver and Rio Gra~ide pnsseiiger depot a t  Colorado Springs. called by Assistant \vinstoii. "City he11c11 mark." to be 
14 i r S j  - 6 002'jj = S 110'11) feet = 2 4 7 i ' y j  metres. Fro111 Wiiisto~l~s spirit level. elevation of "City Lrlich inark," I w.~; + 
izs.8 = I S:-'jiinetws. Proui lerelshy Rtr. \Vinston, J U I ~  14, 1%~. 
we have elevation of Pikes Peak& (bolt) above irrarble block 1639 feet =5'w Iiietrea: Iirnce liejglit of pikes p e I x k ~  
(bolt) 4 299'35 metres. 

. 
Iieiice, elevntiaii of topof iiiarhle block .+ 2~1'3: metres. 
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A s  stated in the Report for rSS4, tlie heights were at that time based upon tidal 
observations sild lines of spirit levels to four stations.' To the.%* two have now beell 
acldccl--\;iz. Sonoma Mountain and Tomales Bay, which are sufficiently well connected 
with tide water for the purpose, though otherwise weak for want of vertical iiieasLires 
to surroundiiig stations. \Ge 1iaw the following particulars respecting these funda- 
iiieiital statioils niid their tidal o:~n!iecti~~ns: 

Xo. 17. 

\ 
statute Miles -..- 7 - - e_ 10 0 lo 20 30 40 50 60 7 0  80 80 100 I 

. % v i . ~ i ~ z  flfomhri)z. -A line of spirit levels coiiiiects with tide water a t  Petalumn 
Bridge. I t  was run by D. Kerr and C. B. Ellis, under the direction of G. 4. Fairfield, 
inJune, July. and August3 1S55. 

7hznk.s Btzy.--X line of spirit levels. rim by C. E. Ellis under tlie direction of 
G. A. Fairfirlcl, in Yarcli, 1Sj6, '  cwnnects with Flattened Rock, Toiiialrs Bay. whcre 
tida! observatioiis .were rrincle. 
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R ~ s s  Ahziizfmk.-A line of spirit levels, run by G. Daviclsoii in August. ~ S d o ,  
connects the tidal bench mark with the triangulation station at Bodega Head. The 
line thence to Ross Mountain was leveled in January, February, aiicl March, 1 S 7 2 .  !>y 
S. R. Throckmortori and H. J. Willey.. For particulars see -4ppenclis No. 16, Report 
for rS76. 

Afoziizf Diir.Plo.-This station was connected by spirit levels with Martinez East in 
May, ISSO.. by B,. A. Colonna. In the same nioiith B. A. Colonna and J. J. Gilbert 
coiiiiectecl Martinez East with the tidal bench iiiark at Benicia Arsenal, on the other 
side of Karyuines Strait. by nieans of reciprocal simultaneous zenith distances. See 
Appenclis.No. 12,  Report for 1SS3. 

The ciids qf fhc I M ?  Bnsc-.---The base line was' leveled twice by E.. A. Colonria in 
August, ISSO, arid lie also connected the northwest end with the California Pacific 
railroad station at Woodland, of which. the elerntion was determined by the railroad 
engineers. 

Resulting heights of fundamental stations above the average level of the Pacific 
Ocean: 

See Appendis No.' I I ,  Report for I S S ~ .  

111. 111. 

.Cjononia. Moutitaiii 69S.56 ~ 0 . 2 5  

Ross Mouiitaiti . 672'23 o '15 

Solo Case, southeast 21 .66 0 '55 mated. 
Solo Base, northwest 46.66 . o '35 

Tomales Bay 205 '13 0'15 . 

. Monnt Dialilo I 173.10 '0 '20 The probable errors are esti- 

2.  ABSTRACTS OF RESULTING ZENITH DISTANCES AT STATIONS NEAR THE PACIFIC 
COAST BETWEEN POINT ARENA A N D  MOUNT DIABLO. , 

The contents bf these abstracts need little esglaiiation. The observed ztpith 
distances are corrected when necessary for ,eccentric mounting of the iiistrunient or 
heliotrope and .for reduction to ground or to station mark at both the station occupied 
niicl the station sighted. The columns heaclecl P and T give the appfosiniate atmos-. 
pheric pressure jespressed in inillinietres and column reduced to oo C. 1 and the tem- 
perature of the air (in degrees of the centigrade scale'). The values of log. s are taken 
froiii the latest adjustiiieiit of the triangulation. 

StwU~msL k>/o Bt7sc. August. ISSO. Vertical Circle, No. , So. E. F. Dickins, observer : George 
Davidson. chief of party. 

Obsen.ed Reduc- Reduc- 

d ~ ~ ~ ~ : ~ e ,  level OF eccen- p.  T Lags. tioii to tion for Reduced <. "lI11- 
I,cr of Object observed. 
dn),S. station. tricity. (Cent.) 
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A70rthzuSSi I%h Basc. August and Septeinher. ISSO. Vertical Circle. No. So. 3 .  J. Gilbert. observer; 
George Davidson. chief of party. 

N11111- 
' berof 

days. 

IO 

S 
T I  

IO 

9 
6 1  

Obsrfved Rerlnc Redoc- 
Object observed. ze1llth level of eccen- 

dista'lce. station. tricity., 
tion to tion for Kedllced <. 

ilIoiifh-d/o. October. IS$. Vertical Circle, No. So. ' E. F. Dickins, observer ; George Daviclson, chief 
of party. 

l . - i lCl l .  

0 

IO 

IO 

9 

S 

7 
5 

IO 

IO 

r i  o I / I  1 1 ~ 1 1 ~ .  o r t r  i r  

Northwest Solo Base' 91 51 33.9 +19'6 -2'3 91 51 56'1 6S2 
Southeast Yola Base CJT j r  56'0 i 5 0 . S  - 2 ' 0  91 32 44's 6S2 

Mount Diablo 90 11 47'9 - 0 .3  +0.4 go 11 $3'1 6S3 
Mount Tamalpais ' go 26 19'3 - I '0 $0'1 go 26 I S - 4  682 
&Iarysville Butte go j o  11 '4 $ 0.2 0.0 go ;o I I  .6 6S2 

Mount Helena Sg 34 05.1 -' 0.1 -0'9 Sg 34 04.1 6S2 

Vaca 90 2s 45.0 - 1.3 -0.4 go 2s 43.3 6Sj 
Pine Hill 90 33 j7.4 0.0 +O.I 90 33 37.5 682 

Observations mostly between 2 hours and 5 hours j o  minutes p. tu., 

November, ISSO., Vertical Circle, No. So. E. F. Dickins, observer; George Daviclson. chief 
of party. 

o I r t  / r  r /  o I I /  .iiini. Q Log S. 
Southeast Polo Base 91 26 50.2' +63.2 +I . I  91 27 54.5 791 16.6 4'477 55 

Monticello Sg 46 57'0 0.0 -0.9 Sg 46 56-1 701 1 7 2  4'522 07 

Marysville Butte go 25 03.6 + 0.3 -0'2 go 25 03'7 701 . r i  .4 4'977 57 
WIount Tamalpais go 12 27.3 - 1.1 +0'2 go 12 24.4 701 14.4 4.S27 gS 
Pine Hill go 26 30.5 + 0 .1  -0.1 go 26 30.5 700 16.0 5 '011 71 
Mount Helena Sg j S  12'7 + 0.1 -0.6 Sg 3s 12.2 701 16.3 4.762 76 

Northwest Yo10 Base 91 OS 57.4 +14'9 +0.9 91 09 I j . 2  701 15.6 4.590 91 

. Mount Diablo Sg 46 03.7 - 9.1 +O'7 ' Sg 46 03.3 701 15.7 4.754 5s 

' Observations mostly between I hour aiid 4 hours 30 minutes p. m. 
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Nu111- 
her of 
days. 

6 

. 4  
3 
3 

' 3  
. I9 

9 
7 
S 

I1 

. 7  
7 

Object observed. 
Observed 

zenith 
distance. 

Tomales, ' 1S59 
Sonoma, Is59 
Mount Diablo. 1S59 
Mount Diablo, 1S59 
Mount Diablo, rSSa 
Mount Diablo, mean 
Mount Heleila, ISSZ 
Monticello. ISQZ 
Vaca, ISS3 
Sierra Morena, rSS3 
Mocho, rSS2 

Ross Mountain. I S S ~  

cl/orimt ~ O I ~ I I Z ~ L ~ ~ S . *  February, March, a i d  April, 1S59. Vertical Circle, No. Sn. George D a d s o n .  
E. F. Dickins observer aiid chief of party. Sepieniber and October, 1SS2. Vertical Circle. No. I 11. 

and J. F. Pratt, observers; George Davidson, chief of party. 

Reduc- Reduc- 
tion tu tion for 
level of eccm- 
station. tricity. 

- 0 .s 0'0 

- 0.6 '  0.0 

,+13'1 0'0 

-5'3 0'0 

+ 0 ' 3  0 '0 

!I  / I  

+ I '2 i-o.4 

+ 0 ' 3  + 0 . 3  
+ 0'9 +o.z 
+ 2 '5  -0'2 

+ 0.4 -0'1 

+ 1.5 fo.1 

Reduced i. P. ' 

111111. 

69s 
695 

6?9 
,700 

694 

693 
694 
694 
694 
694 
693 

T 
(Cent. j 

7 '5 
5 'I 
7 .s 
5 'I 
21 ' 2  

I j ' r  

IS .4 

'5 'P 
31 '9 
' 9  '5 
IS '7 

Observations in 1S59 between 7 hours 30 minutes and IO hours 20 minutes a. m., and between 3 hours 
20 minutes a i d  5 hours p. rn.: in ISSZ mostly between noon a i d  4 hours 30 minutes p. in. 

ilZoriut Dinblo. August and September. 1s 76. Vertical Circle, No..;j. W. E i n ~ b e c l ~  observer: George, 
Davidson, chief of party. November and December. rSS4. Vertical Circle. No. So. F. Morse, 
observer; George Davidson, chief of party. 

S 

7 
S 
s 
S 
6 
6 

3 
6 
I2 

IS 
I2 

Mount Helena, 
Mount Tamalpais, 
Monticello, 
Vaca, 
Round Top, 
Marysville Butte, 
MOlIllt Lolo, 
Fine Hill, 
Mocho. 

Mocho. mean 
Ross Mountain, 

MochO. 

rS76 
is76 
1Sj6 
1S76 
.1S76 ' 

1576, 
1876 
1S76 
1S76 
1SSq 

I ssq 

I /  

+o .6 

+o '2 
-0 'I 

-0 'I 

-1 'I 

0 '0 

-0 '6 
-0 .- 
-0 '7 
-0 '7 

IO Southeast Yolo Rase, rSS4 91 IO 26's 4-12'3 + 0 ' 2  91 IO 39'3 654 
6 Northwest Yolo Base, rSS4 91 03 36 *6 4-10 'I o '0 91 03 36 '7 653 

Observations in'rS76 mostly between 5 hours 15 minutes and S hours a. 111.. and between 3 hours 2 0  
minutes and 7 bows p. in.: in rSS4 between IO hours a. ni. aiid I hour p. m. 

' 

~~ 

*Formerly Table Mountain; name changed to Mount Tama:pais in ISQ. 
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dfoiho. Septeinber and October. xSS7. Vertical Circle, No. 57. F. A. Welker, observer; George 
Davitlson, chief of party. 

A-urn- 
lier nf Ciliject nhsei-vi-d. 
days. 

I2 

. I O  

'3 

6 

5 
9 

I1 

Loma Prieta 
Mount Diablo 
Santa Ana 
Sierra Moreiia 
Mouiit Tatiialpais 
Rouiid Top 
Mount Cunness 

Observations betv !een 

0 I I I  / I  

go 17 32'; + 5'1 
yJ I 7  o4 . j  + 1'0 

90 ' 3  '9'9 t- 3'3 

go $3 2 1 ' 1  + 0 ' 9  

yJ os 5 5 "  + 0.1 

9 41 17'9 f 1'9 

50 0; 37 '4 - 0 '5 
J I llours j o  minutes a. 

I I  

0 '0 

$0'1, 

0 '0 

o '0 
$0 ' I  

-0 'I 

-0 '2 

in. and 1 

0 I I /  111111. 0 

y~ I 7  37'4 657 24"4 4'6S1 43 

go 23 23.2 657 24.3 4.s~; 05 
go 41 19% 657 25.0 a's26 15 
go jS 22'1 656 21.5 , 5.01s 32 
gro OS 55'2 654 26.0 5.277 56 
go 0; 3 6 7  656 21 '7 5'310 41 

I hour 20 minutes p. m. 

90 I7  05'4 657 24.4 4'739 49 

dfoitiif Ht-lcntr. October and Noveinher, 1S76. Vertical Circle. No. 37. W. Eimbeck. observer; 
Vertical Circle. No. ,So. F. Westdahl. observer; George Davidsori. chief of part+. .. August. 1S51. 

E. F. Dickiiis. chief of party. 

5: 
6 

14 
4 

8 

5 
7 
S 
5 
13 

9 
7 
6 

5 

IO 

I O  

'9 
S 

5 

Moniit Diablo. rS76 

!kIouiit Diablo. mean 
Moul;t Lola, rS76 
Vaca. 1876 
Marysville Butte, 1S76 
Siiow Mountain East, is76 
Siiow Mountain West, I S ~ I  
Mount Tamalpais. 1576 
Mount Tanialpais, 1S51 
Mount Tanialpais. mean 

Monticello, 1S76 
Pine Hill, . rS76 
Ross Mountain, 1576 
Ross iVIountain. iSg1 
Ross Mountain, meaii 

Mount Sanhedrin, rSgr 

Mount Diahlo, ISgI 

Round Top. . 13.76 

Cold Spring. IS91 go 35 24.4 + 3'3 
90 OS 06'0 f 2'9 

/ I  

to '5 
+o ' 5  

+ca '3 
-0'6 
0 '0 

-1 -2 

-1 '2 

$0 'I 

+o '1 

+O '6.  
---0 .S 

+o '3 
+o '5 
$0 *6 

-0 .2 

-0 '9 

CI Logs. 
IO '7 
30% 

5 '032 33 
11 *S 5'330 15 
10.6 4.562 76 
9'1 -1'965 ~6 
10.7 4'902 7s 
50.7 4'Sgg 27 

9 '2 

30 '2 

4 '918 06 

7 ' s  4.5S6 33 
S . 3  5'360 02 

I0.S 5'155 $ 
9 '3 
29 '2 

4 -664 02 

29-0 4'937 51 
2Q.4 5 ' 9  24 

Observations in rSy6 inostly between 6 hours 40 minutes aiicl 9 a m . .  and between 3 hours 30 minutes 
and 5 hours p.ni.; in I S ~ I ,  between 11 hours 45 miiiutes a.m. and I hour 5 minutes p.m. 
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G. Davidson. A. T. 

July, 
E. F. Dickins and F. Westrlahl, observers; E. F. nickins. chief 

Rdss Il(oi i i1b7i i i .  

. 

December, rS5q. and January, 1P6o. . Vertical Circle, No. 2s. 
Mosman, E. H. Fauntleroy and " E. F.." observers; George Ijaciclson. chief of party. 
I S ~ I .  
of party. ' 

Vertical Circle, No. So. 

' 5 
7 
7 
6 
6 
7 
5 

7 
7 . 
14 

2 

6 
S . 
I 

5 

7 

I z 

6 

Num- 
ber of 
days. 

6 
5 
5 
4 
4 

' IO 
XI 
I 2  

S 
9 

Great Caspar, rS7S go 50 05'3 +215.6 0.0 90 53 44.9 685 . . . . 4'594 46 
Two Rock, rSyS go OS 15.5 + 3.1 0.0 go OS IS% 6S5 .... 4'552 Yg 
Walalla. 1S7S 9 3  33 09.5 $55'7 0'0 go 34 05 .2  684 . . . . 4.267 79 
Sno\v Mountain West, I S ~ I  Sg IS 50 'I + .6 +o '5 Sg IS 55 ' 2  691 14 '7 4 'SS5 Sq 
I\.lount Helena. 1S9r go 00 16.3 + 4'0 +O.I c j ~  rn 20.3 692 14.2 4.937 51 
RIount Saiiliedrin, 1S73 S9 20 33 'O + 5 '5 0.0 Sg 20 >S '5 6S5 . . . . 
Mount San!ieclrin. 1S91 Sq 20 17 6 + 4'0 +0'2 Sq 20  31 'S 692 13 '7 

Paston. . IS$ Sg.32 51.7 j-46.1 0.0. 85 33 37's 655 . . . . 
Pastoll. 1S9r 89 32 42.2 +36.3 +0'7 85 33 19.2 651 14-8 

Fisher, 1S7S 91 11 jS.2 $16'3 0.0 91 11 54'5 654 . . . .  
Fisher, rS91 91 io 30.5 +S9-3 +03 91 12 00.3 691 14.4 
Fisher, ineaii ,g1 I1 5s .s 3 -569 32 
Dunn, rSyS 91 21 43.9 +62'S 0.0 91 12 46-7 6'36 . . .. 
Du1111, 1S91 91 20 30'1 +69.0. .+2*7 51 21 41's 691 13.4 

Mount Sanhedrin, niean S9 20 31 '5 4'SIg Sz 

Paxtoii, mean s5 33 2s.5 ' 4'344 85 

Dunn, meaa 91 21 52'6 4V.S OS 

Sauel Mountain, 1S7S Sg 42 '31.6 t 3 2  'I o 'o Sg 43 03 '7 6S5 . . . . 4.442 73 

Object observed. 

Sulphur Peak, IS59 
Sanel, * IS59 
Totiiales, ISjg, 1S60 
Sonoma. Is59, 1S6o 
Walalla. Isjg, I s 6 0  
Mount Sanhedrii?, 1S91 
Siow Mountain West, ~ S g r  
Mount Helena. IS91 
Mount Diablo. 1S91 
Mount Tanialpais, 1s91 

Observed 
zenith 

distance. 

0 I / I  

.$9 33 10's 

Pg 47 1.3 '0 
go 45 25.5 
go 09 24 .S 
go I 1  OS'S  
89 49 14.0 
s9 34 04.6 
s9 1 2  11.4 

go 14 50.4 
go J Z  1S.5 

Rediic- 
tion to 
level nf 
station. 

I /  

- s.. 
- 6-2 
- 0'7 
- 0.4 

+ 0'1 
+ 0 '1  

+ 0'4 + 0 ' 2  

- I '0 

0 '0 

Rediic- 
tioii fur 
eccen- 
tricity. 

I /  

O '0 
O 'V 

0 '0 

0'0 . 
0 '0 

0 '0 
f o  'I 
+o '7 
+o '2 

i o  'I 

Reduced <. P. 

111111. 

... 

. . .  

... 

... 
74s 
704 
704 
704 
704 
704 

r 
(.Cent.! 

I O  '4 

9 .4 
IO .6 
5 '2 

29 '3 
29 -4 
27 .S 
1s .6 
39 '7 

IO '0 

Observations in 1Sj9 and ISQ iiiostly between 5 hours a.m. and 110011, aiicl between 2 hours and 3 
liours 45 miriutes p . ~ ;  in I S ~ I ,  between 11 hours 50 ininutes a.m. and I hour IO iniriutes y.m. 

May a i d  June, 1S92. Vertical Circle, No. III. F. Westdalil, observer; E. F. 
Dickins, chief of party. 

SIZOTCJ ilforrlrtnili II'W. 

0 I I I  I f  f I  Q I If IHllI . .  'J Log S. 
Mount Helena go 54 16.4 - 0 . 2  0.0 go 54 16.2 556 10.4 4'Sgg 27 

Ross Mountain 91 13 j9.1 0.0 0.0 gr 13 39.1 $7 13.3 5.007 34 
Mount Sanhedrin go 35 0g.S - 7.9 -0'3 90 35 01.6 556 1o.S 3-517 og 
Snow filountain East S9 11 20.3 +65 '4 ' -6'5 S9 42 19.1 ,555 9'0 3 '965 59 

Cold Spring 91 16 30's + 0'3 - O ' 1  91 16 30.s 5S6 12'3 4%5 sq 

Ohsercations between XI hours 45 minutes a.m. and I hour IO minutes p.m. 
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f l l t w r r f  ,%n/ idr ;n .  September and October, IS%>. Vertical Circle. No. 37. J. I?. Pratt, observer; .A. 
F. Rogers, chief of party. September. IS~I. Vertical Circ!e. No. -So. F. Westilahl, observer; E. 
F. Dickins. chief of part?;. 

Num- 
her oi 
days. 

14 
7 

?I  

12 

I 6  ' 
I j  
l b  , 

S 

7 
s 
5 

IO 

Cold Spring. 
Cold Spring, 
Cold Spring, mean 
King Peak, 
Paston. 
Two Rock, 
Cahto, 
i\lonnt Lassic, 
Great Casyar. 
Mount Helena, 
Snow iHountain West, 
Ross Mountain. , 

ISS0 
IS91 

I .ss0 
I sso 
I SS0 
I sso 
I ss0 
ISSO 

1S91 
1S91 

IS91 

ohserved 
rcnillr 

distance. 

0 I I' 

91 09 5 6 . 2  
91 09 50'7 

Rerloc Rediic- 
tioii tu>- timi fnr 
lerel 01 ecceii- 
station. tricity. 

If I I  

+ 2 '3 0 '0 
+ 2 .6 $0'4 

+ 0 '5 0 '0 

+16.g 0'0 

s16 .S  0.0 

+ 1 2 7  om 
0'0 0 '0  

+I45 '7 0.o 
+ 1'7 0'0 +- 5 6 $0'7 
$- I .S. 0 '0 

Reduced 5. P. 

111111. 

610 
603 

610 
610 
610 
610 
610 
610 
603 
603 
60; 

T 
(Cent. ) 

a 

17 ' 2  

Is '3 

I7 '3 

'3'9, 
14 '0 

14-1 

15 '7 
15 '7 
1s '1 

IS '2 
I7 '9 

Log s. 

4 SI9 Sa 
5 '0.53 73 
4 '664 44 
4 '539 63 
4.659 20 

4'995 27 
1 '757  12 

5 '009 24 
4 '517 09 
5 -050 02 

Observations in ISSO mostly between g hours a. ni. and I hoiir 20 minutes p. in.; in 1S91 between noon 
and I hour 5 minutes p. m. 

Trro Rot-k. November, 1579. Vertical Circle, No. 37. D. E. Wain\vright, observer; +. F. .Rogers, 
chief of party. 

I1 I1 0 I II llZl?/. ? .Lng s. 0 I I f  

Pastnn sg 40 49'4 +2g.s 0'0 s9 41 19.2 .. .... . 4'441 25 
Cold Spring go OS 32.1 +q.7 0'0 cja OB 56.5 . . . . . . . 4 $32 sg 

Cahto Sg 26 465 4-43.3 0.0 S9 27 30.1 . . . . .. . 4 -57s 05 

Great Caspar 91 13 24.3 f3S3.3 0'0 91 ry 47.6 . . . . ... 4.376 2s 
Mount Sanhedrin SS 23 34.4 +22*1 0'0 SS 23 5 6 5  . . . . . .. 4-539 63 

Observations between g hours IO minutes a. in. and 2 hours 30 minutes p. nl. 

Slt(llhir Pcrlk. September and October. Is59. Vertical Circle, No. 2s. G. Davidson, A. T. Mosman, 
observers; G. Davidson. chief of party. 

0 I I1 ' If I1 0 I I! 111.111. 0 Logs. 
Snnoma go 34 55.5 - 0'3 0'0 go 34 5 5 ' 2  . . . . . . . 4'735 45 
Ross Mountain 90 43 43'1 0'0 0'0 y 43 43'1 . .. . .. . 4'573 23 
Toniales Bay. go 59 23.5 - 0'6 0'0 go 59 22.9 . . . . . . . 4'Sig 06 
Walalla go 35 52'1 - 0-5 0'0 go 35 51'6  ... .... 4.760 50 
Sane1 Mountain go 11 15'7 +17.4 0.0 go I I  33'1 . . .  .... 4.5S.z 20 

Mount"elena,lanilsurvey 89 21 39 '9 -14 '5 0 '0 sg 21 25 *4 . . . . . . . 4 '327 
station 

Observations between's hours 25 minutes a. m. and 6 hours I niinute p. m. 

of party. 
Snml ~ V O I I I I ~ ~ Z ~ I I .  July aud August, 1S7S. Vertical Circle, No. 37. B. A. Colonna, observer and chief 

I1 I1 0 I / I  111111. 0 Log s. o I 19 

Ross Mountain . 9 35 43.0 - 2.1 0.0 35 40.9 . . . . .. . 4.69s 23 

Cold Spriug 90 39 40.7 -11.6 0.0 go 29 29.1 . _ .  .... 4.442 73 

Sulphur Peal: go 05 59.4 - 0 . 2  0.0 go 05 59.2 . . . . . . . 4 3 S 2  20 

Wahlla 30 50 40-4 +IO.J  o m  gg 50 5 0 3  ... .... 4.421 47 

Paston go 02 16.0 +26*4 0.0 90 02 42.4 ... . . . .  4 3 9  15 

Observations betweeii g hours 25 minutes a. m. and 5 hours 49 minutes p. m. 
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1 / ~ ? / 1 7 / / 1 7 .  August. Is7s. Vertical Circle. No. 37. E. A. Colonna. observer and chief of  party. 

5 

j 

6 

J 

rediic- Kediic- 
WIIIII-  ObSerre" tioii to tioii for  
her of Ol$jcct observed. c l ~ ~ ~ &  level ec'ceii- 

station. tricity. (Cent.) c l a p .  
P. T Log 5. 

Cold Spring Sg 34 40 '9 - 17 .S o '0 S5 j 4  -73 'I  . . . . . . . 4 '267 75 
Paston sg 31 49.6 Jr16.3 0'0 $9 32 05'9 . . .  .... 3'5.12 67 
Sane1 I\Iorintain sg 20 I0.S 4-16'7 0'0 .s5 29 27'5 . . .  . . . .  4'421 47 
Sulphur Peak 50 35 ' I  -- 0 ' 3  0 '0 $9 50 54 's . . . . . . . 4 '760 50 
Ross Mountain g o 1 1 j 3 . 5  - 2 . 2  0.0 c p 1 1 3 1 ' 3 , . : .  .... 1.70764 

IO 

9 
12 

I2 

1 2  

I 

Two Rock go 30 4o.S + 13.1 0.0 go 30 53.9 . . . . . . . 4.441 25 

Great Caspar 91 04 42'9 Srg6 .S  0.0 91 07 59.7 . . .  . . . _  4'622 93 
Cold Spring go 36 6.0 + 3 j . S  o u  g~ 36 39's . . . . . . . 4 '344 s.5 
Walalla go 43 26'5 f 1S.S 0.0 p 45 45.3 . . . . . ... 4'512 67 
Sane1 Rlountain go 06 5S.g + 23'0 0.0 g~ 07 21 '9 . . . . . .. 4 '349 15 

Fisher . . go 54 49'4 - 1 0 . 2  0'0 9-2 54 39.2 . .. . . .. 4 '397 3s 
Observations between noon ami 3 hours 32 minutes 11. III. 

CISX/  CIZ.C)~?I-. November, rS7S. Vertical Circle. No. 57. J. F. Pratt. cBhsrrver; B. A. Colonna. chief 
of party. 

5 
7 
9 

10 

5 
7 '  

0 / / I  I I  f /  0 I / I  111111. 0 

Cliemise Mountain Sg 57 29'3 -106.3 0.0 Sg 55 43.0 . . .  . . . .  4'S95 27 
Cahto SS 49 o2.S -169'7 0.0 SS 46 13.1 . . . . . . 4.- 55 
Moui~t Smliedriii SS 41 22'1 -1.15'1 0'0 S 3s 56'7 ... . . . .  4'757 J2 
Two Rock SS 56 10.9 -333.7 0.0 85 50 37.2 . . . . . . . 4.376 2s 
Paxton Sg 13 2s-g -1S2.1 0-0 SS IO 26% . . . . . . _  4'622 93 
Cold Spring Sg 27 06.5 -192'0 0-0 Sg 23 54.5 . . .  . . . _  -I '554 46 

Observations between noon and 3 hours 45 niiiiutes p. 111. 

Cnlrlo. Uctolwr and November, ISSO. Vertical Circle, No. 37. J. F. Pratt, observer: A. F. Rogers, 
chief of party. 

0 I / I  I f  I1 0 f I 1  111111. 0 

Mount Lassic 89 52 5 1 . 5  - 0 . S  0.0 Sg 52 50.7 . . .  . _ _ _  4S56 S3 

Mount Sanhedrin Sg 25 07 'I + 32.4 o '0 Sg 25 39 '5 . . . . . . . 4 '655 20 

Cold Spring yJ 37 23.5  + 22'2 0'0 cp 37 45'7 . . . . . . . 4 .$6S 74 

King Peak p I s O 5 ' 9  0'0 0'0 9 @ 1 8 0 5 ' 9  . .  . . .  4 'S44 92 

Two Rock cp 4s 5 9 ' 2  4- 23.9 0'0 90 49 '3.1 . . . . . . . 4.57s 05 

Great Caspar 91 2s 24'2 $205'7 0'0 91 3 I  49.9 . . .  .... 4 'W 55 
Observations between IO hours a. in. and 3 hours 10 miiwtcs p. in. 
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3. COINPUTATION @F 'COEFFICIENT 0 1 7  REFRACTION. 

In deducing the coefficient of refraction 112, we must, as usual, make the assumption 
of equality of angle of refraction at  the upper arid lower stations, treat the observations 
of zenith distances as " simultaneous reciprocal." though made in different years and 
different months, and take .ill. as referring to the hours of the clay when the refractioii is 
near its minimum. The coeficient of refraction was computed by the formula- 

sin I" 
112 = 0.5 - p - (C, + C,, - IQOO j 2s 

?2,1bxr 3 + )1,, - and its relative weight by $ = z, where p, the radius of curvature, was taken 

from the table. presented on a preceding page. 111 the following tables the resulting w's  
are arranged in tivo groups ((7 ) of stations close to the coast and ( b ' )  of stations farther 
inland.* The values derived from special observations at Ross Mountain and Bodega 
Head in 1S60 and at Mount DiaMo mid Martinez East in ISSO are included. 

Stations. 

Ross Moantaiii tu T~JII~&S Bay * 
Rnss A'Iouiitain to Soiionia Moun- 

tain* 
Cahto to Great Caspar 
Great Caspar to Cold Spring 
Cold Spring to Walalla 

Walalla to Ross Mouiitaiti 
Ross Mountaiii to Mount Tamalpais 
Cahto to Two Rock 
Great Caspar to Two Rock 

. Two Rock to Cold Spriiig 

1H. p .  
'110 0.19 

Statioiis. 

Tw3 Rock to Pastori 
Cold Spring to Paston 
Pastoii to Sand Mountain 
Cold Spring to Saiiel Mountain 
Walalla to Sand Mountain 
Suiel Mountain to Ross BIouiitain 
Ross I'Iountain to Bodega Head 
Walalla to Pastori 
Pastoii to Great Caspar 

P. 
0 '29 

a . 1 7  'J- 

'I2 

-20 

.o6 
'55 

'29 

'5 7 

'I j 

Weiglitecl nieaiifroni 19 values *OSj  4 



Stations. 

Mount Diablo to Yolo Base SE. 
Vaca to Yolo Base SE. 
i\Innticello to Polo Rase SE. 
IVIouiit Diablo to Yolo Base NW. 
Vaca to Yolo Base NW. 
&tanticello to Yolo Base NIV. 
Moiiticello to Vaca 
Moiuit Dialdo to IVIonticello 
Mount DiablO to Vaca 
Moilticello to Mount Tatiialpais 
31ount Tanialpais to Vaca 
Moiuit Diablo to Mouut Tanialpais 
Mc~cho to Mount Diablo 
Moclio to Mount Tanialyais 
Mount Helena to Monticello 
fiIouiit Helena to Yaca 
Mount Heleria to Mount Diahlo 
R1ouiit Heleila to Cold Spring 
Calito to Moiuit Sanlierlrin 

111. p .  Stations. 

Two Rock to Mount Sanhedrin 'os4 o '51 
Great Caspar to Mount Sanhedrin 'ojq I .SJ 
Mount Sanhedrin to Cold Spring '972 3 '33 

Mount Sanhedrin to Snow Mtn. West '062 o '43 

Ross Mountaiii to Snow B'tn. West .066 J '03 
Mount Helena to Mount Sanliedrin '067 3 '65 
Ross RIountaiii to Mount Sanhedrin '06s 4 '30 

Mount Helena to Snow Mtn. West .a64 2 -4s 
S a i d  Mountain to Sulphur Peak '074 o '29 ' 

Sulphnr Peak to Ross Mountain USI o 'jS 
SdiJhur Peak to \valalla ' c q i  0.66 
Ross Mountain to Mount Helena '074 I '57 
Mount Heleoa to Mount Tamalpais '077 j '65 

Mount Diablo to Ross Mouiitsin 'a56 7 -66 

Weighted mean from 56 values '075 1 

Paston to Mount Saiiheclrin "379 2 '50 

Snow Mtn. West to Cold Spring '072 I *g1 

Nount Diahlo t3  Dlertiiiez East 'OS8 0 .qr 

- 

Theu? results are in accordaiice with the known influence of a coast climate 011 the 
atriiospheric refraction, which is to increase it. For the 19 lines close to the coast-say 
within m or 30 kilometres of it--we find the d u e  ~ J Z  = o'oS5 4, whereas farther inlancl- 
say within Go or go kilometres-it has cliniiiiished to  0.075 I .  

4. COMPUTATION AND ADJUSTMENT OF DIFFERENCES OF HEIGHT. 

The iiiethod of treatment will be the same as that adopted in cletenniiiing the 
heights in eastern Colorado, escept that in this acljustrnent only those differences of 
height: derived froiii JTL-Z$J-OLX? zenith dist&ices will be ased. 

h, of two stations at which the reciprocal zenith 
distalices C,, C, were observecl is given by the usual forniiila- 

' The difference of the heights 

where s is the 1iorizOnt.al distance at sea level and p the radius of curvature in the plane 
(", ?ZL1 ) 1OIn 

o z r +  ?Z,,)S?' 
of the nieasure. The relative weight' is taken eqcial to where )zr 1zz1 

*represent the iiumher of clays of observation at the two stations, respectively. 
In the present case there are 2 1  stations, tor 6 of which the heights are fised by 

spirit leveling, leaving 15 heights to be determined. For this purpose we have 5 1  

differences of height from zenith distances, but of these f fall out. being already known 
froiii spirit leveling. Consequently the n~iniber of ohservatioii equations is @, adopting 
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indirect observations" in contradistinction to that of coiiditional 
The following values for heights of stations were assumed: 

Vaca 
&Ionticello 
Mount Tanlalpais 
Ifocho 
Mount Helena 
Sulphur Peak . 
Sanel Mountain 
Walalla 

Cold Spring 
Paston 
Snow l\lountain West 
Mount Sanhedrin 
Great Caspar 
Two Rock 
Cahto 

The heights of the six fundamental stations are: 
111. 

Sonoma nfountain 69s 3 6  
Tomales Bay 205 -13 
Ross Mouutain 672 '23 

nfount Diablo 
Yolo Base SE. 
Yolo Rase NU' . 

Difference of Dis- Difference of, Di?;- 
Stations. height- crep-. stations. height- crep- 

Observed Adjusted a'1cy Observed Adjusted ancy 

111. 111. 

I 146'53 *I 151 '44 MOLint Dialdo to To10 Base SP. 
Vaca to Solo Ease SE. 703.~6 . 7 6 . 9  
b1onticello to Yolo Base SE. 910 '32 qIQ '73 
Mount Dialdo to Yo10 Base NW. I 119'93 *I 126'44 

\.am to 1'010 Base NW. &Sz'S7 6S3.09 
Monticello to Yolo Base NW. SE5'69 SS5'73 
hlonticello to Vaca 202.4 W2%j  

Monnt Diahlo to Monticello 2jf5.d yo.71 
Mount Dialilo to Vaca 445'yo 443'35 
Moilticello to pfoiirit Tanialpais . 142 '7~  14r.Q 
Mount Tanialpais to Vaca 59 'Sl 60 ?bs 
Mount Diahlo to Mount Tanialpais SSi.46 3S2.50 
nrocho to Mount Diahlu 74'75 ij'% 

nlocho to Mount Tarna lp i s  449% 455.= 
nrount Helenn to Ivlonticrlln 3.9'63 3h3'70 
M m n t  Helena to Vaca ' W . 8 7  592'33 
Mount Helena to Mount Diahlo 147'6S qS.9S 
Mount Helena to Mount Tarnal- 529'70 531 '35 

M o u n t  Diablo to ROIS Mountain 491 '39 %m.Si 
Wount Tatnalpais to Ross Mouri- iz i 'cS IIS'SI 

Mount Helena to Ross  Mountain w.53 k9.b 
Sno\v Mountain West to Mount S?r'3: S23'5S 

Snow Mountain West to Ross I 473 .9  I 473.43 

Mount Helena to Cold Spring 492'Sz 4SS.12 
Snow Mountain West to Cold I 315.6 I 311fq 

Snow Moutitaiii West to Mount 26,'Iji $1 

pais 

tain 

Helena 

Mountain 

. .  Spring 

Sanhedriii 

Ill. 

Mount Sanhedrin to Monnt 557.52 

M o u n t  Sanhednnto Ross Moun- I 205 '42 

Mount Sanhedrin to Cold Spring I 051 '37 

3 '51 
Mount Sanhedrin to'Two Rock I 046'Si 
Sulphur Peak to Ross n1ountain $3 'g j  
Sane1 nfountain to Ross n m t l -  352.66 

Sulphor Peak toSarlel Moiintairi 30'93 
Walalla to Ross Mountain . 2 '91 
Snlphur Peak to Walalla Si9 '46 
Sanel Mountain to Walalla 347 '02 

Sonel Mount:lin to Cold Spring rS7 ' r j  

Helena 

tain 

Two Rock to Cold Spriug 

tain 

Cold Spring to Walalla 160 '89 
Paxton to Sane1 Mountain 15.14 
Paston to Walalla 363 '67 
Paxton to Cold Spring 205 '58 
Mount Sanhrdriu to Paxton 8.15'12 
Cold Spring to Great Caspar 51367 

J l l ,  

5 ' ? 2  

5 ' O i  

0 ' 72  

0 . 9  

0 '16 

I '61 
2 'S7 

I '60 
I '61 
I .56 
I '47 
0 'S9 

0 '45 
0.01 

o '05 

0 '55 
0 ' 2 0  

0 '57 
Paston to Great Caspar . 717'70 716'29 . 1'41 

hloant Sanhedrin to Great Cas- I 563'Sa 1 $5'76 0'06 

Paston to Two Rock 
Two Rock t n  Great Caspar 516'15 516.73 0'5s 
Mount S:mhedrin to Cahto 593% .W.j6 0'60 

par 
lg)'21 199.56 "'35 

Cahto to Great Caspar &.J7 * 'j0 a %7 
Calito to Two Kock 450.57 452'57. 1.10 

*Values resulting from spirit leveling. 
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Obscr-mt ion tyiidioits mid fhcii- cc)t-i.hfs. 

2 394 ' 2  

3 0 5 9 0  
2 594 '3 
4 0g1.0 

4 337 '5 
3 459% 
3 353 'I 

2 209'7 

o=+o '2S+SL ' 

o=+o .02+xz 

o=+o .47+.rr 
o=-0 '35f.1; 
o=-0 -24+.l*C-:l-~ 
o= - j -52 +T, 
o=+2 .so+.r, 

o=+o .1g+;r3-.rz 
0=+4 '36+s3 
o=-0 'S5+-rlr4 
0=+7 '31+x4--n; 
o=+o '37+x5-:1; 
o=+r '13+x5-~rr 
o=+r '22+.V5 

0=+2 *30+.1-~-.t-~ 

O=-0 .70-.1**-.1-3 

Cold Spring SA3 '97 *o '95 . 
Paston I 037.15 0'9 
Sliow Mountain West 2 145.66 I .14 
Mount Sanhedrin I SS4.62 0.99 
Great Caspar j2oS6 I '09 
Two Rock 537'59 1.05 
Calito . .I .go .16 C I  .z4 

49. 3 
"9 '0 

32 '9 
50 '7 
3' ' 5  
4 6 

13 -G 
4 '@ 

s ' 2  

14 * I  

21 '3 
3 X I  

25 0 1  

I4 '9 
4. '4 

. 7 ' 5  

6 '3 
34.6 
6 '2 

3 0s 
4.6 
5 '5 

37 '0 
3 -4 
2 *6 

17 '5 
22 '0 

35 '7 
19 '5 
s '9 

13 '7 
7 '7 

0=+2 '54+X 6 - x  E 
o=-I .gS+m 7-.l. * 
o=+o -s3+.2- ,--a- 

o=+o 'I 1+.r 9- .7-* 

o=-0 .14+a-,o- .r7 
o=+o *33+x,*-.r 
o=-0 '3S+.l-l*-.r I, 

o=-I .12+.l-1z--r,* 

o=-o '67+1: ?-.I-,~ 

o=-I '70+;i;,--.1;3 

o=-0 .Q2+x.rz-1-,3 

o=+o *79+.l-r0--rr4 

o= +o '14+s,=--1',5 
o= -0 *. Jf.+ll',5--2.,3 

o= -0 '15 +xr4 -.I;~ 

o=+? '13+:1-,~-;r,~ 

6 '0 
I 2  '0 

35 '2 

s3 '9 
4s 'I 

19 '7 
131 *s 
55 '0 
IS '9 
IS '2 
14 '5 
49 ' 2  

66 's 
27 '7 

IC1 '5 
20 '0 

The formation aud solution of the iioriiial equations gave the following results: 

Vaca 
Monticello 
Mount Tamalpais 
Xocho 
illomit Helena 
Sulphur Peak 
Sane1 Mountain 
Walalla 

The probable error of ai1 observation of unit weight equals- 

Frct. 
2 736.1 
j 402.7 
7 039.5 
6 1S5-1 
I 052.7 
3 j 4 S ' O  

.I 232's 

and the probable error of a resulting height = 5% ~Jjreciprocal of weight coeficieiit:). 
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D. HOURI~Y OBSERVATIONS OF ZENITH DISTANCES FOR ATMOS- 
PHERIC REFRACTION OVER THE 1,INB JACKSON BUTTE. AMADOR 
COUNTY, AND ROUND TOP, ALPINE COUNTU, CALIFORNIA, WITH 
CORRESPONDING METEOROLOGICAL' OBSERVATIONS. BY G. 
DAVIDSON, ASSISTANT, I N  SEPTEMBER AND @CTOB,ER, rS79. 

[Reported hy C. A. SCHCYIYP. Assistant, June, rSS4.1 

' I. INTRODUCTURT REMARKS. 

Iii connection with similar observations on tlie Pacific coast undertalietl hj7 the 
same observer three years before, it appearecl clesirable. for the study of the changes in 
refraction under cliff erent cliiiiatic conditions, to extend these researches ISy new ohser- 
wtioiis to a locality in or near the Sail Joaquin Valley. Jacksxi Btitte Station is oii 
one of the footliills on the western slope of the Sierra Nevada. ahout 714 metres ( 3  342 
feet,) above sea level, while Ro~iiid Top is one of the primary stations on the crest of 
tlie Sierra at an elevation of about j 173 metres ( r b  410 feet:). The western flank of 
the Sierra is sparsely timbered, and patches of snow are found near the top. The 
two stations are distant about 72.4 kilonirtres ( .+5 statute miles). At Jack.wti Butte 
the observations were ma.ck by J. F. Pratt, sub-Assistant; at Round Top by G. Davidson 
and J. J. Gilbert. Assistants. The clistaiice and geographic position of the butte became 
lino~vn from horizontal angles nieasurecl there and at Ro~iiid Top, whence w e  derive the 
.followiiig results: :i: 

Ro~iiicl T?p, 
Jackson Butte, latitude, 3s" 30' I 7'"62; longitucle. 1-10~ 43' 14'"73. 
Distalice s = 72 j 72.6 metres and log s = 4'S59 574. 
Azimuth. Jackson Butte to Ro~iiid Top, 240' 03' 19"; reverse azimuth. boo '7' I;". 

latitude. 38" 39' .+f-otj: loiigitucle, 12oO 00' CJ~'.?+ , 

3 .  OBSERVATIONS A'r ROUND TOP. 

The hourly observations macle here were iiiteiided to be simultaneous with those at 
Jacksoii Butte, iln~~.t7f/lci- j c i w i f f i i i g .  They conimeuce with Septeiiiher S and teriiiiliate 
with October 5 ,  comprising' fourteen da~7s oii which observations were macle. A hiatus 
esists I:1etn7eeii September I S  and October 2.  The angulai- measures mere takeii with 
Ganilxy vertical circle No. So (of as-cmtiinetre, or Io-inch, diameter), which reads by 
four verniers to 3" each; one division of the level equals 3'"56. Each set of hourly 
observations consists'of three. repetitions of the cloul~le' zenith distance, inclusive of four 
sets of level readings, one-half with circle " right " aid one-half with circle " left." 
Two such iiieasures were takei?. one a few minutes before, the other a. few iiiinutes 
after, the full jlocal) how. The axis of the vertical circle was I - ~ Z  metres above the 
bolt. or station, niark and 4.05 metres ( 13.3 feet:) farther removed from Jackson Butte 
than this station mark. At Ro~iiid Top the heliotrope stood directly in line. but ~ ' S g 6  
metres in front of the station aiicl 0'317 metre above top of bolt; the lantern when used 
stood off the line 10'69s metres from center of station and subtending an angle of 

. 

*The figures hare no1 been changed from those gireii in ISS& aiiy siiivll differences, from later measures or 
adjustments being here of iio w,iiseqiiciice. 
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39" 07'. 
metres; the lantern was 4.020 metres I)elom the station mark. 
distances required the correction -o"'Sj.  

The corresponding shortening of the line between the stations equals 9'346 
The observed zenith 

3. OBSERVATIONS AT JACKSON BUTTE. 

The corresponcfing measiires of zenith distances at this stat.ioii were similar to 
those at the opposite station. The Gambey aiid Fautfi vertical circle No. 111 was 
used. It reads to 5" by each of four veri>iers, and one division of level equals ~'"oj. 
Aperture of telescope, 65 niillinietres. The asis  of the vertical circle was 1-62 metres 
'above the station, or top of copper bolt, and the instrument was mounted directly over 
it,  The heliotrope ancl lantern were  metre above the station mark, or bolt, the 
former in line, but 4.936 metres nearer to Round Top, the latter out of line and 4'150 
nietres nearer to Round Top. The corrections to the observd zenith distances were, 
in the case of the heliotrope- 

and in the case ot the laiiteni- 

16"'1 - --- - 1'62 - 4-02 
(72 572% - 9.3)  sin I" 

Some observations of zenith distaiices of station Pine Hill iieecled a correction for 
I '62 metres elevation at Jacksoti Butte and for I ' j S  metres elevation above station 
mark, or surface rock of the heliotrope: a t  Pine Hill. Total correction - ~ ' " o j .  the 
distance being 4s 224 inetres very nearly. 

Communication b'etiveen the observers was kept tip by means of precoiicertecl 
heliotrope and lamp signals. Between 6 a.  ni. ancl 6 p. m. the observations were iiiade 
011 heliotropes. Reductions aiid corrections to the meteorological instruments are 
referred to further on. 



Hour. 

I a. m. 

3 
4 

5 

6 
7 
8' 
9 

2 

1 0  

I1 

Noon 
I p. in. 
* 

3 
4 

5 
6 
7 
S 
9 
IO 

I 1  

Midnight 

Hour. 

I a. UI. 

2 

3 
4 
5 
6 
7 .  
S 
9 

sept. 9. 
r /  

I .  

, 30'9 
30 -6 
49 '3 
61 '2 
6 s  '3 
6s '4 
65 '0 
69 'I: 
69 5 
70 '3 
6s '5 
66 '0 

' 44 '3 
39 '@ 

2; '9 

Stntiolzs. 

5 = 92' 13' f 
sept. KO. sept. 11. 

I /  I /  

35: -6 
41 ' 2  

46 .s 
36.6 17 '7 
30 .s 53 '0 

4 5  '0 55 -0 
57 Y 62 *I 

62'0 . 60'7 
6 j  '0 65 '5 
67 'I 73 '7 
6s -6 53 -4 
70.2 ' 72 *o 

69 *2 73 '3 
66 4 73 'S 
60 '7 73 -.s 
53 '5 7 1  '3 
21 '9 
06 -4 

IO .s 
11 '1 
24 '1 

11 '0 

sept. 12. 
/ I  

Q '2 
62 '7 
63 ti 
44 '5 
65 '5 
66 .6 

75 '0 
51 -4 
70 '1 
72 ' 2  

73 '2 
i 3  '9 
71 -0 

Sept; 13. Sept. 14. 
/ I  ,I 

Rcsidtiiikr ztwitll dis tnms of Jacksois B?cttc, &.--Coiitinued. 

<= g 3 O  13' + (Continued. ) 

Sept. 15. Sept. 16. Sept. 17. Oct. 2. Oct. j. Oct. 4. Oct. 5. 

I /  If ,'I I /  / I  / I  I /  

55 '3 
51  '2 

48 '6 
63 '5 

63 '0 
61 '2 
64 -2  

66 ' 2  

64 '0 37 '5 
65 -6 31 -I 
66.5 . 4S.o 

69 '1 54 '9 

49 '5 
52 '5 
59 ' 2  

56 '3 
52 .s. 
60 '3 

59 '7 
63 '0 
62 -5 



Hour. 

IO a. m. 
I1 

Noon 
I p. ni. 

3 
4 
5 
6 
7 
s 
9 

2 

IO 

I1 

Midnight 

TRANSCONTINEXTAL TRIANGULATION-PART 11-HEIGHTS. ZsJ 

RrsrcMin.. zmiflr iiisl~~~rces ojJ(ii-kson Btrlfc, cf i .  --Cornpletecl. 

C = gz0 13) + (,Completed. 1 
Sept. 15. Sept. 16. Sept. 17. Oct. 2. Oct. 3. . Oct. 4. Oct. j. 

65 'I 67.6 65 ' 2  64.6 6s .S 71 '3 55 9 
[67 'SI 67 '9 67 .S 67 *o 69 -4 69 *-I 61 .s 

I f  I /  ,I / I  / I  I /  I' 

70 '2 7s '0 70 *I 69 '7 70 '2 69 '9 63 .S 

l70 'I1 70.6 6s .6 71 -2  70 7 70 '7 65 '0 
C71 'I1 73 '5 79'5 . 70'6 70 -4 72 '3 ' 64.9 
c72 '13 76 .6 77 '7 71 .S 69.6 c 74 '01 6; '3 
[?I .SI 77 % 7s '3 71 .S 70 -s 74 ' 5  6; 
[ 6s '21 75 ' 2  73 '2 67 '3 70.6 62.4 . C59'61 
C61-71 . 74 '2 73 6 60 '7 C64-11 C55'91 C53.11 

63 '3 40 '4 
5s '0 36 '3 
5s '7 24 '0 

r4s '93 37'4 , 

53 '0 37 '0 

51 '7 45 '2 

The 'results from observations at  7 and S p. m. on September 9, and at I ,  2, and 5 
a. ni., on September I I ,  are not used, as there were no corresponding observations at  
Jackson Butte. 
below. 

The values in brackets were obtained by interpolation, as esplained . 

0 5. DIURNAL VARIATION OF T H E  ZENITH DISTANCE. 

The niethod acloptecl to obtain a homogeneous series of hourly means is as follows: 
For the hours at which observations were niade on each of the 14 days the mean values 
are taken directly. . For the other hours from 6 a. m. to 6 p. m., the. inissing values are 
obtained by comparing the observations at those hours 01; the other days with the nest 
hour. For esample, to interpolate a value for 2 p. ni., September'15, the average 
change between that hoqr and noon for tlie 13 other days is appliedto the talmlar value 
for noon, September 15. The value for I I p. in., October 2, is also obtained in this way. 
In order to reduce the hourly nieaiis for I ,  2. 3, 4, arid 5 a. in., October 3 and 5.  to tlie 
same systein as for the hours from 6 a. m. to 6 p. in., the difference between the iiiesii 
of these 1 3  hours for the whole 14 clays, and for October 3 and 5* only is applied to each 
of the 5 hourly means. The hourly means for the hours from 7 p. m. to niidnight are 
coy-ected in the same nianner and the desired homogeneous series is completed, as shown 
in the following table: 
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Hour. 

6 

7 
S 

9 
IO 

11 

N < ~ O I l  

s 
9. 

I O  

I 1  

3Iirlnight 

Sept.S. 
!I 

43 '3 
45 '5 
45 .s 
57 '0 

[6S '41 
[SI '51 
s; .I 

ss '5 
s3 '9 
sj '2 

' S I ' O  

77 '3 
6s '4 
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, Rcsu N i q  m i  i fh  disttm-cs qf Roir )id To]-Coni plet ed . 
i = So rg' + (Completed.) 

Hour. 

I a. 111. 

. 2  

3 
4 
5 
6 
7 
S 

3 
I3 

11 

Noon 
I p. 111. 

3 
4 
5 
6 

7 
s 
9 

2 

IO 

I1 

Mirliiiglit 

Seyt. 17. 
I /  

66 'I 

69 '7 
13 5 
so '7 
87 *.J 

93 '0 
94 '3 
94 '0 
93 -s 
9 'I 
93 '7 
s2 '3 

Sg 6 

c- . 

The interpolated values (.in brackets ) and hourly iiieaiis are obtainecl in  the niaiiiier 
already explained for the observatioi~s at  Rouiicl Top. 

8. RESULTING HOURLY MEANS OF ZENITH GISTANCES OF ROUND TOP AS OESERSED 

Hour. Seconils 
of c. , 

4;- 
111ea11. 

I! 

-20 .1  

- 24 '9 
-17.5 

-1sy 
- 1  I .8 
-13 '0. 
- S'3 

- 1 r . r  

Hour* Srco11ds 
Gf %. 

f r  

5 p. 111. SI '7 I1 

6 74.9 S 

7 5s-5 3 
8 53'9 3 
9 46.6 3 

I O  53'9 3 
11 p.m. 46.9 2 

&lid- 52 '0 P 
night 

r -  
mean. 

I /  

+19'1 
-1-12 'j 

.- S'7 

- ' S'7 

-- 4.1 

-16'0 

-15'7 
-10.6 
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The number of days of observation is given in the coluinm headed 72. The'quan- 
tities (,< - mean j give the observed diurnal variation in zenith distance, as sl1own 
graphically in diagram (2:) farther 011. 

Coiiipariiig diagrams, (, I 1 and (2:) we note the facts: 
(:a j The diurnal variation in the zenith distance is greater at the lower station than 

at  the upper station. the range at the former being nearly 51" and at the latter uearly jS". 
(,b) The masimum zenith distance is readied between -1 and j p. m., and the mini- 

111~111 sometime between 9 p. m. and 2 a. m. 
(c,) The zenith clistai!cc varies hut slightly between 11 a. 111. and 45'; p. 111. The 

irregiilarity in the curves during the night hours is clue siiiiply to the siiiall number of 
observations. 

?l f h '  s' 
and Ah=h'--R=s tan :.2; !s"'- Cj [I -t ?+-i] 

12 P 

For 4 = 3S030' and (Y = 60°15', log p =6'S04 F22 and + = 2 j39'"S. Using the 
approsimate values h = 71411~ and Ir' = 3 174m we get log. quantity in [ 3 = o * m  137. 

The resulting hourly values for A h  and are given in the following table : 

Hour. 

I a. m. 
2 

5 
4 
5 
6 
7 
S 

9 
IO 

I1 

Noon 
I p. m. 
- 

A h .  

111. 

2 466'11 
6 'Sg 
631 
4 '$3 
5 '97 
4 'S5 
5 '55' 
5 '13 
1 '53 
2 .95 
I $3 
7- a q  
I '65 

2 461 .76 

niff erence 
from mean. 

111. 

+2 '60 
+j '3s 
+7- *60 
+I '?7 
$2.46 
+I 34 
4-2 .04 
+I '62 
+I ' 02  

-0 '56 
-I '6s 
--I '47 
--I .S6 
--I '75 

111. 

0.070 o 
.071 I 

mfJs g 
'd7 s 
-069 7 
.06S o 
-06s .I 
~ 6 6  2 

'062 7 
'059 s 
'057 4 
'0.56 q 
'056 o 

'0.555 7 

Hour. 

3 
4 
5 
6 
7 
S 
9 

IO 

I1 

Miclnight 

Mean 

A h .  

,112. 

2 46.2 'IO 
2 '32 

2 '39 
2 '46 

2 '39 
I .76 
2 '60 
I '76 

2 '95 
2 463'27 

Difference 
from mean. 

111. 

- 1.41 
-- I '19 
- 1'12 
- I '05 

1 'I2 - 
- 1'75 
- 0'91 
- "75 
- 0.56 
- 0.24 

111. 

'055 7 
'056 I 
'057 7 
-060 6 
'067 7 
-070 5 
'072 5 
'070 5 
-071 9 
069 4 

+ I y '33 
1- I8 .42 

z 4h3 '51 0.064 6 
k0 -2s 

The values of A h  are plotted on diagram (,3) and'show the computed difference of 
height between IO a. ni. and near midnight to he ,smaller than the mean; but the 
results for those hours appear remarkably consistent. 

The values for coefficient of refraction are plotted on diagram (4:) and indicate a 
well-marked diurnal variation, most regular where the observatious were sufficiently 
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nnmerous. 
observing vertical angles would appear td be between I i 
minimum occurs between 2 and 3 p. in.. the masirnuin apparently at y p. 111. 

The value of 111 is least variable ilea? its minimum, aiicl the best tiiiie for 
The a. m. and 4>< p. in. 

9. METEOROLOGICAL RECORD I N  CONNECTION. WITH 0BSEKVATK)NS O F  ZENITH 
DISTANCES. ' 

At Rouiid Top barometer Greeii No: m 1 7  was used ; iiides correction + 0.063 
inch. The cistern of the barometer was 0'37 metre above the copper bolt ; hence cor- 
rect'ion + 0.001 inch and total correction = + 0.064 inch. There appears to be no 
corrections for the thernionieters. 

. At Jackson Butte two barometers were used: J. Green, No. 1357. in September? 
a id  J. Green, No. 1353, in October. Index correction to No. 1357, from j clays' 
coinparisom with tlir Signal Service stauclard (Adie I 601 1 at the Merchants' Eschange, 
Sail Francisco, = + 0'050 inch, and correction to attached theriiionieter = - I @ * O  : 
incles correction to No. 1353 from IO days' comparisons at Sail Francisco = + o'aS7 
iiich, aiid correction to attached tlieriiionieter = - 1'6 The height of the cisterns of 
the barometers above tlie station marl; (copper bolt j was I iiietre ; corresponding cor- 
rection = + 0'003 inch. The thermometers required no correction. The records 
contain no inforimtion respecting the shelter of the instruments at the stations.. 

Hour. 

I a. ni. 
2 

3 
4 
5 
6 
7 
S 

9 
IO 

1 1  

Noon 
I p. m. 
i 
> 

4 
5 
6 
7 
s 
9 
IO 
I 1  

Midnight 

Sept. 9. 

.5ss 

.5s5 
'594 
'597 
'569 

. '565 
'562 
361 
'55s 
'5-13 
p 3  
.516 
'503 

'503 

Sept. IO. 

'572 
5% 
'595 
'620 
'63 7 
.640 
'650 
'655 
'653 
'670 
'67s 
657 
'6W 
'699 
'709' 
'7r5 
'713 

..7iS 
'71? 

Sept. 11. 

'733 
'7.9 
'727 
'72s 
' i42 
'769 

. '774 
'770 
'775 
'8@ I 

'SO4 
'SI9 
S i 6  
$16 

%IS 
.S22 

$04 

.SI9 



zss 

Hour. 

I a. 111. 

- 
-, 
4 
5 
6 

7 
S 

5 
IO 

XI 

Noon 
I p. Ill. 

,Y 

3 
4 
5 
6 

7 
?j: 

9 
I I J  

I1 

Midnight 

UNITED STATES COAST AND GEODETIC SURVEk'. 

Scpt. 17. Oct. P. 

The meteorological ixistruments mere read oii an average about two niinutes before 
the full hour. The iiiterpolatecl valnes ( in brackets ) and the hourly ineans were 
obtained in the iiiaiiiier esplained iii coiinectim with the zenith distances at Round 
Top. The values fron I to 5 a. in.. Septeinbrr I I ,  and 6 p. in., Septeniher 9, mere iiot 
iised, there beiiig 110 corresyoiicling observations at Jackson Butte. 

Hour 

6 a. iu. 

7 
S 

9 

11. 

Nu011 

IO 

I p. In. 

[hqercurial colu1111i reduced tooq C. oiidrufcrred to atatioii mark. Iiidcs correctioir applied.1 
37 inches + tnbiilnr quantity. 

Sqit. S. Sept. 9. Sept. IO. Sept. 11. Sept. 12. Srpt. 13. Sept. 14. 

'547 
'546 
'545 
'555 

'546 
'539 
'536 

'547 

'535 
'530 
'535 
'543 
'560 
'579 
'563 
'551 
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Hour. 
2 a. 111. 

3 
4 
5 
6 
7 
S 
9 
IO 

I 1  

1\Zidiiiglit 

Hour 

I a.m. 
2 

3 .  
4 '  
5 
6 

7 
s 
9 
lo 
I 1  

Noon 
I p.m. 
2 

5 
4 
5 
6 
7 
S 
9 

[ I  

I 1  

Midi] iglit 

[Mercurial colutiiii reduced to 00 C. aiid referred to station inark. Iiider correctinii alq>lied.] 
27 iiiches + tabnlar qiiaiitity. 

Sept. S. Sept. 9. Srpt. IO. Sept. 11. Srpt. 11. Sept. I;. 
'595 '53 I '551 '679 65s .6Y7 
'591 '516 'jjI. '672 '677 '67Y , 
'5S9 '50s '549 -66s %63 %6j 
'579 '504 '551 -668 '660 '667 

'557 '505 '56@ '677 '660 672 
'570 

. .  .5S6 
*586 
'593 . .  
'55 j 

[ '5S2] 
.-lfrrrosbhcrzc /Ircssnrc 17f j i ~ h s o j r  €utit., r.',? --C~inpktd. 

l3Iemiirinl cnluinii reduced t o 8  C. and referred.to station mark. I ~ i d e s  cdrrectioii applied] 
27 inches + tabular quantity. 

Sept. 16. Sept. 17. Oct. 2. Oct. j. 

'677 
'673 
'672' 
'6i5 , 

"673 
'654 
6 S g  
656 
,696 
655 
'6S4 

'655 
'650 
'635 

630  

657 

'6;T 

c '6331 

Oct. 4. 

'595 
'596 
'599 
'595 
-59s 

'591 
.53 I 

'504 . 
.go1 

'497 
'495 
.-I91 
'499 
'504 
'j16 
'506 

'496 
'475 
'530 

Meteorological iiistruments read abont ten minutes before the full hour. The 
iiiterpolatecl values (in brackets) and the liourly means were obtained in the niamer 
esplained for the zenith distances at  Ronnil Top. 

IS732-No. 4-19 



.go 

Hour. 

I 3. Ill. 

,I 

1 

4 
5 
6 

7 
Y 

9 
1 0  

J I  

Nnm 

I p. 111. 

- 

4 
5 
6 

7 
S 

? 
ICJ 

I I  . 
i\.li~liiight 

Hour. 

I a. 111. 

2 '  

4 

5 
6 .  

7 
8 

5 
1 0  

I J  

Noon 
I p. 111. 

CJNITED STATES COAST AND GEODETIC. SURVEY. 

- ~ ~ l H O S ~ h * J - i i .  /c'llf/%>J77ftlJ2' ilt f?Olf Jld TOP,  1879. 

[Dry Inilb theriiioiiirter with Fahrenheit scale.] 

Sept. 12. 
0 

47 6 
4? '5 
SI '4 

55 ' 1  

57 '3 
59 .s 
60 '4 
b I  '3 
60 -6 

59 '9 
60 ' 5  
53 '7 

53 .s 

Sept. 13. 

0 

47 '7 
49 '7 . 50,s 
52 .s 
54 .6 
54 .s 
56 .6 
57 .6 
5s '0 
j s  .6 

57 '9 
56.6 
f;j '2 

Sept. 16. 

0 

45 '9 
53 '4 
55 '3 
55 .s 
57 '7 
60 ' 2  

.6; '3 
62 -6 
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Hour. 

2 

3 
' 4  . 

5 
6 
7 
S 

9 
1 0  

. T I  

Miiliiight 

Sept. 15. Sept. 16. 

[61.1] 5S.7 
[60 '91 57.6 
[6o.h] 59'7 
[s$.;] 54s 
Cs4.61 52'4 

a 0 

Hourly 
131211111. 

D 

54 '53 
54 '34 
j4 '00 
5 7 ' 1 1  

4s '04 
4- 3 " 5  3'- 

44 ' 0 1  

43 '9' 
4.3 7 4  
43'71 
43 '34 

The interpolatecl values (:in lirackets) nrid'the hourly me9ps \vert; obtained in the 
inan,~ier esplninecl for the zeiiitli distances a t  Kixirld Top. The values €or I to j a.  111. 

~ e p t e m ~ x r  11, aiic~ 7 am1 s p. in. ~eptemher 9, are i!ot usecl as there were 110 corre- 
sponding olxervations nt J:tcksoii Butte. 

.4f:rit~.vjhcrit~ f t ~ r i t j t ~ i i ~ f t ~  I F  ( i f  , / ~ r ~ - k s ~ w  .Errlfc. rS;o, 

IInar. 

6a. 1 1 1 .  

7 
S 
9 

1 CJ 

I I  

NCJOll 

1 p. 111. 

1 

5 
4 
5 
6 
7 
S 

9 
IO 

I 1  

Midnight 

Sept. 'I. S q t .  10. Srpt. I I .  Srpt. 12. 



[Ivy hiilh theriiicmrter with .Fahrenheit scale.] 

Hourly 
nlrarl. Hnur. Scpt. IS. Sept. 16. Sept. I 7. Cwt. 3. Oct. 3. Oct. 4. Oct. 5. 

0 

I R. lil. 

- 
3 
4 
5 
6 

7 
s 
9 

1 0  

I T  

N@#>Il 
I p. 111. 

3 
4 
5 
4 

7 
S 
5 

7 - 

IO . 

11 

Midniglit 

I 

79 '5 

Q 

. .  
74 'Sj 

The interpolated values iii  brackets) and the hourly means were obtai:ied in the 
iiianiier esplained for the zenith distances at  Ro~iiid Top. . 

-4  t iricupliuit- rrr ois f it l i s  17f  Ro I I  11 li Top, t$q.  

[\Vel biilb thermonieter with Fahreiilieit scale.] 

Hour. Sept. S. Sc-pt. 9. Sept. IO. Sept. 11 .  Sept. 12. Sept. 13. Scpt. 14 

I a. 111. 

2 

3 
1 
5 
6 
7 
S 
9 

0 0 

31 :r 
3s '3 

3s '7 
37 .s 
$3 '2 

32 '7 37 ' 2  

33 '3 37 ' 3 ,  
35 '7 38 .- 
36 '3 39 .2 

0 0 0 
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Hour. 

I O  a. Ill .  

I 1  

No011 

I p. I l l .  

1 

4 
5 '  
6 

7 
s 
9 

1 0  

I 1  

RIiaIiiight 

Hour. 

' I a. 111. 

2 

3 
4 
5 
6 
7 
Y 
9 
IO 

1 1  

No011 

t p. ni. 
9 

3 
4 

5 
6 

7 
s 
9 

I O  

11  

Miclnigh t 

Sept. 15. 

36 *S 
35 'I 

39.4 
39 '4 
43 .s 

46 '4 

Sept. 16. 
0 

36 '5 
39 .s 
42 ' I  

42 '7 
45 ' 2  

45 '3 

44 '9 
46 .S 

43 '5 
43 '3 

' 45'4 
40 6 
57 '6 

Sept. 17. 
0 

. .  

34 ..2 
34 '9 
36 '3 
41 '9 
43 ' 2  

44 ' 2  

45 '9 
43 '7 
39 '4 
41 *4 
39 '9 
39 '0 
37 '4 

35 '3 
33 .s 

31 .2 
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.-lfrriusphcric r)ioisfttr.r af Jirrksoii Bitffe. 1S79. 

Hour. 

6 a. 111. 

7 
S 

9 
IO 

I 1  

Noon 
I p. m. - 
1 

4 
5 
6 
3 

S 
9 
IO 

I 1  

hlidnight 

Hour., 

I a. ni. 
2 

3 
4 

5 
6 
7 
s 
9 
10 

I 1  

Noon 
I p. 111. 

3 
4 
5 

2 

' Sept. S. 

0 

56 '0 
5.5 '0 
57 
5s '0 

59 '0 
60 .S 
61 '7 
62 '6 
63 '5 
63 '4 
63"s 
62 '0 

59 f3 

[We1 bulb theriiioiileler with Fahreoheit scale.] 

Sept. 9. Sept. IO. Sept. 1 1 .  Sept. 12. 

56 ' 2  52 '7 54 '1 57 '2 

57 3 55 -8 57 -S 61 '0 

57 '7 56 '4 5s '2 61 '2 
60 '5 58 '0 59 .S 61 '2 
60 '4 ss % 60 '4 61 '5 
59 '5 57 *4 60 .4 61 '9 
59 '9 5s '3 62 '0 63 '2 
Q '9 57 *s 62 '9 62 '3 
60 '2 55 '9 62 '6 63 .8 

6n '3 59 '2 62 % 63 .6 
62 '0 5s '5 63 '0 62 -9 

0 0 0 0 

61 .S 55 '@ 56 '4 57 '4 

59 '0 57 *2  62 '2 60 '9 
5.1 '2 
55 .s 
54 '2 
55 *s 
55 '9 . .  

Sept. 13. 
0 

$6 '2 

57 '0 
58 'S 
59 '0 
60 *S 

59.'2 
61 '0 

61 '3 
61 '4 

61 '3 
61 '2 
61 *o 
60 '0 

Sept. 15. 

0 

5s s o  

60 '5 
64 '0 

63 '0 
63 ' 2  

64 '5 
64 '0 
54 *s 

Sept. 16. 
. o  

56 '9 
59 '0 
60 '2 
63 '7 
6-! * I  

65 '3 
66 '0 
66 '2 

66 '0 
66 'I 

66 '0 

65 '9 

%pt. 17. OCt. 2. Oct. 3. 
0 0 0 

53 '0 
. .  53 '9 

55 '6 
52 '0 

53 '4 
54 '5 53 3 
56 '2 54 '9 

61 '9 56 'u 59 '5 
63 '0 57 '9 59 '0 

63 '0 60 '0 59 '0 . 
63 -2 . 61 '0 60 '0' 

58 '2 56 '0 56 .S 

65 '7 61 *S 60 '9 
65 'I 62 *S 61 '2 
65 .z 62 '0 62 '0 
65 '3 62 .S 60 .S 
64 .S 61 '5 61 '2 

Oct. 4. 
0 

55 '0 
55 '0 

56 -1 
56 '5 
5s '0 
5s '9 
60.j 
60.6 
61 '0 
61 *I 
60 '0 

57 

Sept. 14. 

54 '0 

58 .I 

0 

59.6 
59 '9 
60 '7 
60:9 
62 'I  

'62 '3 
63 '2 
64 'I 

64 '0 

63 -2 
63 '3 

Oct. 5. 

4s '3 
43 '0 
4s '0 
4s '7 

' 47'0 
4s '2 
4s .s 
49 '2 
50 '5 
52 '4 
54 '0 
51.6 

0 

55 '5 
55 '3 
52 '0 

49 '0 



6 

7 
S 

9 

Hour. 

6 8. in. 

7 
S 

9 

IO 

1 1  

NO011 

I p. 111. 

2 

3 
4 

5 

6 
7 

S 

62 '9 62 -4 5 7 5  ' 54 '6 

57 '0 54 '0 
58 '0 51 '0 
57 '3 52 .8 

Sept. S. 

SSW. 2 
C. 

s. r 
few clds. 

ssw. 2 
few clds. 
SSW. 2 
cov. .$5 

ssw. 4 
COV. ;4 

I'.  

Sept. 9. 

sw. 2 
cov. >$ 

~ V S \ Y .  4 

\\'S\V. 4 
C. 

sw. 4 

SW. 6 

Sept. IO. Sept. 11. 

SE. I 
C. 

s. I 
C. 

ssw. 2 
e .  

0 .  
C. 

SW. 2 
. e . ,  sm. 

Sl l l .  - 

sin. 

NE. by E. I 

E. I 

c. 

Sept. 12. 

0 
c., sm. 

' I  

SE. I 

SSE. I 

SE. I 

SE. I 

c.  

c . 

C. 

Sept. I:.. Sept. 14. 

0 SE. I 
e . .  sm. c.. 5111. 

t SSE. I 
c., sni. 

ssw. I . 
c.. sm. 
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Rortrril i"y, IS79, iiircciioifi ami for-c~. of.thc iuirrd aird siatc qfit2e sky-Coinpleted. 

[Abbreviations used: Wind. o = calin. I very light. 1 = moderate. j - fresh, 4 = strong. 5 = very strong. 6 = gale. Sky. 
cloudr. cldy. = cloudy. COV.?:~ = one-eighth of sky corered by clouds, sin. - smoky. s ) ~ .  = very c. = clear sky. clds. 

m i r k y .  w. = overcast. I,. - =very ha<?. f .  = fog.] - 

Hour. 

I a. in. 

5 .  
4 
5 
6 

Sept. 15. Sept. 16. 

SIII .  - 

sept. 17. Oct. 2. Oct. 3. Oct. 4. Oct. 5. 

sw. 4 

NW. 2 
c., sin. 
NW. I 

. c.. sin. 

ESE. I 
c., sm. 

SE. I 
c.. 5111. 

7 

SE. I 
c., Sfll. 

ESE. I 
c.. sm. 
SSE. I 
c., sni. 

SSE. I 
c.. 5111. 

w. I 
c.. sni. 
s. I 

c., 5111. 

ssw. I 

ssw. 2 
c., SUI, 

sw.4 . 
clds., sm. 

9 . .  

IO 

SSE. 1 
few clils., ~ 1 1 1 .  

I I  

I1 

SSE. I s. I 
c. .  sm. 
m. I 

c., 5111. 

NW. I 

SSE. 2 
c., sm. 

ssw. 4 
cov. f6. sm. 

SSW. 4 
COV.;~ ,sm. 

'L 

Noon 

E. I 
cov.,]; .mi. 

Nit'. I 
ov., sni. 

w. I 
cav. 1;. S I I L  - 

' I p. ni. 

SW. 4 
cldy. 
SW. 6 
cldy. 

clds. cover 
mountain . 

SSE. 2 
c., 5111. 

sw. 2 
-_ 

C . .  SUI. 

'I 

NW. 2 

xw. I S l l l .  - 4 

NW. 2 
'i 

5 
6 ssw. 4 

SSIb. 6 
SIII .  _. 

WNW. I 
COV. :.< J I I I .  - 

7 
.s 
9 

IO 

sw. 6 
sw. 5 
c., sni. 

'1 
1 1  

Midnight 
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. .  
stnilky, Gv. = bvercast,.A. = very hazy, f .  = fog.] - 

Hour. ' Sept. S. 

6 a. m. 

7 .  ' 

8 

9 
1 0  

I 1  

Noon 

I p. m. 

3 
.I . .  

5 .  

2 .  

6 

7 '  
S 
,9 

i r  

~%\ljdniglrl 

IO 

0 
DV. ;..f , sn1. 

0 

0 

sw.. I 

sw. I 
cov. T$ 
sw. 2 

sw. 2 
few CldS'., 

sw. 2 
cov. 27 

Sept. 9. 

SE.1 . 
cov. &, sm. 

'. 
s. I 

few clds. 
sw. I 

SW. 2 
I .  

sw. I 

sw. I 
few clds. 

Srpt. IO. Sept. I I .  

NE.1  . SE.1 
5111. h. 
E. I 0 

' I  

. . sw. I 

sw. I 

sw. a sw. 2 . .  ' 
sw. I 
SW. I sw. I 

sw. I 
few clcls. 

" 

sm. 
1' ' 

0 0 
few clds. 

Sept. 12. 

SE. I 

SE. I 

5111.. - 

< 

0 

sw. I 

SW. 2 

' I  

w. 2 
" 

0 

' Sept. 13. 

a 
cov. ! s . . ~ 1 1 1 .  - 

3 

sw. I 

sw. 2 

. L L  

0 
sm. 

Sept. 14. 

0 '  
SIII .  - 

I 

sm. I 
SIII .  , - ' 

'I 

0 
SIIL. - 

. .  



IINITED STATES COAST AND GEODETIC SWR\'EY. 

[Ahhreviatioiin used: Wind. o = caliii. I =very liiht. 2 = moderate, 3 = fresh. 4 = struiig. 5 = very slrullg. 6 =gale. Sky 
c. = clear sky. clds. = clouds. cldy. = cloudy, cov. !.i = one-eighth of sky covered by clolitls. sm. = smoky. sm.  - = rer:; 
smoky, ov. = overcast, h. = very hazy, f .  =fog.] 

Hour. Sept. 15. 

I a. in. 

2 

3 

4 

5 

6 

7 

S 

9 

' IO 

I 1  

Noon 

I p. 111. 

2 

3 

4 

5 

6 

7 

8 
9 

I O  

I 1  

Midnight 

NE. I 

0 

sw. 1 

sw. 2 
ew clds. 
sw. 2 

S l i t .  - 

S1noke 
during 
after- 
noon. 

Sept. 16. 

NE. 2. 
few clds. I E. 

NE. I 

SE. I 

0 '  

'. 

sw. I 
' 

sw. I 
few clds. 

' I  . 

sw. I 

sw. I 
few clds. 

0 

Sept. 17. 

E. 2 

E. I 

5111. - 

0 

sw. I 

sw. 2 

sw. I 

0 

Oct. 2. 

sw. I 
C. 

sw. 2 

sw. I 
C. 

C .  

' 6  

I 

0 
C. 
L L  

SE. I 
C. 
'I 

Oct. j. 

SE. I 
C. 

0 
C. 

. I .  

SE. I 
C.  

sw. I 
C .  

0 
C. 

sw. 1 
C. 

0 
C. 

Oct. 1. 

sw. I 
few clds. 

' s\v. 2 
few clds. 
sw. 3 
clcls. 

' 

sw. 2 
clrls. 

SIV. I 
Cll lS .  

N. I 
clds. 
N. I 

0 

0 
clds. 

Oct. 5. 

w. 1 

SW'. 2 

SW. I 

sw. I 

sw. I 
cias. 
SW. I 

cov. J $ .  
sw: I 
f. clds. 
S". I 

sw. I 

cias. 

cov. :.;. 

c0v. ,Ti. 

sw. I 
clds. 
sw. 2 

SW. I 
el&. 
SW. 2 
clds. 
sw. 3 
clds. 
sw. 3 

cld capped. 

cias. 
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E. DETERMINATION OF HEIGHTS OF PACIFIC COAST STATIONS 
SOUTH O F  LATITUDE $3' AND SURROUNDING MOUNT HAMILTON. 
CALIFORNIA. 

I .  INTRODUCTIUS. 

In view of the fact that Mount Hamilton (Lick Observatory ) is one of the stations 
connected with the lotigitucles of the arc of the parallel, the data and adjustment of 
heights of tlie stations surrounding tlie mountain tlemalld to be presented here. The 

30. IO. 

Statute Miles 

accompanying diagram sliows tlie ol>servations: aclvantage' is take11 of tlie fact that 
station Recl Hill' has been coniiected with tide . water,:!: iiiakitig its elevation above 
the half-tide level 57-12 nietres (. rS7-40 feet ). I t  is also expected that.  a somewhat. 
iiiiproved value for the height.of Mcclio map result. _- 

* By Assistant R. D. Cutts. iir ~ % a .  , 



300 UNITED STATES CO:4ST AND GEODETIC SURYEI'. 

3. ABSTRACT OF REDUCED ZENITH DISTANCES. 

ill'orr1/( DZ'L~B&. Angust arid September. 1S76. Vertical Circle, No. 37. W. Einib$ck, observer. 
Xovetnber aiid Deceriiber. 1S84. Vertical Circle.' No. &. , F. &!GrSe, olxerrer. July, Isg3. Ver- 

George Davidson. chief of party in 1S76-S4-92. . tical Circle. No. 11 I. F. W. Ecliiioiids. ohserver. 

iYIoclm, is76 
I 3  I\lOChG, ' ISS4 
g Alocho, IS93 

27 .. l\rI~Cho, I I W ~ I I  

i L Lotiia Prieta, rss4 
r j  Loina Prietx. I I I ~ R ~  

' 11 Sierra Morena, rS8.1 

. . _ . .  . 
4 ~ o m i  Prieta, 1S76 

I 

I C  

'. , 

Mount Conness, 1S52 
Mount Hamilton., top of 

sn1all clr>tne, rs,EI 
Mount Haniilton. top of 

small dome. rS9a  
Mount Hamilton. top o f  

sinal1 dome, mean 

I, 

+ 4.7,  
+ I 0 ' 7  

t '6 

+ro.o + 1 ' 1  

+ 4.6 

+ 0 'b 

-0 ' I  

-0 . I  

. -0 'I 
83 '0 

11/11/. 
66 I 
654 
663+ 

661.' 

654 

654 
664" 

J 

1i.7 , 

21 '5 
I I '13 

0bservatio:is in 1S76 mostly between 5 hours 15 minutes aiiil S hours a. m., yu:l ktweeii 3 hours 30 
minutes nncl '7 hours p. in.: in I S S ~  hetween IC, hours 8 .  ni. anel I hour p. ni: in rSg2 between 
nnon and I hour p. in. 

f 7 1 0 d t . i .  Septeniber sild October, Jss7. Vertical Circle. Ncr. 57. P. -\. Welker. observer; George 
Daridson. chief of party. 

s 

I::, 

ti 

'5 
r I. 
4 
8 

1 ,  
1.. 
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12 

1 1  

5 
g 

Sit.r-~n flItirrnn .(Redwood).' Lkceinhcr, 1583~ and January, 1854. .Vertical Circle. No. I I I. R. A. NIarr? 
01 server; George Davidson, chief of p r t y .  

Louia Prieta .90 1 1  35.1 + I - 1  +G'3 90 I 1  39'5 . . . . . . . . d's;3 S6 
Santa Ana 90 IO ~11.4 $- 0's 0'0 90 I O  45 ' 2  . . . . . . . . 4.731 16 
Mocho 90 IS ~ 1 6 . 6  - 0.9 i a . 3  9~ I S  05.9, . . . .  . . . .  ' 5.024 @j 

Moufit Hamilton, top of $0 I2 1 j ' j  -. .I '3 + 0 ' 2  $10 I2 13 '6 . . . . ... . 3'957 02 

small doiiie 

iYl1111- 
ber uf Object cbscrred. 
tlays. 

0 I I f  I ,  I ,  

IO,$ Mount Diahlo ' qo IS 54.2 - 1.7 - - 0 . 2  

IO Sierra Morena go 39 I 1  '5 . - I .6 O '#:I 

IO Noc11a go 04 40'6 - 3.5 -0.4 
9% I\lount Toro cp 15 1Y.g - I '0 -!-0.2 

llount Hamilton, top of S9 52 oS.4 -13.4'  -0.7 

Observations between I I hours 50 minutes a. 111. ani1 

I I Saiita Ana 90 16 29's + 0 .3  -0.2 

I small some 
. .  I hour j niiiiutcs p. 111. 



Nlllll- 
her of 
days. 

i>iiject olxrrved. 

Moiint Tamalpais 
Red Hill 
Sierra Morena 

STATES COAST AND GEODETIC SURVEY. 

Vertical Circle, No. ,So. F. Morse, ohserver : George Davirlsori, chief of 
party. 

Ob.;rrved Reductio11 '$::: 
distance. nf stntion. 'Or tricity. 

zeiiitli to level Keduced 5 P Logs. 

Observations between IIOOII and I hour p. in. 

3 .  COEFFICIENT OF KEFKACTICl!'J. 

The crdlicient of refraction and its weight for each line where there were reciprocal 
zeiiitli distances were comp11td I)!. the asunl forinuk- 

with the following results- 
Stations. :it. ' p. 

This niean vallie was used in computing the cliffererice of height of stations 
when the zenith distance was observecl at only one of them. 
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4. COl\IPI~TATION 4 N D  ADJUSTMENT OF IJIFFEKENCES OF HEIGHT. 

The iiifference of height of two stations at which the reciprocal zenith distances 
C, C,, were observed and its weight were computed as  risiial by the formihe- 

observed. a \rdiie for the coefficient of refraction 

\vert! used. In tile following table of differences of  height the first I 6 results are from 
reciprocal zenith distances, the others from one zenith distance only. 

'The method of "direct ob.servations " was lised in acljusting the differences of height. 
As may be keen from the sketch, ten stations are involved, of which the heights of three 
are fisecl-hXouiit Diablo aiid Mount Tamalpais l,y the previotis adjustinell t :iiirI Red 
Hill from spirit lewlinx by Assistant R. I). Cutts in rSg:'. The heights of these three 
stations .mcl  the assumed approsimate heights of the seven others are as follows: 

911. 
1 Isj+-l.; Mrxiiit rJialJ11 I i 173 ' I U  ' ~ o r n i  Prieta 

Red Hill 57 . r ?  I\lount Toro I oSI+. l -~ 

111. 

IMomit T;inialpain 790 '74 I Santa Ana I 101+.r5 

Sierra k1oreii:i , j36+.1., , Moutlt Haniilton (tlJlJ Of I 299 

Statioiis. A h .  



Stations. 

Yoch(:, I 24s 'I 4 095 
Rocky Mi:miid 429 .J I 409 
Lorna Prieta I 157 ' 5  3 7 9 s  

I us1 '2 3 547 Mount Tom 
Mount Harnilton. top nf I 29s '9 4 261 

srriall dorrie ' 

' 

F. DETERMINATIO~ OF HEIGHTS OF STATIONS OF PRIMARY TRI- 
ANGULATION ACROSS THE SACRAMENTO AND SAN ' 

JOAQUIN VALLEYS, CALIFORNI.4. 

I .  INTRODUCTION. 

The difficulty experienced when attempting the deterinination of heights 011 the 
crest of the Sierra Nevada by nieans of zenith distances measured over the long lines 
spanning the gr$at valley of California rendered it necessary to siippleiiieiit the older 
measures. This was doiie in the sunitner of IS$, by strictly simultaneous reciprocal 
iiieasiires over slicirter lines, along which the variations of refraction are less injurious. 

I t  was noted that the nearer the terniinal stations of .a line approached the ocean 
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the greater was the refraction, a i d  that iii the diurnal variation the hour of the ininininin 
refraction occurred in the foreiioou for coast stations, bnt in tlie early afternoon for 
stations in  the interior. Apparently, also, a great difference in 'the angle of refraction 
v7as shown to subsist at the lower and upper stations iii the Martiiiez East and Mount 
Diablo esperiments, n7here the coiiihination with spirit leveling enabled. us to deteriiiiiie 
this difference, subject, however, to any effect of the local defle2tion cf the verticals of 
the stations in the plane of the measures. .- . . CI. .- -. 

Sp+it kvcZ. or other firer?. stCLtiona .................................. 8 

Zenith ~LVWWCS ofatotz'm I 

If, further, we reflect that the resulting zenith distances, as tabulated. were taken 
iuostlp a t  different hours of the day, in different months of the year, and iii different 
years, with only the new (: I S ~ S )  measures simultaneous; it does not seem surprising 
that it became necessary to exclude the resulting differences of height over tlie several 
loug lines across the y a k p  which ratige up to 229 kilometres or 1.12 statuti miles. 
Coiiipariiig results over these long lines froiii the above compiled reciprocal measures, 
with results derived from observations at one eud of a line only, the relative weights of 

rS732-No. 4-20 
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tlie latter are not So mnch inferior as woulcl appear at first sight: clue weights were 
given as shown farther oi'i. The effect on the value of the differeiice of height from 
local deflections of the verticals is. in general, within the uncertainty of the nieasures of 
zenith distmces, which can hardly he ckpended upon within ahont IO seconds, while 
tlie local cleflectioiis clo not ordiiiarily reach half this amount. Neither local deflections. 
so far 3s hiown. nor the effect of an omitted terrii in the formula for computing heights, 
inrolriiig the cliffereiice of refraction at tlie upper and lower station, as far as this coulcl 
be ascertainecl. coulcl be macle to produce an37 closer results. 

The process of recluction actually fnllonTec1 is as follows: With referen& to accom- 
pa11~7itig sketch of the lines and nieasiires involved, the height of the central station, 
Pine Hill, was first cletcrmined.. There are 6 lines to it from stations of fixed height, 
of which the two long and one-sided lilies from Mount Helena and Mou:it Diablo were 
esclucled, and less weight was given for the one-sided line from Solo Base Northwest. 
The weighted ineaii of the 4 cletermiiiations was adopted. Similarly the weighted 
results from the S lines to Marysville Butte (:omitting tlie two long ones ) were coni- 
bined. The average ralue of the coefficient of refraction for the locality was used; 
then followed the ascent to Jackson Butte, Round Top Rncl Mount Lola, where a check 
was bad froiii spirit levels of the railroad to, Trucliee and thence to Mount Lola.. Tile 
difference in height between tlie valley stations Pine Hill and Jackson Butte atid the 
niountairi stations Round Top and Mount Lola is so great (over 2000 metres:). that it 
became necessary to retain in the formula for computing the difference of height the 
term clepending on the cliffereut values of the refraction at  the upper and lower stations. 

S 

' 7 
7 

2. ABSTRACT OF REDUCED ZENITH DISTANCES. 

Smtlm7sL I ' i d ~  Bmc. August, IS%. Vertical Circle, Xo. scl. E. F. Dickins, observer: George 
Daridson, chief of party. 

Marysville Butte, I S S ~  go jo I I m4 +o ' 2  0 .0  go 30 11.6 652 rS.3 4S33  70 

Pine Hill. 1S9S go 34 17.5 -2.0 0.0 go 34 15.5 652 22-1 5'019 41 
Pine Hill, ISSO 90 33 37-4 0-0  t o . 1  go 33 37.5 6S2 1s.1 Notused 

N11111- Obscn-ed Reduction Reduction 
Object o l x e n ~ d .  zenith to level e&- Reduced<. P. T. Logs. 

distance. of A. tricity (Cell.) 

I 111111. 0 I I /  II 

6 Marysville Butte 89 49' 20 '4 -4 '0 -0's S9 49 15.6 751 32-4 4'S:6 60 
. c3bservations mostly between 2 hours jo minutes and 5 hours 30 minutes p. ni. 

I 
~v~,-llr.zcvsf Iido Rmc. August and September, ISSO. Vertical Circle, No. .So. J. J. Gilbert. observe< 

George Davidson. chief of party. 
I,. 0 I // 111111. Q 

0 / / I  / I  

S I'irie Hill S9 51 11's -0.S fo.1 S9 5 1  11 'I 754 32-7 4S7S Sg 
11 Marysville Butte S9 3s 29.2 -0% -0 .2  S9 jS 2S.2 753 33'6 4'767 95 

. Observations niostly hetween 2 hours and 5 hours j o  minutes p. ni. . .  
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I h - 1 1 .  November, ISSO. Vertical Circle, No. So. E. F. Dickius. observer: George Davidson. chief of 
party. June,'ISgS. Vertical Circle. No. .%. F. Mors-. observer and chief o f  party. 

S 
5 

?: , Observed Reihiction Reduction xinn1- 
her of Object observed. renitli . to level Keduccnl i. P. 1.0s. s. 
days. distance. of A. tricity. . 

RIarysville Butte, ISSO go 25 03 '6 +a '3 -0'2 w3 25 133 '7 701 14 '4 4 '977 57 
Pine Hill. ' ISSO 50 26 50.5 +@.I --o'I 9: 26 30.5 jm 16'0 Notused 

?: , Observed Reihiction Reduction xinn1- 
her irf Obiect observed. renitli . to level -.!UT.- Keduccnl i. P. 1.0s. s. 

S 
6 
6 

j 

I 

R o ~ d  Top. rS76 y a6 57 '4 ,  . 4-3.9 -I-Y y 06 59.2 662 17 '3 5 ' - ' j 5  46 
Marysville Butte, rSj6 . go 45 37 .S ' +;'6 0'0 gu 45 41 '4 662 16'1 5 .16j 94 
Mount Lola, 1Sj6 ,v 2.j 07'6 $2'3 -0'6 p 25 3 . 3  661 16.2 5'339 $6 
Pine Hill. 1876 gro 4.j 25 .1  +.+.A -0.3 go 43 29'2 662 15'7 5 . n ~  55 
RIOlIllt Conness. IS92 go I 2  313.6 +I 'I 0'0 90 1 2  31 '7 664 19'9 5'35s 24 

4 
S 

g 
6 

Mount Lola go 24 27'7 fo.9 +oy g r ~  24 2Q.Q 654 J I  .8 5.330 16 
Marysville Butte p 46 14.6 + 2 . z  0.0 y 46 16's 652 , g . ~  4'965 06 
Roud Top go 2; 56.4 -fo '9 +0'6 gn 23 57'9 652 S . 3  02 

Pine Hill go 4s 20 's  + I  '5' ,+@'3 9 4s 22.6 654 10's 5'1.55 4s 



30s 
Piire- Hill. 

UNITED S T A T E S  COAST AND GEODETIC SURVEP.  

May an? June. I%$$. Vertical Circle, No. Ira. J. J. Gilbert, idiserver awl chief of party. 

Wiun- Ohsefred Reduction 7: ber of t:lhjcct ol-~scrved. zenith to level RedliCed j .  P. iCe l l t , ,  ~ o g .  s. 4 

days. distance. of A. tncitp, ' 

5 i  

Io I 
6 

7 
5 

I7  

0 I I1 ,I 

Jackson Butte gc1 06 @I '3 - s.3 
Sacrainen to YJ jj j 5 . S  +16;'3 
Vaca go PO I6 .S  - 1'5 
Monticello 90 14 ICl.2 - I '9 

Mount Lola s5 05 j 0 . S  - I .S 
Round Top ss 351 14.2 - j ' 2  

Observations Ixtweeri 1 1 : ~  lioiirs 50 iiiinutes a. 111. 

I I> 

in 

J 3  

IO 

9 
11 

1 0  

5 
.I 5 

Pall Rali. 
Mniiiit Diablo, 
Mount Comn, 

Moiuit Heleila, 
lVIarysuille Eutte, 
Round Top, 
Pine Hill, 
Pine Hill, 
Pine Hill. 111eall 

Observations in rs;g 1wt\\-eell 5 liaurs 20 rninutes alld 9 11uurs a. 111.. and ~ l ~ t H . ~ C I I  j hours and 6 Ilours 
25 minutes 11. in.: in IS+ l~etweeii IO hours 30 minutes a. x n .  aid  4 hours jo ~ninutes 1). in. 

JIOIII/L C~I/Z.FS.  Angust ani1 Septernbrr, 1Sg0. Vertical Circle. Nn. :SO. J. J. Gilbert and I. lViii&n, 
nhservrrs: George Daaidson. chief of party. 

0 I I /  I /  11 Q I I1  111111. I) 

4 31oiunt 1 ) i a l h  . gr 33 55'2 -+ 67 5 --I '2 51 34 cg.5 . . .  . .  . 5 '355 24 
7 iv11ount Grant go 3.1 04 'I f1S5-I 0.0 go 37 13 .2 . . . . . . 4.510 91 

(jhsercations between 11 homs 50 minutes a. 111. a i d  I:! hciurs 50 iriiiiiites p. 111. 
~ 

*see iliscossioii of special ol:.eervatioiis for diiiriinl variation csf refracticn pp. x?o-.*y5. 
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J. J. Gilliert and J. 1'. R m i d  XV. August. September. and Octolkr, 1S7g. Vertical Circle. No. So. 

Pratt, observers; George Davidson. chief of party. 

h-lim- 
her of I Jhject observed. 
days. 

Moiiilt Heleiin to Round l'op '076 20 '7 
'07" IS '" i\Ioiuit Diablo to BIount Lola 

3Iouiit Dkiblo to Round Top 'oja 19 '0 
.Mount Diablo to IYIonrit Coimess ~ 6 6  4 '2 

Piiie Hill to Sacr:iiiieii:o '071 I '0 

Pine Hill to Monticrllo q o  j .s 

15 
IS 
'9 
2 0  

14 
16 

7 
IS 
9 

16 

Pilie Hill to Jackson Butte .of54 0. s 
Rouiicl Top to Pine Hill .ob2 6 'j 

Mount Lnla to Round Top 'OjS j .Y 
Rouiid Tap to Jackson Butte '.5/ 5 ' 7  

Mount Lola to Pii:e Hill '057 3 '5 

.--- 

j. COEFFICIENT OF REFRACTION. 

The coeflicient of refraction was coiiiputecl as usual by the formtila- 

11,1 s= and its weight 1)yP = - - , with the following results: 
I L x  + 1 l X 1  IO"' 

4. DIFFERENCES O F  HEIGHT AND THEIR ADJUST3IENT. 

The formula used for compatiiig cliff erciices of height from reciprocal zeiiitli 
distmces in the preceding parts of this paper is lwsecl on the assumption of equal 
refractions at the two stations. It was recogiiizecl that in fact this i s  not the case even 

*See discussioii of special nliaerratioii.j for diurnal variation o f  rrfnctiou I>>. .-%-:pd. 
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for strictly siniultaiieuiis observations, aiid the change in refracticm going froiii the 
Pacific coast iiilaiid was especially noticeable. I t  was. evident however, that local coii- 
ditioiis hac1 a powerful effect upoii the refraction, and it seemed lxst. as usual, to trust 
to the adjustment to correct for the assumption of equal refractions where in reality 
they were unequal. The same plan has been followed here except for the three lilies 
Pine Hill to Mount Lola, Pilie Hill to Round Top. and Jackson Butte to Ro~iiid Tq', 
esteiidiiig froin the valley to the top of the Sierra Nevada. These lines are long aiicl 
tlie effect of eveii a small difference of refractioil is quite marked. A fair estimate of 
the difference . iiiay be chtained by colnpariiig the values of ~ 1 1  between statioijs in the 
valley with those derived froiii lines in the nioii.titains. For these three lines the foriiiiila- 

was iised, adopting for (mr' - 711~~') the value - 0-005. 
7 1 j  IO'" The relative weight was coiiiputed froiii the usual expression f) = -I! * .  -. 

I l r  + l l r l  s- 

Where the zenith clistaiicr was observed at only oiie eiid of a h i e .  tlie clifferelice of 
height u7as computed from tlie foriiiula- 

for whicli a vilue for Y I I  was assuiiiecl, clepeiidiug in each case 011 values derived froiii 
lilies similarly situated. 

. .  

h%-sitlti.iig di~tvr-rin.~ tlf At-irhf. ' 

Froin reciprocal zenith distances: 
Stations. 

Mount Lola to i\'IUunt Helena 
Round Top to Mount Helen3 
3Iount Lola to Mount Diablo 
R O L ~  'Top to Mount Diablo 
Raanii Tap to Mocho 
Round TOP to i\rOul1t T,ola 
Pine Hill to Sacraillento 
IvIonticello to  Pine Hill 
Vacs to Pine Hill 
Jackson Butte to Pine Hill 
Round Top to Pine Hill 
ROLIII~ Top to Jackson Butte 
?Mount Lola to Pine Hill 
Mount Coiiiiess to Mount TJiahlo 

. 

Froin one zenith distance: 
Stations. A. 

I\.Iount Helena to Pine Hill 
BIounb Diablo to Pine Hill 
Polo Ba,se NUT. to Pine Hill 

666 $7 

537 7 3  

Mount Helena io  I\lary?;uille Butte 6Sr '17 

Mount Diablo to Iliarysville Gutte 525 '02 

Solo Base NU'. to Maryscille Butte 59s '73 
Monticello to Marysville Butte 'Sg '53 

Yo10 Base SE. to Marysville Butte 
l\rIo.ou& Lola to Marysville Butte 
R O U I I ~  Top to Marysville Bntte 
Round Top to Mount Conness 
310cho to Mount Cnnuess 

57s 6 3  

Vaca to Marysville Butte $4 'og 
617 .z3 

3 J;I '51 
2 .+i I '7 I 

6 j-' '02 

2 536.15 
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As already stated, the long lines stretching across the valley give toQ discordant 
results to be used, and the heights of Mount Lola and Round Top are made to clepeiid 
entirely upon the intermediate station, Pine Hill. For its height we have s i s  values, 
two of which are very doubtful and are therefore rejected. 

Llr h 
111. ,111. 111. /I. 

From Sacramento 10'57+617 *49 = 62s '06 21 'S 

From Monticello 932 '39+ j06 .os 626.54 3 '-1 

From Vacn 729'75+101'79 627.96 2 . Q  . 
Froin Mount Helena I 322 '0'5-666 'ST 655 '21 

G'7)reject. 
From Mount Diablo I ~73.10-557.73 615'37 0'5 

From Solo Base NW. 46 '66f57S %a 635 ' 2 6  3 '5 

\\reighted mean 627 5 6  

The station at Sacramento is the top of the circular lmse of the northeast post of 
the gilded iron fence smrounding the statue in the capitol rotuncla, presented to the 
State by Mr. D. 0. Mills. I t  was connected by spirit levels in I S ~ S  with a Ceiitral Pacific 
Railroad l~ench mark, of n~hich the height was deternii~ieil by the. railroad engineers. 
The heights of the other stations are taken froiii the adjusttt~ent of heights of stations 
near the Coast Range. 

For the detemiination of the heights of Mount Lola and R O L ~  Top, atid inci- 
cleiitallp of Jackson Butte, we have'the following differences of height aiid observation 
equations for adjustinent: 

0 bservation Adjusted Discrep. 
Stations. A h .  P .  equations. A h .  a11cy. 

' 111. 111. 111. ' 

I., 'b5 Jackson Butte to Pine Hill 76 63 14 'S o=+n .Sr+.r, I /  

Rouiid Top to Pine Hill -1 535 7 9  I I  .S O=+I ';S-.I-~ 3 53s.04 O ' j 5  

Konnd Top to Jtickaon Butte 3 460.05 13 '4 u=+o'og+.rr-.i; 2 4G0.76 @.;.I 

I- .2s 

Round Top to l\lourit Lola j7S .S6 5: '4 O=+O .14+:Yz-.t-3 57s '7s o .OS 
Nomnt Lola to Pilie Hill -1 159 '43 -1 'I o=+o '99-x3 3 159'26 8 0 ' I j  

. The solution of the normal equations from these observation equations gave the 
following results: 

Ststion. Assunled Correction.' 
height. . .  . 

Ad j ustecl 
height. 

I l l .  F?t*f. IN. 
Pine Hill 

.r.=-o .16 TOJ'S 3 312 Jackson Butte 705 
R O U I I ~  Top 3 1% 

Mouiit Lola 2 786 x3=+o s 2  .? 7Sb.X .9 I J j  

The height of Mount Lola from the railroad levels to Truckee (:h = I 773'66 
metres) and' Assistant J. J. Gilbert's lekels of ISgS from Truckee to Mount Lola 
( , ~ h  = I orj '~7 '1netres)  is 3 7~7.5 inetres. 

627 v.5 or 2 059 

-1-==+o '60 j 165'6 IO 396 
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For the height of Marysyille Butte we have the valiies- 

.IO 

I? 

From Mount Helena 
Mount Diablo 
Yo10 Base Northwest 
Monticello 
Vaca 
Solo Base Southeast 
Mount I d a  
Roaad Top 

Pah-Rah 90 51 24 .s - - O ' S  - 0 ' 2  go 31 24.3 547 12% 4'936 44 
RIount Corrlo 90 22 53 '3 --I '0 +o '5 9 22 53 OS 546 12'5 1.951 So 

111. 

I 322 .OS- AS1 '17 = 640.91 p=2 .4 
I 173 'IO-- 525 '02 = 64s .OS 0 '7 

46 '664- 59s '73 = 645 -39 s '0 
932 ':9-- 2S5 '53 6.16 '56 4 '3 

. 729 '75- S4 'og = 645 .66 2 ' 2  

?I *66+ 617 -25 = 63s '91 -7 ~5 

1 :4 3 7% .S --P 131 '91 = 654 '9 1, 
j 165% --2 471 '71 = 693 '9 J rejected , 0 5  

Weighted mean 644 '5 metres. or 2 I 14 feet. 

G. DETERMINATION O F  HEIGHTS O F  TRIGONOMETRIC STATIONS . 
I N  THE ROCKY MOUNTAINS BETWEEN PIKES PEAK, COLORADO. 
AND ROUND TOP, SIERRA NEVADA, CALIFORNIA. 

I .  AkSTRACT OF REDUCED ZENITH DISTANCES. 

IlIdanl LoA7. July, ISjg. Vertical Circle. No. So. J. F. Pratt. observer; George Davidson. chief of 
party. 

Niini- Ohwrred Rcductio,l Redoctioil 
her of Cilrject ubscrvd. zenith di.- to ,e,.el of L.l, for rccrn- Reduced 5. P. ( c , )  L'JI! 5. 
days. tancc. tricity. 



DETERMINATION OF HEIGHTS BETWEEN 

PIKES PEAK.COL.AND ROUND TOP, CAL. 

, 
‘. ! ,,‘ .‘f -‘.. 

/ I  
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~lforrrrb Conro. . ..August, Septernhzr. October. a i d  November. 1879. Vertical Circle. No. 103. W. Eini- 
beck and R. A. Marr, observers; W. Eimbeck.. chief of party. 

xI1:lb Ohserved Kediictior, Reduction 
her of Object observed. zenith dis- to,eve, of a. for ecceir- Reduced j .  P. Log 5. 
days. taiice. tricity. 

15 
14 
11 

I 1  

I1 
S 
5 

' " 111111. 
Q I 11 ' I  

Round Top . s9 j? 56'3 -1 '7 +O'I Sg 5" 54'7 550 IS-I 4'7S2 j.5 
Mount Grant 89 4s 33-1 fo .7 +a'" sg 4s 34'0 5.50 IS'3 4%9 SY 
Carson Sink 93 31 29.9 +o.z 0.0 go 31 30.1 551 17.0 5'0g2 36 
Pah-Rah 91 29 j 7 . 1  4-2'5 -0'1 90 2g 53.5 551 16.9 .4'9;3 67 
l\lount-lola 90 19 gS.5  -0.1 -0.1 .93 19 58.3 5j1 17.9 4.951 Fo 

Mount Davirlsoii 95 4" 1s.3 -n-" -0.4 93 42 1 7 7  552 1 9 - i .  4-554 cz  
Pilot Cone 93 49 3j .g  -3.S 0'0 90 49 30.1 55" 18'7 4'9.55 $2 

Observations between 11 hours 25 miniites a. 111. and 6 hours IO minutes p. 111. 

PnA-RnR. October and November. 1S7S. Vertical C,ircle. No. ~ m .  W. Einibeck. observer and chief 
of party. 

7' 
S 
9 
4 
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17 
13 
15 
13 
15 
14 

: il1orrirf Ci//rihriii. July and tlugust. ISSI. Vertical Circle, No. 100. R. A. Marr, observer ; TV. 
.. Einibeck, chief ,of party. . . 

Mount Grant 9'3 34 54 ' 3  
Mount Callahaii Cp 41 05.4 
Pilot Cone 91 19 $ ' I  

Carwii Sink go 54 54 '@ 

Diarnoiid Peak 90 4s "7.2 
Lone RIountaiii ?J 5 2  45 ' 2  

14 
14 

' 3  
I 2  

IO 

IO 

S 
5 

-7 

4 
I 

14 
13 

Diamond Peak 
Car.ion Sink 
Toiyabr Doiiie 
Bunker Hill 
Desatoiy 
Sliarp Peak 
Monitor ' 

Shoshone. iirJrth peak 
Mount Lewis 
Broken Rack 
Granite Peak 

Observations mostly 

Sharp Peak 
White Mouiitains. north 

90 11 3' '3 

I I I I IL. 

521 16'5 
522 17'6 
522 16.9 
521 16.0 
522 1 7 ' 1  

521 16.9 

519 13'3 
526 17.4 
520 r;.7 
523 19's 

minutes p. 111. 

522 J j  '9 

T o ~ i w E ~ ~  L~JI Iz~* .  August and Septeniber. ISSO. Vertical Circle, No. I*. R. -4. Marr and W. EinIlJeck. 
observers; 117. Eimbeck. chief of party. 

. / /  

+o -2  

+o '3 

+o 'I 

+o 'I 
-0 '5 
-0 ' 5  
-@ d 
+@a ' 

-Q'j 

0 '0 

-0 'I 

-c, 
--o '3 
-0 'I 
- 2  'I 
-4 'I 
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Di~71iioiidfi~zk. ,4ugust and Septeniber, ISSI. Vertical Circle, No. 100. W. Eimbeck and R. &Marr. 

observers; IV. Eimbeck, chief of party. 
Nl111l- Ohserved Redllctiu~, 1:ediiction 
lier of Object observed. rr~i i th  di- t~ ~, forecc;;- 
Ch?S. tance. 

1Vliite Pine 
Wlieeler Peak 
Mount Callahan 
I hepdi 
Toiyabe Dome 
Sliarp Peak 
I\lonitor 
Prospect Peak 
Mount Hnmiltoii 
Duckwater 

Broken Back 
Ward 

I' 

+a '5 
+0 '4 
-0 'I . 

0 '0 

+@ '1 

+o .2 

+o '3 
-1 '5 
+@ '5 
+o '3 

f o  '3 

+Q ' I  

Reduced 5. 7' 
I? f L.. ) 

Ql,ser\-ations mostly IJetween I I  hours 50 niinutes a. 111. and 2 hours p. 111.: a few between J hours 15 
minutes and 5 hours j o  minutes p. in. 

JVhlik Pi'itt-. No\:e::ilJc;r and Deceniber, r SSr .  Vertical Circle, No. 100. 

olxervers; 117. Eimbeck, chief of party. 
W. Eimheck and R. .1. &Ian-. 

13 
13 
1 1  

I 1  

1 0  

T I  

J I  

I1 

11 

I1 

5 
3 

3 
3 

Lone ITountain . 

Pioche 
Diariionrl Peak 
Wheeler Pea) 
I'oiyahc Dome 
Dllck\v\.nter 
I,~OII Saddle 
lklonitor 
\Varrl 
Sliarp Peak 
Mount Hamilton 
Snc~w Peak or Inclian 

Peqlr' 
Mount Grafton 
Hot Creek, north 

sunimit 

go 44 23.6 
go 22  2 0 ' 0  

90 32 03.s 

I i 

+ I  '5 
+ I  6 
+I  '9 
+ I  '3 
--0 $ 

-2 '@ 

-I '6 

+ f I  '9 
-1 .- 
-I ' 2  

-1  .- 

-0 '9 
-1 '7 

- 1  '7 

I ,  

-0 ' I  

0 '0 

+o 'I 
S0.2 

0 '0 

+@ ..2 

0 '0 

0 '0 

+o 'I 
+'7 'I 

+o 'I 

Observations between 11 hours 5 minutes a. in. aiid I hour.50 minutes 11. in. 
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I I  >c.LYil- P,.'rX. Nnve~~iber,  IS?^. Vertical Circle. No. ICQ. R. A. Marr. observer; W. Eimbeck, 
chief of party. 

7- Xl1I;l- Observed Redllctioll Reduction 

days. tame. tricity. 
her of object dxerred.  zenith dis- tole,,el of ~, for eccen- Reduced 5. p.  ,c , )  LogJ. 

Io 

9 
9 
S 
6 
1 

s 
.. 

' I  

6 
6 

6 

4 

Diaitioiid Peak 
Pioche 
I bepali 
llfhite Pine 
Beaver" 
Mount Nelm 
Ward 
Mount M~xiah 
RIount Grafton 
Snow Peak or Inrliaii 

Peak 
Sawtaotli BIountaiii 
Shell Creek North 

I ,  

+ 5.6 
+ 5.0 
+ 6.Y 
+ 6'5 + 4.6 
+ 3 '3  
+ 8'6 
+'3'9 
+ 9.4 

+ 5 ' 3  
+ 5's 
+ s j  

CBlwervatioiis hetween I I  hours a. 111. and hours 15 minutes p. m. 

pioc-hc-. Septeinber. IYS~. Vertical Circle, No. 100. G. F. Bird. observer: W. Eimbeck, chief of party. 
0 I I ,  I ,  

\\rhite Pine 90 I I  50'6 $2.5 
Wheeler Peak sg 47 42 '7 $ 3  '2 
Tiisliar 9 I3 O j  '4 ' +I ' 2  

Snow Peak or Iiidiari 

Highland nr i\leadow 

Peak s9 3s 0s ' ;  -1 '0 

Valley Yg 59 h j  '0 -0 '7 
ivInunt Grafton y3 IYJ 24'3 -0 .4 
White Rock yo @? 43 '5 -1 '2 

Pioclie Peak 90 49 33.5 -n'g 
Observations Letween I I hours 35 rninutes a. 

* Reaver was not occopied for vertical measiires, but it may be regarded as an eccentric station to Tushar and the 
ahow zC:iith distance corrected accordingly. The difference of height of Bearer .axid Tushar was coniputed from the 
observed zenith distance at Tushar alii1 an assumed coefficient of refraction ( o ' o s ~ ) ,  and Tushar was found to be 1S.36 
metres bigher than Eearer. From the triaiigiilatinn we have Wheeler Peak I 029 metres nearer to Beaver than to 
Tushar. The zenith distance at Wheeler Peak of Beaver was first corrected for the above difference in height i n  the 

usual ilialiner. t ~ i d  then for the diflercnce i n  distaiice by the espression sm 111 which t i  is the difference in distance; 

5 is the zenith distance at Tushar of \vheeler Feak. and3 is the distance from Wheeler Peak to Beaver. The resulting 
zenith distance of Tushar is- 

d m s j  . 

., I I t  ,:. I I ,  11/19. 

i I Tushar 90 15.9 - - ' I .  - 5  + q ' o  go 47 05.4 4 iQ -.6 '6 5.247 s5 
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7 i~shii!: dugust arid September. rSS5. Vertical Circle. No. 100. 

chief of party. 

Num- Observed Redllctio,l Rechictian 
ller of nhject observed. zeiiith dis- to ,eve, 6. for ecceii- 
days. taiice. tricity. 

I O  

I1  

I O  

6 
IO 
I1 

14 
13 

13 
13 
13 

13 

13 

I2 

I O  
IO 

I2 ' 

Pioche 
Mount Ellen 
Wheeler Peak . 
Ihepah 
Mourit Neb0 
Beaver 
Antelope h'lountairi 
Scipio 
Wasatcli 
Sevier 
Frisco 
Lone Tree 
RImiit Hilgarcl 
Mooseneall 
Saiipete 
Delano 
RIilford 

I /  

0 '0 

0 '0 

+o 'I 
$0 'I  

+0 '1 

-t3 '9 
+n 'I 

+o 'I 
+0 ' I  

0 '0 

n -0 
-0 'I 

0 D 

+o 'I 
+o ' I  

-0 '5 
0 '0 

G. F. Bird, observer; W. Einibeck. 

Reduced <, P. Logs. 

111 111. 

15' 
49 I 
492 
404 
493 
492 
494 
452 
49 I 

453 
492 
493 
49' 
192 
493 
4512 
492 

0 

s '7 
s .4 

9 '3 
I1 .6 

9 '5 
? '7 
9 ' 2  

9 .4 
5 '1 

5 .4 
5 *-I 
8 .s 
s '9 
9 .6 
9 '5 
IO 'j 

10 'I 

Observations between I I hours a. 111. and 2 hours p. i n . ,  escept a few on Ibepah arid one on Wheeler 
at about 4 lrours p. 111. 

Scipio. Septeiiiber. ISS~ .  W. Eimbeck aiicl G. F. Verticil Circle, No. IOJ, and Theodolite. No. 5. 

12" 

I.?'+ 

5" 
I 

Io+ 

I 'B 
I r+ 

7" 

* 

10 

I1 

10  

Io:* 
S 
T 
6 
7" 
S 
3t 
3t 
2 t  
3t 

Bird, olxervcrs; 147. Eirnbeck. chief of party. 

@bservatioiis Iwtween IO hours j o  miiiutes a. in. and 4 hours p. 111. 

Tusliar 
Mount Nebo 
IVasatcli 
Ibepali 
Deseret 
Wheeler Peak 
Sanpete 
Salt Creek 
Lone Tree 
South Juah Base 
Levari 
Ccdar Hill 
Sevier 
Antelope Moontaiii 
Milford 
Frisco 
Lone Peak 
Mooseneah 
Beaver 
RIomit Hilgard 
Herriiiiari 
Springville Peak 

j11111. 

537 
536 
536 
537 
537 
536 
537 
536 
537 
536 
,535 
537 
537 
537 
53s 
5.iY 
53s 
537 
536 
536 
536 
536 

0 

I2 .4 
11 '5 
I 1  .s 
I 1  '5 
II' .s 
q .S 

I 1  '5 
I? '5 
I' '3 
I 2  '3 
'I1 .S 
I3 '3 
IO .Y 

I 1  '9 
I O  '9 

11 'I 

12.2 

I 2  ' I  

I 1  5 
11 .s 
' 9's  

I1  ' 2  

* Iiicliidiiiy ~~lm~vat io i i s  of iiiicroiiietric Jiffereiices of heights. , t By iiiicr;Jinetric differelices oiily. 
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Zb+[zh. August and September, 1SS9. Vertical Circle, No. 100 P. A. Welker. observer: W. Eimbeck, 
chief of party. 

x11m- Ohserved Reduction 
her of Object observed. ' zenith dis to A, fur ecceti- Reduced ;. 
days. taiice. t ricity. 

13 
1 .< 
14 
9 
5 
9 

5 
5 
5 

5 

3 
3 
3 

16 

I1 

Wheeler Peak 
Ueseret 
Pilot Peak 
Tushar 
Ogden Peak 
1Mciunt Neb0 
Diamond Peak 
k16Ullt Moriah 
Antelope Mountain 
Sawtooth Modntain or 

Shell Creek Mountain. 

Ibepah post-office 
Desert Peak 
Red Chief 
Aziniutli Mark 

Serier 

South 

0 I I /  

90 13 47's 
90 39 44'9 
'go 42 4s.5 
90 48 44 '5 
91 06 $01 

90 45 19'5 
go 4s 59'0 
go 16 2S-7 
gQ 52 40.2 

9J 50 15.4 

'9 2j 14'9 
94 39 55 '9 
91 11 45.2 
92 33 23.5 
go j2 50 '0  

I f  

0 ' 2  + 0 ' 1  

o '0 
o '0 

+ 0'1 + 0'2 
- 0'1 
- 0 ' 1  

0 '0 

0 '0 

- 0 ' 1  

- I '5 

+ 30 'I 
- 4.9 

n '0 

494 14.4 

494 1.3 -s 
49fJ 15.3 
493 11 '7 
494 14'7 
. . . . . . . . 

Observations between 11  hours 30 minutes a. in. alii1 I hour p. m.. and between 4 hours 30 ~iiiiiutcs 
and 6 hours 20 ininutes p. in. 

Z'!/L]~ f'tvk. J~il?, rSS9. Vertical Circle, KO. ~ m .  117. Eimbeck and C. L. Brackett, ohservers; W. 
Einlbcck, chief of party. August. rSg2. Vertical Circle, No. 44. 0. B. French. obserrer; W. 
Eimheck. chief of party. 
Welker. chief of party. 

August. 1Sp7. 

.lziniuth Mark, 1SS9 
Ibepah, 18Yg 
Ibepah, IS92 

Deseret, IS92 

Ibepnh, mean 
Desrret, , 1SS5 

Desret. nieaii 

Oglen Peak. 1SS9 
0gde11 Peak, 1S92 
@$en Peak, 1S97 
ogdeii Peak. mean 
Wheeler Peak. rS8g 
Tecoma R.R.sign ISSg 
Tecoina R. R. sign 1Q92 
TeconiaR.R.sign mean 
Desert Peak. ISSg 
Promontory, IS~Z 
Antelope, ' 1Y52 

- 
1VLount Nrbo, ISS~ 

Vertical Circle, No. 2s. H. C. Denson. olxerver; P. -4. 

I T  

+90 .s 
+ 1'2 
- 0 '5 

+ 3 ' 2  

- 0 ' 5  

-L 1.0 

j- 1'5 
'f I S  
+ 0'6 
+ 1'2 
+IS fi 
f19.7 

- I '7 + 1.9 + 1'6 

111111. ir 

SI9 17'7 
520 17's 

520 18.1 
520 S ' 2  

520 IS '9 
519 1S.5 

'520 17% 

530 IS.I 
521 19.S 
520 17 '3, 

521 20'2 
520 IS'I 

520 1 j . S  

519 16'2 
Observations in rSS9 between noon a d  z hours p. m. and between 4 hours 45 minutes and G hours 
a minutes p. ni. ; in rS92 between I I hours 40 minutes a. in. and I hour and 20 minutes p. xn., 
. and between 4 hours 40 minutes and 6 hours 25 minutes p. m. ; in 1S97 about noon. 
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Pt..scn.f. September. rSS7. Vertical Circle, No: 1130. J. H. Turner, observer; W. Eimbeck, chief of 

. part?;. Septemher, 1992. .Vertical Circle, No. 44. 0. E. French, observer: W. Eimbeck, chief 
of party. 

=. Observed RedllctinIl Reduction 

taiicc. tricity. 
t3bjrct olrserved. zenith d i c  to of a, for eccen- Reduced ;. P. ( 5 , ,  

Pilot Peak. 1SS7 
Pilot Peak. I S92 
Pilot Peak, nieaii 
Ogdeii Peak, rSS7 
Ogden Peak, 1S92 
Ogdei: Peak, mean 
Ibepah, 18S7 
Ihepah. 1992 
Ibepah, inean 
Antelope. rSS7 
Antelope. 1892 
Antelope. mean 
Mount Nebo, 1SS7 
Draper, I SS7 
Qnacpi, 1SS7 
Oqiiirrli, rSS7 
Grantsville, rSS7 
Scipio. rSS7 
Lake Shore Bend 

at  Grantsville, 1SS7 
Herriman, 1SS7 

lJroiiioiitory, is92 

Waddoup, IS92 

go 39 2.5 '7 
go 59 50 '9 

I /  

+ 0'3 
- I '3 

4- 0'5 
+ 2'0 

+ 0'2 
- I .4 

+ 1.9 
+ "3 

+ 0'1 
- 0'7 
+20 '0 

- 6.3 
$13 '1  

- 2 '0 
f 2'5 

- 6 .S 

+ 2.0 
+ 1.5 

Observations in 1SS7 mostly between nuon arid 2 l~ours  p. m.. a few between -7 hours p. m. ani13 liours 
p. in., and a few hetween 4 hours p. m. ancl 5 liuurs p. m.; in 1Sg2 between noon and I hour p. 111. 

and between 5 liotirs p. m. and-6 p. m.. . 
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6 

6 . 

4 
z 

@p'tw Ai7k. Septemlwr and Octoher. ISSY. Vertical Circle. No. 103. E. I,. Taney, ohserver: 11;. 
Eitnbeck, chief of party. June. rS91. Vertical Circle- Xo. 63. P. A. Welker. observer: W. Eiiii- 
heck, chief of party. Vertical Circle, No. 2s. C. C. ,Tates, oIxer\-er: W. Eirnlwck. 
chief of party, Septeiiilxr, 1897. Vertical Circle, KO. 2s. H. C. Denson, observer: P. -9. 
Welker. chief of party. 

J~ily. 1Sg6. 

Ogden Peak so 44 10'1  +34-1 0.0 So 44 44.3 647 23.6 5.556 32 

North 0gden ' 1s 16'5 4-27'7 0.0 $4 IS 44.2 645 23.7 4 m S  70 
Railroad Crossing 91 20 06.0 -37.9 0.0 91 19 25.0 652 21% 2'9gS 56 

Antelope 88 55.50'6 - 2 *2 ' 0 .0  SS j g  4S.4 647 2 2 . 6  4.5sj 1.0 

Niiiii- 
ber OF 
days. 

6 

I3 

I1 

2; 

Jj  

4 
S 

S 

Q 

5 

Ohserved Reilllctioll Redilctiuii 

tance. tricity. 
Ohject u>bserved. zenith dis- Of p, fnr eccrn- KeduFrl 5. 

Draper. ISSS 
Oquirrh, ISSS 

Antelope, ISSS 
fi&Xlllt Ku'ebG, IS% 

Antelope, I 556 
Antelop?. mean 
North Ogdeu. ISSS 

U. S. Engineers' 
Deseret, ISSS 

Observatory. JSSS 
U. S. Engineers' 

O1,servat or!-, I Sg I 
U, S. Engineers' * 

Uhservatory, inean 
Pilot Peak. I sss 
Pilot Peak. 1897 
Pilnt Peak. meail 
City Creek. 153s 
Ibepa 11, I sss 

Rase, !Sg6 

Base. I S96 

Salt Lake SE. 

Salt Lake NW. . 

\ .VaddOll]J.  I S56 
Promontory, 1S56 

' I  

+ 2'1 

+ I 'j 

+'I '7 
- 6 .2 

-I- 4.< 

+zQ .6 

-I- 2.4 

-40 '3 

- 6 'E 

+ "'9 
-- O . 1  

+30 '7 
$- 0'8 

. -10.9 

-17 '0 

+ 1'7 
+ 0.9 

0'0 94 32 44.3 

0'0 g1 IS 14-4 
0'0 $2 5s IS00 

542 16% 

S .6 



' TRANSCONTINENTAL TRIANGULATION-PART 11-HEIGHTS. I;' I 

R. L. Faris. observer; W. Eimkck.  O(s Ci-ft-k. May and June, 139;. Vertical Circle. No. 4-1. 
chief of party. 

Niini- 0l)servetl Red~lctioll Reduction 
her of Object observed. 
days. taiice. t rici t y. 

zeiiitli dis- to le\.el ofg, for eccen- Reduced j. P. ~ o g  5. (5.1 

.+lii/c/ope. October, 1Sg2. Vertical Circle. No. 44. 0. B. French. o1)serrer: 11'. Eimbeck. chief of 
P. A. Welker and C. C. Yates, observers; party. June and J d y ,  1S56. Vertical Circle. No. 2s. 

W. Einiheck. chief of party. 

16 . 
9 
25 

I7 
9 
26 
16 
9 
25 

'3 
IO 

5 
5 
5 
5 
5 
7 
7 
9 

9 

Prorriontory, is92 
Pronioiitory. rSg6 
Proniontory. ineaii 
Ogcleii Feak. iSgz 
Ogdeii Peak. is96 
Ogcleii Peak, mean 

Waddoup, 1596 
Waclcloup, nieaii 

Pilot Peak, 1892 
Desert Peak, rYg2 

Waddoup, I sg2 

Deseret; I sg:! 

Oquirrh. 1392 
Draper, IS92 

Oiiaqui, , IS93 
Springrille Peak. 1.392 

City Creek. 1Sg2 
Teniple. cast spire,ISgZ 
Salt Lake SE. 

Base, 1Sg6 

Base. rSg6 
Salt Lake NW. 

ss 47 5s.2 
ss 4s 13's 

9' 31 59'3 
91 52 26.5 

92 17 44'9 

92 15 43'1 

I1 

+ 7 '7  
-k 0 ' 3  

+ 0 ' 7  + 1'5 
+ 9'9 
- 7 .6 

+ 3'5 
-+ I 'I 

- I 'j 
- 3 '2 

- I '3 

- 3 -s 
- 3 '6 

- 2 '0 

- 2 

4- 26 '9 

+SI .2 

I I 

-0 'I 

0 '0 

+o '3 
0 '0 

-1 .- 
0 '0 

0 '0 

-0 '2 

-0 ' 2  

+Q '7 
+o '5 
-0 '4 
-0 'I 

-0 'I 

-0 .s 

0 '0 

0 '0 

Observations in 1892 between 11 hours 50 minutes a. in. and I hour p. 111. and between 4 hours 5 
minutes and 5 hours 25 rninutes p. in.; in rSg6 between I I  hours IO minutes a. in. sild r hour 16 
minutes 11. m. - 

*Aneroid. 
t \Vliite hand crxo metre above tllr bottoni-doorstep at the east cntraiice lo tlic Salt Lake City i%Ioriuo~~ Temple. 

1S732-No. 4-21 
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S:z// L1rkL- 1Vt7r/hwt-5/ BlTSt'. 

UNITED STATES COAST .AND GEODETIC SURVET. 

.\ugust. 1S56. Vertical Circle, No. 37. . W. Eiinlieck, ohserver and chief 
of party. 

7 
S 

5 

Num- Ol~serrerl Reductioll Redertioll 
her of 
days. tance. tricity. 

zenith dis- to of a. forecceii- Reduced 5. P. i- Ohject observed. (C.! s. 

Ogdeti Peak s5 47 44's - 2 0 . 0  0.0 Sg 47 14.Q 653 31 '7 1.336 12 
Antelope . S7 5 2  19.1 - 31.9 0.0 S7 51 46.3 653 32.4 4.271 15 
Solt Lake SE. Base S5 59 39 .S> +275 '0 J '13 p 04 12 .S 652 53 '9 4 ~ ~ 4 9  17 

18 
S 
26 
15 
.8 
23 
16 

:7 

Ogclen Peak, I S ~ Z  S7 17 01 '0 +-12'2 +I ' 2  S7 17 14.4 650 23.1 

Ogden Peak, IS$ S7 17 13 '5 + 0.3 o'o S7 17 13% 652 50.4 
Ogdeii Peak, niean 

, Antelope, . 1S52 SS 10 37'5 4-12'4 to': Ss 40 50.2 650 12% 

Antelope, 1896 85 413 5i.o - S.4 0.0 8.5 42.6 652 31.0 

Deseret. 1S92 SS 49 56.9 $- 2'9 -0.1 SS 49 59'7 650 23.4 4 y . x  2s 

Promontory, 1S91 89 55 50.3 $- 3.1 +0'2 S9 35 53.6 650 20.4 

4.512 42 S7 17 14.2 

Antelope, mean t SS 40 47% 1'453 1s 



TRANSCONTINENTAL TRIANGULATION-PART 11-HEIGHTS. 3 2 3 
Avrironloi:i~. July. IS?'. Vertical Circle. No. 4.1. 0. E. French. observer: W. Eirnbeck, chief of 

party. August, rSg6, Vertical Circle. No. as. C. C. Uates, observer: W. Einibeck, chief of p:irty. 
Nlllll- ' Observed Re~lstial, 
her of Oliject ob:. *erved. zenith dis- to Ie\,el of ~, 
days. tarrce. 

16 
16 
6 

.,,z 

15 
5 

20 

14 
6 

20 

15 

5 
6 

0 t f I  

Deseret. 1892 sg 33 I S . 4  
~vacldoup. rSg2 go 53 17.0 
  ad do up, 1Sg6 go 53 22.1 

Waddoup. mean 
Ogdeii Peak, 1Sg2 89 03 13 .S 
Ogden Peak, rSg6 S9 03 31 'I 
Ogderi Peak, rilean 
Antelope, rS92 y) og 13.4 

Antelope, mean 

North Uyden, rSg2 SS 45 19.4 
Salt Lake NW. 

Base, 1Sg6 y 20 '4.5 

Antelope, IS+ w 9 37'3 

Pilot Peak. rSg2 93 0s 31 .s 

I f  + 6.4 

-I- "'9 
3- 11 '6 

$- 11 '3 
- O '7 

+ IS'5 
- I .f3 

-I- 4'7 
- 7 '5 

+105 .S 

Rediidioii 
for ecceii- 

trici ty. 
I I  

$0.4 
-0 'I 

0 '0 

.o '0 
I:, '0 

+0 'I  

o '0 

f o  'I 

-0 -4 

0'0 91 22 10'3 60; 24.s 4'521 2 0  

Observations in 1S92 between noon and I linur 40 niinutes p. 111.. and between 4 hours 4s minutes and 
6 liours 45 minutes p. 111.; in 1Sg6 between 1 1  hours 55 minutes a. in. and. I hour p. in. 

il/initl A'&>. J. H. Ttmler, observer; W, 
Eirnbeck, chief of .party. 

Julie. July, and Angust. IS?. Vertical Circle. No. Im. 

13 
I 

' 3  

16 
17 
9 

13 

9 
'3 

I 2  

I0 

4 
6 

3 
> 

5 
-I 
3 
3 
3 
2 

I 

Scipio 
Dcseret 
Di-aper 
Ogclen Peak 
Oquirrli 
Onaqui I 
Pilot Peak 
Wasatch 
Ibepah 
Tuslw- 
Patnios Head 
Wlieeler Peak 
Sanpete 
Herrinian 
Salt Creek 
Neplii Bench ,J!krk 
Lone Peak 
Levan 
Cedar 
South Juab Base 
City Creek 
Springville Peak 

/ I  0 I I f  

-0.1 go 52 o j ' a  

0.0 go 3; 17.5 

0'0 go 51 53's 
0'0 90 53 06'2 

0.0 go 50 34.3 
0.0 90 52 29.5 
0'0 91 02 05'5 
0'0 yJ 29 20'2 

+ 0 - 1  go 43 01'0 
+ 0.1 90 37 57'9 

0.0 90 47 42'7 
+ 0.1 90 51 45'6 , 

0'0 go 2s 21.9 

0.0 90 35 59'6 
- 1'1 92 o j  4 5 2  
-IO '0 gS 4s 43 '6 

0'0 go 27 23's 
- 0.6 92 00 4S.S 
- 2 . 2  93 4CJ 05.1 
- 1'5 g; 40 52 '1  

0'0 91 20 42.4 
0'0 90 29 1 2 ' 1  

Observations between II holm a. 111. and 7 hours 30 minutes p. 111.. mostly 'hefore I hour p. in., escept 
that all o1,servations of Nephi Bench Mark, Levan. Cedar, and South Juah Base were made Z - : L w  x r ,  
7 hours and S hours 50 minutes a. in. 
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UNITED S T A T E S  COAST AND GEODETIC SURVEP. 

Vertical Circle, No. 100. 
French. and T. M. Vickers. observers; U:. Eiiiibeck. chief of party. 

July aiid August, I S ~ .  W. Eimbeck. P. A. Welker. 0. B. 

Num- Observed Reductioll 
ber of . Oliject observed. zeiiith dia- to le,,el of ~, 
days. , tance. 

' 14 
14 
IO 

I1 

14 
1.3 

5 
5 

' 5  

5 
5 
5 

Tnshar 
nmunt xebo 
Scipio 
Sanpete 
Patnios Head 
Manllt Ellen 
South Scipio 
IvIouiit Mice 
Mount Hilyard 
Monroe 
1LIooseneal1 
Liille TIYP 

'.# 

- 0 '5 
- 0 ' 2  

- 4'5 
+ S.1 
- I .6 
- 0 .J 
- 4'9 
- 6 'S 
- 6 .3  
- J 'j 
- 7 -  .- -> I 

- 5 . 4  

Reductioii 
for ecceri- 

tricity. 
I /  

+o '3 
-0.2 

0 '0 

-0 '2 

-0 ' I  

+@ 'I 

+0 'j 

+o '3 
+a '3 

0 '0 

-0 .4 
0 '0 

Reduced <. 

0 I ''r 

go IS 19% 
9c, I O  1 8 . 7  
90 js 01 % 

go OS 56 '5 
g0 js 52 '9 
9.3 '26 43 '0 
90 4.5 45 '0 
g0 0; 05 .1  

90 03 0 2  'j 

go 16 25'0 
go I.! 2S.5 

go 31 -5s '3 



TR-4NSCONTINENT-lL TRIANGULATION-PSRT 11-HEIGHTS. 3 2  j 

R. I,. Faris. observer; W. Einiheck, .Vorrrrf Ilir~7s. July and August. 1S53. Vertical Circle, Fin. 44. 
chief of party. 

I 4 

19 
13 
I I 

I [  

12 

14 
I3 
I6 
I O  

S 
s 
3 

2 

1 

1 

I 

U nconipaligre 97 22 20's + 0 ' 1  $-. 0'1 90 22 21 '0 555 J U . 2  5 ' 3 4  39 
Mouiit Waas Sg 53 4S.9 - 0 ' 6  + 0.3 S5 5 j  4S.6 556 10.3 5.052 OS 
'rreasnry 31ountaiil $10 13 ~ 6 ' 4  - 0'1 * - @'I sc, I3 16'2 554 5'9 5.241 97 
Patiiios Head 90 17p1 .1  + 1'6 + 0.1 17 o2.S 555 11.4 j V 5 2  27 
R1st Peak 90 35 07.1 -1-62'6 -12.1 35 j7 .6  . ,555 :OS j .231 Sj 
Crmd Junction Stand- 51 21 2s.1 $95 '5 - 0'1 91 23 q . 5  555 IO.; 4.S1o j g  

92 1-7 05'9 

Rediictioli T for ecceib Rednced <. P. (c . ,  Log s. 
tricity. 

Observations hetweeil 11no11 and I hour and 20 minutes p.111., and betmeen 4 hours ;o niiiiutes a d  7 
hours p n i .  . 

pipe 
6 I Mesa 
2 Cliiquita 9" 2 1  16.0 + 1 . 2  + 0.1 93 21 17'; j j g  10.1 4 % ~  23 

5 Flat Top 90 36 32.1 t 3 1 . 5  + o"7 93 37 04.j 556 51.5 4.15: 02 

Observatioiis between 11 hours 45 minutes a. 111. a11d I hour and 5 minutes 11. 1x1.. and between j 
hours jo minutes and 5 hours 10 mii~utes p. r n .  

Tnvnpiits niid z i t i  assilrnerl wefficient of refraction ()I! .= '057). Tarapute was foiind to 6e I;%.+ metres higher thaii Esst 
pe:ik. The zenith distsiicc at 
Pntiiios Fiend of East Peak was first corrected for difference of height of post Peak and Taraputs in the osual 1iiaiiner, 

sild then for the difference of distance by the expression dcosi, in which d is the difference of distance. s the distance 

from Patinos Head to East Peal;. and 5 the zeiiith distance at Tavaputs of Patlllos Head. The resulting zenith distance 
of Tavaputs i s -  . 

I'stiiios Hcnd is aliprosiniately I 255 iiivtres iienrer to East P e a t  thaii to Tnvnputs. 

. ssiii il' 

11111i 
0 I ' I ,  i. I ,I 

15 I Tavnpiits go 37 1 2 . 1  - - . - ' I 5  J- ' +XI'S go gi j1'0 j;4 11 '1  S'OSZ 27 

*At about i hours a.m. 
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dfcslz. August. 1S93. 

U N I T E D  STATES COAST 4 N D  GEODETIC SURVEY. 

Vertical Circle, No. 63. 117. Eirnheck and C. C. Sates, observers; W. Eimbeck, 
chief of party. 

6 

5 
6 

4 
5 

Nilin- Observed Reduction 
ber of Object!obsen*ed. zenith d i s  to of p, for eccen- Reduced 5'. P. (T, Logs. 
days. tance. tricity. 

Chiquita 90 46 $3 *o, -+ 'J .- 0'0 go 46 45'7 533 17's  4.613 15 
1Ti:wnt Waas 89 59 07.7 -0'1 -0.1 S9 59 0; '5 533 15 '9 -1 '99s 26 

' Tamputs go 36 39.6 -0.6 0'0 gn 36 39'0 5 .3  18.1 5.~92 90 
Uncoinpahgre Sg 46 IS-3 -1.4 -0.2 S9 46 16'7 533 16'2 5'036 3' 
Grand Junction Stand- 92 34 34.6 +157 'o -0.4 92 37 I I  'I 533 IS*.  , 4'5S1 11 

pipe. 

g 
S 

6 

Tavaputs yJ 1.1 40.3 +O'I  0.0 90 14 40.4 556 10.7 4 'SSz 22 

Grand Junction Stand- 93 j o  00 '3 +30Y 'I o '0 93 35 OS '4 554 15 '2 4 '291 S3 

Mesa s9 3' 35'9 -2.0 o m  S9 32 33.9 553 I I  '7 4.613 19 
pipe 

g 
7 

Chiquita 56 33 59'2 +"I .S ' -7.5 56 34 13.2 63s 20.6 4.291 S3 
Mesa i 7  40 40% - -t 9 5  -3 .1  S7 40 47'5 642 PI ' 2  4'jS1 I I  

5 
6 
II 

6 

' Mount Ouray, 1894 SS 29 59 .S -5 '7 *uo 5s 29 54 'I . . . I 9  '9 
Mount Ouray, 1Sg5 SS 29 42 '4 -0 'I 0.0 SS 29 42.3  576 10.5 

Uncompahgre. 1S9j SS 35 35 'I +o '5 0.0 85 jS $3.6 576 10.4 ~ ' S . I S  77 
Mount Ouray, inran SS "5 47'7 4 '796 45 



TRANSCONTINENTAL TRIANGULATION-PART 11-HEIGHTS. 3 0 7 
~ . G I C O I I Z ~ ~ Z ~ ~ I - ~ ~ .  August and September, 1Sg5. Vertical Circle, No. ?S. R. I.,. Faris. olsserwr; W. 

Einilxck, chief of party. 

I I  

IO 

I O  ' 

IO 

S 

Num- 
ber of 
days. 

I:! 

'5 
15 '5* 
7 
I4 
15 '5* 

S 

5 

IO 

Mount Ouray . 90 25 27'0 -0'1 + O . I  9 2j '7 '0 454 7 . 0  4 . y O  39 

PikesPeak go 33 04.5 -+I '0 --o.I 9 3  55 05'4 454 6.5 5.097 79 

Uiicoinpahgre 90 36 15.6 +o.S +O.Z pj 36 27 '0  455 6.9 5,164 50 

Treasury Blouiitairi' . go 31 40 '4 3-3 5 0.0 90 31 44.2 ~4 6 . 7  4 .761 40 
Bison y3 45 21 '0 -0'5 0.0 45 20.5 454 5.5 4'91X 

Object observed. 

Gunnison 
Treasury Mountaiii 
Mount Elhert 
Mesa 
Mount Waas : 
Moiint Ouray 
Mount Ellen 
Chiquita 
Tavaputs 

Observed Redoction Redoction 
zenith dis- to of A. for eccen- 

tdllce.  tricity. 

0 I I I  I f  I f  

91 S5 03'9 f 2 ' 7  $0 .7  

go j 4  30'3 +I -2 - -o *z  

91 07 33.4 t 1 . 0  --o.I 

CyJ 34 35's +I -s 0 -0 

CyJ 52 QS-2 +I '5 4-0.2 

90 30 54 '7 - t z  '0 -0'3 
91 30 47 '2  +o.s -1-0.; 

91 17 05's -1-1.0 0 '0 

91 IS 2 j . q  4-1.0 t o . 1  

Reduced ;. 
0 f I f  

91 55 @7 '3 
90 34 37'6 
cp 34 31 '3 
91 07  33 '3 
go 52 09 '9 
90 30 56 .4 
gr 20 4s-3 
91 17 c 6 . S  
91 IS 24.5 

P. 

?)? ) ) I .  

456 
455 
454 
455 
455 
454 
455 
455 
456 

r 
(1'. J 

0 

7 '0 
6 u 
6 '3 
j 'I 

5 'I 
5 '9 
4 '9 
6 '9 
7 .b 

14 
14 
I2 

11 

7 
IS 
S 

0 I I1 

Tacaputs, 9' og 57"2 
Mount IVaas. 1Sg3 90 52 1s.4 
U~icornpaligre. 1S93 go IS 16 ' 2  

Mount Onray, xS93 y~ IS 59'5 
Mount Ourap, Is95 go IS 50.4 
Mount Ouray. meail 
Mount Elbert. ISgg Sg 56 07 '0 

,Observations in rSg3 between 110011 and J Imur y. m., and between 4 hours 45 uiinutcs and 6 hours IO 

ininutes 11. 111.; in ~S95 between 11 hours 50 iriiiiutes a. 111. and r.hour 20 p. m., and between 5 
liours and 7 hours p. 111. 

F. W. Perkins. F. L. Ullnsted, jr., aiicl P. L. Bisorr. July and August, IS%. Vertical Circle, No. 63. 
Reed, observers: F. W. Perkins, chief of party. 

S 
I4 

S 
13 

JI I 111?11. 0 I I /  I /  

Mmiiit Onray ' 90 I2 6 . 3  --I *s 0'0 90 I2 04's 492 15.9 5 V 4 2  Ss 
Pikes Peak S9 44 3S.s -4.9 0.0 Sg .I$ 33.6 49: 13'0 4 .771  60 
Illuunt Elbert Sg 54 49 '4 -3 '3 0.0 S9 54 46'1 492 13 'z 4'91s go 
Divide 91 ? [  rg'r 3-0.1 0.3 91 21 19.2 492 13.0 4.940 zj 

Observations between I I  hon1-s 35 minates a. in. an11 I hour 5 ininutrs p. 111. 

* Microilietric cliffereiices September 16. reckoned as ace-half day. 
___ __-- 



3 2s 

L l f w n 1  01trt7-v. July and August. 1894. Yertical Circle. No. 4-1. 

UNITED ST.4TES CO-iST -1ND GEODETIC SURVhS. 

R. L. Faris. observer: W. Eirnbeck, 
chief of party. 

Nilill- Ohserved Redlictio,i Xediictioii ' 

ber of Object olmrved. zeiiitti dis- to ,ex.elof A, for ecceii- Reduced <. p.  ir) Logs. 
days. taiice. tricity. 

~- 
* Keducem.l to top of tower. i Kerliicetl to ground at foot of stake. Loaarithmic distaiiq fr im Yerlical Circle. 
, 



TRANSCONTINENT.4L TRIANGULA'I'ION-PA4RT 11-HEIGHTS. 3 2 9 

2. COEFFICIENT OF XEFRACTION. . 

In  the development of the espression for the difference of height from reciprocal 
zenith clistances there appears a tertii* depeiicling upon the difference of the refraction 
at the two stations. This term is usuaily suppressed, in application, as insignificant. 
Assistsnt W. Eimbeck called attention to  it when determining the heights of the Rocky ' 
Mountain stations and applied it in his field computatioii. If mr and m,, are the 
coefficients of refraction at the upper and lower stations, respectively, we have the 
espression- 

j llZr - ?1Z,= h + h  s= +-- . . .  hX - h,,= ( s tan ;..< (,c,- C,J + 
213 9.)  . ( I + -  -?P 12p= 

111 - ? I t z r  

3 P  
and the term ' s' will onlp disappear wh& the two statiolis are of the same 

elevation with 'like atiiiospheric conditions. For a great difference in elevation and 
a large distance the effect of this teriii evidently becomes a matter of importance. 
There is, however, a difficulty in obtainii1g.a reliable value for J I Z ~ -  i i z r r .  To do this, we 
can oiily fall back upoii the value of iu as clecluced from the nonsiiiiultanro~~s reciprocal 
zenith distances of all the lines in this region, which are t!bulated below in the order of 
clecreasjng average heights, ?< (h., + h,r'). The table also contains the teiiiperature a t  
the two stations and tlie weight of each value of the coefficient of refraction given by 

Stations. 

IUournt Elbert to Uiicorripahgre 
Momnt Elbert to Pikes Peak 
Mount Elhert t~ EIoucit Ouray 
Uncoii I pa 11g re to 3&xi 11 t (3 tiray 
Pikes Peak to Mount Ouray 
I\iouiit Elbert to Treasury Mountain 
Uncoiiiphgre to Treasury Mountaiii 
IVIoiiiit, C~~iray tu Treasury Mountain. ' 
Moiiint ,Elhert to Bison 

Pikes Peak to Bison 
Mount Ouray to Bison 
Uiicon~pahgre to Mnuiit Ellen 
Treasury Elountain to Mount Waas 
Wheeler Peak to Tushnr 

' Unconipaligre to BIount Waas 

f,. 

6 '9 
0 

6 '5 

7 '0 
5 '9 
5 '7 
6 '7 
b '0 
s '7 

5 '7 
5 'I 
j 23 
5: .. 
4 '9 
5 '2 

-6'6 

Temperature. Height (appros. 1. 
Mean. h,. k,. Mean. 

111. p .  
tu. 

6 '3 
6 ' 2  

0 

S 'CJ 
s 'I 
9 '1 

S '7 

4 '5 
6 'I 

' 3  '3 
I2 '9 
I j  '0 

13 '9 
' 3  '0 
II .6 
9 '3 

'T. W. Wright's Treatise 011 the Adjust~nent of Observations.. New Tork. ISS~. p. 55:. ( R  stands there fw xu i n  
cm r iiotation. ) 



Stations. 

Wheeler Peak to Ibepah 
Wheeler Peak to Mount Nebo 
Wheeler Peak to White Pine 
Uncompah&e to Mesa 
Tushar to Ibepah 
Tus!iar to Mount Neho 
Ilxpah to &l&iiit Nebo 
Mount Conriess to Mount Grant 
&fount Waas to Mount Ellen 
Wheeler Peak to Dianiotid Peak 
Tushar to Mount Ellen 
Tushar to lVasatc11 
Ihepah to Desc-ret 
U~icoiiiphgre to Tavaputs 
Toiyobe Doiiie to Mount Grant 
Toiyabe Dome to White Pine 
Mount NebU to Wasatch 

.. 

MoLlit Neb0 to Deseret 
Ihepah to Pilot peak 
Ihepali to Diaiiionrl Peak . 
Moulit Nebo to Pilot Peak 
BIULIII~ Ellen to  Wasatch 
ToIyabe Doltie to Diamoiid Peak 
Mount Waas to Mesa 
Treasury l\lountaiii to Tavaputs 
l\lount Waas to Patmos m a d  
Toiyahe Dome to Mount Callahan 
Uiicoiiiyaghre to Guririisoii 
White Pine to Diamond Peak 
Tushar to Scipio 
Wheeler Peak to Pioclie 
Deseret to Pilot Peak 
Mount Neb0 to Patuios Head. 
Mount Ouray to Gunnison 
Iliepah to Ogden Peak 
BIoiiiit Grant to Round Top 
Xount Nrbu tu Scipio 
Pikes Peak to Divide 
Mount Nebo to Cigcleii Peak 
3'Iount Ellen to Patiiins Head 
&hunt  Waas to Tavaputs 

. Temperature. Height (appros.). 
i i J .  

Mean. J I , .  hI,. Mean. I, f., 

-5 -6 13 *6 
-5 '1 I1 '0 

-5 0'7 
5 'I 16'2 
11 -6 11. 'I 

0 0 

10 .1  13.6, 
1 2 n  13'7 
11'7(?) 4'5 

I3 .4 
I; .6 
13 '9 
15 .s 
I2 'I 

1 0  '2 

3 *s 
-0 'I 

I5 -4 
I1 '9 
17 .S 
13 -6 
IS '9 
15 '0 

5 
1.5 '9 
9 '9 
6 '5 

16 '9 
IO .4 
IO '5 
I2 *4 

IS . I  

s '7 
14 .s 

2 0  '2 

I2 'j 

I 2  '7 
11 '5 

13.0 

IO '7 
I O  '3 

24 '0 

P .  

5 '3 
9 '7 
7 '5 
3 '2 

14 '9 
15 '2 

15 '3 
2 -s 
14 '9 
I2 '4' 
1; -1 

s '3 
14 '4 
1 6  '4 

17 'I 

1 '5 
7 '7 

15 '9 
16 ' 2  

I I '0 

23 ' 2  

I O  '6 
14 '7 
j '0 

?0 '6 
I 2  '5 
6 '7 
2 '0 

I? '6 

7 '5 
6 '1 
24.4 
9.4 
2 '7 

I1 .s 
7 '3 
2 .. 
I '6 
15 .4. 
16 '9 
I1 '0 



Stations. 

Wasatch to Patmos Head 
Tushar to Pioche 
Toiyabe Doine to Lone Mountain 
Dianiond Peak to Mount Callahan 
\17asatch to Scipio , 

Deseret to Scipio 
Toiyahe Dome to Carson Sink,  
Deseret to Ogdeii Peak 
Pikes Peak to Big Springs 
l k u i i t  Grant to Lone Mou;itain 
\17hite pine to Lone Mountain 
Pilot Peak to Ogden Peak 
RIount (;rant to Mount Couio 
Moiuit Grant to Carsmi Sink 
White Pine to Pioclie 
Disoii to Divide ' 

Rouiirl 7'01) to BIouiit Lo!a 
Pikes Peak to Plateau 
Round Top to Mount col~io 
~ h u i t  c3uray to Plateau 
fiIo'ount Cnllahaii to Carsoil Sink 
Mesa to Tawputs 
Dntiiios Head to Tawpiits 
&lesa to Cliicpita 
Moimt Lola to Mouiit Como ,, 

Wount COIIIO to Carson Sink 
Deseret to Antelope ' 

Desere't to Pronioiitory 
I\fount Lola to Pall-Rah 
Pilot Peak to Antelope 
Pilot Peak to Proinontory 
Tavaputs to Cliiquita 
BIouut Conio to Pah-Rah 
Carson Sink to Pah-Rah 
Ogden Peak to Antelope 
Ogden Peak to Promontory , 

Ogcleii Peak to City Creek 
Deseret to Waddoup 
Mesa to Grand Junction Standpipe 
Ogcleii Peak to Uiiiteil States Engi- 

' 

neers' Observatory 

f i. 

15 '7 
0 

S ' j  

I 3  '5 
13 '7 
16 'I 

I1 '9 

I:! .6 
10 '0 

6 .4 
5 '0 

-0 .a 
1s '0 
7 '4 
4 '9 

13 '0 

5 .s 
I 2  '7 

s -4 
17.6 
IS 'I 

17 .S 
I 2  '5 

12 *6 
13 '2 

I 2  6 
16 '3 
IS 'I 

0 '3 

I 2  'I 

I1 ' 2  

17 '0 

IO 'I 

16 '9 
20 '5 
15 '5 
IS '2 

I 2  .s 
13 '0 

IS '2 

1; .s 

1.. . 
0 

IO '0 

20 'I 

1 '7 
16 '5 
I1 'S 
I1 'S 
20 ' 2  

15 '0 

2- .2 1 

a '0 
2 .4 

I 2  '0 

IS '3 
21 '2 

19 'CI 

25 '2 

I3 *2 

30 .4 
IS 'I 
30 '0 

30 .s 
I O  '3 

I1 .4 
I1 '7 

I7 '9 

I2 '7 
25 '9 

7 '7 
9 '7 

27 .6 
I O  '7 

s .s 
I7 '5 
25 '5 
14 'I 
a j  -4 

20 '0 

I1 'I 

21 '3 

23 *6 Is '7  3 913 I 3.26 2 I20 

U I .  /I. 

r 6 6  '9 0.04 



Stations. 

Ogcleii Peak to Waddoup 
Ogdeii Peak to Salt Lake NW. Base 
Oydeii Peak to Salt Lake SE. Rase 
Divide to R i g  Springs 
T a v a p t a  to Grand Junction Standpipe 
Antelqx to Promontory 
Chiqnita to Grand Junction Statidpipe 
.\iitelCJpe to City Creek 
Rig  Springs to Plateau 
.\ 11 telope to Wiadrlou p 
Promontcry to Waddoup 
Antelope to Salt Lake NW. Base 
Primiontory to Salt Lake NW. Rase 
Xiitelope to Salt Lake SE. Base 

Salt Lake NW. Rase to SE. Base 

. 

Wadiloup to Salt Lake SE. Bast: 

f, . 

16 '9 
16 '9 
16 '7 
22 .9 
10 '7 
17 '9 
I:, .2 

25 '2 

IS '0 
25 *-I, 
2,s '9 
24 .S 
26 .4 
31 'I : 

5; '4 

0 

I 1  'I 

114. p.  

An iiispectioti of this table shO\vs a steady increase in the coeflicient of refraction 
as the height decreases, escept where tlie temperature is al.lfioriiin1ly high or Ion;, in 
n~1iic1i case the value of 111. i k  correspjiicli:ig1y 10m or IiigIi. I t  was tlierefore cleciilecl to 
trJ- to derive an rspressiori for the coefficieiit of refraction d the form- 

111 = IJIO +- ( f - t,, ).Y + ( ,h - hO')-l' 

At first S groups of I O  d u e s  each were formed, aiicl the weiglited iiieaii valiies of 
tempt'rature. height, and coefficient of refraction were f&~iicl ' for each group. An  
expression of tlie above form u7as fouiiil which fittecl very closely tliese iiieaii values, 
but wlien applied to the iiiclioiclual d u e s  of 111. the agreement was not satisfxtory, nor 
c h l  the use of it in the height computations prorliice a satisfactory closure of the height 
triangles. This was ascribecl partly to the fact that the \miations in temperature are 
largely concealed by taking the group iiieaiis a i d  partly to a regional cliffrreiice 
in topography and locsl coiitlitioiis 1)etween the eastern and .western parts of the . 

trinngulatioii. 
I t  was therefore coiiclucled to  use the indiviclual values of 111, clisregariling tlie com- 

puted weights, and to derive two espressions, mie for the eastern part of the triaiigula- 
tioii from Pikes Peak to Mount N&J aiicl another for the remaining wester~i part. 
Thirty values are included in the firSt part and 46 in the secoiyl; several values 
eviclently abnormal as well as those derived from short lines beiiig rt'jectecl. The mean 
values for the eastern part are to= g" 'g c, ho = 57'7 hectometres, 111, = 'oj3 4, aiicl the 
resulting observation equations of tlie form (:f - to).i- + [ h  -h+)y  = ilG - ni,, are tabu- 
lated I~elow. For co~iveiiie~ice of c~nip~i t i i ig ,  [ h  - h,) is given in hectoiiietres and 

111 - nz9j in units of tlie fourth place of decimals. 



Station. 

Mount Elhert to Uncompaligre 
Mount Elbert to Pikes Peak 
Mount Elhert to Mount Ouray 
Uiicoiiipahgre to Rlouiit Ouray 
Pikes Peak tu Mount Oiiray 
Mount Elhert to Treasury Mountain 
Uiicomyahgre to Treasury Momitain 
Mount Ouray to Treasury Mouiitaiii 
Mount Elbert to Bisoii 
Uiicoiiipallgre to Mount \Vaas 
Pikes Peak tu Risoii 
Mount Oiiray to Bison 
Uiicoiiiynhgre to Mount Ellen 
Treasury nhuntain to Mount Waas 
Unco111~1:~11gre to Mess 
ITotiint Waaa to BXount Elleii 
Tusliar to Mount Elleii 
Tusliar to Wasatcli 
Unconipaligre to Tavapiits 
Mount Nel:~o to Wasatch 
l\louiit Ellen tu lV\rasatcli ' 

Mount Waas to Mesa 
Treasury Mountain to Ta\-apiits 
Mount W n a s  to Patinos Head 
Uiiconipaligre to Guiiiiison 
Mount Nebo to Patiiios Head 
B'Iouiit O U I X ~  to Giiiiiiisoii 

RIoiuit Ellen to Patiiios Head 
Mount Waas to Tavnputs 
Wasat$ to Patiiios Head 

The resultiug normal equations are- 

f -io 

-3 '3 
--3 '5 
--I '9 
-2 '9 
-2 '5 

0 

-2 '2 

---I '7 
-2  '5 
--0 '5 
-0 '9 
-0 '5 
+I '2 

-0 '9 
-1 '5 

+o '7 
$3 '2 
+.I '3 
+2 '7 

+-I '5 
+4 s 
+4 '3  
- 2 J 

.' -0 '3 

$0 '9 
+I '5, 
+2 'j 

+I '5 
+2 '9 

-1'0 

.-I '2 

JI --A, 

+6 'I 

t - 5  .s 
7t5.6 
+5 '4 
4 - 5  'I 
+4 .s 
+4 -6 
+-! '1 
+; .2 

+2 '9 
+z '7 
t 2  '5 
+I .6 
+I .6 
-0 '7 
-1 .-! 

-1 '7 

- 2  5 
-2 yj 

--j '2 

-3 '7 

-3 '9 
-4 '0 
-4 ' 2  

- 3  - '2 

--4 yj 

-4 '7 
-5 '5 
-5 .6 
-5 0s 

TRANSCONTINENTAL. TRIANGULATION-PART 11-HEIGHTS. 

lit -111, Computed. 

and the expression for the cwfficieiit of refraction is- 

I I Z =  '053 4 -  'om $61-y .9) -  ~000 S 7 ( h -  37 '7 1 

-41 
-3s 
-42 

-3 
-35 
-34 --- 

-3 

-27 

-26 
- 2 2  1 

-22 

-26 
-11 

- ?  
+-! 
+ I  

+IO 

+ ?  
+26 

$ 6  
+IT 

+ I 7  
-k42 

+36 
+4 I 

+37 
+34 
+js 
+-I3 
+-lo 

533 
0- L' 

f 6  
-12 

__ 
+-! 

4- 6 
- 2 0  

t ?  

i - 2  

- 4  
- 4  
-t 6 
+ I 7  

+ I 3  

+ 16 

I-, 

- 2 0  

- h  
- 

+IT 

+IS 
+ 2s 

- 4  
+I6 
- G  
- 3 2  

+ I 7  
+I2 

- 7-  - I  

- 1  

- 2 2  

In the height' coiiiputatioiis we. need only the difference of refraction at the tIw 
stations. ~vhich may be found directly froin the espressioii- a 

1 

'aJ0 I S [ / , , - f , ) -  'm 4 4 ( h z - - h , , )  1111 -- l l z , r  - 
3 

in which w1 i, aIid h, refer to the upper station auci m,, it, and hlr to the lower, aiicl tile 
unit of height is a hectometre. 
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For the Western part the mean values are to= I IO*? C. ho= 32.5 hectometres and 
111, = -057 S. The resulting observation equations are tabulatecl below: 

Stations. 

Wheeler Peak to Tusliar 
Wheeler Peak to Ibepah 
Wheeler Peak to Mount Nebo 
Wheeler Peak to White Pine 
Tushar to Ihepali 
Tus'nar to Mount h'eho 
Ihepali to Mouiit Nebu 
Wheeler Peak to Dian~ol~cl Peak 
Ihepah to Deseret 
Toiyabe ljonie to Mount Grant 
Toiyabe Dome to White Pine 
Mount .Neb0 to Deseret 
Ihepah to Pilot Peak 
Ibepah to Diamond Peak 
Mount Neb0 to Pilot Peak 
Toiyabe Doriie to Dialnonil, Peak 
White P.iiir to Diaiiiorid Peak 
Tushar to Scipio 
~ l ~ e l e r  Peak to Piochr. 
Deseret to Pilot Peak 
Mount Grant to Round Top 
Iliepah to cjgdell Peak 
l\Iouiit Xebo to Scipio 

Tushar to Pioche 
Toiyahe Dome to Lone Mountain 
Dianioncl Peak to Mount Callallan 
Tvasatch to Scipio 
Deseret to Scipio 
Toiyabe Dome to Carson Sink 
Deseret to Ogden Peak 
l\Iount Grant to Lone Mountain 
White Pine to Lone Mountain ' 
Pilot Peak to Ogden Peak 
XInunt Grant to Mount C O ~ I O  
Mount Grant to Carson Sink 
\JTliite Pine to Pioche 
Round Top to Mount Lola 
Round Top to Mount COIIIO 
l\lourit Callahan to Carson Sink 
NIount Lola to Mount COUIO 

I\-IIXlllt Neb0 to Ogclcn Peak 

t- to 

- 9's 
- 7'2 
- s *A 
-13.6 
+ 0'2 
+ 0.6 
+ 1.6 

- 7'3 

- 4.6 
- 6 '2 
+ 1'4 
+ 2'9 
- 0.6 
+ 5'4 
- cn.4 
- 5 '2 
- 0.4 
- 4 3 

+ 4.0 

+ 1 ' 2  

+ 1'2 
+ 2-4 
+ 3'2 
- 4.1 

+ 3.9 
+ 2.S 
+ 0.6 
+ 3'9 
+ 2.6 
- 7'7 

0 

+ 0.s 

- I '2  

-10'2 

.+ 3.s 
+ 1 %  

+ 1 5  

- I '6 
+ 1'0 
+ 4'2 
+ s-0 
+ 4.0 

li-11, 

f 5  ..s 
c5 s 
-ts -4 
-14 '5 
+.t .4 
+4 'I 

f 4  '0 

-1-3 '5 
+2 '7 
+z .6 
+z '6 
+" '4 
+a '3 
;2 'I 

+I  '9 
f' '7 
+o *s 
$0 .s 
t-0 '7 
$0 '7 
+o '5 
$0 '5 
t-0 .4 
+o '2 

-0 '6 
-0 '7 
-0 '7 
-0 '7 
-0 '9 
-1 'I 

--I 'I 

--I '5 
-T '5 
-I '6 
-I '6 
-1 '9 
-2 '0 

-2 '7 
-2 '9 
-3 '5 
-4 .s 

111 - 111 

+ 11 
+ 13 

+ 15 
+ s2 

- 34 
- 40 
- jo 
+ 32 
- 16 

+ 23 
+ 40 
- 4 
- 33 
- 33 
- 31 

- 41 + 33 

+ 23 

- 32 

- 1.5 
- I O  

- 1; 

5 - 
- 1- -J 

- 36 
+ 31 
- gs 
- 45 
- IS 
- 37 

5 
+ s2 

+I23 

+.I 
.- 17 
+ 26 
+a 3s 
f 7  

51 

- 15 

- 

- 

- -70 

Computed. 

+ 27 
+ 6  
+I9 
$69 
-42 
-42 

-49 
-t27 
-31 

+I4 
+ 27 
-33 
-44 
-- 14 
-61 

+35 
- 4  
+ 2s 

- 39 
+ 5  

' -14 
-13 

--I2 

-21 

- 20 

+.Io 
- 25 

-16 
$ 3  
-22 

-11 

+76 
f96 
-16 
$ 2  

' f 3  
i 3  I 

+16 
- - x  
-33 
+TI 

0-c. 

-16 

+ 7  
- 4  + 13 
+ S  

+ a  

+I9 
$ 5  
+ 15 
+I5 
+'3 
+ 9  
+I1 

-19 
+30 
-29 

-2s 

- 5  + 24 
-1s 

+ I  

+ s  

-16 

- 9  
-33 
- 29 

- 2  

- 2  

-21 

- 15 
f 6  
+ 6  
I- 27 
+ 20  

-19 
+23 
f-7 
- 9  

- -23 
-12 

-31 
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Stations. 

Mount Como to Carson Sink 
Deseret to Antelope 
Deseret to Promontory ' 

Pilot Peak to Aiitelilpc 
Pilot Peak tu Promontory 

[-to 'h-ho 1 1 1 - - 1 1 1 ~  Cornputed. 6--C. 
0 

+ 7.5 -j'j - IS --I I - 7  
f41 $-I2 + 1.4 -5.7 + 5.3 

$- S.4 -5.7 + g --16 +a5 
+ I OS -6.1 4- 59 -141 . +IS 
4-11 '6 -6.1 - 5 -3s i -33 

The resulting noriiial equations are- 

I z jI  %T.L-- 464 .01~ '=  - 5 961 'I 

-464 '01 .a- -k 467 *61y = - 179 '9 

fX- ' - -S .I  

\y=-i j ' I  } from which 

aud the espression for the coefficient of refraction is- 

l i /= 'oj7S- .oooS1 ( ~ - I I " . Z ) - . ~ ~ I ( ~ Z - -  32.5) 

. For the difference of refraction at two stations we have- 

The nest  to tlie last column in the preceding tables contains the coinputed values 
of ( m - ~ ~ z ~ )  atid tlie residuals are given in the last columi. While sonie of the residuals 
are large, yet in genera1 the 'agreement is quite good, and the two expressions for ~ , - - J J z , ,  
haire been adopted for use in the coniputation of differences of height. 

The cliff ereuces of height between the stations were coniputed by the formula as 
P 

given above and iiicliisive of the term ( :J I z , - I I~ , , ) - .  
3 p 

3. ADJUSThXENT OF HEIGHTS. 

The acljustment of heights has been divided into two parts, the first including the 
principal triatigulation stations betn7een Round Top and Pikes. Peak, as shown on the 
preceding sketch, and the second the stations in the vicikty of the Salt Lake Base.* 
The lieiglits of the followjng statjoiis have been fixed by previous adjustnieuts: 

111. 

Round Top 3 16j 6 
BIouat Lola 9 7% .S 
Pikes Peak 4 jm.2 

Divide 2 259'2 

Plateau I 644.0 
~ _ _ _ -  

*See  subsketch farther on. 
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' The approsimate heights of the 2s iiiteryediate stntions are- 

Deseret 
Scipio 
Wasatch 
Patinos Head 
Rlbunt Ellen 
Muant Wans 
Tavaputs 
Mesa 
Unconipahgre ~ 

Guiinison 
T rea  sur^ 11 ountaiii 
Mount Ouray 
b'Iount Elbert , 

Eisoii 

with their weights aiid the corresponding 
The very long line LTncompahgre observation. equations are given in the following table. 

to Mount Ellen is rejected: 

~tatioiie. 

Ronnd Top to Mount Lola 

RSount Lola ta Pah-Rah , 

l\lount ~ o l a  to Monn't Coxno 
l\louiit Conio to Pall-Rah 
Mount Grant to Round Top 
Carsoil Sink to Peb-Rah 
DIouiit Grant tu  Mount Coin0 
IVIount Graiit to Csrsoti Sink 
bfopnt Grant to Lolie Blo~n~tain 
filount Corno to Carsoii Sink 
Toiyabe Dome to N m n t  Grant 
Toiyahe Dome.to Carson Sink 
Toiyalx Dome to ],one Mountain 
Toiyabe 1Some to Mount Callahan 
Toiyabe Dome tn 1:~iniiiund Peak 
Toiyabe Drmie to White Pine 
Mount Callahaii to Carson Sink 
Diamond Peak to Mount Callallan 

. White Pine to Diamond Peak 
White Pine to 1,onr Mountain 
White Pine to Roche 
Wieeler Peak to White Pine 
Wheeler Peak to Uiaiiioiid .Peak 

Routld Top to BIou1lt COIIIO 

._. - . . . 

p .  Obserwtion equations. Adjusted Resid- 
A h .  uals. 

111. 

-a 'J 

+ 2  '3 

+ I  .s 
+ 2  .6 
-@ '7 
-0 9 
$0 '7 
+5 '7 
+4 5 

+> '3 
+ I  '3 
+ I  '9 
$0 'I 

$0.6 
+3 '7 
+ I  '4 
-0 .s 

-0 *s 
+S -6 
$0 '7 
+s '5 

-0 'I. 

--I ' I  
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Stations. Obserra t ioii equations. lcliusted 
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Stations. Ah. p .  Observation equations. Adjusted oh. Resid- uals. 

I 

The solution of the 2 s  iioriiial equations pave the currectioiis to the assuiiwcl heights 
aud the following values fur the adjusted heights : 

1\Iount Como 
Pah-Rali 
Mount Grant 
Carson Sink 
Toiyabe Doiiie 
Lorle iv1otintain 
l\'lotuit Callahan 
Diaiiioiid Peak 
Wliite Pine 
Wheeler Peak 
Pioche 
Ihepah , 

Tushar 
n<clullt N ~ I W .  
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The resulting differences of height ancl the residiials from the observatioil equations 

are gioen in the last two columns of the preceding table of differences .of height. 

PROBABLE ERROR UF AX ADJUSTEIl HEITJHT. ' 

The prObal?k error cif an observation of unit weight is foulid from the espression 

hi which the tJ's are the residuals referred to a1:tove. iI the iiiiiii- 

Ixr of observation equations, am1 (- the iiumher of  iioriiial equstions. In this c:ise 
€,= =I= 3 4 1  metres. 

To get the prct'bal& error of an adjusted height, we must divide thisquantity by tlie 
square root of the weight coefficieiit derived froin the iiormal equations. The coinputa- 
tion was iiiaile for Deseret. being the station ilearest the Salt Lake Base, with the result 
p = 3's This must 1:ie 
increased somewhat for the uncertaiiity o f  tlie starting heights at tlie two ends of the 
triangulation. For the probable error of the height of the Salt Lake Base + 2.5 metres 
has l ~ e i i  adopted. 

For tleter1iiiniiig the elevation of the Sdt Lr7L-C- Bt7.w and sftrfims i;/z ths z + i / i i ( i , ,  wf 
have the heights of three stations fixed by the preceiliiig adjustment. \;iz : 

and probable error of the height ctf Peseret'= I .g+ nietres. 

:lid I C'S. 

I liepall 3 6S.5 
Deseret 3 $ 7 ' 1  . . 
Maulit Nebo 3 623 ' I  

Froin spirit leveling by the party of Assistant Eimbeck in ISSS and 18p6 wve have 
Salt Lake Northwest Base above Salt Lake Southeast Base I .S 'W~ feet 5'+t inrtres. 
aiicl United States Engineers' Observatory (transit pier.) nbove'Salt Lake Northwest Gnse 
141 .SL+ feet = 4s. :=, metres. The approsiiiiate heights of the reiiiaiiiiiig stations are : 

. 

Pilot Peak 
Ogden Peak 
Iiitelope 
Proiiicintory 
\\':K~+xI~ 

City Creek 
Salt Take Nortliwest Base 

.Salt Lake Southeast Base 
United States Engineers' Ohstrratory 
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The computed differences of heights with their weights and the correspotidiiig 
The long line from Ibepah to observation equations are given in the foilowing table. 

Ogden Peak is rejected : 

4. TAI3I.E OF DIFFERENCES OF HEIGHT. 

Stations. A h. p OLervatioii equations. AclJustecl Resid- A h .  uals. 

I l l .  

Ibepali to Pilot Peak 420 '9 
Ibepali ti:, igclen Peak 74s '7 
Mount Nebo to Pilot Peak 349 '7 
nhunt Nel:m to C)giIell Peak 695 '3 
.Drseret to Pilot Peak 9:: . I  

Deseret to CJgcleli Peak 143 '4 
Desrret to Antelope 1 352'4 

2 059 '4 
D-.s?ret to Promontory I 353's 
Pilot Peak to (3giieli Peak 347 'I 

Pilot Peak to Promonta>ry I ,  352 ' I  

Pilot Peak to Antelope I "j'.' .s 
o.g'lt.11 Peak to .\lltelOpe *s '0 

I 5S.j '9 

Ogden Peak to Wacli-loup I 6r.j.4 
Ogclen Phak to Pramontor\- go9 '3 

I 634.2 
Cqden Peak to Northwest Rase I blQ.7 
Antelope to Prmmntory I 'j 

Antelope to \\iarldoup 70s . I  

Antelcipe to Southeast Base 726 '3 

17 .S 

neseret to ~ ~ A c ~ o u p  

Ogden Pe:ik to United States Eiigi- 
tieers' Observatory 

Ogden Peak tu Soutlieast nase 

Antelope to Northwest Rase j20 '9 
Wacldoup to Southeast Base 
Protiiontory to Northwest Rase 719.2 
Promontory to Waclcloup 704 .s 
Northwest Base to Southeast Base 4 a s  

Antelcqx to City Creek '33 '5 
Ogden Peak to City Creek I 042'5 

111. IU. 

421 ' I  - 0 ' 2  

The solution of the resulting normal equations gave the corrections to the approxi- 
mate heights and the following values of the adjusted heights : 

Pilot Peak 
0gile:i. Peak 
Antelope 
Prornon tGr y 
Wadiloup 
City Creek 
Salt Lake Northwest Base 
Salt Lake Southeast Base 

tory transit pier 
United Statcs Engineers' Ohserra- 

ilf<ll./r.r.~. 

j 267'4 
2 923.5 

2 or3 '9 
I j o y  .s 
I SSI .s 
1 394'9 

2 01 j '7 

I 2S9.4 
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The height of this pier as given by Lieut. G. M. Wheeler in his report on Surveys- 
West of the One Hundredth Meridian is 4 374 feet, based 011 railroad levels at Ogden. 

For' deterniining the elevation of the bench mark at Grand Junction Stanclpipe 
there are the following differences of height : 

Stations. Adjusted Resid- 
P. A h .  uals. A h .  

111. 111. 
Tavaputs to Chiquita 73 '3  2 .s 74 '5 I '2 

Mesa to Chiqnita 442 '3 17 .Y - 4.p '2 0 'I 

Taraputs to Standpipe I 273.6 5.6 I 274.9 I '3 
Chiquita to Standpipe I 300.4 110'4 I 200.4 0'0 

Mesa to Staidpipe I 643'2 20.1 I 642.6 0.6 

Resulting hei~lits-Chiquita z 605 '5 nirtres = S 549 feet. 
T 405 '3 metres = 4 61 I feet. Graiirl Junctioii Standpipe 

A line of levels was run 1,y the party of Assistant W. Eimheck in 1S95 hetween 
the Standpipe bench mark and the ground in the cmiter of the track in front of the 
Denver and Rio Graiicle Railroad station at Grand J&ction, which sho\i:ecl the latter 
point to be 27.77 feet lower than the bench mark to which the vertical nieasures refer. 
Hence the elevation of roadbed at Grand Juiictinti station is 4 5S4 feet. Iri Btilletiri 
No. 76 of the United States Geological Survey this height is given as 4 579 feet, as  
derived froni the railroad levels. 

.The height of the track at the summit of IvIarshall Pass. as deterininecl froni zenith 
distances, measured at Mount Ouray is 3 302.3 metres. or IO S 3 1  feet. The height of 
the sanie point clerived froni railroacl levels is IO S ~ I  feet. 

For the height of Mount Conness, in California, w e  have froin reciprocal zenith 
clistances Mount Coniiess 40S.7 metres higher than Mount Grant, or 3 S36.7 nietres 
high, and froni zenith distances at R ~ ~ i i i d  Toy aiicl an assumed coefficient of refraction 
Mouut Conness higher than Round Top 669 metres, or 3 Sj4 .6  metres high. The 
weights of the two cleterniinations are 6.1 and 5 -3 ,  respectively; hence the weighted 
mean result is 3 S3g.S metres. or 1 2  ssg feet. Notwithstanding this seeming accord 
we place little reliance upon this result on account of the weakness of coiinecting* obser- 
vations with the main series of heights. The result may be taken rather as an upper 
limit. A comniunicntion froni the Director of the United States Geological Siirvey, dated 
Noveinber 15, IS~S. gives the approximate Ilei.ght of Mount Conness 12 556 feet, as 
cleterminecl froni a combination of two lines of spirit levels aiicl measures of verticd 
anglesl the former operatioti starting from Sail Frmcjsco Bay at Oakland. The Unitecl 
States Engineers gave the height I 2 552 fret (~deteriiiinecl in 1S7S-79). The difference 
between these results is i&as, or 

tVe conclude this paper by giving a few coniparisons with heights roughly cleter- 
mined, all except two being bmmet iYc .  Soiiie are by the United States Engineers in 
coiinection n7ith their early esploratioiis of the Rocky Mountain region in part traversed 
b;? oiir triangulation, aiid are prtblished in United States Geographical Surveys \Vest of 
the One Hundredth Meridian, etc., Captain G. AI. Wheeler, Uuitecl States Army, I S S ~ ,  
Washington, D. C. I ISS~! and some by Dr. Hayden and Major Powell in connection 
with their early geological surveys. 

part of the height. 

*The station Moiint Connesswas iiitroduceil into the triangulation ele\~cii years after the work in this region had 
been dolie. and when it was then too expensive to seclire frill connection with other stations. 



3.12 UNITED STATES COAST AND GEODETIC. SITRVEI'. 

Elevation in feet frmi- 

Pikes Peak IU.S.Sig.0. ) f r ~ ~ m  .levels 
Bisan Haylen ) 
Mount Ouray (Hayden) 
M0unt ElFJert (Hayden) 
Mount Elbert (V.S.E.) 
Treasury h'fountaiij ( Hayden ) 
Ui~con~paligre ( Hayrleri) 
Uncompaligre ( U.S.E. ) 
3lount Raas  (Hayden) 
Mount Ellen (Powell)  
Patmoa Head ( Pawell) 
Bearer or Bald!. (Li.S.E.1 
Tusliar or Mount Brlkriap ( Powell) 
Tushar or Mount Belknap ( U.S.E. ) 
OgJrn Peak or Observatmy Peak (U.S.E. ) 

Ugden Chervatory ( U . S . E . )  frorii levels 
pili:d Peak or Pilot Kiiob (U.S.E. ) 
Wheeler Peak or Unioii Peak (U.S.E.) 
TOiFalie D0mr or Poston ( U.S.E. ) 

Mount Grent or Cory ( P.S.E. ) 
RI1:~ullt Como (U.S.E. ) 

.4ntelo]le (T1.S.E. ) 

Considering the iiieaiis available at tlie time of the early determinations, the differ- 
ences above indicated are not escessioe. 
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111. T H E  M A I N  TRIANGULATION BETWEEN CAPE MAY, 
N .  J.! AND POINT ARENA, CAL., AND ITS CONNEC- 
TION WITH THE BASE NETS. 

A. INTRODUCTION. 

In this part of the account of the arc clevotecl to the triangulation proper. there is 
given for each series a sketch with general clescription.of the region traversed. Refereixe 
is iiiade to facilities fouiicl or obstructions eiicounterecl. 

There are also iiitrocluceil n few photographic illustrations relating to iiistruiiieiits, 
topography, or fielcl work of the part); that ma?; possess special interest. 

It was' thought uiiiiecessary to lmrdrri this part with a description of the stations. 
as hac1 been cloiie for the base, nets, since such detailecl descriptions are 011 file iii the 
Ardiives of the Survey and copies can be furiiisliecl on application by anyone ~ l i o  iiisy 
require them. An exception was made with the high niountain stations in the western 
part of the arc, for which alh-eviatecl descriptions wei-e introduced, omitting topographic 
sketches. 

This triangulation esteiids over a distance of about 4 42s kilometres, or 2 750 statute 
miles, measured along its middle course or asis, and is most conveniently describecl anc1 
treated I>?;-considering it in parts or subdivisions macle by tlie interspersed base nets. 

These divisions of the triangulation will be treated aiid referred to uiicler the follow- 
iiig designations: . .  

' 

N b M K  OF CHAIN OF TKIAXGULATIOX. . .  SUBDIVISION. 

I Atlantic coast to I i w t  Islalid Rase 
2 Kent Island Base to St. Alhans Base 
3 St. Alhans Base to Holton Base 
4 Holton Base to Oliiey Base 
5 Oliiey Base to Ainerican Bottom Rase 
6 Aiiiericaii Bottom Base to Versailles Base 
7 Versailles Rase to Salina Base 
S Salina Base to El Paso Base 
g El Paso Base to Salt Lake Base 
IO Salt Lake Base to Yolo Base 
I I  Yolo Base to Pacific coast 

The Eastern Shore series 
The Allegheny series 
The Ohio series 
The Indiana series 
The Illinois series 
The Missouri series 
The l\lissouri-Kansas series ' 

The ICansas-Colorado series 
The 'Rocky Mountain series 
The Nevada series 
The Western or Coast Range series 
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B. THE DISTRIBUTION OF THE BASE LINES ALONG THE ARC. 
The distribution of the base lines as parts of the connected chain of triangles stretch- 

ing from Ocean to ocean, is shown by the table below, which gives the distance of each 
base (rnidclle point) from its nest neighbor to the westward, as iiieasured along the middle 
of the i n t e r v e i l i n g  triangulation. 

ADJACENT BASE LINES. 

Kent Island to St. .qlbaiis 
St. Alhans to Holton 
Holton to Olney 
Olneg to American Bottom 
Aniericait Bottom to Versailles 
Verwilles to Ssliiia 
Salina to El Paso 
E1 Paso to Salt Lake* 
Salt Lake* to Solo 

APPROSIMATE DISTANCES. 

The clistaiice from Kent Island to the capes of the Delaware Bay is ISO kilometres, 
or 1.12 statute miles, nearly, and the distance froin the Yo10 Base to Point Arena on the 
Pacific 186 kilometres, or I I j statute miles. Total development across the continent 
4 4'5 kilometres, or 2 750 statute miles. nearly. 

C. GENERAL METHOD OF TREATMENT OF THE TRIANGULATION. 

Each link of triangulation connecting two adjacent base nets is adjiistecl by itself 
in order that its g e o i i i e t r i c a l  coliclitions be satisfied, arid in aclditioii thereto that the 
lengths of two base 'ines be in accord. The linear dimensions of the base nets. as given 
i l l  Part  I, are taken as fixed. and the dispersioii of any cliscrepaucy between them as 
i i i d i c a t e d  by the intervening triangulation is thrown upou the latter. 

As in the case of the treatment of the base nets, a sketch and an abstract of the 
results of the local or sicrfiou acl just i i ier i t  t of the horizontal direction measures is given for 
.- -- 

*The illiddleol' Salt 1,akc Ikise is iii loiigitude IIP q ' a i i d  lies almit I i j  kiloiiietres (135statiite !iiiles) to the north 
ui thc iiiidtlle liiie of tlie triaiiglatioii betweeii the l-11 Paso and Yo10 bases; tlie direct distaiice betweeii these base lines 
is I .wi kilometres org.;j statute inilea. nearly. 

t The s / n f i u ~ ~  atljiistiiieiit of ol>serverl directioiis is carried out as lisiial by lkssel's method: the observations are 
taken as of equal weight and the resulting directions (or angles) are directly introduced iiito the triangulatioii, w1ier.i 
they are macle suhject to a forther ntljiistnieiit-iintiiel?., that ki?o\vii as the.fig~iro adjustment. The full application of 
R e ~ e l ' s  iuetlid iGr:diiiessiing iii Ostpreiiswii. ctc., hy F. W. Resscl. Berlin. 1535; 2 15 mid 3 3.1; a1.w Clarke's Geodesy, 
Osford. ISSO: pp. 233-237: aiid Wright's Adjustrueiit of Observatioiis. Xew Sork, 1%. p. 315 aiid fol.) deiuands the carrying 
ovcr of t!ie local weiglit coiiditioiis iiito the general coiiditioiis of the triaiiplation. a process which is not followed 011 

the Suivey wlicrc- tlic twu ilirsitiiilar operatioris arc kept distiiict. for tlie followiiig satisfactory reawlis: III the first 
placc. i i i  any exteiidcd or coniplicaled triaiigulatioii the establis!imeiit and simultaneous solution of a large iiutiiher of 
eyuatioiis. as demanded hy theoretical rigm. hecoiiies unwieldly aiid may become iinpracticable, and the labor should 
be Icsseiietl hy aiiy colicessivii lo  the deinaiide of exyedieiicp that call be. jnstified. Secoi~dly, the coiisideration of 
different weights to tlie rrsiilta from the .local adjiietiiient 3 f  measures of directions favors separate treatiueiit of local 
a id  figure stljustmeiits. since the errors met with aiid inherent to the second operation are of an entirely distir ir- /  
character froiii those developed i n  the local adjustiiieiit; thus. for iiistaiice. effects of imperfect ceiitering of instriinierit. 
delcctive positioii of heliotrope sighted. persisteiit local deflectioii of liiic of sight. aiid particularly effect of local detlec- 
!:oil of the vertical at n statioii, are all sources of error which foriii no part of the discrepaiicies met with in the local 
iiieasiires. whereas they appcar fully i n  the discords fouiid i n  the sums of angles of the triangles or iii the ratios of 
their sides. The discreyaiicies ill the local measures are for the greater part due tG defective graduation or want of 
ndjustineiit of instruiiient, to irregular lateral refraction. defective illiimiiiatiou of object sighted, aud to other causes. 
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each station; this is foilowecl bv tlie presentation of the conclitional, the correlate. and 
the noriiial equations of the general or -figiii.c adjustment, together with the resulting 
corrections a d  tlie finally adjusted triangle sides and angles. 

There is appended to each abstract of directions at a station the probable error of 
a single measure, i. e., of a pointing aiicl readings with telescope direct, iiiotioii forward 
in series, and a pointing with readings with telescope reversed, iiiotioti backmarcl in series. 

Its value is e,= ,/ 0'4-5s where 7; = iimiiber of observations, s = number of 

series, a& d = nuiii1)er of clirections, ancl Z'A' the siiiii of squares of differences from 
the true values. In a few exceptional cases where repeating tlieodolites were used. sis 
repetitions direct and s i s  repetitions reversed, coinlined to a mean, iiiap be taken as a 
unit of measure aiicl is so inclicntecl. A rough approsirnation for tlie probable error of 
a resulting direction. as given for instance in the case of the Solo Base Net, may be hac1 

J I  - 3 - d + I 

. here s = iiuiiiber of series for the particular direction. 0'45j 2 ~ '  
1)' c I = J r s ,  -- 1) (cliag. coeff. I 

These proBable errors are introduced fur the purpose of giving in a general way itiforiiia- 
'ion respecting the performance of the instrument. 

D. THE PRECISION OF THE ADJUSTED TRIANGULATION. 

For tlie purpose of obtaining an approsiniate nieasure of 'the precision reached for 
the various parts of the triangulntion. the follo\\iiig foriii~ilx and method were iiiacle 
use of. The iiieaii error of any  angle of ail adjiisted series of triangles is given by the 

a 111 = /- where lit. = ni,eaii erior of ail angle. formul 1 .  
TI, 7: . . . ZJ,, = corrections to tlie dimcfioits due to the acljustineiit of the triangulal 

c = number of conditions involved. 
tion. 

' Supposing all angles of unit weight, we have for tlie reciprocal of the weight of a 
side tlie espression :# - 

'?la,&= 54 (&a,)-' 2'1" [&",+b,6,+&',] 
I -  

hence for the itm77i error of the side n, the relation n ~ , , , ~  = ?it,/< 

here ;4= angle ncljaceiit to a base arid opposite to the nest or coiitiiiuatiori base side of 
a string of triangles between the sides a, aiicl an. 

B = angle opposite a preceding base side. 
6,' = tabular logarithmic cliffereiice of a unit of length of the side a,,. 

*In the Ordriance Surrey of Great Britaiii arid Irelarid, 1.o1idon. 135% p. 421, the expi-essiuii- 
' 

*:.d2i~~(cot* a,,+cota. cotB.+cotzp,,) 

for the probable error of the side .4= is qiioted from Laplace's ThCorie aiialytiqiie des probabilit&. When pnt in 
con\.eirient shape for logarithiiiic coinputation. we have the foriil as given in the text. Cf. T. \I7. Wright's "Treatise 011 
the adjiistiiieiit of observatio~~s." New Tork, IS;, pp. zq. 23; also W. Jordan's "Vermessii~igs~ilde," vol. 111 ( I W )  p 
no, arid -4. K. Clarke's "Geodesy," Oxford. ISSO. pp. 6.1. 226. 
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 CY-^ aiicl 6, = tabular logarithmic differences corresponding to a change of I" iii the 

u,llh and I I J , ~ , ~ =  tlie reciprocal of the weight of side aIh and its mean error respectively. 
In applying the above foriiiulz to an esteiidecl triangulation, such, for instance, as 

joins two adjacent base nets, or, as in another case, reaches froiii a base net to the coast 
line, we can suppose the saiiie to be macle up of a string of single triangles between the 
initial and filial sides. This selected chain of triangles shoulcl be coiiiposecl of the best 
shaped and best measured triangles, and their number should 1 x  as small as may be. 

The probable error of any side of a series of triangles clue to tlie angular iiieasiires 
can thus be computed, aiicl when combined with that arising froiii the iiieasiire of tlie 
base and the angles of the base net, the prolxhle error of any side will become ~ I I O ~ V I I ,  

and wlien espressed in ternis of its leiigtli tlie relative precision of the triangulation can 
be c1e;lucrcl. 

For any liiie betweell two base nets let j, ani1 p= be its weights deiliiced when passing 
to it from either lmse net; then P = j ,  +#, and tlie probalde error of tlie line = I/,/Z 
In passing through tlie triangulation in opposite directions the A ' s  a i d  B's remain the 
smie, h i t  there is ai1 interclinnge of the letters. To fiiicl the niicertaiiit!;iii thedeveloped 
length of :L triaiigulatioii, it \vas ciividecl into suitable sections and tlie probable error of 
each junction line was coiiiputecl as alxwe. Then the proportiuiial error for each section 
is taken as tlie mean 1,eweeii the corresponding 1rolsable errors of tlie terminal lines. This 
proportional probable error niultiplied by tlie length of the section gives the probable 
error of tlie length, and tlie suni of these quantities for the several sectioiis gives the 
probable error of tlie developed length of tlie triaii,vulation. 

angles .il and L3 in a table of logarithm of sines. 

E. LENGTH OF SIDES OF BASE NETS. 

The following fable contains the logarithms of tlie length of sides required for 
Later these establishing the ecluatioiis, which bring tlie adjacent lmse nets into accord. 

.saiiie logarithms serve for the triangle side computations: 

f ~ ' ~ ~ ~ ~ ~ ~ ~ i f r i i ~ ~ f i o r r  LY' r -~wi l f i r~g  lsrrgflrs qfsitfcs LY- base frds x1hiL-h ~ forwr. Ute ~ O I I I I C L . ~ ~ L W  q/~~i i i ! j i7c~~l  b i i ~ c : ~  by 
men l i s  of fix i u f e r ~ ~ ~ ~ ~ ~ z i ) r g -  f  in ng=rrlii tiorrs. 

Probable error of leiiztli 

Base net. Couiicctiiig side. Logarithill of se&tll III 111 partsof 
length. of rtietres. length. 

. I O i .  

Kent Island Rase, Mary- Finla?; to Pooles Islaiid 4 .419  413 S ... . . .. . .... 
land 

Finlay to Liiistid j . j g o  516 3 . c 4 o  C 0 . 3 3  
Pooles Islaiicl to Liiistid 4.462 716 4 .' ' . . . . . . . . . . . .  
\\;eb6 to hlarriott 4392 324 7 j g  0 ' 2 2  iig15VV 

-!*SSS 94s 7 17  0.45: T'-I St. .ilbans qase. West Suiiiinersville to Ivy # , I  mu 
Virginia 

4 ' ; jS  S4a 6 22 0'12 ----- 1 :I 3 ' "-65 



Hnse iiet. 

Verseilles Base, Missouri 

Salina R:tse, Kansas 

Coiiiitctiiig side. 

Hililt City to Oblong 
Hunt City to Xewton 
Hunt City to Clarerrioiit 
Sugarloaf to Clarks i\Iouiid 

Clarks 3Iclund to Dreyer 
blinonia to Insatte -1syluni 
Iiisatie Asylmii to Klrinschniidt 
Christian to Relslie 
Hulhard to H ~ i g l i e ~  
Christiaii Lo High Point 
High h i i i t  to Iielslie 
Vine Creek to Iron Mouitrl 
'~'~IUIII1lSOll ?dl3ltll 
Divide to liig Springs 
13ig Springs to I-Ic~lcc~liti Hills 
1hep:tIi lo Mount Nel~o 
Pilot Peak to Ibepali 
Mouitt Helena to Mount Diablo 

I'rolmhlr error of Iciigtli, 
~ . 
.III iiiiits 

bIc~uiitTaiitalpaisto~Ic~utit Diahln 4 '779 6j7 67 

F. THE TRIANGULATION. 

111 Iii parts of 
iiietres. leiigtli. 

r .  TI-11: ms'rI:i;x si-101~1~ SEKIES OF TIZTANC;LES, iS44-45 t\iw 1596-97. 

(a) h l I m 7 h C t i l ~ l f .  

Before it was contemplated to iiieasure an arc of parallel in latitude sg" ,  there had 
already bee11 iiiacle n geodetic ccliiiiectioii ,between the Kent Islaiid Base nlicl the Capes 
of tlie Delaware Bay; this olcl triangulation estendeil up the Chesapeake Bay to its head 
aiicl crossed over 'to tlie Delaware Bay and do\vn that bay to its Capes. 

0 1 1  esniiiiiintioii it was found to possess insufficient strength and imdesirablr linear 
esteiisioii for incorporation into the transcontinental triangulation, and in coriseqiieiicr 
a new anc1 mor6 direct coiinectioli was mac~e in 1996-97. 

This field work picwed one of great difficulty, nltliougli tlie direct distance is iiot 
much over 135 kilometres or Sq statute miles. Tlie length of the triangulation measured 
from the middle of tlie lines Finlay to Linsticl and Cape May. Light to Cape Henlopen 
Light, ani1 along the inidclle of the series, is about 140 kiloiiietrrs or S7 statute miles. 

Tlie new triangulation \\:as iii charge of F. W. Perliins, 'Assistant Coast ancl Geodetic 
Survey by whom the following clescriptiou of the region covered aiicl the iiieaiis eiiiployecl 
by liiin was furnished: 

The Eastern Shore section crnsses tlie Delaware Ray. the State of .Delaware, the Eastern Shore 
of Maryland. the Chesapeake Bay. and terminates oil the high land north and south of Baltiitiore: one- 

' 
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third being over water and two-thirds over land. The laiid rises gradually from the marshy shores on 
tlie \vestern.side of Delaware Ray to an elevation of 70 feet near the center of the peninsula. and again 
falls away to the Chesapeake, the surface inequalities being iio\vhere coi~siderable. It rises agaiii 
froiii the deeply inclented shore line on .the western side of the Chesapeake to .So feet at Ijilstid south 
o f  Baltiniore, and to qSo feet at Fiiilay to tlie nortli. wit11 well-iilarketl irregularities of surface. Tlie 
lanrl  is generally uiidel- a high state of cultivatioii with estensive areas of orcl~ards, but with only 
occasional cl~iiiips of forest gro\vtli. esceptiiig on the flanks of the peninsular crest. 

To overconie the natural i i i d  artificial obstructions. high signals were foulid necessary; at sis (i' 
those o i i  tlir peiiiiisula the instrument was mounter1 I 20 feet (36.6 metres I above the grounid. ;uid tlic 
targets observed on were i n  some iiistances as rriuch as 260 feet f79.2 metres) above the ground. '1'11~ 
latter werc 50  carefully secured by opposing wire-guys that 1 1 0  iiioceiiieiit observatlle in the trairsi.. 
telescopes, niouiited for tlie purpose. was produced by two or three men swaying upon the guys. 

No. 2.1. 

Respecting the iiumber of positions or the number of repetitions takeii by the several 
. observers with their several instruiiieiits, 110 definite statement cnii be iiinde escept that 

a sufficient number of series of six repetitions of the angles were secured, atid that in 
case of observations of directions by Assistant Perkins's party the circle \\'as used in 
twelve positioiis with at least two complete series in each. 

With a view of reduciiig the labor of adjiistmeiit 4s niuch AS possible without 
perceptible sacrifice of xciiracy, tlie triangulation ins been adjusted in two sections with 
the single line Hartly to Kent in coiiiiiioii. In the first part IS conditions a i d  in the 
secoiicl part 15 conditions hac1 to be satisfiecl. 

. .  



No. 25 

OBSERVING STATION, STILLPOND, MD.  

Elevation of instrument above ground, 36t meters or 120 feet. Elevation of target, 84 metcrs or 275 feet. 



TRANSCONTINENTAL TRI.~NGULATION--PART 111-TRIANGULATION. 353 

( I , )  -4 bsf& l?/' i ~ s i r ~ i i 2 g  hoi-izmlilil nil c.t.?ioi2s 17f ~(7t-h sttitiom j ~ n z  I O ~ I  t ~ ) 2 a  j ~ ~ ) i  j g 2 t i ~  

llQy2rsfifll-i2.f. 

[Abstract of directioiis at stations of part 1.1 I . ]  

LiusZid, Anne Arunclel County, Maryland. May 24 to JLIIIC 26. IS$% 60-centinietre tlirodolite, 
3o-ceiitinietre tlieodolite. No. 16. No. 2. 

F. W. Perkins and W. B. Fairfield, observers. 
9. D. Baclie. observer. January S to January 31, rSg7. 

Telescope above grciuiid 27'Sg metres in 1Sp7. 

I 

2 

No. of 
direction. 

4 

5 

Osbornes Ruin 0 00 133'00 +0'17 00.17 
Still Pond 30 4s 41 '95 -0ss 41.07 
Pooles lslaiid 4s 0; 34.15 $0'45: ~4 '63 
Clough 55 "3 20.9; -0'79 20'14 

Linsticl 101 36 01'26 -0.72 00 '54 
Webl, 127 'ig 37'46 +0.25 37.71 
Rosanne 159 25 03.26 - 

objects observed. 

Fi 111 ay 
Pooles Island 
Clodgh 
Swan Point 
Hope 
Kent Island North Base 
'Taylor 
'Nrlarriott 
Webb 

Resulting direc- 
tions fnxii station 

adjnstoreiit. 

0 I I f  

0 00 00'00 

46 42 57'73 

77 '3 16'97 
102 07 13.10 

140 56 37.60 
I75 43 02.43 
209 40 I1 '33 

"75 ss 53.59 
' Mean 

69 13 0773 

I !  

+o '70 
-0 'IS 

-0 '52 

-0 '26 

+o '75 
-0 '50 
$0 '02 

0'00 

6 

Swan Point 
Linstid 
Finlay 
Osbornes Ruin 

0 f I f  I /  I /  / I  

o 00 m,'oo $0'30 00 '30 
36 22 15.13 +o'17 15 '30 
116 06 54'91 -0.47 54 .-I5 
170 34 06'56 -I"ZO 05 '36 

7 I Turkey Poirit 225 05 01'56 - -0 '01 @I '55 
Mean 0'00 

Probable error of a single observation of a direction ( 6  D. and 6 R. ') = & 0" '69. 

1S732-No. 4-23 
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i b )  --It)Sfr~~cf l r f  rxwft i izg h o i - i ~ m f ~ d  dii.t-cfitvis ctzc-h sfclfilvc - t j i v i c  /l?Ct7/ tiiitl'  jroiir; jgxrc 

:,o-centixnetre theodolite, 

c i t~ jr (~f i i zc i i  f-Con ti nuecl. 

Hop9  Queen Anne County, Maryland. November 9 to l3ec.enmber 25. rS96. 
No. 37. F. W. Perkins, observer. Telescope above ground si'O3 metres. 

28 

29 
30 
31 
32 

NO. of 
direction. 

- 
Linstid 0 m 0o.m -0 '57 59 .'43 

-0 'S5 05 .94 Clougli 3s 17 06'79 
Still Pond 73 55 56'23 +@'41 56 61 

Barclay 129 50 35'05 +@ .94. 35 '59 
Kent  IS^ IS 04.64 +o '06 04 '70 

Objects observed. 

35 
36 

' 33 
34 

Resu,tillg Corrections f roil1 Final seconds 

' triangulation. '1' 
froin station adjustttient. f i g ~ $ ~ ~ ~ ~ s ~ ~ ~ , , t .  

Still Pond 0 o@ ao'oo $0 '30 oo '30 
Hartly 115 57 m.02 . +0'33 fxJ '35 
Kent 17s 56 5 r S 5  +o '30 53 'I5 
Hope 267 59 30.19 -0 y4 '9 '25 

S 

9 
IO , 

II 

12 

Turkey Point 0 m OCI'OO, $0.11 03'11 

Still Poiid 34 55 30'47 + o 3 j  30 %Q 
Clough 7" 51 37'77 -0 '@9 37 65 
Pooles Island SI  27 17.53 -0 '06 17.i7 
Finlay. 15. 56 33.25 -0 '09 3.5 ' 2 0  

Principio 324 49 43'3.5 

26 

27 

25 

Pooles Island 0 00 WJ'm +0'6j cn -65 

Principio 131 14 41.25 
Buck 2 196 36 0131 

Still Pond 320 56 5 S S j  -@ '30 5s '63 

Oshornes Ruin 4.1 01 4S. i"  -0.44 . 4s '2s 
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16 

17 
13 
14 
15 

(6) .-I bstmrt rcszrh'izg horizoatal dircctioiis at  filch station .fiu~~z. Iiwl aiid from j A y r r c  
ad'usfnz.mt- Continued. 

Clorqh, Kent County, Maryland. August 17 to October 19, 1Sg6. 30-centimetre theodolite. No. 135. 
Telescope above ground 23.32 metres. W. B. Fairfield, observer. 

Still Pond 0 00 CQmO -0.24 5 3  
Hope 90 03 44'90 +0.49 . 15'39 

Finlay 263 26 41-03 --I .so 39 '23 
Osboriies Ruin 299 5s 23'5s , + I  'S5 25 '43 

Linstid 19s 52 25'31 -0.31 25 '00 

No. of 
direction. 

21 

22 

23 
24 
IS 
19 
2 0  

Objects observed. 

clougll 0 00 00'00 '-O.!S 5 5 5  
Finlay 55 52 00%5 +I '22 0 1  'S7 
Osboriies Ruin S4 02 19-46 $0 "3 '9'59 
Turkey Point 146 02 00.39 -0.04 00.35 . 

Barclay 273 37 44'66 -0 '29 44 '37 
Hope 305 42 35.16 -0 .I4 35 TI2 

Hnrtly 249 3s 35'97 --o '71 35 '26 

39 Still Pond 
Malion 

113 26 '55.36 t o  '69 56 '05 
26s 21 29'49 -0 '10 29 '59 

42 

40 
41 

Hartly 0 a, 00'00 +o '56 m 3 6  
NIalion 47 34 oS.56 -0 '74 07 .S3 

Stone 56 42 27.65 -0 27 'j0 

Hope 279 53 00.96 -0 '07 00 3 9  
Barclay 316 22 57-30 -0 '29 57 '01 
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( b  ,l -21 bshiad of ?rsir/thp hmizmifu1 tlim-tims at mch sttitioii .f>oi)i /ocd m d  -fi.onz jg-i l~r 

cl.Cljids~?iil'iif-CCJiitiiiLiCil. 

[Abstract of directioiis at statiolis of part ( 2 ) . ]  

HRI-/!IJ, Kent County, Delaware. Septemlier 5 to September 14. rSg6. jo-ceiitirnetre theotlolite. NO. 
145. Telescope allove ground 57'03 meti-es. J. Nelson, observer. October ;I, 1.56. to January 
4, rSg7. jg-centiiiietre theodolite, No. IO. Telescope above ground jr .34 metres. ' J. Nelsoti. 
and W. B. Fairfield. observers. 

25 
26 
22 

3j 

24 , 

No. nf 
direction. 

Cape May Light-house 0 00 00'00 -/-o 'S7 00 '87 

Cape Henlopen Light-house 55 46 25'73 -1' '45 15 '2s 

I\lahon 196 59 2S.62 -@ '39 2s '23 
Egg Island Light-house 240 .;4 0 6 - 2 0  +o '01 0 6 . 2 1  

Stone 161 12 27.47 ' -0 a3 27 'js 

I 

2 

Objects observed. 
Resulting Corrections Correctioiis 

directions from from base-iiet froiii second ?'col'r:r 

adjustinelit. adjiist&iit. adj%liEiit. triallglllati*ll. 
111 station aiid figwre 

A>vi/, Kent County-. Delaware. October 2s to December IO, 1596. 
. Telescope above groniid jS.56 metres. 11'. H. Fairfield, observer. 

;o-ceiitinietre theodolite. No. I:.<. 
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(Sj ,-lSstiizrf cf rcszdtiug horiza~zto/ dir.e.rtitws 1 7 f  t-1lc-h. . stnfion ~ ~ J J Z .  koc-izl a7Zd fivilz JiSz~i.c 
a'~z~stJJzcJzf-continued. 

ilfahmz, Kent County, Delaware., J~i ly  2S to August 30~  1896. 30-centirnetre theodolite, No. 145. 
Telescope above ground 37'0; metres. J. Nelson, observer. . 

15 
16 

17 
11 

12 

13 
14 

NO. O f  
direction. . 

Brandywine Shoal Light-house . o 00 00 '00 -0 '05 

Cape Henlopen Light-house 44 2 0 .  32'22 S0.S 
Kent 173 32 2s.26 $0 'I9 
Hartly 20s 51 59'SI -1 '00 

Mahon 247 24 2S.10 -0 '51 
Egg Island Light-house 304 50 36-21 ' $0 -42 

Cape May Light~house s 11 43'7" $0'29 . 

S 
9 

10 

5 
6 
7 

27 
2s 

29 

30 

Objects observed. 

Cape Henlopen Light-house 0 00 00'00 $0 'OS 00'0s 
Stone 71 2s zS.59 -t.o '55 29 'I4 
Brandywine Shoal Light-house s2 cq 20'49 -I '65 IS 'SI 
Mahon 93 53 23 '97' 
Egg Island Light-house 118 51 24-17 +I '05 25 -22 

Resulting direc- Correctioris Final jecorids 

adjustrnent. ad j tist ment. triangulation. 
tioiis from station from figure in  

0 I I /  I /  / I  

Stone 0 00 00'00 +I '39 0 1  '39 
Kent 66 59 43'34 +I '01 44 -35 

Egg Island Light-house 2S7 45: 50.22 -0.w 49 .Q2 
Cape May Light-house 323 12 11.35 -0.15 I1 '19 
Brandywine Shoal Light-house . 32s 22 35 ..rS --I '75 33 '73 

Hartly 107 47 07'96 -0 .os 07 .SS 

Probable error of a single observation of a direction (D.  and R.) = -c 0/"65. 

Telescope 

/ I  - 
59'95 , 

4.1 '01 
32'90 ' 

2s '45 
5s 'SI 
27 3 6  
36 '63 

Egg Islaird Light-hoiuc, Cuniherlarid County, New Jersey. July 4 to July 25, 1Sg6. so-ceritimetre 

IS 

'9 
2 0  

21 

theodolite, No. 37. W. B. Fairfield, observer. ' 

c I I f  / I  I /  

Cape May Light-house 0 00 00'00 , + O . I S  00 .rS 
Brandywine Shoal Light-house 23 46 60.03 -0 '24 59 '79 
Stone 69 15 59'% -1 '21 5s .64 
Mahon 119 3s 37'87 +I '27 39 '14 

*Computed value. 
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NO. 

I 

2 

3 
4 
5 
6 
7 
S 

9 
I O  

11 

I2 

13 
I4 

15 

16 

17 
I8 
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( c )  Figwr' adjlisfr)zeizf--Cotltinued. 

Corrtc- 
tioils. 
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... . . . . . .  
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... ...... 
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+47 '4 
--SI '0 
+33 -6 

. . .  

... +I4 '3 
- 29 '4 
+I5 'I 

+I 

... . . . . . .  
--I 

-1 + 6 3  
+ I  -31 '3 

+25 '0 

... +2Q '5 
--I -50 '6 
+I 1 2 2  'I 

+ 14 '5 
-34 '7 
-40 '5 
+32 '5 

+29 'I 

-29 .S 

. t  0.7  

. . . . . .  

+I5 'I 

-17.3 

. + '  2'2 

...... 

+26.6 
-56 '0 

+29 '4 

$20 .s 
-35'3 
+ 1.1 '5 

- s.0 
. . . . . .  . . . . .. . 

+ 15 '0 

. . . . . .  - 0.7 

+ 4'6 
- 3'9 
--IO '0 

+2s '4 +3s '4 
-40 '5 -2s '4 
+I2 'I 

. . . . . .  ...... 
+ 2 . 2  

-44 -5 
+42 6 

..... 

.... ...... 

-16.4 
+35 '3 

...... 
t30 '0 

-15 '0 

...... 

...... 

...... 

$44 .s 
-56 '0 

+IT '2 

4- 2.5 
-21 .s 
+I9 '3 

, . . . . . . 

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

...... ...... ..-... ...... 
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+4 
+-I 

... ... 

... ... 

+2 +2 .- 2 

- 2  -2 1 2  

$6 $2 +-2 

+6 -2  -2  

. . .  . . .  +6 - 2  . . .  ... ... 
$6 $ 2  

+6 
+-6 - 2  

+6 
... ... . . .  . . .  . . .  . . .  ... 

... ... 

-2 

+6 -2 

t6 

+ 1.41 
- o '03 
- 2.6s 

- 3'06 
+ 2'37 
+ 0'39 + 0.07 
$. 0'57 
- 1.95 
- J '92 
- I '46 

o=+ 2'35 
- 0.68 
- IO 

- 84 
$155 , 

+I42 

4- 46 

. . .  . . .  , . . . .  

-13's 
5 .s 

-1s '7 

-17.4 
-4Q '7 
+26 '9 

$6 '5 
+40 '4 

-3s '4 

- 3'9 

- 70 '0 

-ig.s 

- 2  -72 'I 

+6 - 2  -34 '6 
1-6 +35 'I 

- 2  . . .  . $70'9 

+16 73s .~'3 
... ... .. 

-9 d 
+53 '0 

-14'3 

f 9 2 7  *7s 
+IT 056 '24 

-9 '9 
... 

-10.4 

-2 -0 

t 46 '4 

+.r6.4 
$9 '5 

-49 'I 

-t 84'0 
-3 '9 

... 

+342 'I3 
+2 240.76 

f 2  706.98 

.... 

-361 '00 

+450 '00 
+S 762 '51 

-5 979 'SS 



362 UNITED STATES COAST AND GEODETIC SURVEY. 

Resulting values of correlates arid of corrections to aiigiilar directions: 

C,=--a'355 2 

C,=+I '425 I 

c,=-O '079 5 
C,=+I '253 
C,=+o220 7 . 

C6=+.0 '15s 9 

cs=+o '737 6 
C,=-o'269 I 

C9=+1 '229 o 

Cra=+l '001 4 
C,,=+0'697 3 

C , 2 = + ~  '063 6 
C,,=+0-36s 2 

Cr4=-0'OCY) 224 
C,,=+o~od 4S2 
C.b=-O '021 500 
C,,=-o '037 392 
C,8=-o*o~7 312 

Nc 

. I  
* 

3 
4 

5 
6 

7 
S 

9 
IO 

I 1  

I2 

I3 

14 

1.5 

/ I  

(1)=+0'175 
(2)=-0 'SSS 

(3)=-0 '765 
(4)=- to  '725 
(5  )=+O '94s 
(6)=--1 -196 
( 7)=--u .Oog 
(8)=+0 'I10 

( 9 ) = t o  'I27 
(lo)=-0 CSS 
( II)=--0 '056 
(12)=-0 '09.1 
(13)=-0-314 

( I 4 h - I  '795 

/ I  

(Is)=+ 1 '853 

(Is)=-o '705 

(16)=-0 '236 
(17)=-kO.491 

(Ig)=--O -256 
(20)=-0 '137 
( 2 I ) = - 0 -1  54 

(23)=+0 -130 
(22)=+1 '220 

(24)=-0 '035 
(2 j )=-0 '202 

(26)=+0 '646 
(27)=-0 -444 
( ZS ) = -0 '565 
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( C) Figti i-c adjzid nzt-ii t-C on t i nued . 
C o r d z k  qmtiotrs. part (2). 

c, c* c3 CJ cg C6 c7 C8 cg c.. c,, CI? CI) C1J E15 
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- 1  
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--I 

+ I  
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-1 

+ I  
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-1 

+I 
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+ I  
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.... 

- 1  

+ I  
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-I 

+ I  
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-1 

+I  
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.... 

+31'6 
-44 .s 
-45 '0  

+25'S 
.... 

+%'y 

-33'3 
+24'4 
t 29 '7 

t.26 '4 
-56 ' I 

.... 

.... 

.... 

.... 

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

+13'4 
-25.1 

+14'7 

+20'7 
-3s 'I 

4-17'4 
+V'? 
-51 '3 
+?-a'I 

.... 

+ I 4 7  
+124'6 -160.9 
- 1.16 '2 + 146 '2 
+ 21'6 

+ 47s + 43's 
- gj.5 - 45'6 

.... + 20.7 .... 
- 2 '2  

-100.6 

. . . . . . . .  + I 00 6 

+ 2 9  
-112.5 +112'5 

+1og'6 -140.7 - 2S.a 
. . . . . . . .  + 25'2 + 2s.2 

+ 30.9 
- 57-7 
+ 26,s 

o=+ 1'73 
+ 2.91 
+ 2'53 
- 5'24 
.- 3.15 
- 0 '91 
+ 2'81 

- 0 ' 9  

- 328 
f 0.76 
+ 15 
-w 
4-257 
-384 
+=74 

+4 --a ..--rS'9 
+4 -1.2 -1.5'2 

t 6  -- - 2  +2 

+6 +a +? - 2  -17'5 + 23'6 
. . . . . . . . . . . .  .... - I '4 4-6 ... --a -1 . . . . . .  

+6 +2 -1 + 14'5 
+ '4'5 

+6 -2 - 13'3 
+6 -2  -17'5 + 13.8 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  +6 +a5'3 - m.5 

+6 - a  

+rz zo5'96 +658'14 
+ I 2  573'10 

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

+1gI2 -140'7 
- 6'0 

.-log% + 52'6 
-191.6 +16o.g 
- 45.7 + 53'9 

+ s.5 
+13'6 -1h'g 

.... ..... 

+ I S31.62 - 4 &'ga 
+67 04.532 -69 499'55 

+SS 131'90 .... .... 

-12s.s 

- 26'8 
+ 63'6 
-12s.s 

+'?SSO 

-4q.2 
.... 

-13 3G1 '94 
- 3 -7 
+IO 171 '42 

4-233 061 'f 0 
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I /  

c ,=+o ' 0 0 2  

C ,  -1.rS6 5 
C -0-041 667 
C ,  t-0.762 67 

C 6  +0'413 14 
C --I S76 6 
Ce $0'152 44 
C +0%5 46 
c,, +0.%2 7"- 

c,, $0 '020 420 

c,, +o.o12 49s 
cz, -0.015 745 
Cq=-o 'ooo 494 4 

c 5 ' +o '594 30 

C,, -O 'O0j  340 

,I 

(l)=--o'lo&) 

(2)=+1 '336 
(3)=-0 '744 
(4) = -0 ';.SO 

(5) = -0 '400 
(6)=--0.165 
(7)= - I 7 5 2  

(9) = + I  .006 
(S)=+1 394 

( J O ) = - o ' ~ ~ S ~  

(11)=+0'195 
(12 )= - 0  '999 

(rq)=+o '420 

(IS)= -0 '540 

( I ~ ) = - o  '046 
(16)=i-o 2S7 
(r7)=+om6S3 

.'I 

(1S)=+o .IS2 

(zo)=- I '215 

(2  I )=+ I .269 
(22)=--o'o;4 

( 23 = -0 '394 
( 24) = $0 '009 
[ 25)=+0 'S7j 

26) = -0 '455, 
(27)=+0'07S 
(2S)=+o '553 
(29) =- I %Y3 

( j I ) = -0 -027 
(32)=-0 '266 

1, I 9 ) = - 0  '237 

(30) =+I *O j 2  

(33)=+0 '293 

Correc- 
tions. 

I /  

-0 *a 
-1 '20 

-0.17 

-1.4s 
+o '72 
+o '79 

+3 '65 
-0 '96 
-0 '01 

+I -40 
+I -56 
+o 'IO 

+O '31 
-2 'og 
-0 '21 

Spher- Spher- 
ical ical 

angles. excess. 

15-72 0'37 
'e '" :  G-6 

34-46 0.36 

I 'og 
14'24 0'79 
07'75 0-so 

40'40 0 %  

* '39 
46.20 0-56 

I I  / I  

3" 

- 

- 

'9'97 0.56 
55'5' 0.56 - 

I -6s 
02.05 0-55 
20.53 0-56 

39'0s 0'55 - 
I a 6 6  

I9 '77 0 '39 
34'33 0.40 
07.09 0.40 

Distances 
in metres. Log s. No. Stations. Observed angles. 

I I /  

77 "9 15.76 

4s 03 34'63 

0 2  -50 

64 34 15-72 
69 13 07-03 
46 12 39-61 

bl ?.? 12.11 
" I  

-- 

Osboriies Ruin 
Pooles Island 
Finlay 

Clough 
Linstid 
Finlay 

Clough 
Finlay 
Osboriies Ruin 

Still Pond 
Clough 
Finlay 

Still Pond 
Clough 
Osbornes Ruin 

4 yrg  418 5 26 267 '50 
.i 5$9 p i  By2 .y" 

4.301 337 o 20 014~14 

4 '550 316 3 35 507 '19 
4'565 355 I 36 75s-53 
4-453 046 S 2s 3S2-25 

4 *340 2Sg 4 21 Sg2 '20 
4.481 014 2 30 270.12 
4'565 358 0 36 75S.52 

59 '* 
5s 52 00-65 

96 33 1s-97 
24 34 3s.g - 

58 -60 
Q 0 2  19-46 
60 01 36.42 

35 56 07-50 

03 .IS 
-- 

4'565 355 0 36 75S.52 
4 '630 050 5 42 662 '91 
4 '251 910 g 17 S61-21 

4'4S-1 014 2 p 270'12 
4'421 013 g 26 364.16 
4 '251 910 9 17 561 '21 

I '19 



KO. Stations. 

Still Pond 
6 Finlay I . Osbornes Ruin 

Q I I /  

25 IO 1 s . S ~  

30 4s 41 '95 
124 01 02,.s2 

Turkey Point 
Still Pond 
0l;liornes Ruiii 

Turkey Poiiit 
Pooles Isla id 

0sl)oriies Ruin 

CBI '25 
jS 17 0679 

3' 54 '5'37 
10s 4s 40.41 

10 

11 

12 

Hope 

Still Poiid 
Clougl1 

13:ircl;ty 

Hope 
Still Pond 

T-Iartly 
13arclay 
Still Poiid . 

I4 

Kent 
Barclay 
Hartly 

00 '13 

/ I  . 
-1 '09 
- I  '06 
-0 ' 22  

-@ .24 

- 0 . 1 7  
+o -02  

- 1  '09 
+ I  '19 
-0 . I  7 

--o '29 
,+.> '22 

-0 

$ 1  '27 

$0 '7 j 
-0 .CIZ 

-1- I "4 

$0.53 
j - 0 . 1 5  

4-1 .or 
+c\ ' O j  

+o ''12 

--u'2? 

-0 '59 
--I '24 

$0 66 
-0 '03 
+O ' O j  

1 'IS 

0 '57 

0 '57 
o '56 

1 '70 
0 .ss 

0 'jS 
0 ' j 7  

I ' I j  

o '35 
o.-- .-a 
0 '35 

0 .SI 

Log s. Distances 
111 111 tres. 



Correc- Spher- Spher- 

angles. excess. 
No. Stations. Observed angles. ical ical 

IkIahon 
Kent 
Hartly 

o /  

40 47 
47 34 
9' 3s 

/ I  

24 '62 
& ' 2 0  

30 '14 

Stone 
Kent 
Hartly 

35 '9 
S6 42 
57 5s 

02 .96 

3' '55 
27 3 2  

0 j '63 

Stone 73 51 
Kent ' 39 0s 

Mahon 66 59 

Stone 

i\Iahon 

ZJ""4.1.. 
11-1 L1J 

0: '50 

59 .s-l 
19~12 

43 '34 

0 2  '30 
- 

as '29 
24 'j1 

07.96 

Egg 1sl;rnrl L. H. 50 22 

57 26 
Malion 72 I I  

00 7 6  

os 'I I 

3s '02 

03.7s 

BrandywineShoal L.H. 35 47 
'I2 35 

Malion, 3' 37 

21 

23 

23 

BranclywineShoal L.H. 79 21 

Stone 55 09 
Egg Island I,. H. 45 2s 

Rrandy\vineShoal L.H. 43 34 

I\lahoii 40 33 
Egg Island I,. H. 95 51 

Cape M a y  I,. H. 10 35 
Stone s 1'. 

BrandywineShoal L.H. 161 12 

0; '03 

I /  

--I 'og 
-0.7'4 
+o ' IO 

-I '19 

-0.3s 
-1  '34 

-0 '73 
+o '36 
-0 '39 

+o .46 
1 : '44 

-1 '4s 

+2 -4s 
+o .96 
+I .so 

-0.36 
+o '49 
+3 '1.5 

+o '0.5 

-0 '47 
-0 .gs 

+o '40 . 
-2 '35 
+ I  '51 

- 2  '24 
t-0.33 
-0 'go 

I '59 
0 ' 5 1  

o '52 
0 -51 

' '54 
0 '39 
0 '39 
0 '40 

- 

:-IS 
0 *3s 
0 '39 
0.3s 

I '24 
0 '07 
o '07 
0 .os 
0 '22 

.Log s. Distances 
in metres. 

4 3 1 6  327 I 20 717.01 
4-369 331 2 23 406'22 

4.501 046 o 31 699'03 

4.50' 046 o 31 6 9 9 . ~ 3  
4 -31s 662 2 2 0  S2S '70 

4'4S2 5 6  7 30 374'33 

4-318 662 2 2 0  S2S.70 
4 3 1 7  036 5 32 SS7.92 
4.271 329 9 IS 677 .gY 

4 '271 329 g , IS 677.9s 
4 717 5 14 47s '30 
4'514 794 6 32 7 1 S 6 ~  



NO. Stations.' Observed angles. 

3.1 

25 

26 

27 

33 

29 

3' 

0 I I I  

Cape May L. Y. 2 2  24 . . . .  

IvIahoii 36 47 .IS% 
Stolle . 120 47 1j.62 

0 2  -g 
Cape %fay L. 1-1. I 1  49 .... 
13raiiclywineSl1oal L.H. '163 00 31 '3s 
Mahoii 5 IO 24'13 

U C I  . I  j 

' Cape Heiilopeii I,. H. 72 22 43 '32 
Stolle 36 OS 4S.50 
Cape >ray L. I-[. j r  2s 2s.59 

- 
uu'.II 

Cape I-lenlopen:L. H. 'jS og 17 '05 
lilraiidy\~ineSlioalL.H. 59 46 25.73 
Cape May I,. H. 82 04 20'49 - 

05 '2 j 

Correc- 
tions. 

II 

. . . .  
t o  's; 
+I 'j6 

+ O ' j O  

-0 '13 

-I '40 

.... 
+I '27 
-1 '59 

+2 '74 
+o S6 
-0 -42 

Spher- Spher- 
ical ical 

angles. escess. 
II II 

51's; 0'53 

16.45 0.49 
50.21 0.50 

I '49 
5 6 0 s  0'64 
07'3s 0.6; 

- 

5S.4j 0'64 

1.91 

05'16 0.12 

52-65 0.11 

22.54 0 . 1 2  

Distances 
Log s. in metres. 

4 - j i 7  036 j 32 SS7.92 
4.671 407 S 46 9253S 
4.160 717 4 14 475.29 
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. 
( P )  ThC #JZ'Ci.S?bll. ff fh2 Et?sfcl.Jl Sh0l-C SCl-l-kS cf fJ-iallgkS. 

. For a fair estimate of the precision of the adjusted triangulation, me have in the 
first place the mean error of an observed angle (of unit weight), as clericed from 75 
corrections to directions contained in the series aiid iiivolving 33 conditions- 

To get the probable error of the side Still Pond to Hope, we start form the line 
Finlay to Linstid and reach the side Still Poiicl to Hope via Clough by three triangles. 
For this part we have 6,, = 14-1 and Z(d',, + S2, S1. + BZL')= 36'3. Hence, Tiqtl,=o-~z 1 7 ~  
7 ~ 4 ,  = + 0.529 and probable error of s ick = f- 0.~357 metre. 

Similarly for the line Hartly to Icelit we have 'vu,,= ~ 0 ' 9 , 2 ( .  . . J =hq*z, ZE,,,,= o-cli~s 0, 

m,,,,= f 0.474 and probable error of side = f- 0.320 metre. 
Also .for the terminal side Cape May Light to Cape Heillopen Light, 6," = 21.4, 

8(. .) = I I I . ~ ,  ti,, =o'16-? 7, ma = f o ' 6 1 1  and probable error of side = fo .412  
nietre. 

TO the above probable errors we have yet to add the part depending 011 the prn1)- 
able error of the initial sick Finlay to Liiisticl (=t 0.33 metre) in proportion to the 
length,of the sides, viz: f 0'2S5, f o * ~ g ,  alii1 f- 0.19 metre, respectively. 

Probable error of length of sidC Still Pond to Hope = f 0.357 f-om2Sg = fo.457 
metre =-- r7-$vB part of the length. 

Probable err.or of length of side Hartly to lielit = =i= 0'320 0.19 = f 0.372 
metre = 84+c8 part.of the length. 

Probable error of lengtli of side Cape May Light to Cape Heillopen Ligllt 
= 0.412 i= O ' I ~  = 0.454 metre = zx kua part of t$e length. 

The clistance between the middle points of tlie lines Finlay to Linstid and Still 
Poiid to Hope when projectecl 011 the Thirty-ninth parallel is about 42 kilonietres (26 
statute miles) ~ from Still Poud--l-Iope to Hartly-Kent is ahout 19. j kilometres (: 13 
statute iiiilesj , and froiii Hartly-Ken't to Cape May Light-Cape Henlopen Light is 
n h u t  56'5 kilometres ( 5 5  statute iiiilesj. 

Tlie average probable error for the first part of the triangulation may be taken as 
& (li871.cvii +- B 7 - f V B )  = S P $ T i U  or 0 . 5  metre; for tlie secoiicl part 4 ( ,arf3n + sJ.$uTi) 
= cu.$su or, 0.5 metre, and for the third part 4 ( 5T-+ar  + r&ba) = z&Tir or I 'I metres; 
total foi the Eastern Shore series, 2 . 1  metres. 

I1 

?I 

. 

(2) THE ALLEGHEXY. SERIES 01.' TRIANGLES, IS46-IS50 AND IS~S-ISSO. 

(0;) ~JZh'@d?lCf iOl I .  

The triangulation which extends from the Kent Islaiicl Base, Marylaiicl , to the St. 
Alban.. Base, West Virginia, is made up iu part of the older work (antedating the trans- 
contitieiital chain) from the Kent Base to the B ~ L E  Ridge. which branch was esecutecl 
ljetweeii the years I S ~ G  and IS74 (with one interpolated station in ISigj, and in part of 
the ne\\' branch or southern aid western extension dating between 1s74-1s%. 



KENT I. BASE NET TO STALBANS BASE NET 
ALLEGHENT SERIES 

MD.,V.,AND W. VA. 
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TIie priiicipal ohservri-s of the old trianguIatioii were A. n. BacIie, Superiilteiident, 
ancl c'. 0. Boutelle. Assistant, and of the later estensioii A. 'I'. Mos~naii, Assistaiit. 
The total eskeiit between the two base-net sides and measured alimg the middle of the 
triangulation is about 545 kilonietres or 359 statute miles. The central station Hump- 
Ixick, Virginia, is a prominent point in the arc of the parallel of 39' as well as in the 
oblique arc of the Atlantic n:id Gulf. 

The following description o f  the country traversed l y  the coiiuectiug triangulntim, 
with remarks 011 the lattei \\:as furiiished by Assistant &losinan: 

Tlie scctioii starts frcm Iiellt Islaiicl c m  C l i e s a p d e  Bay am1 traverses tlir lolling couiitry to the 
Bliic Ridge ; t i i d  tlieii pi-ocee~ls iic-arly west tlirougli the .illeglieny Warnitnilis, coveriiig the Kaiiawlia 
River Valley, in  wliicli is locaterl the St. Allx~~is lmse line. The country near Chesapeake Bay is 
p"rtiol1y w1.101kr7, with wiisi&r:tMc ciittiwtert land. The suirrniits about tlie statiolis on the Blue 
Ridge :ire l ~ e t ~ ~ i i  1 rn si11.1 3 ~ C K J  feet o f  elevation. alii1 on the North Mouiitain aiid the iiiaiii 
Allcgliciiies reach om feet a i d  over, the highest stnt.ion. Brier>-. lwiiig I .j;g iiirtrrs or 4 52-1 feet 
:I~JOVC the sa. Nearly :ill the nuininits are wooi:ierl aiid the couiitry is veiq- spar-scly i1il1:il3it~l. 
'l'lic r w d s  iirc few :ti111 trciiispnrtatioii Mficiilt. 111 soiiie cases it was necessary to travel So to JCO 

iiiilrs to iiiovc caiiip 1.1etweeii stations only 50 miles apart. 
No liigli signals werc necessary ii i  this sectinii arid poles wit11 lozenge-diapeil targets" couitl 

usu:illy be swii up to j h  kiloiiietres ( 3 j  statute itiiles, ahnutj. l~c-~oiicl which Ilcliotro~~rs werc uswl. 
Dii tlie 131iic 12idg-c :uid the Allcglieiiies tlie st:itiuiis :ire geiwrally 1iiarkei.l by lmlts iii ruck ledges. 
aiirl i i i  soil 11y n colic suiik 3 feet under ground, over \rliich was placed a iriarhlr post with cross lines 
for cciiter; there :irc alsci spikes driven into cement f i x  refereiicr posts .:lbont 6 f&t froiii the 
cel1tr:ll r11nrk 

Assistaiit Houtelle generally used the large theocldite in j positions ~ i t h  6 to 13  
series, whereas Assistant NIosiiiaii with the go-centimetre tlieoilvlite adhered to I I - 
positinns of the circle with j series in each, and wlien using the 30-centinletre theod- 
olite, aclopted I j positioiis with 2 series in  each. 

A critical esainiiiatioii of the internal coinplesity of lines i n  the eastern part 
of the tri:iiipiilatiori, lxtween sides Webb-Marriott ancl Mount Marshall-Rull Run, renders 
it Iiighly p1-ol~al~le that 110 great error could accumulate in this branch o f  the connection. 
Advarita~e lias beeri taken of this circumstance to reduce considerably the, tiuiiiber of 
eqiintions to be solved simultaileously by treating the 32 conditions contained ill this 
easteni part as if there was no discrepancy between the base nets, aid tlirowing the last 
coiiditioii for accord of bases on the second or westeni part. which still requires the 
establishment and solution of 33 equations. 

The discrepancy Ixtween the 1)ases is very rjmall. 

*'L'liesu ~iulc.s wcre J crtitiinrtres sqiinru iii cross scctioil niid aliolli 6 itie'tres high. w i t h  :rltrr11nIu.6tril~.s of white 
mid IAxk iii i isl i i i  aiid snriiioniited lw ti wliitrr iuiisliii target with sides of I metre. 

1$732--NO. 4-24 
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( b  j -4bst;l.act of ~ r s ~ l f i z g  hor.izoiztaC dirccfions a f  c a d  sflition fi-ouz. loctzl and f h i z  jgzcre 
n@ufmeizts. (easfem part) .  

l/,.'cbb, Anne Amtide1 County, Marylalld. July IO to August 14, rQS. bo-centimetre theodolite, No. 
2. A. D. Bache, ohserver. October 21 to December 2. 1S50. f5-centimetre theodolite, No. I. 
A. D. Bache, ohserver. 75-centimetre theodolite, No. I. 

C. 0. Boutrlle, observer. 
September IS to September 25,  IS& 

Resllltil,g direc- Approxi- Corrections CorfE:fons Final sec- 

tiom fro111 statio11 p;%%e base-net alld figure triaiigula- 
adjustoleut. error. adjustment. adjlls;truent. tioir. 

NO. of from onds in directio,,, Objects ahsenwl. 

o I / r  / r  I /  I /  

Linstid 0 00 ~00'00 &O'& -0'02 

.Hill 129 26 58.53 0'15 0'00 

Soper 17s 32 04.72 0.0s 0 '00 

Stable rS6 55 11 3 6  0.14 ' -0.02 

hfarriott 76 16 06.19 0.12 +0*25  

Aziniuth Mark 275 40 01.37 0.11 

Finlay 2Sg 41 43.01 0 . 2 2  -0.23 

BIean 0'00 

- 

Probable error of a single observation of a direction (D. and R. = 5 0"'~. 

5s '53 
04 '72 

11 '54 

:42 *7S 

flfnrrbtt. Annc hrundel County, "largland. Noveniber IS to December g, 1S46. 30-centimetre 
60-centimetre theodolite, No. theodolite, No. I I. 

2. A. U. Bache, ohserver. 
E. Blunt, ohserver. hlay 18 to June IS, 1S4g. 

' I  . o I r !  r /  I /  / I  

I 

2 

Hil.1 
Snper 
Webb 
Azimuth Mark 
Linstid 
Taylor 
Kent Island North Base 
Kent Island South Base 
Poplar Island 
Blake 

0 0 0  

3 2 .  6 

s 2  23 

107 3.; 
,125 56 
I47 53 
166 oh 
206 5s 
24s 21 

70 OS 

oono *&0'15 
10 '36 

37 "7 
$3.63 to.17 
48 '30 
32 'S4 
16% 
54.12 *O.IO 

51 '62 *o.~g 
03'32 *00'12 

-0.29 59.71 
+o.# 10.74 

-0'24 36.93 

+o '34 4s .64 
-0 ' 30  32 '64 

+o "9 54 '3' 
-0 'IO 16 '70 

Mean 0'00 

(6 D. and 6 I?. ) = &0'/'67 in 1S46. 
(D. and R. ) = c_ P'IO in 1S4g. 

Probable error of a ;ingle observation of a direction- 

* 1S16. t I S 4 9  
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( , b )  A bstl-oct o/. msztfting horizoirtnf dirwtioiis nt ct7rh shztimr fiunz I G t n l  n~zdf iv i i i .~ f ig~i - t  
anjiishrrrnts (, rnstci-ii Fort )-Ccm tin urd. 

Hi//, Prince George County, Marylatid. June IS to July 15, 1Sq6. bo-ceiitirnetre theodolite. No. z. 
-4. I). 

75-centilnetre theod- 
A. n. Bache, observer. 
Bache and A. A .  I-Iurnphreys, observers. ' October 9 to NO\WTIher I 3. 1S6S. 
olite, No. I .  

August S to October 4, ISSO. 75-centitnetre theodolite, No. I. 

C. 13. Roiitelle, observer. Telescope :thove ground 16'76 metres i l l  1S6S. 

KO. of 
directioii. 

6 

7 
S 

9 

10 

I 1  

Oliject?; ol,nervecl. 

Peach Grnw 
Causteii 
Soldiers' I-ioi~ie. liglitniiig roil 

near center of tower 
Moi~tgnii~ery Blair's houec. center 

Sugar Loaf 
Stabler 
Soper 
Azin~utli Ma:k 
Webb 
Marriott 
Thcological Sciiiiiiary( tiew) cross 
Theological Seminary (olrl) 
High Sch@ol 
Coast Survey Ollice (olrl) cliiiniiey 
Uiiited States Capitol, head of 

Seatoii 
United States Naval Observatory 

(old), station east of dome 
Georgetown College Obser\-atory. 

center of dome 

of cupola 

Statue o f  Liberty 

Keniil tiilg cli  rec- 
tiotis from station 

.?djiistiiiviit. 

a I I I  

c) 0 3  n3'm 

5 54 2.5'96 

353 54 50.3s 

359 02 16'10 

0 '35 

0 '20 

o '09 

O .30 

Final seconds 

triangulatinii. 
. 111 

Probable error of a sitigle observation of :i direction (0. and I?.) = o " y .  

So/wr-, Noiitgoniery County, Maryland. JUIW 19 to J u I ~  zj. 18jo. 75-centirnetre tlieodcilite, Nu. I .  

A. D. Dache. ohserver. 

I2 

'3 
14 

0 / f I  /I ,I I/ 
__. 

Welib , 0 co CO'W -co.11 -0.0s 5 9 y  
Marriott j9 41 370s 0 '13  . -0 .17 36 '91 
Hill 75 0 1  10'92 0 . 1 4  + o y  11 76 
Aziiiiutll Mark S5 30 1 5 ' m  0 '22 

Causteri 122 q 57'30 0 .13  

Stabler 233 17 09 .gS 
I~rohable error of a single thervation of :I ilirection (I!!. and I!?. ) = & o'I.91. 



0 / I /  / I  I ,  

llefereiice M\.Inrk, a t  Barnesville 0 00 00 'oa c o  
I~ul l  Run 45 27 15.79 o .06 -+<, . j' 
Mount Marsliall 65 36 5 0 . 7 2  0 'OS .-<I . I I 

kIar\laiid Heights I20 27 54 .:,S 0 . 1 1 '  + 0 . 1 @  

Granite 209 s j  I I ' I S  0.d 

Hill 325 05 
Soldiers' Hoiiie 329 57 2S.46 0 ' IO 

United States Capitol 335 03 39'45 0 '2s 

Strecker .. ;;S 23 34'S6 0 '09 
Tlieological Semitiary (new) cross j44 j r  IO '37 0 '19 

Wolf 207 46 rj .33  0 '07 

Stabler 306 4; 36.06 cl '13 --o '46 

Peach Grove 352 26 27'1S 0 'I2 -0.26 

Probable error of a single observation of a direction ( D .  and R.) = &O'''~O. 

/ I  

16. jr  
jo '61 

54.4s 

* -  .& 
39 '25 
53 

26 '92 



. i)l>jccts ohscrvrd. xo. of 
directiuii. 

43 
44 
45 
46 

Fork 
Maryland Heights 
Sugar Loaf 
Bull R ~ u i  
Peach Grove 
View Tree 
National Cemetery. flag 
Ciilpeper Raptist Cliiirch spire 
Clark 
Peters 

Kesiiltiiig direc- 
tions froiii station 

adjiistineiit. 

Corrections Final seconds 

adjustii;eirt. from ficrure triaiigiilntiaii. i l l  

I /  / I  

Probablc error o f  a siiiglr olx+rratioii of :+ direction (D.  aiid R. ) = c r".zg. 

Blc// /,'nti, Faiiqiiier County, Virgi.iiia. Septeiiiher z.2 to Nocenilxr 2s. rX7 I .  75-ceiitimetre theodolite 
Nu. I .  C. 0. lioutelle, ohserver. 

js 

39 

40 
41 
4= 

Aziiiiutli Mark 
Clark 
View Tree 
Fork 
Mount Marsliall 
P:iris 
Marylaiirl Heights 
Leesburg 
Sugar Loaf 
Stabler 
Peach Grove 

I 

Oc1 

07 
44 
03 
39 
24 
20 

0 1  

54 
r 2  

29 

I /  

c o  'I 2 

0 '19 
0 .a. 
0 .IS 
0 . 2 2  

o '27 
0 '24 
0 '30 
0 '21 

' C I  15 
0 .IS 

I)robalilt. error of a single oIiser\~ation of a direction ( D .  am1 A'. ) = * l".og. 

fiInj:i,/um/ Hci@/s, Waslii~igtoii County. hlarglana-I. September I 6  tu C)ctobc-r 2S, 1870. 75-centimetre 
theodolite, No. I. C. cJ. Boutelk, ohserver. 

33 

34 
35 

36 
37 

0 / I f  I /  I /  / I  - 
Sugar Loaf 0 00 0 0 ' C O  f 0 . 0 9  -0.18 sq-sz 
Azimuth Mark o 57 oj.66 0 . I j  

Stabler 3 33 53'32 0.16 -0'24 g j  .os 
Peach Grove 30 .:I 14'53 0.12  + o ' S ~  Ij.37 
Leeshiirg 46 51 3S.d 0.17 

Bull Run 7 1  25 27'26 0 .IS -0.50 26'76 

Probable error of a single oliservatioii of a rlirection (0. and R. = C o".gj. 
Mount Marshall io6 43 12.67 0.18 $O'Os  12.75 
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KO 
1 

n 

3 
4 
5 
6 

7 
S 

9 
I O  

I1 

12 

'3 
I I  
I 5 
16 

17 

IS 

I9 

20 

21 

22 



TRANSCONTINENTAL TRIANGULATION-PART 111-TRIANGULATION. 375 

. Correc- 
tions. 

I 
--I 

I 

+I 
. . . . .  

- I  

-I .... 

-1 

+I 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . . .  

-1 -I 

+I 
. . . .  +I . . . . . . . .  

--I 

. . . . . . . .  

. . . . . . . .  

.... 

. . . .  

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

--I 4-1 
-1 

+ I .  4-1 . . . . . . .  . . . . . . . . . . . . . . . . . . .  
. 

--I 

+ I  
.... -1 

+I 

. . . . . . . .  

. . . . . . . .  

........ 

. . . . . . . . .  

-1 

.+.I - -I  

. . . . . . .  
I 1  

.... --I 

--I +I 

+I 
-1 

+I 
. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

........ 

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

' I  

. I  . . . . . . . .  I T  . . 
I '  

-1 

-1 +I 
. . . .  +1 . . . . . . . . . . . . .  

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

- 1  

+: 
... .  .. 

-1 

-1 

. . . . . . . .  -1 . . . . . . . .  
4-1 

+ I  --I + I  

--I -1 

+I --I 

. ... + I  . . . . . . . .  --I 

4-1 +I +I 

. . . . . . . .  
-1 

+ I  
-1 

. . . .  

.... . . . .  
--I 

+I +I 
-1 

+I 

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

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

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

+I 

.... 

- - I  

-1 --I -1 

. . . . . . . .  +I . . . . . . . .  

+ I  

+I 
. . . . . . . .  

--.I -1 

4-1 
.... +I -1  

+ I  

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



3 76 

Come:- 
tioils. 

- 2  '59 
t 3  '35 
t3.41 + 1'83 
-I 'S3 -16;11 

. ... +IJ.-.S .... .... 
+ 0'97 
-IO '39 

i s 0  '39 + 9'42 
-31 51 

. . . .  $. I '42 .... .... 
-0 'j7 
-i-2 '97 
--I .ql 

.... .... . . . .  + 2 ' 1 1  

- S.65 
-+- 6 ' 5 j  - 6.34 

f 0'74 

.... .... .... -44 '72 
+ 6'34 +43'95 

f 5 '35 + 1'04 - 6.39 
- 2 '74 + I 'CJ4 

.... ... 

-+- I '70 
- 2 ' 0 6  

+ 2'06 
... .... .... .... 

+jo '23 
-33 3% 

.... .... .... -+ 3'57 

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

.... .... .... .-.. 

.... 

.... 

*... 

.... 

+ 0% 
- 5'35 
+ J.SO 

._.- 

+. 2 .S6 

- 3'57 
f 0.71 

+ 3'77 
- 4-% 

+ 1'67 

.... 

.... .... 

..... 

.... 

'. . 0 '74 
i 1.97 

.... 
. ~ , ...- ->  

-0 '55 

+ I  '59 
-1 TIJ 

.... 

.... 

- I -42 
-k3 '09 
-I 67 

.... 

.... 

.... 

.... 

+o a98 

+@ '55 
- 7  '53 

+ I  -5s 
-7 '31 
$5 '73 

-2  '43 
$5 Y O  

- 2. '97 

.... 

-2 '42 
+5 
-2 64 

-.-- 

.... 

.... 

.... 
+26 '13 
-26 *6S 

+ 0'55 

+ 1-58 
3- 5 '73 
- 7'31 

.... 

.... 

+ 5 ' 6  
-33 '46 + 28 '40 
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(: c:) FifitrL nc~zrshnorf-Coii tinuecl . 
1 \ ~ ~ 1 ~ l l l 1 2 l  L~yllnl;oms. r~lIslt~r7l pd 1.1. 

1 c ,  c. cg CJ c j  C6 c,  Ca c g  C,o cr, c12 C,? c.4 

- - ......... 

- 0'75 
+ 0 3 6  
- 0 ' -  

.- I '35 
-. 0'922 

- 1 ' 9 J  

+ 2 ' 0 9  

+ G'CQ 

-+ 2 3 0  

- 1.09 
- 1'40 

- 0'175 

- 0'37 
+ Q'47 
- 0'75 + 0'36 - O ' z g  

- 1'35 - 0.922 

- 1'94 
+ a'oo 
+ 0'64 
+ 2'50 
- 1.09 
- I '.10 

- O ' l j S  

o= - I '0 

- 1.1 '.I 
.- 5 '1  

- 4 ' 0  
- 0'6 
+ 8'; 
+32 '7 

-11 ' I  

+.l 
+4 

. . . . . .  

.I .-. 

CY; 

.-" 

+2  

+6 

... 

... 

-.? 

+Z 

+b 
... 

... 

...2 

.t 6 ..a . . . . . .  
-t6 +? - 2  

+6 +2  

.t 6 

. . . . . . . . . .  

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

. 
+6'm + 0 .41  
-1.64 -16'11 

-7.07 +15'29 

-3.41 -12.06 -.1576 
.... +23'8? t.rg.2j - 0'30 :... + O ' j O  . .... .... 

+ 6'6s +50'67 - 4 %  - j . 1 2  + 1 .o.z .I-  I 'e: 
+ S'qo , +zq'67 - ?.Si5 - 1.23 .... .... 

- .$ . - 1 '02  .,L 40 
-50 '25 

.... .... ... - 1 0 y  

'+ I ' i s  
- j o  "3 

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

+ 3.72 
- 1 0 ' 1 0  

- 2'46 
-. 3.12 

- 2 'S6 
4- 2 '46 
- 1.12 

.... 

i 1'59 
- 1'42 

+ 1 ' 1 2  

- 1 '12  

+ 1 ' 1 2  

.... 

- 1'93 -- ! '"5 

+ I ? ' j I  + 7'31 
5 ' 4 0  .... 

+ 3'5? + 26 '68 

- I '?? .- 0.67 
- S'.i!, -.:3 '4'5 
+ 3.62 + ?'OS 

.... .... 



Kesllltillg directiolls Approx- Corrections Corrections Filial sec- 

figure triaiigula- station acl jnstmeiit. p ~ ~ ~ ~ ! e  a d ~ ~ ~ ~ ~ e n t ,  
imate froin first from second onds i n  

tio,,sj. 
Olijecls obscrwd. from 

1 

3 

Fork 
iUaryland Heights 

B~ill RLIII 
Peach Grow 
View Tree 
Katioiial Cemetery, flag 
Culpeper Baptist Church, 

Clark 
Peters 

Sog1r Loaf 

spire 1 1  

5" 
3 3  

I 

- 
--0 '20 5y 'SO 

49 '30 
37 .S6 
06 '97 
29.71 

-0 '25 33 '73 

Pro1)al)le error CJf it  siiiglt. c~l~servation of H direction [ D. and R. ) = =k i'l.29. 

Brrll J?rt.ii. T.'auc1uier Cuuiity. Viigiiiia. Septeniher 22 to Novelnber 28, 1S71. 7j-centinletre tiieodolite, 
No. I .  C. 0. Routelle, observer. 

I 

1 

k~iinuth *lark 
Clark 
View Tree 
Fork 
Mount kIarsllal1 
Paris 
BTnrylatid Heights 
Leesburg ' 

Sugar Loaf 
Stabler 
Peach Grove 

C 0 ' 1 2  

o '19 -0 '24 q . 1 1  
0.0s 
0 .IS f o  3 2  IS '03 
0 ' 2 2  + O ' I I  05.64 
o '27 
0.24 4-0.49 07 '64 
0 '30 
0 .21  -0.6s 06 '30 
0 '15  +o*& 
0.18 O ' M )  

Mean 0-00 

-- 
04 '03 
57 'S5 

Probable error of a single observation of a direction ( D. and R. ) = f 1"*0g. 
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lasidtiiig horizoiikil dircctians o f  co.cii shfioi i  j b i i i .  focill nm'fi-oin jgrwc (&) Absfracf 
ar/jlssfriiriits (wcstcix ~a~~t)--Contiii Lied. I 

Clark, Orange County, Virginia. July 24 to Septemher 5, 1S71. 75-centinietre theodolite, No. I. 

C. 0. noutelle. observer. 

16 
IO 

I r 
12 

13 

14 
15 

Number of 
directioii. 

Peakecl 0 00 00'00 -co .os 
Sl;tte Springs 20 16 00.96 0.15 +0.98 01 '94 
Mount Marshall 136 25 13.62 0.17 $0.59 14 '01 

131111 Run 16r C% 37.64 o .16 -1  '01 j6  63 
Clark 224 16 58.65 0 '19 -0 'S6 57.82 
Pe ters 270 56 24 '51 0'20 . 

Spear 503 52 59'51 0 '19 - - O ' l O  59.41 
Jartiiaii 521 '52 29.41 0 '20 

Hutiipback 322 5s 40.96 o '15 -0 '20. 40 -76 
Elliott Knob 353 35 11 '50 0.1s . + O ' s o  12 '30 

5 

17 
18 

19 . 

6 

Willis 0 00 00'00 ' t0.1; 

Long 113 13 26.50 0 'I 

Snii tli . 119 19 24'25 . 0.19 
Flat Top 150 15 15'49 0 '20 

Tobacco Row 160 17 43.42 0-16 + o m  . 43'64 
Huniphack 233 59 02'50 0 '31 -0 '4.1 02 '06 
Jarnian 251 OS 16.40 0'28 . 

Fork 266 07 14'11 0 '22 -fo '05 I 4  '16 

7 
S 

9 

Objects observed. 
Ktsiiltiiig direc- Approxiiiinte Correctioiis Fiiial, seconds 

adjiistiiiti! t. error. ndjiistiiiriit. triniigiilntion. 
tioiis froiii stntioti probable from figure 111 

0 I / I  / I  /I I /  

Spear 0 00 m ~ m  -t0'17 -0 'I 2 5- 
Peters I 1  21 47'00 0 '15 
Hiimpback 24 .@9 37'37 0 '16 - 1  '35 36 '03 

Aeiiiiutli Mark 55 29 20.96 0.12 

Fork 7s 26 10'17 0 '17 +Q '97 I1 '14 

Mouiit Marshall 122 25 oj.12 0 ' 1 7  +o ' 0 2  05.14 

I3ull Riin 16; 19 47.57 0.18 +0'45 45 '05 

Probable error of a single observation of a direction (11. and R. ) = -t- I'/.o.L 

View Tree 15s 12 53% 0 '20 

Hundley 223 43 11 '53 0 ..IS , 



3s0 UNITED STATES COAST AND GEODETIC SURVEY. 

( b ) A bsfmrf  ?f i-csulfijg horizontal dirccfiom n f rmh. sfatiois j w n ~ .  Ionil a:Ji.d f i v m  jgio-c 
n~z(shrc?zfs  i; wcsfmi  jnrt)--Coii t i lined. 

ir,lbcriro h'ow, Amherst County. Virginia. September 14 to September 2j. rS75. 3g-centinletre theodo- 
lite. No. IO. A. T. Mosman, ohserver. September 6 to September 9. ~ S j g .  5o-ccntinietre theodolite, 

2 z  

23 

No. I 14. A. T. I~fosn~aii. observer. 

Hiiinpback 
Spear 
Willis 
Long Mountain 
Lynch burg 
Sniitli 
Callas 

53 
4s 

Resulting direc- 
tions from ststiou 

adjiistment. 
0 I I /  

0 ITY) M'rm 

54 31 49'35 
14.3 5 2  2 3 3 s  
200 19 2S'Sr,  

208 43 28.06 
272 56 37.39 
276 15 52.23 

31s j o  40.14 
345 5 2  24'62 

Tobacco Row 
Eeeney 

Approximate Corrections Final seconds 

error. adjustiiient. 5 triangulation. 
probable from figure in 

/ I  ' I /  I /  

=to '15 
. 0.14 -0 '65 4s '70 

0 . 1 6  + o S 6  24 '24 
o .16 -0 '21 2s '59 
o '26 
0 .IS 
0 .-.- 
35 

0 .24 
0 '33 

Probable error of a single observation of a direction (D. and R.) = & 1~f.43.  
f f / f I i ! ~ b l ? d - .  Nelson County, Virginia. June S to June ag, 1S75. ;g-i:entinietre theoclolite, No. IO. 

A. T. Mosnian, olxerver. May I I  to June 6, rS7S. 50-centinietre theodolite, No. 114. A. '1. 
Mosman, observer. August IS to August 2s. rS7g. go-centimetre theodolite, No. 114. A. T. 
Ifosiuan and \V. U. Fairfield. observers. 

0 I / I  I /  I /  

Jarnian 0 m DCI'OD e o . 1 1  

Peters . j 1  40 01.24 0 '34 
Spear 126 14 25 '02 0 .24 +o *M 

Long Mountain 154 41 57.10 0.19 
Tolxicco Row 175 06 07.6s 0 'IO -0 '87 

Clark 24 30 20.46 0.17 +1'37 

Bald Knob 230 26 24.65 0 .I4 fo"r7  
Paciay 256 16 1S.23 0 ' I 2  t-o.15 
Elliott Knob 26j 35 or '13 0 '16 - - I  '03 
Slate Springs 300 0s 53'99 0 "j -@ '57 
Peaked 334 47 3' '47 0 '21 

Fork 357 2s 3 2 . 1 s  0 ' I 4  +0 '33 
Jarniaii 2 359 59 03 '47 o '07 
probable error of a single observntion of a direction (0. and R.) = zk r f ' . z S .  

I f  

21 s; 

25 '46 

06 'SI 

24 .S2 
IS '3s 

53 '42 

32 '51 

00 'IO 

Bald Knob. Bath County, Virginia. September I to Septemher 19, r SjS.  so-centimetre theodolite. 
September 2 j  to September 27. 1S79.' 5o-centin1etre theodo- No. I 14. 

lite, No. 114. 
4 .  T. Mosiiian, observer. 

A. T. Mosinan, ohserver. 
0 f I f  . Ii / I  I /  

50 ' 1 Paddy 0 00 00'00 *o.oS +o.os OOTJS 

Flag Rock 
51 Elliott Knob 

20 41 52.01 0 ' I 2  

53 00 1 6 S  0 ' 1 1  -0 '02 16% 
52 I Humpback so 40 0 0 ' 2 2  0.09 $0.06 00 -2s 

116 59 14'97 0.12 +0'66 15 '63 
250 IS 6 o m  0 ' I 2  -0 '34 59 -66 

49 ' I Briery 292 07 57'15 0 'I4 -0 '44 56 '71 
Probable error of a single observation of a direction (D. and R. ) = + 0//.7S. 



45 
46 
47 
42 

43 
44 

I 14. -4. '1'. Mositim~, observer. 
o r r )  r !  I /  /.' 

I3ald I<iich 0 00 00 '03 co'og . + 0 ' 0 2  DO ' 0 2  

Keeiiey 4s 34 Q'S7 0.16 + o - q  43 ' 1 0  

13riet-y 67 10 39'4" 0 ' 1 2  + G * l 0  jg  '5" 
Slate Springs 235 36 33.'14 0 '14  +0'04 j; .IS 

Hu I lipback 2% 29 4 5 ' 1 1  0 . 1 4  + ~ ' 6 7  ;lj '7s 
Flag Rock 347 5s 2s.25 0 ' 2 5  

Elliott Knob 277 09 j g . 6 8  0 '1; - 1  .OF) gS %2 

Probalde error of a single observation of a direction (D. and R. ) = =  SI. 

' B i k i y ,  Pocnllontas County, West Virginia. July 7 to J u 1 ~ .  23. ISSO. so-centinletre tlleodolitr. No. 
114. 1. T. Mostnat1, observer. 

0 I I f  ' I  r r  I f  

5s 
59 
54 
55 
56 
57 

- 
Beech 0 OC 00'00 - t O . 1 1  -0 '59 59 '4 I 

Pacladily 172, gj 40.28 0 '11  -0 '35 39 '93 
Elliott Knob is6 51 40.16 0 'I1 -0 '21 39 '95 
Bald Knob 217 51 0 1 . 1 1  0.16 +o'jg 01 '50 
Keeiiey 316 27 40.03 0 ' 1 1  S O . 1 4  40.17 
Job 346 18 55'46 0 '25 

Sumriiersville 27 IS 53'06 0.16 +0'62 53.6s 

Probable error of a single observation of a direction f D. arid R.) = &o'"S3. 



3 s z  UNITED S T A T E S  COAST AND GEODETIC SURVEY. 

( b )  ..lbstmcf qf )-eszdtirzg harizortfar! dirccfiorzs a t  ctzch stn fivri ./iv)n r!~cczl mtd f?om jgzir'r 
a&&trroifs jrmster-it p a r t )  -Completed. 

fieemy, Summers County, West Virginia. .4ugust 35 Lo September 16. ISSO. 50-centirnetre theodo- 
lite, No. 114. -4. T. Mosman. observer. 

Riiiiiber of 
direction. Objects observed. 

Aziinuth Mark 
Beech 
Briery 

.Bald Knoh 
Paddy 

I Ivy 

Resilltirig direc Appropriate Corrections Final !econcis 

adjiistiiient. error. adjiistiiient. triaiigulatioii. 
tioiis froiii statioii probable froiri figure . i n  

c I If If I f  / I  

p 00 OOWI - ~ 0 ' 0 7  
11 a6 15'15 0 '07 +o '29 15 '44 
35 $3 16'10 0 .os - 0 ' 1 2  15.9s 
5: jS 23'32 0 'IO - 0 . 1 1  23 '21 

269 50 30.2s 0 'IO -0.41 '29 $7 
75 22 46.56 0 '07 +o '56 4 G . j ~  

Frohahl; errnr nf a single observation of a direction (11. and R.) = io"'53 .  

Br~cch,. Greenlxier County, West Virginia. October S to October 2 2 ,  ISSO. go-centinietre theodolite. 
No. 114. A. T. Mosnian ant1 W. B. Fairfield, observers. 

60 

61 
62 
63 

0 I I I  / I  I /  I I  

Briery 0 00 00'00 +o'12 - +0'52  00.52 

Job 42 I 7  23.09 0 '22 

Geeney I12 05 43.77 0 .I4 -0 .*. 5.3 42 os4 

Summersvile 23s 1 1  10-0s v . 1 6  -0'11 09 '97 
Ivy 164 20 17-69 0 -19 -0 .os 17 '61 

Probable error of a single observation of a direction io. and I?.) = C I".oS. 
, 

Sttrrrtun.sz~il/e. Nicholas County, West Virginia. Noveriiber 9 to December 5. IS.%. 5o-centirrietre 
theodolite. No. I 14. A. T. Mosaian and W. R. Fairfield. observers. 

Corr,.ctionP Coyrections 
Resultiiigdirectioii~ Approxi- hnse- froiii base- Filial sec- 

iiiate proba- llet atljust- net arid fig- onds in tri- 
direction. jostiiient. ble error. lire adjust- aiigulatioii. 

No. of Objects observed. froiii station ad- 

merit. 

Beech 

Table Rock 
Holmes 
Briery 

Ivy 

Mean O'CO 

Probable error of a single observation of a direction (19. and I?. ) -- Co".Y6. 

IZ!V, Raleigh County. West Virginia. June 14 to June 21, ISSI. jo-ceiitimetre.Llieoclolite, No. I 14. 
.I. T. Mosniaii and \V. B. Fairfield, observers. 

Table Rock 
Holmes 
Suniniereville 
Beech 
Keeiwy 
Pigeoon 
Piney 

-0 '05 
-fo '15 
-0 '09 

-0 '05 
+o '49 

-+o '09 
-0'10 , 

69 
i o  

Mean 0.00 

. .  
I I  

__. 

59 '93 
23 '64 
03 '57 
19 '00 

05 '31 
1 I '6; 
2s '90 

Prol)able errorof a single ohservatiuii of a direction ( D .  and A'. ) = fo"51. 
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(231  

1241 

125) 

I 5 1 
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129) 
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1321 
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I 3 1  

1 3 5 )  
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TRANSCONTINENTAL TRIANGULATION-PART 111-TRIANGULATION. 3ss 

(c j F ~ I I I Y  anjlis~Jilllpizi-Continued. 

Corrrkzfe cqmifions, icwstt-i-n ,brwf-Continued. 

+ I  

.... .... .... .... .... :... .... .... .... .... .... .... .... .... .... ..._ ..._ .... .... -1  

+ I  

.... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... -1 

-1 + I  

--I 

I + I  

+ I  .61 
-5 'ho 

-1 5 1  

-1.89 

+I '% 

- 1 '51 

+1'51 
+= '43 
-2.45 

+O'OS 

.... . . . . . . . . . . . , .... .... ... . . . . . . . . . . . . . . . . .... 
+-'I.' 

-4.61 
+2.43 

. . . . . .. . . . . . + 4 ' j O ,  

-4 '58 
+@ 'OS 

.... . . . .  .. . . . . . . . . . . . . . . . . . . . . . 
-0 '32 

-6 .OS 
+6 '40 

.... 

-0 'OS 

+6 'OS 
-9 '55 
+j '57 . . . - . . . . . . . . . . ... . . . . 

-3 '57 
+3'57 . . . . . . . . . . . . .... 

+0'62 
-5 '97 
+3 '35 

+0'14 
-1 '38 
+ I  .24 

. . . . . . . . . . . . . . . . . . . . . . . . . 
+ I  'S2 

-3 '3 
+I '53 . . . . . . . . . . . . . . . . .... .... 

+ I  '35 
.... . . . . . . . . . . . . . . . .... , . .  .... . . . . . . . . . . . . . . . . 

+3'c4 

-6'06 .... 
+3 XI6 

+2 '64 
-4 '6.3 
+ l ' W  .... 

. -3%0 

.... .... +3'00 
+12'S4 

.... .... .... .... ' .... +3'& .... -1j'go 

-4'41 f 3 ' 6  

+ 2'64 
- 4'63 

.... .... .... + 1'99, ........ s .... .... 
+2'43 
- I . %  +1'33 

- 1 ' 9  

-0.63 -Q'24 

. . ... . . . . . . . . 
. +1'33 

-1 '33 
-2.17 

4-2'17 

. . . . . . . . .... 
f2.17 
- 7 '33 
+5'16 

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

18732-NO. 4-25 



UNITED STATES COAST AND GEODETIC SURVEY. 

Correc 
tions. 

+ 2.37 
-15'19 
+IZ'SZ 
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.... 

.... 

.... 

.... 

.... 

+2 '37 
- 2 %.I +o '27 

-1'15 

+o 'SS 
-2.36 
+2'36 

+4 '01 

-4 '01 

+2'10 

.... 

.... 
-2'10 

- 2 ' a i  

+?':I 

-0 'SS 

+o 'SS 
. -I  '03 
+ I '03 
+o '43 
-0 '43 
+2 '55 

- 2 '55  

+4 '29 
-4 '29 

+ o s  .... 
-6 '-% 

+5 '38 
+2 '$  . 
-5.21 

+O'S5 .... 

+ O ' q  .... . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  

+O'SS 

+ I . #  -3'43 

-5'59 +1'5S 
+d '01 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . .  
+4'01 

-6 '85 
+ 2 'S7 

+6 '36 
.... 4.46 

+-"IO 

. . . . . . . . . . . . . . . .  .... . . . . . . . .  . . . . . . . .  
+ 2 '21  

- 6'29 
4- 4'0s 

. . . . . . . .  
-1 . 
+ I  

.... + I  . . . . . . . .  
-1 

+ I  --I 

--I +I 

_-I 

+ I  . . . . . . . . . . . .  

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

- 0'43 
.... - 4'22 

+4'm + 4'65 
-6.55 
i 2 . 5 5  

-10'01 

.... + 4'29 

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

. . . . . . . .  
- 1  .t I 

+ I  . . . . . . . . . . . .  
-1 

+ I  --I 

.... . . . . . . .  
+ 5-52 - 5'30 -0 '22  

+4 - 2  

+4 +2 

+6 
+6 

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

-2 

+a -2 

+6 +2  ... 
+6 

+d 

-2  

. . . . . .  

- a  +2 

+6 + a  

+6 
. . . . . .  

. . . . . .  

. . . . . .  

- 1  

-2 . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  
-2  

-1 -a 
-a - 2  -2  

+6 ... -2  . . . . . . . . .  
+6 -2 +a +a 

+6 - 2  

+6 -2  

+6 -2 

. . . . . . . . . . . . . .  +6 

. . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . .  .- 
- a  

- a  . . . . . .  -2 . .  
+6 +2 -2  +a 

+6 - 2  

+6 + Z  -2 

+6 ............ +6 

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

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



- O'J5 

+ 2'11 

+ 2'14 
.. 0'50 

+ 1'55 
- 1.97 

- 3'94 
- 0'33 
4- 3'05 
+ 1'62 
- 3'15 
+ 1.32 
- 0'42 

f 0'70 
- 1'34 
- 1 %  

- 0'14 

+ 1.99 
49 o=- I '  

- 2'42 
+ 0'13 
- 6 ' 2  

- S ' 2  

7 0'4 
- 4 ' 7  
-43 '7 
- 1 0  '8 
+ 3'5 

- 4 '3  
+ IO'S 

0 '00 

- 1'10 

- 1'0 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

-2 -2 ... 
+6 -2 

+6 -2 

+4 

. . . . . . . . .  

. . . . . . . . .  

- 

+ 5'43 - 5'14 
- 3'45 + I'SI 

+ 4'54 -11.21 - 1'83 

. . . . . . . . . . . . . . . .  + 2.62 

+ 2'10 - 4.6 + 2'73 + 1 . 3  
+ 2'7.3 7 2.24 - 4'63 - 4'63 - 2'34 

- 6'40 - 6.07 .+11'65 +15'go f 6.06 .+ 5'61 
-10'53 - 0.24 +XI'@ . + 1 . g  - 4'33 .... + 1'52 .... - 1'97 .... . . . . . . . . . . . . . . . . . . . .  
+ 3'69 - I l ' j4  - 1 5 W  f 0'54 + 0'59 - ..% 

+ S'23 - 1'01 + 1'01 

2'43 -10.9 + 1.61 - 5'16 - I ' W  
+ 3'69 + 0.24 - 0'73 - 3'42 + 5'16 + 6,:s 

+ 1'31 - 7's + s ' 5 6  - 4'53 
+ 5'10 - 5'59 + 1'79 4- 3'21 + r.;z 

- 0'49 + 1'31 - 2'43 + 0'4.5 + 0.96 
.... .... + 4'00 + 0 ' 3 j  + p'ro 

+I0'51 -11.33 
- 0'45 - 4'31 
- -1'71 + 6.57 

+ 7'3' -. S'41 - 7.10 
.... -11.1s .... + 3'97 .... 

. . . . . . . . . . .  - 6 S  + 0.02 - O ' j o  + 2 ' 6  + 0'03 - 2.16 .... 

- 1'2.5 - 7'02 - 2'44 
. . . . . . . . . . . .  .... .... 

+107 'ogq +3 '2662 -r6'"5.& 
.... +157'621 + S.&lO -117.174 .:.. . . . . . . . . . . . . . . . .  -11 .IS0 

+67'4So - 30'193 -6zxp3 , -32'03S - 6'543 
+4s .329 -5o'mg + 3.970 t95.31s 

+%o'iir +1Sj'So3 -51 .Sol 
+IW'g$ -12'672 4- I'gSI -66.6- 

.... +oro'618 - 4'7% +'3'776. 
+ I ~ O ' @  +iS'60, - 5'725 

+277'Si5 -65'479 
+*34 '534 

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

RCSII Z h g  zulrrcrs oJ m i ~ ~ t Y ~ z f ~ ~ . ~ .  

c,=+o -33s 
C2=-o*7S6 
C,=+o .613 
c,=+ 1 '544 
C,= -- I '320 

C,=+o.S50 
c*=+ I 's67 
C,=-0 '535 

C6=$I '475 

c,,,=-o :219 

Crr=+o '245 
C,,= +O '6-1s 
c,3=+o *o91 
c,4= +o '599 

c,6=so '159 
c,7=+0 '433 

C,5=to '339 

c26=+0.045 2 

C*,=+o '005 j1 

C,8=+o*O;r s 
C,=+o.o23 S 
C,,=-o.o26 I 

c3'=-o .008 66 
C,=-owc3 75 
C,,=-o-oIz 3 



UNITED STATES COAST AND GEODETIC SURVES. 

No 

I 

2 

3 

4 

Stations. 

FIill 
Webb 
Marriott 

Correc- Spher- Spher- 

angles. escess. 
Ohserved angles. ical ical 

Soper 
Webb 
Marriott 

Soper 
Webb 
Hill 

Soper 
hTarriott ' 
Hill 

Stabler 
5 [ Webb 

Soper 

/ I  

+o 'OS 

0 'op 
+0 '29 

-0 '09 

-0.5s 

+o '32 

t o  '43 

+o '41 
+o '67 
+o '5 1 

0'00 

0'00 

-0 '01 

-0 '02 

Log s. 

4'392 324 7 
1'373 713 9 
4'445 721 I 

4'443 731 I 

4'337 076 1 

4'376 775 s 

4'373 719 9 
4'337 076 2 

4'377 012 2 

4'376. 775 7 
3.691 SS-. 4 

4 '432 017 4 

0 '24 

Distances 
in metres. 

24 67s .s4 
23 643.94 
37 779.29 

24 67s $4 

23 SroS9 
37 75s.37 

27 779.29 

23 SIOYJO 
?I 730.s2 

23 6-13 94 
21 730's. 
37 758'2s 

1 

23 S I O ~ ~ I J  
4 919 .06 
27 o-10 '67 



hTo. Stations. 

Stabler 
Webb 
Hill 

Stabler 
Soper 
Hill 

Peach Grove , 

S Stabler 1 Hill 

Sugar Loaf 
Stabler 
Hill 

IO 

I1 

I2 

Sirgar Loaf 
Stabler 
Peach Grove 

sugar' Loaf 
Hill 
Peach Grove 

Maryland Heights 
Sugar Loaf 
Stahler 

Maryland Heights 

Peach Grove 

Maryland Heights 

Peach Grove 
14 [ Stabler 

Correc- '$2- '~2- 
tions* angles. excess. 

Ob.served angles. 

0 I / I  

62 10 22.32 

59 51 26 '62 
57 2s 13.q 

45 42 51.12  

70 29 39'25 

63 47 31 '09 

01 '49 
27 2 0  ..... 
37 4s 42.47 

114 50 32.09 

- 

3 33 53'32 
I73 14  IS.32 

2 41 47'75 

59 '59 
30 31 14'53 
12s 01 27-20 
21 27 IS-70 

00 '43 
26 57 ~ 1 . 2 1  

67 47 51'53 
$5 I4 49'79 

02 '53 

- 

- 

- 

/ I  

-0 '26 
-0 '02 

-0 .os 

-0 '245 
. . . .  

-0'514 

-0 .os 
-0 '13 

to '50 

.... 
to '73 
50 ' IO 

to '20 

t o  '85 
t o  '30 

+o -40 
+o '22 

-0 '059 
+o '562 
+0'419 

+I ' 02  

+o 3 6  
+o -56 

+I -0s 

+o '43 

, 2.84 
53 261 0.104 
lS.Ss2 O'IW 
4s.169 o . 1 a  

+o S 6  50 '65 I '64 :-: 4 'S30 573 o 

. 4-90 
- 

Distances 
in metres. 

27 '779.29 
26'363.21 
27 040'67 

26 36; '21 

30 $1.54 
30 793 '34 

26 36j.21 
60 017 '99 
3s 593'45 

30 3SI '54 
40 546 '92 
60 or7 -99 

3s 593 '45 
67 697'56 
29 203 -35 

30 793'34 
62 S"2S 
67 697 '56 



NO. Stations. 

15 

16 

17 

IS 

19 

20 

Bull Run 
Maryland Heights 
Sugar Loaf 

Bull Run 
Maryland Heights 
Stabler 

Bull Run 
Maryland Heights 
Peach Grove 

Correc- Spher- Spher- 

angles. excess. 
Observed angles. ical ical 

Bull Run 
Sugar Loaf 
Stabler 

Bull Run 
Sugar Loaf 
I'each Grove 

Bull Run 
Stabler 
Peach Grow 

Mount Marshall 
Mayyland Heights 
Sugar Loaf 

Mount Marshall 
Mar!;latid Heights 
Bull Run 

04 '27 
41 01 17.22 

35 I7 15-41 
IO; 11 01 '62 

23 

Mount Marshall 
Maryland Heights 
Peach Grove 

s ' I2  

-0'49 50'21 1-77 
-1 '33 I1 '40 1.7s 
-0.6s 03'72 I 7s 

5 '33 
$0.76 57'73 1-63 
+I .IS 40.91 1.61 
+0.44 26'31 I .62 

4 5 5  
+065 51 '5s I '37 

- 

$0'9s 49'59 1'37 
-0'12 21.93 1-33 

4 ' I2  

-0.0s g j s 3  0'70 
+ o . ~ I  13 '92 0'70 

+Oars 5437 0.71 

2 'I1 

- 

$ 0 6 2  Q.56 I '79 
$0.26 12 '93 I .7S 
+o*21 03.87 I '79 

5 '36 

+0'57 45.9s 1-88 
+o.;s 0 2 ' 0 0  I'Sg 

-to*45 17.67 I .SS 

Distances 
in metres. 

29 203 '35 
50 067 'ill 
51 021.49 

67 697 '56 
67 694 .s= 
51 031 '49 

62 S94-26 
41 3 2 s . S ~  
51 OZI '51 

3s 593 *45 
67 694'52 
50 067 '00 

40 546 .gr 
41 32SS2 
50 067 '01 

30 793 '34 
41 32S.83 
67 694'53 

29 203 -35 
. ss 469 '41 
75 530'49 

51 021.49 , 

44 915.93. 
75 530'47 

62 S94 '26 

75 530'49 

sg 9SS.24 



No. Stations. 

24 

25 

26 

Mount Marshall 
Sugar Loaf 
Bull Riui 

Correc- Sgher- Spher- 

angles. escess. 
Observed aIigk5. ical ical 

l\Iount Marshall 
Sugar Loaf 
Peach Grove 

Mount Marshall 
Bull Run 
Peach Grove 

co '55 
40 54 42 '45 
S6' 33 27.01 
52 51 56'29 

Fork 
Mount Marshall 
Clark 

Fork 
Bull Run 
Clark 

Huiiipback 
Fork 
Clark 

Spear 
Humpback 
Fork 

I, 

29-11 
34 ' IO 

60 -67 

51 -86 
23 '69 
53 'I7 

22 '742 
07 . j9I 
30 '152 

42 '51 
26 '76 
56 '5  j 

22 .62 
52 .s4 
47 '61 

;3 .SI 
26 '07 

54 '01 

"I 'I9 

36 '92 
os '93 

49 '33 
42 '95 
35 .I2 

I2 ' I O  

52 '95 
61 '3s 

I '29 
I '29 
I '33 

3 .ss 
2 y 1 ,  

3 '91 
3 'go 

s '72 
0 '242 

0'2'II 
0 '242 

- 

6 ' 2 0  

I '02 

I '0; 

I .03 
- 
3 '07 
I '29 

I '30 

I '30 

7 '39 
2.13 
2 .I4 
2 '13 



No. Stiitions. 

s. 
35 

34 

35 

36 

37 

j S  

39 

Spear 
Humpback 
Clark 

Spear 
Fork 
Clark 

Slate Springs 
Pork 
Humpback 

Elliott Knob 
Slate Springs 
Fork 

Elliott Knob 
Slate Springs 
HllXIlp~JaCk 

Elliott Knob 
Fork 
Humpback 

Tobacco Row 
Humpback 
Spear 

Bald Knob 
Elliott Knob 
Humpback . 

Observed angle>. 

Bald Knob 
IIumpback 
Tobacco Row 

Spher- 
ical 

excess. 

I' 

3 .26 
3 '17 
3 '26 

9 '79 
3 '59 
3 '59 
3 '59 

10.77 

3.46 
3 '47 
3 '17 

I O  -40 
3 '19 

- 

3 '10 

2 '19 

4 . 1 1  

I '7s 
I *7S 

1 '79 

5 '35 
2 .96 
2 '97 
1 '97 

- 

s 'sp 

Distances 
.in metres. 

SS 1 7 1  ' 2 1  

106 6S4.15 

44 594.72 

5S1 '39 
106 684.17 
106 366 '19 

72 494 'S9 
67 094.14 
67 111.94 

67 1 2 1 . 9  

s j  S77'3S 

39 776 *9s 

67 094 *I4 

39 776'97 

72 494'S9 
43 706'27 
Ss S77.36 

43 706'30 

44 594'52 
37 7s5.59 
49 69s:07 

43 706'2s 
S; 736.60 
54 190.73 

49 69S-07 

s3 73653 

70 63S.72 



No. Stations. 

42 

43 

Paday 
Slate Springs 
Elliott Knob 

Paddy 
Slate Springs 
Hunipback 

Paddy 
4 Elliott Knob 1 Humpback 

45 

46 

47 

48 

49 

50 

w a a y  
Elliott Knob 
Bald Knob 

Paddy 
Humpback 
Bald Knob 

Briery 

Elliott Knob 
Paddy 

Briery 
Paddy 
Bald Knob 

Briery 
Elliott Knob 
Bald Knob 

Keeney 
Briery 
Paddy 

Keeney 

Bald Knob 
51 [ Briery 

Observed angles. 

Q r r i  

41 33 26'54 

91 46 05'37 
05 '72 

50 53 11 '97 
sg 14 23-01 

43 52 35.76 
I O  '74 

9 '9 45 '43 
161 21 32So 

5 IS 42'90 

46 40 33 'SI 

- 

- 

- 
01 'I3 

S2 49 60'32 
44 og 45.45 
53 00 16'SS. 

02 '65 
- 

73 30 14.S9 
25 49 53.5s 
So jg  60'21 

0s '69 
13 57 5 g . S  

1.50 39'74 
16 01 22'13 

01 '75 

67 IO 39.43 
67 52 02.S5 

03 'IO 

30 59 20.95 
2S 0s 23'32 

- 

- 

44 57 no's3 

- 

I20 5 2  19'73 - 
04 '00 

17 50 07.22 

I43 33 59'75 
1s 35 56'55 - - 03.52 
39 34 30.26 
gS 36 3S.92 

11 4s 57'15 

06 '33 

Correc- Spher- Spher- 

tionso angles. escess. 
ical ical 

rr  

-1 '10 

f o  '14 
-0 '46 

t 0 '63 
-0 ads 
-0.71 

+ I  '73 
-0.13 
-1 -1s 

+I '07 
t0 .57  
-0.11 

-0 '65 
-0 '02 

-0 .os 

$0 '14 
.f I 'I5 
-0-2s 

+o .7-I 
-i 0 .os 
+o ..52 

S0.60 
i o  '85 
$ O ' i I  

$0 '01 

+o '50 
-0'12 

$-0 *.$s 
-0'24 
--.o ' IO 

I /  

25 '44 
34 '05 
04 '91 

12 '60 
22 '5 j 

35 '05 

47 '16 
32 '67 
41 '72 

61 -39 
46 ' 02  

16 '77 

14 *2-I 

53 3 6  
60 ''9 

60 '02 
40 '89 
?I 'S5 

21 '57 
39 '50 
Q3 '37 

21 '55 
24 '17 
2 0  'I4 

07 '23 
60 '25 

56 '43 

30.74 
$3 *6S 

5: '05 

4 
3 '39 
3 -40 
3 '39 

10.1s 

0 '51 

o -52 
0 ' 52  

- 

7 '99 
o '92 
n '92 
0 '92 

2.76 
- 

I .qs 
I -4s 
I *qs 

6 '47 

Log s. 

4 '599 63: 7 
'I '639 704 4 
4'777 675 5 

4'Sz6 6%) 6 
.I .535 $2 6 

4'777 675 5 

-I .640 543 9 
4'935 $2 5 
4'639 io4 3 

4'733 9'5 0 

4'5% 373 6 
4 '639 704 3 

4.922 915 2 

373 6 
4'935 $2 3 

4 '639 704 3 
4'955 g%s 6 
4.697 9% 3 

4.5% 373 6 
4'695 s19 4 
4'697 9s3 3 

4'733 9'5 0 

1'695 5 
4'955 s75 7 

4'697 9s3 3 
4'9S5 576 5 
4'7'5 574 4 

4 '695 SI9 4 
4SS6 701 5 
4'715 574 3 

Distances 
in nietres. 

39 776.'97 
43 621 .SS 

59 934.31 

67 0% w 

59 934 '31 

s6 175 '26 

43 706'2s 
S6 175'24 
43 621 'S7 

54 IV.73 
33 0551 .66 
43 621.S7 

S; 736.5s 
3s 051 -66 
S6 175.20 

43 621 'S7 

90 339 '07 
49 856'53 

3s 051 *66 

49 SS6 '53 
49 63s '59 

54 1 9 - 7 3  
49 635 '60 
9@ 339.09 

49 SS6 '53 
96 733'41 
51 94s '67 

49 638 '59 
77 037.3s 
51 g4S .66 



No. Stations. 

52 

53 

54 

Keeney 

Bald Knob 
Paday 

'Beech 
Briery 
Keeiiey 

Ivy 
Beech 
Geeiiey 

Sumniersville 
55 Bricrq- 1 Beech 

Observed angles. 
Correc- Spher- Spher- 

tions. angles. excess. 
ical iczl 

I/ 

+o .47 
+o '20 

+o *43 

-0 .S j 
-0 '7 j 
-0 .qr 

+o '54 
+o '25 

+O '70 

$0 '59 
-1-1 *..- &I  

+o '62 

-0 '05 

-0 '03 
-0 '05 

7 '01 

o 70 
o '70 
o '70 

2 ' IO 

2-21  , 
2 a 2 2  

2 '22 
- 
6 '65 
0 '43 
0 'jj 

0'44 

5 'S3 

Log s. 

4.5% 373 6 

4'9% 576 3 
4-SS6 701 4 

4'715 574 3 
4.556 S19 2 
4.364 201 5 

4 9 6  S19 2 
4 .S~O 426 o 

4'933 509 7 

4.364 201 5 
j .4jG 11: 2 

4'684 764 9 

4'953 509 7 
4'SSS 94s 7 
4.474 126 3 

Distances 
in metres. 

3s 051 .66 

77 037.36 
96 733'37 

51 94s .66 
3s 620'62 
23 131.3s 

3Y 620.62 
69 251 '00 

s5 a . 4 3  

23 131'5S 

4s 391 *w 

85 k 4 . 4 3  
77 4s7.03 
29 793.53 

29 jgj .Si 

For a fair estitnate of the precision Gf the Allegheny series of triangles, we make 
use of the mean error t u  of an adjusted angle, where- 

For the eastern part, we have- 

for the western part we h a v e  

and for both together- 
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The probable error in length of aiiy side of the triangulation arising froin 'the . 

angular measures may be computed by means of the usual forniulae- 

To this mist be added the proliable error due to that of the side of the base net. 
. We select the side Fork to Clark. since it divides the series of triangles into two 

nearly equal parts. Starting from the side Webli to Marriott of the Relit Island Base 
Net, we have 6,,,,= 10'7 i n  units of the,sisth place of decimals in the logarithm of the 
side Fork to Clark, 2 = 12S.5 (8 trianglesj, c,lli = f o . 3 7 5  metre, q, = f 0.362 metre, 
and cI = =t 0.521 metre. Starting froin the side Ivy to Sunimersville of the St. Albans 
Base Net 2 = 133'7 (9 triangles), eaIi = =I= 0'680 metre, cj, = + 0.252 metre, and 
f2 = f 0.725 metre. 

For the probable error of the side Fork to Clark as a line in the adjusted triangula- 

This is about 
The effect on the arc for the two sections  ill be with sLifficieiit acciiracy- 

fw part of the length of the side. 

Distance. Probable errors. ' Average. 

h i / .  U I .  

Webb-Marriott to Fork-Clark 136 Ti&$Ti$Ti uT?;ii$Ti Ta&V$Ti *r'3' 
Fork-Clark to Ivy-Suiniiiersville ' 257 Ti$& T i d i J G G  TYT'iliiV * 2 '  

Sun1 f.3'46 

The above distances are measured along the, thirty-ninth parallel betweeii the pro- 
jections of the middle points of the terminal sides. 

. (3) THE OHIO SERIES OF TRIANGLES. 

I SS3-S., -. ;:;-Clj-S7, I SS9-90. 

( Ll. ) iIlf~~~~'~l~CfiO?1. 

This branch of the triangulation after leaving the mountainoii~s part of West Virginia 
enters the Ohio Valley and follows the same more or less closely and with about uniform 
width up to its western end at  the Holton Base figure. The work was in charge of 
Assistant 4. T. Mosnian, and was carried out between the years 1YS3 and rSgo; measured 
along the iiiidclle of the triangulation its extent between the two base-net lines is about 
330 kilonietres, or 205 statute miles. 

The following remarks were communicated by Assistant Mosman: 
From the St. Albans Base in the Iianawha Valley the triangulation passes over heavily wooded 

country to the Ohio Valley and then down this valley to the  vicinity of Cincinnati, haring stations in 
both Ohio and Kentucky. This was A very difficult country to triangulate. as the tops of the numerous 
ridges, all heavily wooded. were nearly of the same height, forming a plateau in which iiunierous 
streanis had cut channels. The country was thinly settled: roads, all in the valleys of the streams, 
were few and very rough. It was necrs.ary to build signals here varying from 30 to So feet in height 
to get lines of 30 miles in length, and heliotropes hac1 to be used on lines longer tlian IZ or 15 miles. 
From near Cincinnati the series passed through Kentucky and Indiana, leaving the valley of the Ohio 
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River; in the latter State it passed throu,gh an almost level country very heavily wooded to the Holton 
Rase line, which'is lncated on a high ridqe. This is a farming and lumber country with forests over 
I ~ M ,  feet high for miles in every direction; here signals of from rm to 150 feet in height were nexssary, 
and h'eliotropes were used on lines over IO miles in kngth  unless the sun was at t e observer's back. 
in which case a pole with a lozenge target could be observed on. 

The observers habitually observed their directions with the circle of the theodolites in 17 positions 
with 2 series in each; in case the series contained only part of the directions they were multipliecl 
until a sufficient number of series was obtained. 

( b j  .4[bsf)-ncf 

Piiiq, Cabell County, West Virginia. ' August 21 to September 4. 1SS3. So-centinietre theodolite, 
December 16 to December 21, JSgr. 

)r.wZfrig ho~-izoi ih~l  diizcfioizs o f  cm-h sfafioiz fiviii hca/ nizd froin fig.zitr 
cldJ'irsfiizenfs. ' 

No. 114. 
;oLceiitimetre theodolite, No. 11s. 

A. T. Mosman and W. B. Fairfield. observers. 
W. B. Fairfield, observer. 

3 
J 

Pigeon 
Davis 
Gehhardt 
Simms 
Holmes 
Coal 
Table Rock 
Big Rocks 

Rr~lI l t~ l lg  directions Approxi- Corrections Corrections Fiual sec- 
mate from hasr from base onds i n  

station adJLstlllelIt. probable net adjust- net and figure trianpu- 
error. tuent. adjustment. lation. 

frrm 

I /  

fo 'OS 

0 .os 
0 'I2 

0'11 

0 '09 

0 'os) 
0.13 

0.11 

I /  / I  

-0.17 
-0 'og 
-0 '32 

-0 '2s 
+0'2I 

-0 '39 
+o *45 
+ O . I S  

Mean 0'00 

Probable error of a single observation of a direction (D. and R.) = f o'I.66. 

pi't-on, Lincoln County, West Virginia. July 21 to August 5. 1SS3. 50-centimetre theodolite. No. 114. 
A. T. Mosman and W. B. Fairfield, observers. 

I 

2 

Piney 
Big Rocks 
Table Rock 

I V Y  

Davis 
Gebhardt 

a I / I  / I  I I  / I  I J  

0 00 00'00 f O . 0 9  - 0 ' 1 2  . 5 9 s  
qr 27 17-14 0.13 +0.20 I7 '34 

34 '55 93 ;I 34'23 0.10 +o-32 
06 '62 132 07 07-02 . 0.10 -0'40 

296 qS 31-59 0 '12  -0.03 31-56 
332 13 32'79 0'12 + 0 3 9  33-3s 

Mean o m  
Probable error of a single observation of a direction (D. and R. ) = f 0'1.72. 



No. z k t  and &odetic Suney-Tmcm.neTltaL Triangu2adon. 

.ST. ALBANS BASE NET TO HOLTON BASE NET 
. OHIO SERIES 
W. VA.0.. =,AND IND. 

II North 
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.(&) AhSfiYlCf of Tt-SZfItiJlg hLlJ-iZLlJZfffI d i J 7 f f i O J f S  ff f Ct7Ch Sf(Tf i l I? l  -fiVJlZ IcWl? l ? ? l d - f k J J l  -figlfJi. 

nnjlrsfiiror fs-Cant inuecl. 

GebRnrdl, Cabell County, West Virginia. Octoher -7s to Norenlher 9. IS:,. pcentimetre theo<l+ 
lite, No. IIS. Telescope above ground 15'27 metres. A. T. l\lGS!Ila!l. ohservx. September 7 to 
September q9 ISS~.  Telescope above ground 15'27 metres. 
A. T. Mosman. ohserver. 

:,o-centimetre theodolite. No. I IS. 

Resulting directions Approsiniete Cnrwctions 1:iiinl sccoiids a$ztE,bfil. Objects observed. ' frorii sta- probalrle from figure ill  triaiigu- 
tion adjustiiient. error. aclju*t..ieiit. latioil. 

7 
S 

g 
5 
6 

0 I / I  If If / I  

Piney 0 00 m'Lw f O . 1 1  +@ '30 WJ '30 

Pigeon 34 57 29.07 0 '16 -@ .IS 29 %5 
Davis s5.  @2 IO'S5 Cl'JI -@ ' 2 0  I O  '65 

Oakland 12' 59 q.54 0'33 +O'.lI 04 'Qj 
Fradil 167 o j  29.S6 0 ' I 5  -0 '5; '9 '3 j 
Wray I73 QS 19'@7 0'09 + @ ' j O  19.57 

'Prohahle error of a single observation of a direction ( D .  and R.) = & n".Sg. 

Gehhardt 0 00 CU'OO f O " 3  +o . I 4  r30 '14 

,Pigeon 94 50 21.33 0'11 -@ '3@ 2 1  '13 

Oakland 2+$ 55 19'65 0 .I3 -o '5 r 15.14 

Piney 44 15 5.5 '71 , o '13 -to . j 3  '36 '03 

Wray 316 5s 17'75 0.1; -ko 'Z j J S 'oo 

16 
17 
IS 

I9 

0 I If I /  I /  ,e I 

Gehhardt 0 UO 00'00 .co.og -to27 f0 .27 
Davis 4s' 57 10-5.s ' , @ ' I O  -0 '39 10.49 

Oaklalid 100 3' 59'95 0'11 -0 '44 59 '5 I 
Fradd 159 I 1  56-04 0'15 +0.56 36 '60 
Probable error of a single observation of a direction ( D .  and R.) = t ~'"7~1. . 

OiiR/nird, Ijoycl County, Kentucky. September IS to October 2. ISSJ. 30-centitnetre theodolite, 
No. 11% Telescope above ground 15.09 metres. A. T. Mosn~an and W. 13. Fairfield, cihservers. 

0 I II /I I /  ' i f  

20 

21 

22 

23 
24 
25 

- 
Ruena Vista o ~3 00'00 fo 'o9 -0.01 59 '99 
Gould 47 46 21-92 0 '09 -0 '33 2 1  '59 
Fradcl 93 11 0 0 ~ 2 3 .  0.12 +o*q w '27 
Wray 107 53 9 ' 4 s  0.10  + 0 ' a 3 .  09.71 

Davis ' 167 54 23 '01 0.15 $0.54 2; '55 
Probable error of a single observation of a direction ( D .  and R. ) = -C O'I.73. 

Gehhardt 136 55' ~ S - o r  0 'I1 -0 '47 57 '54 

I 
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36 
32 

33 
34 
35 

UNITED STATES COAST AND GEODETIC SURVEY. 

Oakland o 00 00'00 -Loa9 + o ' o ~  00 -04 
Care 13 46.49 0'14 S0.25 46 '77 
Howland 223 50 50.02 0'10 +O'I2  50 .I4 
Gould 250 30 50.14 0.10 +0'30 50 '41 
Fradd 300 07 11 '42 o '06 -0 '73 10 '69 

( b )  -4bslirart qf reszilfiizg horzkoa fa? di?-~~-fions nf c a d  sfahmi from locaC mid from j g w e  
adjllstii~&?zts-Contitlurd. 

Friidd, Lawrence County. Ohio. August 5 to August 14. ISSS. 30-centimetre theodolite, No. 135. 
Telescope above ground 14.17 metres. W. B. Fairfield, observer. 

Resultitig directions -4pproximate Corrections Final seconds 

tion adjustmeut. error. adjiisttneiit. latioi; 
diz&. objects observed. from sta- probable from figure in trian-n- 

26 
27 
2s 

29 
30 
31 

0 I / I  I /  I /  / I  . .  
Wray 0 00 00'00 -CO'15 -0 -32 59'6s 
Gebhardt 14 50 33'64 0 .24 -0 'IS 33 '46 

Buena Vista 133 55 54'45 0'22 +om59 55 -04 

Scioto 202 13 50.67 0 '23 -0 '14 50 '53 

~ Oakland 106 59 13.41 0'21 $0'27 13 -6s 

Gould rgo 31 27.12 0 '22 -0 a23 26 'S9 

Probable error of a single observation of a direction (U.  and R. 1 = & rfJ-37. 

40 

41 

37 
3s 
39 

0 I / I  / I  I I  / I  - 
Howland 0 00 00'00 fO"3 -0 '02 59 *9s 
Springville 36 55 04'14 o '09 
Scioto 40 1s 59'69 o -13 -0'11 59 3s 
Azimuth Mark 96 so ,45.05 u -17 
Fradd ' 196 32 45'93 0 '12  $0 '25  46 'IS 
Oakland 247 35 55'Sh 0'13 + o * q  56 '00 

Probable error of a single observation of a direction (D.  and R.) = f o"'s0. 
Buena Vista 270 20 25'99 o '13 -0 '"5 25 '74 

H m h r d ,  Greenup County. Kentucky. August 31 to September 7. rSS5. jo-centimetre theodolite, 
No. 135. Telescope above ground 20'27 metres. W. B. Fairfield, observer. 

1 2  

43 
4.4 
45 
46 

0 / I /  / I  I /  / I  

Gould o 00 OO'CQ - ~ 0 ' 2 2  +0.06 00'06 

Bileria Vista 63 40 26.41 0 ' 2 5  + O D 6  26.47 
Cave I33 03 37.38 0'20 +o.s; 3s '21 
Round Top 17s 4s 19.30 o -19 -0 '39 IS '91 
Scioto 255 17 51.01 0 '22 -0 '55 50 *46 
Springville 264 29 19'76 o -46 
Probable error of a single observation of a direction (D. and R.) = & 1//'33. 
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(b : )  -4 bsti-act qf ~-csic?fi~zg horizo)itaZ dii~cfioiis t i l  zarh S f l l f i 0 1 1  froiiz I t r d  and fimz j g i m  
crdji~sfiiz.c.m fs-Continued. 

St-iofo, Scioto County, Ohio. November 11 to Noveinher jo, 1585. 30-centimetre theodolite, No. I 18. 
Telescope above ground 30'94 metres. A. T. Mosman and W. B. Fairfield. observers. 

53 
54 
55 

No. of  
direction. 

Round Top 0 co m'oo .+o.rg + I  '25 (31 '15' 

Howland 56 24 3 1 - 1 0  0 '29 -Q 's3 30'27 
Buena Vista Is; 54 16'.45 n '22 -.e:, .-p 16'0j 

49 
' 50 

51 
52 

57 
58 

59 
60 

56 

47 
4s 

' Twin Creek 0 00 CO'OO *0'17 +o*jr on '31 
Scioto 70 OS 47So  . 0.21  -I-n '73 4s '53 
Springville s6 21 IS .Q3 0 '29 

Howland 114 ' 24 44'79 0.17 +0'46 45 '3 
Cave 152 15 37-27 n '13 --I '3" 35"95 
Cherry Ridge 313 29 02-2s o '30 -@ .IS 0 3  'IO 

Resulting directions Approxiinate ' Corre:tians Final seconds 

tion adjustment. error. adjiistiueut. latiou. 

Q I I f  / I  / I  If 

Howland o 00 cone &o.og. So.63. 00 '63 

Objects observed. . from sta- probable from figiirc in triangu- 

Round Top 59 14 33.7s n -0 '65 33 'I3 
Twin Creek . 91 2s 35.7s o ~6 -0 'og 35 '69 
Peach Mount 13s 37 3s.39 n * i S  -0 '17 3s .22 

North Meridian 30s 32 00.5s -5 

Fradd 312 57 1S.65 0 .21 + 0 ' 2 S  IS 'y j 
GOIlld 325 2s q . 3 0  . n.15 0'00 og '30 
Springville 336 1.1 25'12 0 .IS 

0 .*. 

Probable error of a single observation of a direction (D. and R.)= -Co"*gc). 

66 

67 

65 

69 
65 

0 / // .'I I t  r /  

Twin Creek 0 00 00'00 f0'10 --i. -43 59.6'J 
Cherry Ridge 40 05 57.46 . 0 og  -0 '15 57'3' 
West Union Children's Home 71 43 56 '97 0 '22 

Cave Hill 94 I1 0 6 - 2 s  0'14 +o* j6  06 '64 
Ash Ridge 112 51 56-99 

*Probable error of a single obscrvation of a direction (D.  and R.) = &O".SI. 

O T j  -0 -20 36 '79 
Scioto 316 30 -P-M 0 ' 1 7  $0'39 42 'S3 
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74 
75 
i o  
71 

No. 11s. 

No. of 
direction. 

77 
7s 

West T!nion Children's Home 62 . 10 oj .40 0 '21 

Cherry Ridge 7s 31 39.56 0.12 ,'-O.IS 39 7 4  
Minerra 164 51 2s.s. 0 'IJ 0 '03 2s $2 

Telescope ahore ground 1.6s metres. A. T. Mosman and W. B. Fairfield, observers. 
' Resol  ting directiolis Approxiniate Corrections Final secoiirls 

Objects cherved. from sta- prohable from figure in trinngu- 
tion adjustment. error. adjustment. lation. 

G / / I  I ,  I ,  I ,  - 
Twin Creek 0 (ylr t30'00 c o . o s  -0 '46 59 '54 

0 'IO f o  .os 17 '71 

Cave Hill 2.59 25 04.63 0 .I*; -0.17 -! .46 
West Union Children's Home 267 4s 36 '13 0 '22 

Peach Mount , 306 4s 16.- 0 ' I 2  -;-a 24 16 '33 

Round Top 2s 10 I j ' J I  U ' I O  -to '34 13 '75 
Minerva 203 01 17'6.3 
'Ash Ridge 24.5 30 4.3 '53 f l . 1 1  -0 '02 43 '51 

Probable error of a single observation of a direction ( D .  and R. ) = f. ~~'"67. 

SI 
Sz 

S; 

S5 
S4 

So 

' CaveHill 0 WJ 00'00 fCJ.13 ---u '07 

Cherry Ridge 2 0  39 35 'S3 a.19 SCl'CIg 
Minerva 9' I 1  51-03 0 'IS +o '25 

Tate I54 15 57'66 0 .17  - 0 '09 
Peach Mount 334 42 45.76 0 ' I 6  $0 'I3 

Flaugher I23 2s 35'97 0.1; --0'32 

SS 
Sg 
go 

S6 

S j  

XIS. Tel - 

- 
Ash Ridge I3 0 3  00'uo f o m g  -0'01 59 '99 
Cave Hill 29 4' 55-14 o '17 +o :I2 55 -26. 
Cherry Ridge 66 57 21'j4 13-16 -0 '23 . 2 1 3 1  

Brookville Methodist Church a25 40 16 'gn o '25 

Flaugher 243 15 56-50 o '16 -0 'I I 56 '39 
Felicity Town Hall 2% 29 oj?Q o '29 
Tate 293 11 25.27 o '15 $0 '23 39 'SO 

Aziniutli Mark 333 ~r 35.09 0 ' IO 8 

spire 



62 

63 
64 
61 

93 
94 

95 

9 1  

9' 

ROWIC~ Top 0 00 oo 'm +O.I4 -0 .41 59 '59 
Cherry Ridge 106 IS 47'42 , 0.14 +0'2S 47 '70 
Peach Mount 19; or 0 7 6 0  0'11 $.0'23 , 07.S3 
Scioto 2S2 32 49'Sj 0 'I1 -0 'og 19 '74 

I?  ,,I I ,  0 I / I  

Felicity Town Hall 0 00 00'00 -CO'OS 

Flaugher 36 13 20.35 
Steve11s 102 54 35'45 n '15 
Alesaiiclria Court-house 111 3s 43'31 0 '16 
Tanner 114 42 11.53 ' 0'12  + o . ~ j  1 1 '97 
Cold Spring spire I25 33 os.20 0'32 

hfinerva 340 03 35.39 o '1; -0 '65 34 '74 

@,.12 +@ *@3 2 0  '55 

-',-.- 33 35 '10 

Ash Ridge 2sg 54 5 s y s  0 ' 1 1  +0*53 . 59'51 

Prolnlile error of a single observation of a direction (D. :ind R. ) - t @',''79. 

gg 
100 

96 

97 
5Y 

. F/lIIIg/IZI; Pendleton County, Kentucky. October 16 IO Novernbrr 30, iSS7.. 30 centirnetre theodolite, 
No. 135. Telescope above ground 1733 niekrz;. W. B. Fairfielil. nh:;+rvcr. 

Felicity TU\\m Hall CI 00 1-10 'MI f o  .IO 
Ash Ridge IS 26 45.62 0 '56 -0'58 , 

Minerva 50 26 35.34 0 '14 -o .42 
BrooEsville spire , 64 59 11  'S7 0 '3s 
\\;illianistc~wn Court-house 205 24 46.39 0 "9 

Fiskburg spire 246 14 55.00 O .4s 
Stevens 267 US 37.60 0 . 1 7  +om5 
l'ate 336 03 2 j  '55 @'I; +0.2S 

Dry Ridge 214 3c1 '7'43 0 '19 -6.17 

/ I  

4.5 *04 
5s -76 

27 '26 

37 :65 
25 'S3 



No. of 
direction. 

'og 

io6 
107 

10s 

IOI 

I02 

i o j  
r q  

105 

I IS. Telescope above ground 16'31 metres. A. T. Mosman, observer. 
Resulting directions Appronitnate Correctioris Final seconds 

Objects observed. from sta- prohahle from figure in triaiigu- 
tiori adjustment. error. adjiistiiient. latiori. 

0 / I /  I f  I f  I /  

Tanner o 00 00'00 .&oq +0.76 00 '76 
Aleiandria Court-house 124 25 23.60 0.15 

Tate J ~ I  07 51.13 . 0 '15  +o.& 51  'I9 
Flaugher 1S6 02 50'32 0.17 , -0 .I4 ' 50.1s 
Morning View spire 212 IS 47.s4 0 'IS 

Dry Ridge 2.16 16 15'69 0 *I4 -0 '6s I5 '01 

0 .v Fiskburg spire 231 2 0  55'57 JJ. 

Probable error of a single observation of a direction (0. and R. ) = & df%4. 

Williamstown. Grant County, 
court-house vane rod . 0 00 00'130 &O.OS . 

Culbertson I25 41 28.92 0 'IO - 0 . 5 2  2s '40 
stow 1;s 46 55.36 o 'IS -0'21 35 'I5 
Tanner is7 37 oS'12 o '15 -to '01 os '13 
Stevens 209 26 31'37 o'13 fo.52 31 '89 
MIuriiiiig View church spire 232 j r  5s '55 0 '35 
Flaugher 276 34 58.46 0'17 ' $-o'rg 58 '65 

XZ~IIZEI- ,  Boone County, Kentucky. , July 19 to August 16, 1889. jo-centimetrr theodolite, No. XIS. 
Telescope above ground 41:61 metres. A. T. Mosman and W. B. Fairfield, observers. 

111 

I12 

1'3 

114 

I IO 

I 0 / .?I I I  If . 

Stevens 0 00 m0O0 &O.& -0 '93 
Dry Ridge 4.1 a6 50.32 0.14 , $ 0 ' 2 0  

Stow I15 5 2  23.37 0 '15 -0 '39 
Reizin 151 53 14-47 0'12 +I.'.IO 

Convent belfry 252 42 03'S7 0 '41 
I<ookout House flagstaff 2Sg 33 2'3'26 0 .IS 

Price's Hill railroad incline build- 
ing cupola 269 56 54.46 . 0.20 

Cold Spring. larger spire 315 26 05'91 o '29 
Tate 332 55 25'57 0'17 +0*02 

Probable error of a single observation of a direction (D. and R.) = c o " ' ~ .  

Alesandria Court-house ' 335 qS 01'6s 0 '33 

/ I  - 
59 '07 
50 '52 
22 .gY 
I5 '57 

25 '59 
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( b )  .-ll,strcrct of' nwdting horizo)itaI diir-ccfions a t  tach station ~ j . 0 ) ) ~  h z (  him? . f i m z  f j g ~ i - t  
a~?rsfnzei~fs-Complet ed. 

May 2S to June 5, ~Sga.  Slow, 'Switzerland Countv, Indiana. j&centimetre theodolite, No. I IS. 
Telescope above ground 21.1s metres. W. B. Fairfield. observer. 

No. of 
direction. 

Resulting directions Approximate Corrections Final seconds 
Objects observed. from sta- pmhahlr fnm figure in triangu 

tion adjustment. error. adjustment. lation. 

Reizin 
Tanner 
Dry Ridge 
CUI bertson 

?rcll,able error of a single observation of a direction (D. and R. ) = + of'%S. 

Rt-i-ciii. Ripley County. Inc'.ii-nia. September z I to September 2S, 1SS9. ;qceiititnetre theodolite, No. 
J rS. Telescope above ground 35.51 metres. A. T. Mosinan. observer. 

. Resll,tillg directiorls Approxi- Corrections Correctio'la Final s e e  
mate from base- 'lase- oiids iii 

Ohjects ubservcd. ' ~ $ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~  .pmlrahle net adjust- 'let and fig- triaiigiiln- 
error. , rnc-lit. ' l r ~ l ~ ~ ~ ~ f s t -  tion. 

N O .  of 
direction. 

721 

I22 

0 f I f  

Glasgow ' 0 CH3 WJ'W 

Tanner 161 59 13'94 
Stow 21j 26 34.50 
Col bertson . .  25s 56 07.7s 
Correct 31s 50 17 '95 

Probable error of a single observation of a direction [ D. awl R. ) = rt o'"79. 

Ciil!w-tsoir. Switzerlanil County. Indiana. June 7 to June 19, 1Sg0. jo-centimetre theodolite, No. I IS. 
Telescope above ground j5S1 metres. W. B. Fairfield. ohserver. 

119 
I20 

Reizin 
Stow 
Dry Ridge 
Murl Lick 
Correct 

71 44 14.42 0'11 

96 41 06.92 0'13 
265 16 50'27 0.10 -o'o4 
32s IO 57-51 . 0.10 $0.46 

Mean 0.00 

- 

50 '23 

57 '97 

Probable error of a single observation of a direction ( D .  and R. ) = + o'I.64. 
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I 

2 

3 
4 
5 
6 
7 
8 

9 
IO 

I1 

I2 

13 

14 
IS 

' 16 

17 
IS 
I9 
30 

21 

22 

23 

UNITED STATES COAST AND GEODETIC SURVEY. 
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-i= 

43 

44 

4.5 

16 

47 

4s 

19 

50 

I 
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o= +o '5s 
' +I '-9 

+o '46 
+o '28 

-2 '2s 

-1 'W 
--I '77 
+I '00 

-1'14 

+?'S 
+o '9.3 
-0'41 

--I '15 

+5 'os 
+1'72 

-0'17 
-0 '66 
c1.q 
+ o y  
--I '9s 
-0.1s 

+ I  .12 

-1.02 

+4 -2 

+4 +a 
+ti --a -2  

.. .... ... +6 +2  -2  

+5 + 2  

+6 

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

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

. . . . . . . . . . . . . , . .-. 

... .. 
-1 

-2  

+6 +? 

+6 

... ... 

... ... 

... ... 

. . . . . . . . . 

-2  . 

+6 -2 +2 

... +6 +2 

+6 

-2 

.- ... ... 

. . . . . . . . . 

. . . . . - . . 

-2 . . . . . . . . 
-a  
+6 -2 -2  

+6 
+6 -2 

.. . ... ... +6 

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

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

.. - 2 . .  . . . .  - -. -. .. 

-2  -2 

-2 . . . . . . . . . . . . . . .. . .. . 
4-6 -2 

+6 
4-6 -2 -2 

C6 -2 

... ... ...' ... +6 -2 -2 ... 
+6 

+6 +2 

+6 



t 0'5% 

+ 1'29 
+ 0'46 
+ 0'28 

.- 2.2s 

- I'al 
- 1'77 
+ 1'00 

- 1.14 

- 0.1s 

+ 1'12 

O P +  0'10 

+ 0 7 s  

- 0'54 
+ 1'76 - 0.54 - 1.16 

+ O ' j 4  

+ Q'65 
+ o s  - 3'0s 

. + 0'50 - 2.5s 

+ 1.19 
- 1'95 
+ 2% 
- 2 ' 7  

-11.2 

+ 0'5s 
+ 1 ' 9  

+ 0'46 
+ 0'29 

- 2'29 

- 1.q 
- 1.77 
+ I'm 
- i ' 1 4  

+ 2'35 
+ 0.98 
- 0.41 
- 1.15 

+ 5 . 6  
+ 1.7: 
- '0.1; 
- 0'6c 

+ 1.15 

+ 0'51 

- I .$  

- O T t  

- 1 .o; 

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

-2 

- 2  

+d +a +-a --a -2 

... +6 -2 ... ... ... ... ... 
+6 -a --a 

+6 +z -2 

+6 +z 
+6 -2 

... ... ... ... ... ... +6 -2 

+6 

... ... . .. . .. ... .:. .. , . . .. 

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

-2 . . . . . . . . . . . . . . . .... 
-2 

+6 -2 

+6 --a 
+6 -2  -2 

... . .. ... +6 -2 .... .... 
+6 -2 

+4 
$57'262 .+ 0.473 

.... 

.... 

.... 

+SI'* - 3034 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '.... + I  lW'j5 

Norirral cqrctitioiis-Continued. 
C4r C41 c43 CSS c 4 5  C1A c17 C@ c 4 g  c 50 

.... 

+ 3'90 
+ 3'90 
- 4'55 

+I4'46 
+ 7'23 

- 5'77 

.... 
+ 1-46 

... 

.... 

- 0:40 

-. 5 '17 
+ 5'95 
- S Q  

+is'67 
+ 3'G 

- 3'61 
- 0'33 

.... 

.... 

. . . . . . . . 

- 4.1s  .... 
- 4.18 
+ 10  .s5 
- 2'48 
-14.11 

+ 7.97 .... 
- 1'41 + Z S  

+ 0'62 
+ 0'91 -5'05 

+o '32 
.... +0'12 

+4 '56 
-o'g2 

+ 4.16 

I '55 
' - 5'66 

i 0.65 
... . .... .... .... .... +10 '63  

+ 4':a 
- 0 '19 
- Y'12 

+ 4'13 .... .... .... .... .... + 1.q, 
+ 6.13 

- 4'43 
+ 0.71 

4- 3'15 .... .... ' .... - 1.65 
+ I'W 
+ 0'15 
- 0.7s 

--.0'4r -0.41 _... .... .. . . , + 1'23 

- 1'17 
- 0'75 +2'IS - 3'10 

- 

+ 0 '17  

.... .... 
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+ 1'12  

+ C ' l 6  

+ 0';s 

- 0 '58 
+ 1.76 
- 0 ' 9  

- 1'16 
+ 0 ' 3 i  
+ 0'65 
+ 0 %  

- 3 x 8  
+ o.5a 
- 2'58 

+ 1.19 
- 1'95 

. + 2.6 - 2.7 
-11 .2 

.?=+ 2'5 

- 4'4 
t 7'0 
- 3'9 
+- 0'4 
+ 3'7 
- 2 '4 
-11.5 
+ 2 ' 2  

. 0'7 

.... 

.... 

.... 

- 3'50 
+ I I I ' ~  

.... 

.... 

.... 

.... 

.... 

.... - 6'23 

+s% '63 

..., 

... . 

c, =-0'057 
c, =-0'354 
c 3- --o.oog 

c, =-0 '202 

c, =+o '4S2 

c7 =+o '555 

C, =+o .343 
c r o = - 0  '395 
e,.=-0 '334 
cl.=-o '346 
e --0*.1. 

Cs =+o '05; 

Cs =-0'037 

13- J J 

.... .... 

. . . . . . . . 

. . . . . . . . 

.... .... 
- 3'og . 
- 1 14 $6 
+202'31 + 5 .S2  

fI37.9' 
.... .... 

.... . .  .... 

- 0 '52  

+ 2'93 
-10 '44 
+IOW 

.... 

.... 

.... 

+ 6'Ss 
+435 '15 

.... 

+5'1* 
-3'37 +0'17 
f4.51 .... 
-5'7s +o'r7 
+3'74 +s.oa 
+3'?4 -2'63 

-5 'ag 
.... +1'72 

.... ... 

.. . 

+ 0.12 - S'72 
+ jnj 
+io70 
- 2.99 
+ 5 ' 1 1  

.... 

... .... .... 

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

c --0'&)20 
Cr5=-~ '246 
c16=-o 'S73 
c --0.211 . 

C,*=-O '172 
C,,=-o'273 
C==-o '050 
CZr=+o '231 
C,=+o '123 

14- 

17- 

c,=-O '279 
Cz4=+o '060 
c,=-0 .IS9 
&=-o '215 

Cz7=-0'qS9 
C,s=+0'227 . . . 

CZg=+o '119 

C3'=+o '1S7 
C,=+o'Ogg , 

C,=+o'111 
c,,=+o 'Sgo 

%=+I -055 
c,= +O '704 

C$=+o -417 
C3,= + I '205 
C,s=-o -05s 4 
c,,=+o 'ojg 0 

-k 2'31, 
' f  2-w 

.... + 3'57 
- 4'29 
7 t  3'2.5 
- 2 '27 
- 3'31 

.... + 3'37 
- 4'46 - 4.26' 

- 0.96 f 6.93 
+IO% + 0'21 

+ 0.91 - 3'21 
--15'55 + 0'4.3 
- 1'20 - 2.58 

+ 12'322 

+ 1.5'043 
.... +S' f i  

+ 2.69 

+ I ~ S ' O S  

- 107 '07 

- 41'42, 
.... + 2S51S 

+ 4 2 %  
+ 6'1s 

+ 10'24 + 32'6s 
+413'b - 54% 

.... +:65'947 

C,*=+o '026 gS 

C4,=+o'm7 13 . 

C,,=-o '029 z 
C4,=+o '036 5 
C,,=+o'oo5 36 
c,~=-o'oxI 7 

c,7=+0 'I53 5 
Cs=+o'032 6 
C,?=-o -039 89 
cs0=-o '024 2.  ' 

c,,=+o '02s .g 
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/ I  

(I)=-0'031 

(3) =-0 -090 
(4)=-0 '321 

(6) =+0"255 
(7)=+0 'I43 
.(s)=+o -31s' 
(9)=-0 '201 

' (10)=+0 '202 

( I  I )=-0 '17s 
( I?)=-o '2oI  

(13)=+0 '40s 
(14)=-0-527 
(I5)=+0'297 
(16)=+o '273 

(2)=+0 -5ss 

(5),=-0 '515 

(17)=-0 -391 
(IS)=-0'437 
(19)=+0 '555 
(20)=-0 '006 
(21)=-0 '334 
(22)=+0 '044 
(23 ) =+o '226 

i 25 = $0 '54-0 
(24)=-O '470 

(26)=-0.3 24 
(27  ) = -0 'I 79 
(25)=+0 '273 
(29 )=to '591 
(30)=-0 '225 
(31)=-0 -139 

No. Stations. 

Davis 
I,[ Piney 

Pigeon 

2 

Gebhardt 
Piney 
Pigeon 

Correc- SPher- ' Spher- 

tions* angles. escess. 
Observed angles. ical ical 

0 I / I  

50 14 45'62 
66 33 51'22 
63 .II . 25 -29 

02 *I3 
. 34 57 29'07 

117 16 06'1s 

27 46 2 7 . q  

0 2  .34 

- 

- 

I I  I /  I I  

-0.52 45-10 0.52 

-om,09 51 '13 0.51 
+0'03 . 25'32 0'52 

1 '55 
-0.3s 28-69 ' 0.35 
-0.32 05-S6 0.35 
-0.59 26-50 0-35 

- 

I '05 

II 

(94 )=-O '34s 

(96)=-0 ~ 7 4  
( 95 i =+o 

(gi)=+O WS 
(gS)=+o .2s4 

( 100)=fo '423 
( 1 0 1 ) = - 0 . ~ 2 2  

( IOZ)=-O '207 

( 103 j=+o '010 
(Io4)=fO '525 

(, 106)=+0 ~ 6 3  
(107)=-0 'I39 
(IoSj=-o 6% 
(rog)=+by56 
(IIo)=+o'o3j 

(112)=+n*1gS 

(99 )=-O '$2 

(105)=+0 794 

(I I I )  -0 9 3  I 

( I  I;)=-0 '3S9 
(114)=+1 '099 

(116)=+0 '171 
(117)=+o *jSg 

( ~ r g ) = + o  as17 

(115)=-0'Sog 

(11S)=+o '253 

(120)=+0 '377 
( I?I )=- I  .os1 

(122)=-0 '152 

Distances in 
Logs. metres. 

4'375 S42 6 23 924'49 
4'455 641 2 2s 552.31 
4'443 645 I 27 774'43 
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NO. ' Stations. 

Gebhardt 
Piney 
Davis 

Gebhardt 
Pigeon 
Davis 

Wray 
Gebhardt 
Davis 

Oakland 
Wray 
Davis 

Oakland 
Gebhard t 
Davis 

Fradcl 
Wray 
Gebhardt 

Fracld . 

. Oakland 
Io 1 Wray 

.Fradd 
Gebhardt 
Oakland 

. Correc- Spher- Spher- 

angles. escess. 
Olxerved angles. ical ical 

I /  / I  

-0 '40 ' IO .45 
-0.23 . 14.73 
to-17 . 35 S3 

-0.02 41 '76 
+0.62 gSS2 
-0'35 20'93 

-0.67 10'21 

$0.50 oS.72 
-0.11 42 '14 

-0.70 47-83 
-0'71 59-24 
-0.11 14-42 

I '07 

0 ;49 
0 '50 
o '50 

$0'31' 13.54 
-0.04 49'03 
-1-0 '77. 5s 'S? 

+I '01 26-01 
$0.61 54.30 
+0-66 41 '01 

+0"5 33'79 
+o'2S 36'32 , 

+o-82 50.03 

+0'45 40.22 
-0.9 24.3s 
-0JI 57-27 

0 '14 
0 '17 
0.17 

0 'IS 

0 '52 
o '62 
'0 '63 
o '62 

I 'S7 

- 

- 

Log s. Distances in  

4v43 645 I 
4'333 9.53 1 
4 .zSg 07s S 

4'4% 641 2 
-1'333 953 I 
4'569 546 7 

4'333 953 1 
1'456 225 3 
4'290 497 9 

4'290 497 9 
4'592 369 3 
4'& 475 I 

4.456 225 3 

4 '4Q 475 2 

4'411 2S4 S 

4'333 953 = 
4.411 2s4 7 
4'592 369 3 

4 '290 497 9 
4'432 466 5 
3,598 597 9 

4'4S4 475 1 
4-435 279 9 
3'S* 59s 0 

4 '592 369 3 

-metres. 

27 771'13 
21 575'11 
19 457 'I3 

2s 552 '31 

21 575'11 
37 114.76 

21 575'11 
2s 590 '74 
rg 520 .SI 

19 520 $1 

39 117 '34 
30 512 '31 

2s 590'74 
25 7 S o - 1 1  
30 512 '32 

21 575.11 
25 7s0'11 

39 117.34 

Jg 520 '81 
27 06s .64 
7 917 -65 

30 512 -31 
27 244'57 
7 917'6s 

39 117.34 
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NO.  Stations. 

Gould 

Oakland 
Iz  1 m d a  

Bueiia Vista. 
Gould 
Fradd 

Bueiia Vista 
Gould 
oaklatla 

Buelia Vista 

Oakland 

Howlalid 
Gould ' 

Bueria Vista 

I7 

IS 

19 

20 

Scioto 
F r d d  
Gould 

Scioto 
Gould 
Howland 

Cave 
Howland 
Buena Vista 

Ronticl Top 
Scioto 
How1ana 

Observed angles. 
Correc- Spher- Spher- 

angles. excess. 
tio*,s. ical . ical 

4'435 279 9 '  27 244'57 
4.154 534 7 '4 275.64 
4'497 640 4 '31 451'43 
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NO. Stations. 

21  

22 

23 

24 

Round Top 
Howland 
Cave 

Twin Creek 
Scioto 
Round Top 

Peach 'Mount 
Scioto 
Twin CrFek 

Cherry Ridge 
Peach Mount 
Twit1 Creek 

Spher- Spher- 

angles. excess. 
Observed angles. ical ical 

0 I / I  

37 '50 52'45 
45 44' 41 '92 
$i 24 3rs-ro 

05.50 . 
77 37 10'17 
32 14 0 2 ~ 0 0  

70 OS 47So 

59 '97 
13 29 17'56 
47 og 92.61 
Yg 21 42'23 

- 

- 
0 2  '40 

53 11 43'91 
40 05 57.46 
S6 42 20.1s 

Cherry Ridge 
Twin Creek 
R O U ~  Top 

01 '55 
20 I O  I j ' q r  

106 IS 47'42 
45 30 57'72 

Cave Hill . 
26 [ Peach Mount 

Cherry Ridge 

27 

2s 

39 

Ash Ridge 
Peach Mount 
Cave.Hil1 

Ash Ridge 
Peach Mount 
Cherry Ridge 

Ash Ridge 
Cave Hill 
Cherry Ridge 

5s '55 
7s 3' 39'56 
54 05 oS'SZ 

47 23 11 *46 

59 $4 
- 

25 17 14.24 
IS 40 30'71 

136 02 16'76 

01 *7r 
45 56 50.07 
72 45 39'53 
61 1 7  32.56 

02.16 

145 26 03'6s 
13 54 21-10  

00.51 

20 ,39 3583 

- 

II I I  I /  

-1.79 50.69 0.14 
-1.21 4o07r 0.14 

-2 .0s  29'02 0'14 

0 '42 

to.56 02'56 0.21 

- 

-0 .32 q ' S 5  0 ' 2 1  

to-42 1s.22 0 ' 2 t  

o -63 
-0-79 16'77 0.40 
-0-og 02.52 0 a 4 1  

-0.31 4 1 . g ~  0.40 

1 ' 2 2  

-0 '20  I4.W 0.19 
-0.56 30'15 0 . 2 0  

-0.36 16.40 0.20 

, 0'59 
-0.04 50.03 0.7s 

fo.26 3252 0.7s 

2 '34 
+ 0 ~ 6  35'99 0.17 
-0.09 03-59 0-1s 

10.04 39'49 0.7s 

- 

-0'15 20'95 0'1s 
0 '53 

Log s. Distances in 
metres. 

4-07s 74s 7 I I  gss.06 
4.145 947 s 13 994'19 
4'2SS 169 7 rg 416'44 

4'352 9 4  4 22 537'43 

4 y4S 726 3 28 IOI '29 
4'25s 407 2 1s .130'39 

4 .4~5 726 3 2s IOI '29 
4.365 9x1 5 23 223.12 

4.324 332 I' 21 102'41 

4.324 332 I 21 ron'qr 
4.199 166 6 15 SrS-55 
4 '535 220 I 34 294 '16 

4'448 726 3 2s IOI '29 

4'535 220 I 34 294.16 
4'572 21s 1 37 343'77 

4.365 920 5 23 223-12 

4-19) 166 6 15 8rS.55 
4'572 21s 2 37 343'7s 
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(a') A+zisfe.d t)-imzgles, @Aic-Continued. 

No. Stations. 

30 

31 

.32 

33 

MineTva 
Ash Ridge 
Cave Hill 

Minerva 
Ash Ridge 
Cherry Ridge 

Minerva 
Cave Hill 
Cherry Ridge 

Tate 
Ash Ridge 
Minerva 

Flaugher 

Ash Ridge 

Flaugher 

Minerva 
35 Tate 

Flaugher 
Ash Ridge 
Miiierva 

Stevens 
37 I Tate , I Flaugher 

I 

$3 . I DryRidge Stevens 

Flaugher 

~Syher-  Spher- 

.angles. execs. 
Observed a&les. correc- ical ical 

II 

to-13 

t o y  
to70 

-0 '11 

fo '15 
-0 'IO 

-0 '35 
-@'IS 
-0.25 

--I -1s 
-0 '33 
-0 '25 

-0 ' S i  
-0 '50 
t o  '23 

fo .14 
t o  .6S 
to '34 

41 '00 

+070 

-0.56 

-0 '20 

-0 .$ 
f o  .24 

-0 '33 
-0 '54 
+o '22 

0 . 
0 '37 
o -36 
0 '37 

I 'IO 

0 'S2 
0 .SI 

0 $2 

2 .04 
o .66 
o '67 
0.66 

Distances in Log s. metres. 

15 S1-S 55 
31 937'59 
27 411 *So 

37 343.77 
3 .  267'14 
27 411 *So 

23 223 '12 
3s 267'16 
31 937'60 

27 411 *So 
31 S3r-46 
32 S22 -65 

32 823 '6s 
46 593 '01 
24 914'15 

31 S ~ I  -46 
27 609 '43 
24 914 '15 

"7 411 .so 
27 W'43 
46 593 'm 

24 914.15 
32 2% '71 
32 919'4 

32 2%-71 

30 407 *69 
27 S44-26 
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( dj .44!isft-d f r i n ~ g k s ,  Ohio-Coni ple ted . 
Corred- Spher- Spher- 

angles. excess. 
No.. Stations. . Observed angles. ical ical 

Tanner 
.YI [ Tate 

Stevens 

Tanner 

Dry Ridge 

Stow 
Tanner 
Dry Ridge 

Reizin 
42 1 Tanner 

stow 

Culbertson 
43 I Reizin I stow 

Culbrrtson 

Dry Kidge 

I/ /I 

-0.96 33.47 
$0.79 36'S7 
-0.69 50.44 

-+I-13 51-35 
+ I  '44 45'75 
+o*51 23.76 

-0.13 55.56 
-0'59 32-16 
+ o m  34'93 

+ o s  21 '4 
+I'49 52.59 
+ o m  48-15 

I/ 

o 2 6  
o -26 
o 26. - 
0.7s 
0 '32 
0 '3' 
o '32 
- 
0.96 
I 'W 

I '00 

I '00 -_ 
3 '00 
0 '73 
0 '73 
0 '72 

Log s. Distances 
metres. 

in 

4.444 735 7 27 S44.26 
4'561 116 g 36 401 '30 
4'169 722 3 14 $1'63 

4'561 116 g 36 401.30 
4'615 619 4 41 26S.57 

4 '534 450 s 3.1 233 '46 

4 '534 450 s 34 233 '46 
4 ' 3 g  ss9 4 25 054 '71 
4'629 502 o 42 609'07 

4 '39s ssg 4 25 05.1 '71 
4'233 S72 I 17 132'16 
1.357 791 6 23 422'5s 

4-615 619 4 41 265'57 
4.749 462 7 56 164'60 
4 -23; ti12 o 17 13.2 '15 

(c j Precishi q j  fhe Ohio scrit-s fifaizglcs. 

The probable error in length of any side of the series of triangles due to the angular 
measures is derived as usual by means of the forrniilce- 

To this must be added the probable error due to the side of the base net. 
From the sohtioll of 50 iiorrnal equations involving 122 directions Jib = f o'"g3. 
The side Cherry Ridge to Peach Mount is selected as clividing the series of triangles 

into two nearly equal parts. = 15.4 .in units of the sisth place of decimals of tlie 
logarithm of the side. Starting from the side Piney to Pigeon of. the St. Albans Base 
Net, we have 2 = 97'7 (12 trjaiigles:i, e-,, = f 0'330 metre. cf, = f o'Iqr metre, and 
E ,  = f 0.359 metre. Starting from the side Reizin to Culbertsoii of the Holtoa BaSe 
Net 3 = 69% ( I  I triangles), E,,* = f 0.~27s metre, EI, = f o'ogg metre, and e2 = + 0'294 

1 .  



TRANSCONTINENTAL TRIANGULATION-PART 111-TRIANGULATION. 4 I 7 
The probable error in length of Cherry Ridge to Peach Mount as a side of the 

part of 

metre. 

,icljusted triangulation becomes t. ==, -- ~f 0.227 metre. or al?oat 

the length. 
The effect on the arc is approsimately (‘the clistance being measured along the 

thirty-ninth parallel between the projections of the iiiiddle points of the ‘terniinal. lines:) 
as follo~vs: 

e 7 ! 2  

4t.i + e> -- 

Terniinal lines. Distance. Probalde errors. Average. 

klII.. 111. 

Piney to Pigeon to Cherry Ridge to Peach I IS T ? ~ + ~ ~  T3&b *#> ‘77 

nioullt ’ 

Cherry Ridge to Peach I\’lou~lt to  Rei& to 151 r.r’-isaa .;Ti+Vb6 i7S%irir o .96 
Colberixm __ 

Sum cr ‘63 

4. THE INDIANA SERIES OF TRT+NGLES, Is7q3 1%34-3S-St&S j .  ISSg-yo. 

( (1. ) / )~hatJ?~cfion.  

This triangulation, following closely the parallel of 3yo, traverses southern Indiana, 
but the western figure of this series lies almost wholly in Illinois. The following 
information \vas furnished by the olxerver: The ground is a slightly undulating plain; 
gradually sloping ‘to the Wabash River at ail elevation above sea level of considerably 

t 

stalum Miles 
m-- 
m 5 o  7 0  Jo bo 50 BO 10 e4 9 0 .  I00 

K i l O m e V e S  
I -  - - - - - 
IO 5 0 IO 20 50 w 50 60 70 80 90 !do. 

less than 500 feet. A sharp geological fault along the line of the Wabash River marks 
B change which is quite apparent in the surface fratures. On the Indiana side, starting 
with the high bluff on which the village of Meroni is situated, the country eastward is 
decidedly rolling, the ridges narrow, and t.he hills well marked. It gradually rises from 
an elevation of more than 500 feet at Merom to about So0 feet at the crest of the divid- 

1S732-No. 4-2 j 
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iiig ridge between the White and Ohio rivers. Weed Patch, the most northern station 
in this series, is said to l x  the highest point in the State, being about I 150 feet aholre 
sea level. The forests are extensive and the trees of great size: along tlie Wabash and 
in the White River country often rising trJ a height of 14" feet and over. The best 
land being in the bottoms. the hills and ridges are for the most part woocled. while the 
cultivation is largely confinecl to the lowlands. 

It \vas through this section that our highest towers were needed, and even then 
considerable cutting had to be resorted to. All the observations were macle 011 lights at 
night. 

The total length of the series between tlie base-net lines is iiearly 216 kilometres 
(,or 135 statute milesj; the nuniljer of stations is 15:  the average lepgth i f  a sicle is 3' 
kilometres (,or 1g.g statute niiles) : tlie tmmlxr of series of nieasurss at a station (mean 
of telescope D. and R.) esceecls 54,:!: and the usual number of the positions of the circle 
is I 7 .  Assistant G. A. Fairfielcl had charge of this work. ancl all obser\~ations escepti!ig 
sonie at the stations forining parts of the two base-net figures. 

5 

Ruffillo n1ounii ' .q 36 31 '30 -@ ..q J'- 30 .Sz 
H u n t  City  100 27 20'7s '  +O ' 0 2  70 'SO 

Cssey  132 34 os;@.:, 
Belle Air 160 J O  26.65 + o m  26S6 
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( b  ) ,?I b s t m d  of i i lw/fi izg- /r..onzontn/ tr'iiz.rfions 17f  sttrfioizs ~2/'.fhc Zizdinizii sev-ies qf fr i t i iz .~~ks.  
t ~ c f w t - i z .  H o h i z  t77zd Olnt--~ Ease- rzL,fs--Coiitiiiued. . 

C'/tzrcrirorrf. Richland County, Illit~ois. . November, 1875. jg-centiinetre theodolite. Pistor S Martins. 
G. Y. Wisner, observfl, United States Lake Survey. 

Telescope above ground z4.S~ 
No. 2. 
July 26 to August 2 2 ,  I S S ~ .  
metres. G. A. Pairfield, observer. 

Telescope above ground z4.,54 metres. 
;o-centirnetrt theodolite, No. 107. 

NO. of 
direc- 
tion. 

I 

7 

lJ r~l~: i l~lc  errtor (of H single oliservation ( D .  and R. ) in I S S ~ .  = -C I " ~ s .  
Hiorf Citj~,' Jaspcr County. Illiiiois. c3ctober. ~ S j g .  

'relescope above grounil 23.32 metres. 
;5-centimetre theodolite. Trougliton k Sininis, 

No. 3.  R. .S. Wocjcl\vard. observer, United States Lake 
Survey. Septeniber 5 10 September I 7. rSS+ p-ceiitimetre theodolite, No. In j. Telescope 
almw ground 33.32 metres. G. -1. Fairfield. observer. 

3 
1 

Belle Air 
Honey Creek 
Oblong 
Clareninnt 
Rllffalo Mound 
Newto11 

I Island Creek 
Casey 

Mean $-o '16 
Probable error of a siiigle nhservatioii ( D .  arid R.) = & 1".25, in xSSq. 
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( b 1 .Jbsfnirf qf wszilfing hwizojzfa? direi-fz'ons n f  sttitiom ( f  fhr Z~rdi~iiici st*w't*s t f  f r - i t a i i g h ,  
befzueeiz Holflvi t z ~ d  @ Z i i q  bast irrfs-Continued. 

Telescope above ground 23.32 metres. 
Honqij Cn-ek, Crawford County, Illinois. October 14 to  October 25, I SYa. 30-centimetre theodolite, 

No. 107. G. A. Fairfield, observer. 

31 

32 

9 

6 

i 
S 

IO 

Calvary 4s 12 26.70 ' 0 .28  + o ~ g  26 '89 
Osborn I O  30'59 0 ' 1 7  7 0  'OS 30 .51 

Objects ohsrrvcd. 
Resiiltirip direc- Approxi- Corrections Final sec- 

tions from station mate prolr- froin figure onds in tri- 
adjiistinent. able error. adjustment. angulatioii. 

Bt-//t. .-lir. Clark County, Illinois. October. 1S79. 35-centimetre theorlolite. 'Troughton ,Er Simms, 
No. 4. Telescope above grGUlld 30.94 metres. J. H. Darling. observer, United States Lake 
Surrey. October j to Octnber 6. I SQ. 30-centimctre theodolite. No. 1@7. Telescope above 
ground soy4 meters. J. B. Boutelle. observer. 

I1 

I2 

J3 

Q I ? I  I ,  / I  / I  

Hunt City o rm oo~m t 0 . 1 6  --0 'I? 5- 
Casey 66 5s I -I . '~o  

Martinsville ' I$ 4s 56.50 
Meroiii College 251 52 a S m r  0 '23  {-O.J.j 0s -46 

0.00 52 'ss 
Oblong 315 27 52.59 .-o '32 52 '07 
Honey Creek 2Sj  45 52.S9 0.23 

Probable error of a single observation (D. and H. ) = I" .~S .  in I S S ~ .  

J(L'ron/ . Co//tyt-, Sullivan County, Indiana. September IS to September 23. rSS5. 30-centimetre 
theodolite. No. 145. Telescope above ground 29'26 metres. G. A. Fairfield'. observer. 

0 I I I  / I  / I  / I  

Honey Creek 0 00 00'm *.0'15 4-0 ' 3  I 00 '31 
Belle Air 76 UI 27:12 0'22  ' -0.26 ' 26 .S6 

Sisson 15 d . 6 Y  0.25 . I, ' 5 2  06.36 
Suniniit 290 12 6 1 . ~ 0  0.22 -0 .OS 61 '72 

Wright 214 13 53 Ss 0.26 ? 54 '20 

Probable error of a single observation ( D. and I?. ) = t I"'39.. 
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6:) i J h S f J ? d  lz, i  imzt/ting ~oriziviiii/ 1zYrcctioJis at statioizs o j  thc ~?sit~asra scr-ics q_t' tria?ig./cs, 
bttwcwz Nolfoiz and Olnt-y Ease wets-Continued. 

Sitnz.niif, Kiios County, Indiana. November 5 to Novemher I I ,  ISS~. ;o-centinietre theodolite, No. 
107. August I I to August 26, 1SS5. 3)-centimetre theodolite, No. 14s. Telescope above .ground 
24.84 metres. G. A. Fairfield, observer. 

27 
25 ' 

23 

24 
30 

21 

22 

Meroni College 51 14 20.94 0 . 2 1  -0'12 20 .s2 

Caivarp 252 41 oj-0s 0.20 t o . 0 1  05.06 

Objects obsened. 
Resulting direc Approsi- Corrections Final sec- 

tions from station mate proh- from figure onds in tri- 
adjustment. able error. adjustment. angulation. 

3.5 
36 
37 
33 
31 

Cn/zcrr:i;, Greene County, Iiirliana. Octoher I I to October ja, ISS~. 30-centimetre theodolite, No. 145. 
Telescopt. above ground 23'32 metres. G. A. Fairfield. observer. 

Q 1 I1 ' I1 ,I I /  

0 ,clo CO'Cn3 C @ ' 2 2  +@ :or 00 '01 

Sissoii 61 24 4 4 - 7 9  ; 0'20 -0 '@? 44 '77 
sg 53 2 j . 9 y  0.15 +@.IS 24'17 

45 '67 247 24 45 '99 . 0.25 J- 

292 3 5 '  gS.08 0'26 - f @  "j 5s '23 

.-.l, .*? 

Probable error of a single observation (U.  and K. ) = -I- I'"3j. 
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('b:) Absfrad of' ws?dti)zg horimifal dirt-cfimzs at sfaiiom ?j. t h p  hzdialzcz scrips of il-ionglcs, 
betuvtw Holto)a aiid O h q ~  ki.str ncts-Continued. 

&*17r!f, I,awrence County, Indiana. 
No. 147. 

September 14 to September 25. 1SS7. jo-centimetre theodolite. 
Telescope above ground 26.97 metres. G. A. Fairfield. observer. 

50 
5 I 
52 

53 

44 
15 
44 
47 
4s 
43 

Beard 0 00 00'00 C _ O ' l >  +o.rS m .IS 
Leonard s $3 02'94 0 '12  -0.37 0 2  .49 
Fountain 67 27 44S5 0.17 +o.-i6 45 '31 
Miller 97 @3 49'55 0 ' 2 2  $0.11 45.44 

Resulting direc- Approxi- Corrections 
Objects observed. tioils from station inate prob- froin figure 

adjustment. able error. adjustment. 

0 I ,I / I  I /  

Calvary o a3 o o m  f o . 1 6  + o . I ~  
Leonard 57 15 27.50 0.17 -0 '07 
Weed Patch I11 57 30'1' . 0'20 -0 '03 
Fountain 149. 4.5 1S.15 o m  +07j 

Rariden 214 45 51'97 0'23 + 0 ' 2 0  

Osborn 296 46 12.19 '17 - o .36 
Probable error of a single observation (1). and R. ) = C 1/'.16. 

60 
61 
I ; ,  

Final 5ec- 
oiids in tri- 
angulation. 

/ I  

tXJ.13 

27 '43 
30 .off 

IS.2S 
52 '17 
11 'S3 

47 34 42.06 n ' 2 2  t o  '27 42 '3; Beard 
Leonard I 73 39 37.1s 0 . I S  +a -20 37.3s , 

Weed Patch 
' 

140 03 35'25 0.19 +O.PQ 35 '53 

'5s 
54 
55 

. 56 
' 57 



67 
6s 

69 

64 
65 

66 

No. 147. 

Objects observed. 

Telescope above ground 23'32 metres. 

Resolting direc- 
tions froiii statiuri 

adjiistiiieiit. 

0 I 

Fountain 0 00 m'm 

Heard 49 '41 20.54 
Leonard 71 ' 30 5.3'17 
Wray '9' 57 49'37 
Union 224 16 03.26 
Monroe (Azimuth Mark) 267 50 26.64 

Green 26s 47 4661 

Tripp ' 2s2 4s 07'44 
I'innacle 32: IS 40.37 
Miller j2Q 47 02.66 

G. A. Fairfield, observer. 

Approsi- Corrections 
tilate prub from figure 
able error. adjiistiiieiit. 

, I  / I  

c o  .IO -0 'IO 

0 '21 -0 '07 
'19 fo  .42 

0 '21 

,:I .3S 

o . 2 Q  + o q  
0 '24 

0 '19 -0 24 
0 . 2 2  

0 ' 2 0  -0 '11  

Final sec- 
onds iii tri- 
angiilatiilii. 

I I  
- 
59 'W 
2 0  '47 

s3 '5Y 

46 '70 
0 7  '20 

01 '55 
Probable error of a single observation (0. and'R. ) = & I ' " Z ~ .  

Octoher 2 to November 3, 1SS5. Jfi / /cr ,  Jackson County. Iiidiaua. 3o-centinietre theodolite. No. 147. 
Telescope above ground q ' S q  metres. G. A .  Fairfield, observer. . ,  ' 

0 I / I  , I  / I  

Fountain 0 00 m'm co.15 +0 '49 
Weed Patch 36 03 56.66 0 ' 22  +0 '01 

Monroe 56 13 OS'97* 0 '25 

Pinnacle 104 55 Jh.37 u .$I 

Tripp I21 '5 ,  32.45 o '15 -9 '2s 

Stout 147 51 57.29 o .26 4-0 '35 
Holiiian 170 59 2 1  '61 0 ' 25  

Fiiiley 209 25 1973 , 0 ' 2 4  

Rarirleii 316 j o  20.05 0.31 -0.57 8 

Probable error of a single observation ( D .  and A. = c 1".32. 

If 

00 '49 
56 "37 

32 '17 

57 *64 

T~.ijp, Jeiiiiiiigs County, Indiana. June IO to June 26, 1Sg0. 3o-ceritimetre theodolite, No. ?37. 
Telescope above grouiid 3 0 . 9  metres. G. A. Fairfield ancl J .  B. Boutelle. observers. 

7s 
75 

76 

77 

0 I I /  I ,  / I  I I  

00 .. . stout 0 & ~ ' 0 0  &.n'?O t o  '35 33 

Miller s2 25 52 '"5 0 '25 -0 .as SI '97 

Pinnacle S j  ~g 52-33 0 .ZS 

Weed Patch 130 01 25-67 , 0 'I2 -0 '77 24 'gn 
Monroe 13s 05 36.42 0 '?I 

Green 246 05 20'14 0.16 fo.51 20 '65 
Probable error of a sirigle,observation ( 0. awl R. ) = c ~ " - 3 4 .  ) . 
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( b  -4bsimci qf rcszdting hoi-izmzid dirccfions at sintiom of the /?dimza sfries of irimrgle.s, 

UNITED ST.4TES COAST AND GEODETIC SURVEY. 

bctwce)z Nohn nm? Ohzq base ?zats-Continued. 

Slortt, Jefferson County, Inrliaiia. August 29 to September 13, 1Sg0. so-centimetre theodolite, No. 147. 
Telescope above ground 41.91 metres. J. B. Boatelle. observer. 

No of 
d i r s -  Objects observed. 
tmn. 

L&J 

79 

. o  , / I /  I /  / I  // / I  
-- 

Tripp o 00 00m _co*13 -0.70 59-30 
Green 32 33 05.72 0'24 + o ' q  05 .S6 

Mud Lick . I I I  17 21.59 o m  +0-03 21 '62 
Holmaii 224 2s 07.36 o ' j 2  

Correct 74 ox 21 '01 0 .20  -0.17 , 20 .s4 

Miller 2S7 qS 1.1 '96 0.26. -0'21 14'75 
- 

Mean 0.00 

Probable error of a single observation (D.  and R. ) = +- 1".3S. 

Gnwr. Jennings County. Indinnn. July 11 to August 14, 1Sg0. So-centinietre theodolite. No. 147. 
Telescope above ground 46.79 metres. November 19 to November 20, 
I Sgo. ;o-centimetre theodolite, No. I IS. Telescope above ground 46.79 rnetres. IV. B. Fairfield. 
obseryer. 

J. B. Boutelle. observer. 

0 I / I  / I  / I  I /  / I  - 
0 00 00'00 f 0 ' 1 2  -0.9 59-06 

Sz I Weed Patch . 49 57 43.52 0 ' 2 0  +I '31 44'Y3 

I 

2 

3 
4 
5 
6 

7 
S 

9 
IO 

I 1  

12 



SCAFFCLDiNG A i  STATION. GREENE.  IND. 

Elevation of ina:rument above ground, 46.3 mete15 or 152 feet 
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(c) Figure n~z~stiize)zt--Continued. 
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3=-0'17 
$0 '02 

-to '69 
--O.IS 

+I '22 

-0 :ss 
.- o S6 

+I '37 
+o '65 
-0 '64 
4-0 '17 

4-0 's; 
-0 '25 

-1.11 

--o '17 
+a ' 02  

t o  '69 
-0 'is 

+ I  '22 

-0 .SS 
-0 '86 

+a 

+4 -2  

+6 

. . . . . .  

. . . . . .  

Cr6 cr, 

- 2  

- 7  

-1 +6 
... +6 - 2  . . . . . . . . .  

+6 -2 

+6 - -2  --.2 

. +6 
$6 

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

. . .  

- 2  

+6 

c ,  

. . . . . . . .  

- 3  

-2  . . .  
$6 - 2  

+6 

. . . . . .  

-2 - 2  

+6 
+6 

CD, 

. . . . . .  

- 2  

+6 +2 

+6 

. . . . . .  

. . . . . . .  

... 

-2 

... 

+6 

. . .  

... 

... 

-2  

-2 

+6 

. . .  

... 

. . . . . .  

--? . . .  
-2 - 2  

f 2  

1 2  

+6 
. . .  +6 

. . . . . .  

. . . . . .  

. . . . . .  

-2 

-2 

-2 

+6 -2 

+6 

. . . . . .  

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

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

- 2  -2 

+6 -2 

+6 -,2 

. . . . . .  +G . . . .  .... 
- t j S  'S50 -7 '540 

+127 -126 



TRANSCONTINENTAL TRIANGULATION-PART 111-TRIANGULATION. 429 

i c  Figzcre n~z~stuzei2.t-Continued. 

A70r-rrral Eqii(~fi1~rrs-Continued. 

CzS C,, cw Csr c, c33 ' c34 

- 0-17 
+ 0'02 
+ 0.69 
-- 0-1s 
+ 1 '22  

- n-SS 
- 0.S6 

+ 1.37 + 0'65 
- 0.64 
+ 0'47 

+ 0.83 
- 0.25 
- I 'ng 
-- 2.15 
- 1 . 0 6  

- 1.11 

- 0'20 
- 0'43 
- 0.5s 
+ 1-06 
+ 0.84 
+ 0 2 s  
- 3'20 
+ 0'42 
- 0'5 
-!- 1.5 

o=+ 2'5 
- 6.9 
+ 7'7 + 3'9 
- 5 '6 
+I5 '5 + 0'7 

.... 
+ 0 . 2 6  

._ 2 '35 
+ 5% 
+ 2.03 
-10'04 

$. 3-1s 
- 0 s  

.... 

.... 

.... 

.... 
- 0-92 
-1 I .6S 
- I .32 

-I- 2 '99 
+ 4'66 

+ I .61 

+ 3.16 
- 1-04 

- 2 - 1 2  

- 6.23 

.. .... 

.... 

.... 

.... 

-12 '99 

$20'26 
+ 7 3 s  

- 7.46 
- 5 'js 

+ 3'16 
- 1.04 

-. 6*2j 

.... 

+ 17 '3S7 
+55I '515 

.... 

.... 

+ I '65 
- -  4.40 
$. 3.16 
-14.43 
+ I 3  '30 
- 7-04 

- 1-87 
.... 

.... 

-49 '967 
7-35 .I34 
+IZZ -391 

.... 

.... 

-+ 0'10 
+ O'SO 

f 4'59 
- 0'93 

0.63 
- 5-25 

0.92 
+ 0.6s 

- 0'57 , 

.... 

. . . .  

- 6.336 
+ 7 '392' 
-21 :sgs 
+ 140 'I 46 

. . . .  

.... 

.... 

...: 
-I- 1.91 
- 7'S2 
- 5-36 : 
fI2.22 I 

+ 0'97 

.... 

+ 7-456 
$ 2 6 9  -566 
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No. Stations. 

Honey Creek 
Claretnont 
Hunt City 

2 

Observed angles. 

Belle a i r  
Honey Creek 
Hittit City 

02 '25 

7.2 14 07.11 
33 04 17'16 

74 41 37'75 

03 '03 

Splier- Sphrr- 

angles. excess. 
ical Correc- 

I f  / I  11 

-0.q 52-29 0'75 
-0.11 20.60 0.74 
$0'13 49'34 0'74 

2 '23 

-0'12 06-99 0.44 
-0.20 16.96 0.44 
-0'37 37.3s 0.45 

I '33 

c*=-0 '048 I 
c,,=+o'o2I 5 

C,,=--0'035 2 

C,,=-O'o;; 2 

C,,=-o'J37 g 

Cg,=-o.or3 S 

C,,=--O. t IO 6 

Log ' 5. 

4'485 312 I 

1 '246 469 9 
4.'493 s45 4 

Distances 
in metres. 

34 2 j S  '07 
30 7S3 .OS 

30 S63 94 

30 783 .OS 
17 63s 'S; 
31 177.79 
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i d )  ,-lnjltsfL.r( fi-imigks, / ~ i ~ ~ i ~ i ~ ~ ~ - - C \ ~ i i t i i i u e c l .  

N O .  Stations. 

Belle -4ir 

. Hunt City 
; I Oblong 

Sui ii  mi t 
Clarenion t 
Honey Creek 

I\leroiii College 
Suiiitiiit 
I-Ioiiey Creek 

Meroiri College 
~ o i i e y  Creek 
Belle Air 

9 

IO 

I1 

~~~s l>@rIl  

Siiiiiniit 
Sissoi: 

Calvary 
Osborii 
Sisson 

Calvary 
Sissoii 
Wright 

Observed angles. 

0 2  '57 

Correc- Spher- Spher- 

tions. angles. excess. 
ical ical 
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No. Stations. 

UNITED STATES COAST AND GEODETIC SURVEY. 

(: d j ,-lc@sfcd f rin7zgks. /.~~Jinacr--Con t iiiued. 

Beard 
Osborn 
Calvary 

Rariden 
Osborn 
Beard 

Leonar! 
Rariden 
Beard 

Leonard 
Beard 
Calvary 

Fountain 
Rariden 
Beard 

Observed angles. 

Fountain 
Rariden 
Leonard 

00 '73 
73 .39 37.1s 
5s 49 41'S9 
47 3@ 41.41 

IS 

'9 

3Q 

Fountain 
Beard 
Leonard 

Weed Patch 
Foiintain 
Beard 

Weed Patch 
Fonntaiii 
Leonard 

00 '$3 
26 04 5.5'12 
92 52 50.65 
61 22 14'62 

00 '39 
49 41 ='54 
92 27 53'19 
37 50 4s.w 

- 

- 
01 '77 

71 3" 53.17 

iz 06 IO 3 9  
66 22 56.07 

01 '63 

Spher- Spher- 
ical ical 

. angles. escess. 

/ I  

+o .49 
+o 7 6  
43.14 

+o -46 

-@ '55 
-0 '74 

t o  'I I 

-0 '65 
+o 2s 

-0 '01 

-0 '20 

t o  '46 

+O '7 I 
$0 '27 
+o '07 

-to '63 
+o '93 
+o '59 

-0 '0 j 

$0'21 

i o  '70 

+o '04 
0'00 

+0.16 

t o  '53 
+O.'OS 

-0-1s 

0 '3.3 
0 ' 2 3  

0 .24 
0.24 

o '71 
0 '59 
@ '59 
0'60 

- 

I .7s 
0 'S7 
0 .ss 
0 .SY 

2 '6j 
o '41 
0 ..&I 

0.41 

I '23 

o .66 
o .66 
o '65 

- 

2 -06 
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(: d )  A dj2lsfed f r  -io ~ ~ g k s ,  ~z~inirtr-Completecll. 

No. . Stations. 

"I 

22 

23 

Weed Patch 
Beard 
Leonard 

Miller 
Rariclen 
Fountain 

Miller 
Fountain 
Weed Patch 

Observed angles. 

00 '25 

'43 09 39'95 
29 36 04.70 

107 14 16-40 

0 1  '05 
j6  03 56.66 

- 

I12 45 os.35 
3' 12 57'34 

Tripp 

Weed Patch 

Tripp 
"5 [ Green 

stout 

27 

Tripp 
Weed Patch 
Green 

+I '05 

-0 '35 
-0.12 

-0 '4s 
-0 a s s  

0.00 

-0 '69 
- 0 . 2 s  

+O 'I3 

I '31 

41 '00 0.54 

04'35 0'54 
16 '3s 0.55 

I '63 
56-1s 0.43 
07'77 0'43 
57'34 0'43 

I '19 
32.93 1-26 
3.5'51 1.27 
55'35 1.26 

- 

_- 

3 '79 
-0.18 39.65 0'23 
-0'94 11.43 0'32 

+o'70 06.56 0.22 

0'67 ' 
-0.41 51 .Q 0'55 

-0.49 44-55 0'55 
+0'62 25 -46 0.55 

2 :02 

Distances 
in metres. 

1.5 565 '63 
34 169.72 
40 714.9s 

30 4S2 *So 
22 011 '75 

42 560 '43 

"5 003 -76 
j 9  176'81 
22 011 '74 

39 176% 
52 955'S7 
3s 155'70 

2s 433 '30 
I7 172.92 
16 739 -4s 

39 725'S9 
3s 155'71 
17 172-92 

62 149.90 
16 739'45 
52 955 '87 

ic')  Prscisioii of f J l ~  I~idicr~m scvirs of tricr)zglcs. 

The probable error iii length of any side of the series of triangles due to the angular 
measures may be fouiid as usual by the forinulce: 

To this inust be added the probable error due to that of the side of the base net. 
Fran the solution of 34 normal equations involviiig 82 directions we have 

111 =. =t d 1 . 7 2 .  

ISjj.--NO. 4-2s 
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The side Calvary to Osborn is selected as dividing tlie series into two nearly equal . 

parts. Starting 

from the sick Green to Stout of the Holton Base Net, we have 2 = 99.0 (S triangles'), 
e,, = fo '22S metre, c b  = f o.oSo metre, ancl c, = f o ' q z  metre. Startiug from the side 

Hunt City toClareinontof the Olney BaseNet 3 = 69'6 ( 6  triangles), E,, = f 0.192 metre, 

cb = fo*oSS metre, and r2 = f 0.31 I metre. Then the probable error in length of Calvary 

to Osborn as a side of the adjusted triangulation is found by the expression t = JT+T ''f~ 

= f 0-159 metre, or about +B9!7iUT part of the length. 
The effect on tlir arc is approsimately (the distances being measured on the thirty- 

ninth parallel between the projectioiis of the middle points of the terminal linesj as 
f OllO\\~S : 

S, = 1 7 . 2  in units of the sistli place of decinials in the logarithm. 
1b 

n 

?I 

Terminal lines. Distances. Probable errors. Average. 

f i l l / .  111. 

Green-Stout to Calvary-Osborn 113 TT&V;~ ~ d i j i ~ i j  &qaij -0.5-1 
Calvary-Osborn to Hunt City-Clarernont IOZ T3shTa zsfana 'CijTlijVb f o  

215 SUI11 f I  .o.+ 
-- 

5. THE ILLINOIS SERIES OF TRIANGLES. Ish-~I-s2-s3. 

( a:) / I z f r v i l 2 ~ b L v 1 .  

This series forms the connection of the Olney Base, measured by the United States 
Lake Siirvey, aiicl the A%iiierican Bottom Base east of St. Louis, Missouri. The distance 
along the asis  of the triangulation between Newton and Clarks Mound is about 172 
kilometres (107  statute miles') ; tlie number of intermediate stations is 12, ancl the 
average leiigth of a side is 29 kilometres ( I S  statute miles); the average number of 
series observed (,iiitaii of telescope D. and R. ) at a station is roj. ancl the iiuiiiber of 
positions of the circle 1 7 .  

The observations were iiiacle by G. A. Fairfield, J. B. Wei;, and F. W. Perkios, 
assistants. The theodolite'$ mas mounted at all the stations on scaffolds lyith 311 

average elevation above the ground of IS' I metres. Respecting the physical aspects of 
the country traversed by this series, the observer, Assistant G. A. Fairfield, remarks as 
follollls : 

The great plane which stretches across Illinois. in the vicinity of the thirty-ninth parallel. from 
the bluffs. rising from the eastern edge of the Great .%merican Bottom, to the Wahasli River. may best 
be described as a slightly undulating prairie. more or less cleeply scored by river and creek lmttoms. 
l h e  diversity of the surface is almost entirely due to erosion. The average elevation of the line 
above sea level is about 5~ feet; the western half being somewhat above that figure. while the 
eastern half, which gradually slopes to the' Wabasli. falls sornewhat below it. 

The forests are scanty a i d  of rcccnt growth, cscept in tlic dccper bottoms, and thc trees, which 
are mainly confined to the slopes* rarely exceed 75 feet in height. The summit levels are for the 
most part flat ani1 under cultivation. The great econoniy of building to overlook the trees in n flat 

m 

*The diameter of the horizontal circle of the theodolites eiiiployed iii the work is giver1 i n  coiiuectioii with the 
abstract of resulting directions. 
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cou~itry. rather than cutting lines, being well established, towers were used at  all the stations. their 
height being governed by that of the .trees of the region. Where a natural elevation esisted, the 
height of the towers was correspondingly less. 

During the first season. in ISSO. observations were made on poles; after that all observations 
were made on lights at night. 

NO. 30. 
r 

I 

The ncljustnient of the figure involves j; coliditiotis to be satisfied. of  which two are 
necessary to preserve the length and relative distance of the base net sides a d  one the 
accord in length between the two iiieasurecl base lines. ;I: 

Kleinschrnid t a M3 m'tX, &O.lg $0'77 io .77 
Insane Asylum 56 04 42.32 n'ha -1.40 40 ' 92  

Clarlis ?Mound I ~ Q  0s 32-76 0.14 +0%3 33 29 
Standpipe 85 09 41-16 0.09 

Turkey Hill  IS^ 06 '7.79 0 '32 -70-gg 26.h 
.- 

Mean o vo 

( b )  .ilktmct of msiilfiny horimizflil dik-tions at ECZCI~ stotiou ~ j v n z  loml n~rd  ) ~ i i  jgziw 
C l ~ ? U t J I l C . ~ l f S ,  I88O-6I-62-63. 

October 76 to October 27, rS71. 

Nnveniber 19 to Deckniber I ,  1880. 

DrLy~*r, St. Clair County. Illinois. 30-centimetre theorlolite. No. 32. 
0. 13. 'rittiiiaiin and R. E. Halter. observers. Julie 20, rS73. 25-centimetre theodolite, No. 74. 
C. H. Van Ortlm, observer. 30-centimetre theodolite. No.. 
107. Telescope above grouiid in ISSO, 10.67 metres. G. A. Fairfield. observer. 

Objects dJser\~ed. 

Correctiolls Corrections 
Resulting direc- Approxi- from base- Final s e e  

uet and oiids in tri- 
adjustment. able error. figure ad- ni~gulatioi~. 

tioris from statiou mate prob- llet adjust- 

lu'llt. juctrrientn. 
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6 

7 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Berger 
Geoffrey 
Dreyer 
Clarks Mound 
Parkinson 

(b : )  .4Esii-nci q/' mstsnliing Aorhoizirrl diirctims ai C w C h  siniioiz Jiviia local nizd ji-oiii. jcgzo~c 
nrlj2istiiicizi.s. rj'So-Gr-S~-6,-Col~tinued. 

Si4gur- L m f  Jfotitiiz', Nadieon County, Illinois. M a y  12 to May 24, IS73. 25-centinietre theoclolite, 
No. 74. C. H. Van Orclen, observer. September 13 to September 24, ISSO. ;o-centimetre theod- 
olite, No. 107. Telescope above ground 14'20 metres in ISSO. G. A. Fairfield, observer. 

uhjects ohscrred. 

Parkinson 
Berger 
American Bottom Lower Base 
Clarks RIound 
Insane Asylum 
Standpipe 
Miiioiiia 

Resiilting direc- 
tions from slation 

adjustment. 

0 I / I  

0 00 a,xKJ 

30 24 26'70 
114 5.5 3 1  $2 

161 07 27.32 
174 35 29.21 

117 35 06'4s 

IS5 I1 47'19 

Approxi- 
mate proh- 
able error. 

I /  

fo '20 
0 '19 
0 '20 

0'11 

0 -23 

0 .Ij 
0 '23 

Corrections Corrretioiis 
fmlll from hase- Final sec- 

net and or~ils in tri- 
l l e E z r t -  figure ad- angolation. 

justmerits 

Mean 0.00 

Probable errnr of a single observation of a direction (D. and Z?. ) = & I'/.ZO. . 
C/otks ilfuiiiid, St. Clair County, Illieois. October 13 to November IO, 1871. 30-centimetre theodo- 

lite, No. 3 2 .  0. H.Tittniarin aiicl R. E. Halter,observers. May 2s toMay j;, 1873. 25-centinietre 
theodolite. No. 74. C. H. Van Orclen, observer. -4ugust 13 to Septeniber 4, IS%. :,o-ceiitimetre 
theodolite, No. 107. Telescope above ground in rSo 10'52 metres. G. A. l:airfield, chserver. 

Dreyer 
Kleinschmidt 
Insane Asylum 
Minoma 
Standpipe 
Sugar Loaf Mound 
American Bottom Upper Base 
Berger 
Turkey Hill 

0 I I f  

0 00 0o.W. 

17 23 30'35 
46 OS gS.34 

73 51 07 '94 
77 3s "9'97 
'49 26 05'45 
154 37 05 '14 

210 04 34'32 

256 01 I I  '05 

I f  

f o  'I3 
0 . I S  

0 'IO 

0 '31 

0 -14 
0 'I2 

u '17 
0 '25 
0 .rg 

/ I  I /  

SrJ '39 
-1 .so 

-to '75 
$0 '73 

+o '95 
-1 .02 

f o  '95 
+ O ' I "  

!I 

Q3 '39 
2s '55 
59 '09 
os '67 

06 -40 
02-12 

35 'I7 
1 1  '17 

Mean o m  
Probable error of a single ohservatioii of a direction (D. and A'. ) = 5 l"'j9. 

Tzirkrv Hi//, St. Clair County. Illinois. Octo1)er 7 to November 6. IS,%. 3okentimetre theodolite, 
No. 107. Telescope above ground 11.73 metres. G. A. Fairfield, observer. 

Cihjects observed. 
Resulting direc- Approxi- Corrections 

tious from station inate prob- secollds in adjustment. able error. and figure triangiila- tic;ll. 

Probable error of a single observation of a direction (D .  and A'. = 5 1'"32. 
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( b ]  -4ltsirnc.f cy IrsidfiJlg ha?Yzo?ztcrl di#l.cfiom at e-nch sfdicvr f r m  [ocnl afin . j w ? l J  j g m  
ciqzistmwfs, rsGoSrSz-G~-Continued. 

July 15 to August 6. IYSI. Bcigcr, St. Clair County, Illinois. 30-centimetre theodolite, No. 135. 
TelFscope above ground 14-17 metres. G. A. Fairfield, observer. 

27 
2.5 

29 
30 
j r  

14 

'5 
I1 

12 

'I 3 

0 go co'cm C O ' I I  +a '06 00'06 
Parkinson 57 3s 09'67 0.16 t o . 1 5  og 'SZ 

Sturgess 155 3s 41 '89 0 ' 2 2  +o '20 42.09 ' 

. .  Geoffrey 

Hoile 115 35 2s-24 0.17 -0.1s 25 '06 

Hartlin 200 01 46-3s 0.1s --a '22 46 '16 

Objects observed. 
Reeiilting dircc- Approxi- Corrections Final 

tioris from station inate prob basenet seconc's in 
adjustment. able error. adjostluellt. and figure triangula- tioll, 

0 I I I  I /  I /  I /  -- 
Parkinson o 00 00'00 &o'15 -0 '49 59 '51 
Geoffrey 56 24 46-21 0.17 S0.62 46 'S3 
Turkey Hill 202 36 51-15 0 ' 2 0  -o.r.# 51.'01 

Clarlis Ivtound 244 5s 3s-47 0'12 -0'01 3s '46 
Sugar Loaf Mound 277 og 30'7s 0-17 . $ 0 ' 0 2  30 *So 
Probable error of a single observation of a direction (D.  and R.) = f 1lI.01. 

Poi.kiitsoit, Madison County, Illinois. Aiigust 21 to September 2S, ISSI. 30-centimetre theodolite, 
No. 135. Telescope above pround 14-17 iiietres. G. A. Fairfield, observer. 

'9 
20 

21 

16 

17 
IS 

/ I  / I  / I  0 I I /  

00 '63 

-0 .25  53 "3 

-0'12 16 -85 

o 00 00m fo.12 t-o.63 Berger 
Turkey Hill 13 34 53-3s 0.16 

216 12 16'97 0'13 Hoile 

Geoffrey 292 20 45 '52 

Sugar Loaf Mound 66 4 06-36 o ' r j  -0-1s 06 'IS 

Borcling 273 04 2S.03 0.16 +o'& 28.11 

u -0 '15 45 '37 
Probable error of a single observatioii of a direction (D. aiid R.) = & o"'S6. 

GL-o#i-L:~~, Cliiitoii County, Illinois. October 19 to November 6, ISSI. 3o-ceiitiiiietre theodolite, No. 
135. Telescope above ground I 1.13 metres. J. B. Weir, observer. 

26 
22 

23 

24 
25 

0 / / I  I /  I /  I /  

Boding 0 00 00'00 C O ' I I  -0.14 5 9 6  

Berger 230 55 27 '72 0.1s - 0 .04 27.6s 
Parkinsvn 256 51  26'39 0.13 - 0 36 26 '03 
Hoile 311 32 40.14 0.16 to .56 40 '50 

Turkey Hill , 235 IO 07 -46 0.13 +o-rS 07.64 

Probable error of a single observation of a direction ( D. ani1 R. ) = & o"% 
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34 
35 
36 
32 
33 

Objects obsewed. 

Bording 
Geoffrey 
Parkinson 
Sturgess 
Hartlin 

Resilltirig direc- Approxi- Correctiolls Finn' 
tions froill station iiiate prob- fro1]' secr~nds in and figure . triaiigula- adjustment. able error. adjustnlellt. tiolr, 

Q f I 1  I f  If  / I  

0 00 00'00 &0'13 1-0 '19 7 9  
15 57 73.76 o-IO -0 '07 13 '69 
65 IO 33'01 0'20 +oms 33 '09 

26s 23 18.60 0.20 +O.IO IY.70 

307 17 51.56 0'17 -o '30 51.26 

Pro!>able error of a single ohservation of a direction ( D. a d  R. ) = C _  off.+. 

FZlzrt/in, Marior. County, Illinois. November 23 to December 3.  ISSZ. 30-centimetre theodolite. No. 
135. Telescope above ground 23.32 metres. G. A. Fairfield and J. B. Weir, observers. 

0 f I /  / r  I t  / I  - 
Holtzhausen o 00 00'1x1 k 0 . 1 7  -0 '26 59 '71 
Fjdi i ig  19 54 OS'IO 0'16 +0'43 os '53 
H d l r  233 25 44'75 0 ' 1 2  -<, ' 1 2  44 '53 
Stiugess 267 44 09'19 0.11 +0'06 og '13 
hlou iirl 315 20 07,s; 0 ' 1 7  + O T I  07.98 
Probable error of a single observation of a direction ( D .  and R.) = & 1"'~. 

S1mgrss. Fayette County, Illinois. May 27 to June I I ,  IS;. 30-centimetre theodolite. No. 135. 
Telescope above ground 23'32 metres. G. A. Fairfield, observer. 

42 Mound 46 I Hoile 
43 
44 
35 

Holtzhausen 217 22 57-05 o.18 $0.31 57 -36 
Hartlin 253 IZ 55 '20 0'13 +o'o6 55 '36 
Bording 311 39 54-04 0'16 -0.6 I 53 '43 
Probable error of a single observation of a direction (D. and R. ) = o".g7. 

H~1/kh7m-e?1. Fayette County, Illinois. August 6 to August 21. 1SS3. So-centimetre theodolite, No. 
135. Telescope above ground 23.32 metres. G. A. Fairfield and F. W. Perkins. observers. 

47 
4s 
49 
50 
51 

Q I I /  

Hartlin 0 00 OO'CU 

Sturgess 51 54 13'33 
Mound 103 36 03'93 
Lucas 172 53 41.45 
Denver 210 56 39-07 
Probable error of a single ohservation of a direction 

If / I  I I  

&o'14 +o'o5 00 '05 

0'20 +o-ag 13 '32 
CI -17 -0 '16 04 '77 
0 .16  $0.34 . 11 '79 
o '16 -0 '33 3s '74 

(D .  and R.) = -C I//'oI. 
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( E : )  .-lbsfrizcf (If rswdfiirg ho)-izo)ifid dim*fio)is 1 7 t  each statio)& JIvm local n)rdfivi)i$gwe 
a@mfr)rc)bfs, rB60-6zSz-S~~-Cotitinued. 

Jfozwd, Eflingham County, Illinois. June 27 to July 30, ISS;. ;o-ce,ntimetre theodolite, No. 135. 
Telescope above ground z$*S4 metres. G. A. Fairfield and F. W. Perkins, observers. 

64 
65 

' 66 
62 

Objects observed. 

Deriver 
Lucas .6r 23 49'69 0'15 +0'13 49 OS:! 
Mound 121 11 22'01 0 .IS -0 7 6  21 'S5 
Hunt City 315 Os 57'4@ 0.16 $0'14 . 57'54 

Resiiltiiig dire+ Approxi- Corrections Final 
tioiis from station riiate prob- fro''' base-net secollds 

able error' adjustment. tion. . 
arid figure triangula- adjustment. 

70 
71 

54 
55 
56 
52 
53 

Denver 
Lucas 
Island <!reek 

0 I / I  I I  / I  / I  

Holtzhausen 0 00 OO'OC) k O . 1 0  -0.24 59.76 

Sturgess 75 15 r j S 4  0.17 -0 '25 13 '59 

Lucas 309 og 0s -76 0 ' 2 1  ;-o '1 7 0s '93 

Hartlin 31 44 q . 6 2  0.16 +o'.j7 , 04.99 

Island Creek 277 15 07'0s 0'1s -0 -04 07 -04 

Probable error of a single observation of a direction (D. and R. ) = _C 1"'07. 

Lricns. Efingham County, Illinois. August 26 to September 3, ISSj. 30-centirnetre theodolite, No. 
135. Telescope above ground 23-52 metres. G. A. Fairfield and F. W. Perkins, observers. 

57 
5s 
59 
60 
61 

a I I I  I /  I I  / I  

Hol tzliauseii 0 00 Irn'~30 9Io-14 -0 'If) 59.s4 
MOL1 nd 59 51 3.; 'S7 0 .13  +O'IO 33 '97 
Island Creek 14s os 0 1 - 1 2  0 ' 2 0  + o y  01 '74 
Newton 217 04 41.'jo 0'15 . -0 '70 40 -60 
Denver 257 34 15'1.5 0.14 fo25  I5 -40 
Probable error of a single observation of a direction (D.  and R. j = ko".g6. 

Objects observed. 

0 I / I  If I /  / I  / I  - 
o 00 OO'GO ,o.ro -0'13 59 'S7 

79 44 13.01 0.26 -0.07 ,12*94 
129 23 45'69 04 -0.69 45rm 

205 20 35.47 0.1s $0'46 35 '93 
307 3s O O Q j  0.15 . -0'32 00.51 

Mean 0'00 

Probable error of a single observation of a direction (D. and R.) = & ~" 'oo .  
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( 6 )  ,gbSfrclCf if l ~ S Z s l r / t i l Z ~ ~  hOi - iZO?i f ( l /  rlirz~cfioizs Of M1.h SfclfiOlZ j 3 l l i  /bm( UlZdfivFli.jgZslrlr 

adjlr st nien fs , r88oSr-84;.-Coii t i n ued . 
Deiixer; Richland County, Illinois. November. 1S79. 35-centirnetre theodolite, Troughton aid Simms, 

November 11 to December 2, rSSj. 
G. A. 

No. j. 
So-centimetre theoclolite, No. 135. 
Fairfield, observer. 

R. S. Woodward, observer, United States Lake Survey. 
Telescope above ground in Is79 and 1SS3.23.16 metres. 

72 

67 
6s  

69 

Belle Air G m 00'00 &o'16 
Honey Creek 74 41 37'75 0 '20 

Oblong . 75 44 37'03 t o  'I 2 47 'I5 

Claremont 131 01 27.19 0.27 -0.07 27'12 

Buffalo Mound I G  05 @S..yI -0'12 0s '79 

Island Creek 232 34 09.67 0 '23  +o-&I 10.47 
Newton 173 22 02.19 0'19 +O*O7 02 '26 

I CaWY SI3 1s 25-33 

Objects observed. 

No. 

I 

2 

3 
4 
5 
6 
7 

Resulting direc- Approxi- Correctiolls Corrections Final 
tions statio,l tilate from base- frolrl base- seconds i u  

adjustmetit. able error. net adjust- ~ ~ ~ r ~ ~ ~ -  triallgula- mrnt. tiou. 

o= 1- 1.14 + 
o= - 1.22+ 
o= $- C . s $  - 

o = + r . 4 g -  
o=+ 1 .72-  
o = - r r 5 7 -  

, 0 = + 1 . 5 4 -  

0 I / I  I I  I I  I /  

Newton o 00 oo'm c o ' o g  +0'70 

Buffaln Mound 29 06 41 '03 -0 '16 
Onion Hill 19 57 16-27 +o 'og 

Olney West Base jQ 0 7  07-33 -0 '19 
Claremont So 45 15.71 0-1s -0.44 
Parkkrshurg 
Holtzhatwn 260 42 27.11 O'IS +o '03 

129 '20 . 12 '16 

Lucas 300 13 46.61 0'1s +o -94 
Island Creek 33'3 0.j 35.36 0'16 -0.24 

- 
Mean ' 0'00 

Probable error of a single observatioii of a direction (D.  and R.) = & I'"OI in 1SS3. 
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(c) Figzor aa[jlrstiiicitt-Cotitinued. 

9 
1 0  

I1 

I2 

13 
14 
15' 
16 

17 
is 
19 
20 

21  

22 

23 
24 

25 

26 

27 

3s 

29 

30 

31 

32 
35 
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(c j Figz~rc artjz~siirzeiif-Continued. 

o=+r -14 

$0 .s4 
+ I  '49 
+ I  '73 
--I '57 
+ I  '54 

-0 'sg 
+o '2.5 

+ o m  
+ I  -5s 
+0'4I 

-1 '22 

-0 'IO 

-1  *T). 
, '3 

+ I  '14 

+o *s1 
+ I  '49 
+ I  '72 
-1.57 
+ I  '54 

-0 'S5 

+ I  -5s 
$0 '41 

0=+0.1g 
$0  .oq 
-0 '35 
-0 '34 
+0'17 

+ I  '31 
+o .06 
-0 -16 

-0.99 
+2 '3 
-6 'I 

-s *s 

--I '22 

-0 'IO 

Nomznl rqaotioizs. 

c r  c z  c, c, cf. c, c8 c g  c r o  CTI C n  Cq cz+ 
L -- +4 

+.l -2 -2 

+6 -2 

.. . ... ... ... +6 -2 +Z 

+6 -2 

. . . . . . . . . . . . . . . . . . . . . 
+6 $2 -2 -2 

+6 -2 -2  

4-6 + Z  -2 

$6 +2 

+6 -2 - 2  ... L : . .  

+6 +Z --2 

+6 +2 

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

+6 -2  

+6 

Norirml eqnnbions-Continued. 

c,, CIS c,, c.1 cx9 c,, c,, c2z  c, c,, c.5 C,i 

... ... 

-2  

+z -2 

+6 +2 

+6 

... ... 

... ... 

-4.4s + 2'09 
+SdS - 0.46 
-4-70 - 2 -67 +IS '95 

. . . . . . . . . . . . . . . . . . . . . f-z.36 + 7 .71  - 5.60 
-10-37 - 2.56 

-- 3'24 + 4'57 - 9'59 

- I .so + 2.73 

+ 3'46 + 3'46 + 2-46 + 3.46 

. . . . . . . . . . . . . . . . . . . . . .... .... . . . .  
-.r 

+6 -2 -2 

$6 -2 

+6 -2 

+4 

... ... ... +6 -2 +Z -2 .... .... . . . .  

' 3-4 -2 

$4 
+ 7 5 m  + 0-01 - 0.96 

. . . . . . . . .  . . . . . . . . . . . .  . . . .  +I73 'I4 + I b  '50 
$719'29 



+ 6'52 
+ 6'52 
-- 16 29 

+I4'?I 

- 6'39 
- 6.59 

-1 I 6 1  

.... 

.... 

+ 3.12 
+ 3 '12  

+I 9s '42 

. . . .  

.... 

-2 '57 
+9 '90 
+ I  .# 
-s '94 
f2 .61 

+2.61 

.... 

. . . .  

- 0 *.;s 
-1-63 '17 

. . . .  

.... .... 

.... .... 

+; '00 
-$is9 ' 

+s.97 +o.gr 
-2 '97 -2.51 

+; 3 s  
+2 '59 

.... $-3 '67 
-6 '23 

+I ' 12  

-2.96 . . . .  

.... .... 

- 0'21 
+63'Q f 5'0s 

. . . .  , +I39'93 

.... 

.... 

.... 

+o -34 
+I .15 

t 7  '37 
-4 '53 
+6 '3s 
-4 -43 

.... 

-3s '91 
+s4 -4s 

.... 

.... 

.... 

-7 '70 

-9 '62 
+s '57 

. . . .  

+ 27'10 
- 7S.64 
+ 109 .ss 
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Correc- Spher- Splier- 

tion. angles. escess. 
No. Stations. Observed angles. ical ical 

Q I 11 

Turkey Hill 32 03 18.04 
Dreyer 13 57 54'40 
Clark l\lound 103 5s 49'31 

0 1  '7s 
42 21 47'32 
91 41 37.61 

Clarks I\louiid 45 56 36% 

- 

2 1 Hill 

I! 11 ' I I  

-0.03 rS.01 0 . 2 1  

-0.99 53 '41 0'21 

-0'12 49'22 0 ' 2 2  - 
0 '64 

+ O . I ~  47'46 0.31 
-0.14 37'47 0.30 

-0.Q 35 '99 0'31 

Log s. 

4'266 345 g 

4 -3% 316 o 
4.457 60s I 

I I  

(55)=-bJ '370 
( 5 6 ) ~ - 0  252 

(5S)=+o .09S 
(57)=-0 ' ~ 6 5  

(59)=+0 -516 
(60)=-0-jCo 
(61)=+0 '251 
(62 ) =+o '137 
(63 J = -0.360 

(65)=fo ,152 
( 66) = --0 'I 6 1 

(67)=+0.0?6 
(6s) -- + 0 '959 
69 )=-0 q G  

( 71 ) = -0.6SS 

(Q)=+o .2s2 

(70)=-0'073 

(72)=+0 '799 

Distances 
in metres. 

14 116'49 
IS $54 *s6 
25 Yro'a7 

IS 464 *S6 
27 391 '01 

'9 693 *I9 
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NO. Statioiis. 

Berger 
Clarks Moiiiid 
Sugar Loaf Mound 

7 

Observed angles. 

Parkinson 
Berger 
Turkey Hill 

Parkinson 
Brrger 
Sugar Loaf BIound 

9 

IO 

I 1  

0 / I/ 

32 I O  52 '31  

60 3s 2 7 ' S Z  

87 IO 39'54 

Geoffrey 

Berger 

Geoffrey 
'J'urkey Ilill 
Parkinson 

Geoffrey 

Parkinson 

Hoile 
Geoffrey 
Parki iison 

Rording 
Geoffrey 
Parkinson 

Boding 
Geoffrey 
Hoile 

01 '55 

103 05 33.61 
57 3s 09'67. 

'9 16 17-49 

00 '77 
115 35 23.24 
4s 27 19% 

15 57 u . 7 6  

01 *S6 
- 

Correc- Spher- Spher- 
ical ical 

angles. escess. 
I/ I! M 

4-0.Cl3 52.34 0.30 

+0'95 23.77 0.30 

+o*24 ~ 9 ' 7 s  0 2 9  

o '89 
--n% 52'50 0.09 
-0.35 OS-50 0'0s 

- 

-0.16 59-25 0.6 

0 '25 
-OST 05 -55 0% 
-0.51 2S.70 0'26 

-0.16 26.54 0 . 3 7  

0 '9.3 
$0.15 19.49 @.So 

Sn.72 14 '47 @.so 
-0'02 2s '53 0.So 

Distances 
inniztres. 

14 606 '10 

23 902.10  

27 391 '01 

19 693 '19 
32 247 SI 
I; 167'04 

2; 902 ' IO 

25 SII  .64 
I; 167'04 

19 693'19 
27 S47-71 
40 590'4s 

32 247 .SI 
30 049 72 
40 590.48 

15 167'04 
30 049 '73 
27 S47.72 

30 049 '72 

3s 527 '75 

32 361 '61 

30 049'72 
34 651 '14 
11 741 '59 

3s 527'75 
31 972.12 

11 741 '59 
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No. . Stations. 

1 
'' i Hoile . 

Hartlin 
I Bording 

" 1 Hoile 

Sturgess 
Hartlin 
Bording 

Sturgess 
Hartlin 
Hoile 

Sturgess 
Boding 
Hoile 

Holtzhauseii 
Hartliii 
Sturgess 

Mound 
Holtzhauseii 
Hartlin 

Mound 
Holtzhausen 
Sturgess 

Mound 
Hartliii 
Sturgess 

OLserred angles. 

01 '01 

51 54 13-23 
92 1.5 5O'SI 

35 49 5s-15 

correc- Spher- Spher- 

tion. angles. escess. 
ical ical 

+o.ro 
$0 '16 
-0 '40 

$0'77 
-I-0 '37 
+o '09 

to -04 

-0 -25 
-0 -20 

+o .61 

-0.36 
-0'21 

--0 '01 

-0 -25 

+o '22 

-0'62 
$0'17 
-0 '4 

04 '93 
24 60 
j a  5 6  

06 '73 
14 '03 

41 '49 

13 -27 
50.61 

2 '43 
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No. Stations. 

2 1  

22 

23 

24 

25 

Lucas 
Newton 
Denver 

Liicas 
Denver 
Holtzhauseii 

Lucas , 

Holtsliauseii 
MOUlld 

Island Creek 
Hunt City 
Newton 

Island Creek 
Newton 
Denver 

Observed angles. 

01 '97 
59 51 33'S7 
69 17 56.52 . 

50 50 51 '24 

Island Creek 
Newton 
Lucas 

00 '69 
61 23 49'69 
49 39 32'6s 
68 56 jo'& 

27 

Island Creek 
Denver 
Lucas 

Island Creek 

Mound 

02 '45 
40 43 60.16 

log 26 13'93 
' 29 49 45.75 

02 .s4 

5q 47 32'32 
YR 16 27'35 
31 56 01.6s 

01 '35 

- 

- 

Correc- Spher- Spher- 

tion* angles: escess. 
ical ical 

I '02 

-0.41 4 4 ' 4  0'60 
+o'gI 20'41 063 

-0.67 56'95 0.60 

I .so 
+o.z6 34-13 0.66 
+o'50 37 '02 0.66 
-0.41 50's; 0.66 - 

I .9S 

+O'So oS'21 0'41 

-0 '50 0 2  -10 0.41 

+0'69 50.9; 0'42 

I .24 

+o'6r 50-14 0.2s 

-0.69 '13 0-2s 

- 

+024  25 3s 0.29 

0 'S.5 
+0'.19 507s 0'37 
-0.61 32 '07 0.37 
--I '22 38 *S6 0.37 

I 'I1 

-0.12 t i o q  0'43 

-0 '26 13 '67 0'43 
-1.1s 47'57 a-42 

I .3s 
-0.29 32 'oj 0'56 
$0'42 27'77 0'57 
+o..-r 01 'Sg 0.56 

I '69 
- 

Distances 
Log '. in metres. 

4.62; 100 2 41 9S5-5S 
4.437 113 S 27 359.56 
4 '423 216 3 36 49s -20 

4 '307 622 I 

4.446 07s o 

20 305 $9 

27 930 -46 
4 '393 256 I 24 731 's2 

4.366 741 7 a?, 267'07 

4.393 256 0 24 531.S.2 
4'305 335 0 ' 20 199.38 

4.123 216 3 26 49S.20 

4'30.5 337 9 30 '99'37 
.$ '5s; I25 9 js 293 '58 
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(:P) The pirrisiolr of the Il/i~zois SCT~C-S. 

A proper measure of the precision of this triaxigLrlation may be had by considering 
it in tliree parts with dividing lines Mouud to Holtzhausen and Parkinsoli to Geoffrey, 
and computing the probable error of these sides. To do this, we start from the side of 
the hase net Hunt City to Newton and, following the triangles (as already used in the 
establishment of the length equation lietween the base nets:), compute the probable error 
of the two sides. Nest we repeat the same, starting from the opposite. base net, and add 
for each line its respective weights to obtain its resulting probable error. 

In  the first place, we have for the mean error of an observed angle from [ D Z I ]  = S*SS 
(.as found from the 73 values of P') and from the 33 conditions- 

2 w Y'SS- 
111 = ,/ - f o"'734 

33 

aiicl we have given from the adjustnients of the base nets: 

111. 111. 

Hunt City to Newton -- 2 0  305 Sg f o '07 
Sugar Loaf I\Ioutid to Clarks I\louncl= 14 606 'IO f 0 'I9 

Probable error = sv&ava part. 
Probable error = 7T-'TaT part. 

We also have for- 

Mound to Hnltzhausen log s = 4'& 46 am1 6., = 14'2 (,units of sistli place of  logs. ). 
Parkinson to Geoffrey log s = ~ ' ~ 7 7  S4 6, = 14.5 

Then for the prol?able error of the division line Mound to Holtzhausen: 
Proceeding wt-sficwd withf ( -1, ll)::: == 33.6, the probable error- 

30 512 X 0'07 = f O ' . i q  fo.165 and ~ 

20 30G 

herice probable error z t  0.196 metre and f )  = 26.0. 
f ( - 4 ,  B:) = 76'5, the probable error- 

Siiiiilarly proceeding t*ashwrd with 

jo 5 1 2  

14 606 
f 0.249 and - >: 0.19 = f 0.40 

~irnceprohahleer ror fo '~~~ metreai ic l~ = 4'5 and after addition of theweights theprob- 

able error of the sick becomes f 0'1s I metre and - = TBG?Biic part. Likewise we have for 

the probable error of the other division line Parkinson to Geoffrey: 

S 

C 

Proceeding ievstzwrd with f ( A ,  B )  = 57.1, the probable error- 

f 0.2 I I and ao x 0'07 = f 0 ' 1 o q  
-10 506 
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helice probable error j= 0.235 and p ,= IS.,I. Siniilarly proceeding wstzexzrd with 
f' ( - 4 ,  B:) = 5 3 . 0 ~  the probable error- 

hence probable error f 0.441 and # = 5' I and after aclding the weights the probable error 

of the side becomes f 0'2oS and - = .F 

E 
part. 

The effect on the triaiigulatioti when projected on the thirty-ninth parallel beconies- 

Effect on Terininal lines.' Distance. Probable errors. ilrerage. parts. 

,+It. 111. 

Hunt City t o  Newtoti, and l\Ion~id to Holtz- 56 HBV~VCG . ~ i i i h i i i ~  :i$iiiTiS +O '26 

NIounll to Holtzliausen and Parkinson to 7; i d m a  TTAJiSa ml-- V U G  *0'47 

l'nrkinsoii to Geoffrey. and Sugar Loaf -13 T r f s V b  dmi; i i j T b 7 m  *o.-+; 

llausell 

' Geoffrey 

I\rouiirl to Clark's Mou~icl - _ _  
sun1 I 7 3  Total &1.16 

6. THE BIISSOUKI SERIES OF TRIANGLES, Is7j-74. IS7S-79. 

(tr:) 0i.fr-on'iil-fio)i. . 

The nieasures of tlie horizontal directions of the triangulation connecting the Ameri- 
can Bottom Base Net near St. Louis. Missouri, with the Versailles Base Net, Missouri, 
a clistaiice of 195 kilornetres, or about I 21  statute miles, were inadr by three observers 
at  different times between the years I S j j  and rS79. I t  is here that the least width of 
tlie belt df triangulation between the eastern aiicl western coasts occurs. This is clue to 
the geiieral flatness of the country and the desire t o  strengthen the coiiiiectioii by quad- 
rilaterals or other coniples figures, though in one case (,the only instance in the whole 
arc:) the clistmces and angles had. to be carried forward across a single but well shaped 
triangle. The average length of sides is 20.6 kilometres or 1 2 3  statute miles. Between 
the two base nets tliere is n graclual ascent of the ground froin about 450 feet near St. 
I,ouis to somewhat over I ooo feet near Versailles. The coiintry is for the most part 
uiicler cultivation, and sufficiently timbered to offer obstacles to the triangulation. The 
observers, C. H. Van Orcleti, C. H. Boyd, and H. W. Blair, had about equal shares in 
the measures. , The theodolite was generally niountecl on scaffolcls of UQ great height, 
allout IO  metres, more or less. 
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No. zr. 

Tavern Rock 

c - -  3 
108 6 4 2 0 10 20 

Kikaneues - I 
ib 
- 

0 10 20 SQ 
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( ,b:)  .-lbsf~srcf.c j i-csir/fin,g h r i z m t d  dim-tiiws (71 mc-h sfotioii JWJZ / t w d  c ~ i t r J J i i ~ i ) ~  -&~tir 
cll?i?LStJliCJl.fS, f873-74, 1876-79. 

J J S ~ ~ J I C  - J S J d / O J / ,  St. Louis County. Missouri. November s to November IO, 1S7r. 30-ccntimetre theodo. 
lite, No. 14. W. Eimbeck, observer. October to October I?, IS??. 25-centimetre theodolite, No- 
g?. C. H. Van Orden, observer. June 5 to June 23, 1S73. 2s-centimetre theodolite, No. IW. C. H. 
Boyd and C. H. Van Orden, observers.' 

. 

NQ. af  
di rectiori. 

4 

5 
6 

- 
Sugar Loaf Mound 0 (4 00 'm -1 '20 5s -so 
Anierican Bottom Upper Base 10 IS 59'95 +I'60 61 '55 

American Rottom Lower Base 2s 30 3S.95 + o y  39 *47 
Clarks I\Iotiiid 36 4s 21 '53 -I .OS 20 '45 
Insane Asylum y 34 30.33 $0'16 30 '43 

Standpipe zS I I  36 '91 

a:ibjects ohserred. 

Minoiii;r 
Skiidpipe 
Sugar Loaf Mound 
American Rottoni Upper Base 
American Rottom Lower Base 
Clarks Mound 
Dreyer 
I<leiiischuiidt 
Patterson 
Iiesslcr 
Morgdii 

Kerj\rlting direct ions Corrections 
. froni xtation ad- from base-iiet 

jii~ttncnt. adjust meti t. 

0 I f I  I I  

0 MI WJ '00 -0 27 

Corrections 
from lMse.net 

arid figure 
adjustment. 

I I  

-0 '69 
-0.25 

-0 '05 

Final secwnds 
in triaiiqu- 

lation. 

I I  

59 '73. 

07.90 
IS '29 
06 .Sr 
40.6 I 

49 '92 

46'2s ' 

37 .s6 
30 5 3  

12'57 

l'roliablr error of a single observation of a direction (3 D. a i d  j R. ) = i 1~I .30 .  

K/ciusc*hu/i[f/, St. 1,ouis County. Missouri. November 21 to December 9, 1Sjr. .pcentitnetre theodo- 
25-centitnetre theodolite, No. 74. lite, No. j a .  

C. H. VWI Orden. observer. 
\\'. Eindieck, ohserver. June z t  to June 2 2 ,  1S7j. 

0 I / I  I ,  I /  I /  

Staiidpipe 
Clarks 1\zound 
Dreyer 
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( b )  ,-lbsfmcfs of rzwsultiiiy hoi-izorzfl~l dirt-cfions at 1'17Ch S f l 7 f i O l l  j i w i  /@lI7/ mzd j h n i  jp~?> 
nnjiisf)licrifs, 1873-74, 1B~A'-7p--Continued. 

454, 

flIo)g~~)t,  St. Louis County, Missouri. September 27 to October 22, J S T j .  25-centiruetre theodolite. 
No. 74. Telescope ahore ground 10.52 metres. C. H. Boyd and C. H. Van Orden, observers. 

7 

S 

g 
IO 

11 

12 

No. of Ohjects observed. 
direction. 

Minoma 0 00 W'W +I -34 Q r  '34 
Standpipe 16 54 26.04 
Insane Asylum 52 31 52'47 --I 61 50 ..% 
Kleinschmiclt ' x7 TS 55'15 -0 .I: 55 ' 0 2  

Patterson 133 2j 2J'jg -0 -or 24 5s 
Gessler J ~ I  03 -1694 f o  .go 47.34 
Tavern Rock I82 45 2S'SJ -0 '-19 28 '35 

Resultiiig direc- Corrcctiuiis Filial seconds 
tiotis from statioii from Rgiire in triangii- 

ndjiistiiieiit. adjustment. latiuii 

rg 
20 

31 

22 

59.65 Morgan. 0 w m'm 53 

Insane Asylum 36 35 9'7s +o .js Io .I6 
Patterson 104 31 5730 - 0 ' j I  56 '79 
Tavern Rock 203 j p  37-23 -+I3 -4s 37 -71 

-Ll .- - 

"3 
24 

25 

26 

27 

2s 

29 

100. C. H. Boyd and C. H. Van Orden, observers. 
0 I' ,' 

Lynch 0 00 mJ 'iQ -1 '02 

Tavern Rock 59 og "3'44 +0 'I9 
Iiessler 99 0s 36.54 $0 '73 
Morgan 136 58 17.25 +o 27 

Kleinscliinidt IS5 45 4S.Yp $0.13 

Insane Asylum iG4 54 m . j S  -0 '30 

Prohahle error of a single ohservation of a direction ( 6 P. arid 4 11'. J = f 13''. 79. 

Ruck, Franklin County, Missouri. Nowinher 12 to Novenlber IS, ~ B j 3 .  
C. H. Boyd. ohserver. 

Septemhcr 22 to 
Septeniber 25. IS74. IS-centitnetre theodolite, No. 100. 

0 I I I  ' I  I f  - 
Morgaii 0 CXJ 03'130 -Q '92 59 .os 
Kessler 1 1  57 56.76 +-0 '13 56 '39 
Patterson 52 5 1  or';p -0 'jg 03  '00 

Lynch pg IS 15.4s +o ' 2 5  rg '73 
Halleck 143 14 27.66 + O . I S  27 $4 
Peters 163 2; -.Y .4g -0 -29 2s '20 

Ijieckhaus 1S7 09 25 ' jo  +I .@-I 26.74 
Probable error of a single observation of a clirectio!i ( 6  U .  and 6 A'. ) = Co"'73. 
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( b )  AbsfmL-is qf r e s d f i n g  hwizonful tiin7rfio)i.c t z f  ~ c h .  sfcrfiori - f j i l l ) t  llwil mid j m ) i j g - ~ ( ~ - c  
t i  <jilsfiiztw fs , 1873-7,i, rSi7-f9-Cont i 11 uecl . 

L~wL-lr.. Jefferson and Franklin counties, Missouri. November 13 to Noveinher I j. IS:;. September 
25 to September 26, 1574. 25-centimetre theodolite. No. 74. C. H. Van Orden. observer. 

30 
31 
;z 
3 j  
34 

No. of 
direction. 

KG Peters 0 1x1 m'm 35 

Halleck IO OS 47.75 -0 .52  47 ' 2 3  

-0 .- 1 

Dieckhaus 35 09'97 -0 *2  I 09 . j6  
Tavern Rock 7; 31 06 '65 -0.1s Cr; 'Jj 

Patterson 147 54 -'-I.% +I a24 2Ci '09 

Olijects cshserved. 

35 
36 
37 
3s 
39 

Rewltitig direc- Corrections Final seconds 
tioiia from station from figure io triangu- 

adjustinciit. adjustment. latioil. 

Peters 0 0 3  00 .cKl -13 '19 * 
Dieckhaus S j  11 36.93 $0 '09 37 ' 0 2  

-0 .os 15 '44 Ellochs Knob j6  ?S 15'52 

Tavern Rock 137 '9 45.40 -0 '19 4 j . 2 1  

Lyiicli 205 I 1  lS':9 +..- > I  IS '76 

47 
$3 
49 
50 
5 1  
52 

Franklin County, Missouri. September zS to October 2 ,  1S74. 
C. H. Boyd, observer. 

3kcntilnetre tliru~lulite. 
KO. ~ m .  

, I I I  ,I I ,  - 
Jacobs 0 I>> O>'Oil --I '09 5s '9' 

Berger 45 53 11 .I4 +0 '20 1 1  '34 . 

Enochs Knol~ j? . O j  33.39 -0 '36 .;j .03 

Tavern Rock 15s 07 54'99 - 0 . 1 1  5.1 .SS 
Hallech 1S5 25 09.41 . .fa '14 og 36 

Lynch 2m z j  40.01 +I '17 41 -1s 

Dieckliaiis '35 os Oo'S9 $0.06 O@ 'gj 

Probable error of H single observatioii uf R direction ( 6  D. and 6 R. ) = 31 o"'9j. 

- 
Tavern Rock o 0) rmm - 1  YJ4 5s .96 

Ilalleck SS 4 j  5 2 . j ~  -0 '09 52 .45 

Enoclis Knol> .  IS^ 13 45'1s - 1  '0; 44 '15 

Berger 1Sg IO 22.56 $1 '99 ' 24 'S5 

L p c l i  53 si 56.3; -0 '15 56 .18  

Peters 13; 19 06.71 +o .3? 07 '03 

Dutzow Clmrcli 194 5s jg .15  . 



53 
54 
55 
56 
57 

5 s  
59 
60 
61 

Dieckhans 0 fn i*'m -0 '29 5P '7 I 
Halleck j 6  50 47'02 -0 '02 47 '00 
Peters 67 04 54.73 + n y  55.24 
Jacobs 130 17 33.1s -@ .3o 3' .s 
Berger 193 1 2  4S.Sq +o 'IO 4s .?4 

62 

63 

Dieckhaus 
Enochs ICnoh 
Peters 
Jacobs 
Azimuth Mark 
Winter 
Gasconade 

ProlJable error of B single i:~hservation of  a ilirectim- 

J,zt-o/)s, Fraiiklin County: Missouri. October I 2 to  October 15. 1S74. 25-centinietre theodolite, Xn. 74. 
C. H. Van Orcleii, observer. September ju to October 2, 1S7S. s.=,-ct.iitiiiietre theodolite, No. 
10. Telescope above ground 1.60 metres. H. W. Blair, observer. 

65 I Gasconade 
66 Berger 

67 Enoclis Knob 



TRANSCONTINENTAL TRI.~~NGULATION-PART 111-TRIANGULATION. 457 

. Kesulting direc- Approxiiiiatc Correctioiis P'iiial srcoiirls 

adjiistiiient. error. adjiistiiient. laticm. 
Clhjccls observcal. tioiis froiii station probable froin figiire iii triaiigii- 

0 f I f  I !  I' I ,  - 
59 '43 -,:, .-- f 0 ' I l  31 Tarnyike Bluff 0 c r l  C*3'CnJ 

Hergcr 177 50 43 ' 1 1  0 'I2 -- r '30 4[ .s4 
Jacolis , 22s  3: 16.99 0 . I 4  + I  'ja IS29 
Wii i  tcr 359 3? 4 j '69 I ' '3  ---,:, .50 47 .I9 
Geyer 306 05 4b 'SI; 0 '20 +a '43 37 "9 
l h r l  for11 354 . i5  3' '74 0 . I*<  $0 '63 33 .3s 

1'1-oliiible error a - B f  ii single o1,servation of a direction ( D .  and I?.) = f i Y f . S 5 .  



No. of directiol,, Objects observed. 

103 
101 
105 

Resulting direc- Approximate Corrections Final aecoiirls 
tioiis froin.~sl;itioii prohnble from figure in  triangu- 

adjustiiieiit. error. adjustment. lation. 

Kennedy s5 42 5n.95 0 '15 +0 .I4 51 '09 

Bradford 34s 3' 59.W 0 . 1 1  +'3 '09 s9 '09 
Ceclar 151 3s 67.36 0 . I 2  -1-0.17 47 '53 

101 . 
96 
97 
93 
99 

102 

I00 

0 I I /  It ' I  

McDaniel 0 ou OO'CKJ ' *0*& -0.2s 

Ceclar j S  01 56*j4 0.1s -0 '36 

Turnpike Ehff 321 39 38.6; . 0.16 - o '65 
Gasconade 234 36 1 S n r  0 '17 $0 .gs 

Geyer 270 I 1  4 j . 2 5  0 '17 +0 .:6 
Pilot Knob 524 5 i  14.44 n 'I5 -pCl'lO 

Winter 251 57 o;.ai o . I 4  -0 'I j 

Probable error of a single observation o f  a direction ( P. and R. ) = & o".b9. 

Pilot Airoh. Osage County. Missouri. J u I ~  IS to July 22 ,  1S79. ;j-centinletre theodolite, NO. JO. 

Telescope above ground 11.51 metres. H. W. Blair, observer. 

Telescope above ground 1.68 metres. H. W. Blair, observer. 
a I I I  / I  I ,  

Meridian Mark 0 @@ 00'00 -co 'IO 

National Cemetery flagstaff I 09 "j.11 0'37. 
Belshe 21 20 5 5 ' j j  0'20 +om22 

Capitol 25 52 06-5s 0 '23 

Moreau ' 51 30 16.21 0 'IS -0 *w 
Medlock . S3 29 23.27 0.17 +0'55 
Bradford 256 5s 56.05 0.16 +o'26. 

Koeltztown 323 41 08.77 o '29 

Probable error of a single observation of a direction (D .  and R. ) = C 1''.06. 

McDaniel 2% 5s 19'74 0 '-12 -0 .do 

Kennedy 331 2 2  36'39 0 '22 +O '3 I 

I' 

55 '97 

13 '27 

23 -52 
56 '3 I 
49 '34 

36 '70 



No. of 
direction. 

I 2 0  

121 

I IS 

Objects observed. 

Moreau 
Christian 
Cedar 
L'Ours Creek spire 
Capitol 
Belslie 

Resiilting clirec- Approximate Correctiorts Fhel  .s.ecnrldS 
lions from station , probable from figiire i n  trim-ii- 

adjiist iiieii t. error. adjustinerit. Intini? 

o 00 00'00 -Co-13 -3 

0 I r l  / I  I /  - 
59 '77 -0.q. 

54 4s 39.70 0.18 +@'j7 40 '0 7 
25r 2-4 43 *os o .z6 -0 '31 42 '74 
260 3s 32.97 . 0.G 

261 57 34'15 0 . 2 s  

339 39 29.2s 0 'IS +0'17 29 '45 

Probable error of a single observation of a direction (D. ai111 R. ) = t I".OO. 

~ c i r w L * ~ v .  Osage County. Missouri. Septem1)er 4 to Septernlle; I J .  IS 79. 35-centinietre tlieodolite, 
No. IO. Telescope above ground 11'2s metres. H. W. Blair, ohserver. 

107 
I OS 

109 

I TO 

111 

,I ,I I /  Koeltztown, Roman Catholic ' I' 

Church spire 0 00 00'00 +-0 'I? 

Belslir 156 os, 33.56 0.16 . $0'54 34 'IO 

Moreau IS4 j g  3s.44 0 . 2 2  --rJ.57 37 * S i  
Cedar 231 29 4 6 . 1 9  0 .IS 1-0 'OS 46 ' J  7 

L'Ours Creek spire 275 57 ~ 4 %  0 .IS 
McDsniel 296 IO 04.19 0 .IS -0'31 0; *ss 
Pilot Knob A-0 '0 33.77 0 '21 $0 2 6  :4 '05 "... 
Probable error of a single observation of a direction ( D .  and R. ) = c 1'/.06. 

Jfiu-car~, Cole County, Missoori. October 7 to October r I. 1879. gj-centimetre theodolite, NO. IO. 

Telescope above grodrid Ig'Sj metres. H. W. Blair, observer. 

127 

122 

123 
124 
I 25 

I 26 

0 I / I  I /  I I  ii 

High Point ' 0 00 00'00 ZkO'11 +o 'S;. 00 '57 
Cole 40 '9 55'30 0 .IS 
California spire 59 31 26.W 0'27 

61 55 11.27 0.17 -0.94 I1 .:; 
Mecllock 1 3 7 .  37 I O ~ I  0 '31 +O'-.S 11 '09 
Christian 

Cedar 177 oz ~ j - s - .  0'20 $0'39 44'11 
Kennedy 230 05 01-07 0 '15 -0.10 '97 
Belshe 2-30 05 50.46 0'17 -0 *40 50.06 
Probahle error of a single observation of a direction ( L>. and R. ) = % 1/.''00. 



NO.  of 
direc- Objects o11t;erved. 
tion. 

Corrections F t i o n s  

mate proba- tlet adjust- net and fig- onds in tri- 
justmelit. hle error. ureadjust- angulatioii. 

Krsiiltiiig.irectiaiis Approri- frolll base- rOni base- Final sec- 
from station ad- 

ment. 

12s 

129 

High Point 
Hunter ( Versailles South Base) 
Versailles North 13ase 
Hughes 
Cnle 
Tipton. Ihptist Churcli spire 
Hubbard 
California. Christian i'liurch spire 
Mecllock 
Moreau 
Relshe . 

-0 '31 

PmlJal-,le error of  n single observation o f  ;t directioi~ ( D .  and A. ) = -C ~ " ' 0 4 .  . 

H(hvh PIX'JI~, Elnniteau County. Missouri. July IO to July 17 ,  ISSO. 3j-cetitit~letrc theodolitt:. WB. I#->. 

Telescope above ground 9'69 metres. H. W. Blair. observer. 

130 

Christiail 
Mureau 
Belshe 
Hunter 1 Versailles Soutli Base ) 
Verswilles North Rase 
H nl~1xw-l 
Tipton. First Baptist Churcli spire 
Cole 
Califoriiiw, Cliristian Churcli spire 

$ 0 . 6  j 36 -94 

Mean 0.m 

PrObabk error of w single observation of a ilirectioir ( I-). and A. ) = d ' a g g .  
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(lb:) .-I bsfincts qi i-esititiiiAr Izwizoiitnl diirctioiis t-utlch sf17f~%,l j j - i ~ i i i  /om/ n?id.li.onz jignrt. 
ci~z~sf,ireafs-Continued. 

Hrlslrr, Cole County, Missouri. September 20 t u  October I ,  IS79. 35-centinietre theodolite, No. IO. 

Telescope above ground 9'75 metres. H. 1%'. Blair, ohserver. 

N O .  of 
direc- 
tion. 

131 

:33 

133 

13-1 

h-8 I. 

1. 

2 

3 
4 
5 
6 - 
I 

S 

9 
I O  

I 1  

11 

I .; 
14 
15 
16 

I7 
IS 

20 19 I 

Objects oloerved. 

Moremi 
Medlock 
Cedar 
St. Tlionias spire 
I.;elllleiIy 

Koeltztowri spire 
FIunter (Versailles ,%ut11 Rase) 
Versailles N o d i  Base 
High Point 
California spirt: 
Christian 

Correctiorls Corrections 
Resulting directioiis Approxi- from base Final see- 

from station ad- mate proha- i iet  and fig- onds in  tri- 
justiiient. b ~ c  error. l1e:$:ISt- lire adjust- angulatioo. 

Illellt. 

-to 'I I 

Probable crrw of a single nliservatinit #.if a direction I / . I .  and 22. ) = & I"*IO. 
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( c )  ~ i g z o z *  n~l'jrrdnrrirt-coiitinued. 

NO 

55 

56 

57 

5s 

59 

60 

6r 

62 

63 

64 
65 
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- 
I 

,I 

3 
1 
5 
6 
7 
S 
9 
IO 

1 1  

12 

13 
14 

- 

I 1  

12 

7: 

'5 
16 
17 
IS 

' 9  
20 

21  

22 

23 

24 

25 
26 

27 

3s 

3=+3 -4s 

$0 '43 
+o -76 
-1 '34 
--0 '50 
+I *qs 
-0 '14 
+I *16 
-3 '27 

-0 'S3 
-I '71 
--I '52 

-I '70 
-O -29 

]=--I -71 
--I -52 

-I -70 
-2 '52 

-to '50 
-1 :Yg 
-2 '20 

-4 '64 
-1 -24 

-I -96 
--I 5 2  

-I '29 

-0 '92 
+o *os 

+o '31 
+o .SI 
+ J '23 

f 4  -2 

+4 -2 

t-4. +2 -2 

+6 -2 -2 

. . . . . . . . . . . .  +6 +Z +2 -2  ... 
+6 

+6 +Z -2 

+6 
+6 

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

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

-2 -2 

f 6  +2 -2 ... -2 

+6 +2 -2 

+6 
+6 f z  

+6 

t 2  

f2 -2 

f a  -2 

-1-6 
. . .  +6 . . . . . . . . . . . .  -2 

+6 -2 $ 2  

+6 +2 -2 

+6 $2 

. . . . . . . . . . . . . . . . . .  +6 

-1 

+6 -2 

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

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

-2 -2  

-2 -2  

. . . . . . . . . . . . . . . . . . . . .  
+6 +Z -2 

+6 $2 

+6 -2 - 2  

+6 +Z - 2  -2 

. . . . . . . . . . . .  $6 +2 

+6 +2 

$6 



__ 
25 

27 
2s 

29 
30 
31 
32 

33 
34 
35 
36 
37 
3s 
39 
40 
41 
41 
13 
44 

- 
I 

2 

3 
4 
5 
6 
7 
S 
9 
IO 

I1 

I? 
I3 
14. 

15 
16 
20 

45 

=+o 'OS 

$O.SI 

+o '23 
$0 'OS7 
-0 '70 
$0 '3 j 
-0 '7 2 

+I '63 
--I '17 

$0 '$2 
-0 -36 

$0 '33 
+I no 
-- I '17 

--I "J7 
-1 '$5 
+0 .Q3 
-0 '87 
+I '62 

o=+j '4s 

t- 0.43 
+ 0 7 6  
- "34 
- 0.30 
-+ I .4s 
- 0.14 
+ 1-16 
- 3.27 
- o s ;  
- 1.71 
- 1-52 
- 1.70 
- 0.29 
- 2.52 

- 1. a 2 4  

-13 '7 

+ 0.50  

UNITED STATES COAST AND GEODETIC STJRVET. 

+2 

.-.7 

f2 +2 ' 

+6 4-2 

... +6 +3 $ 2  -2 ... ... ... ... '... ... ... ... ... 
4-6 -2 -2  

3.6 
+6 -2 -2  

+6 -2 

,.. . . .  ... ... . . .  ... +6 -2 ... . . .  .. . ... ... ... . . .  
+6 -2 -2 

+6 $2 +a -2 

+6 -2 -2 

$6 - 2  

... . . .  ... ... ... ... ..'. . . .  . . .  ... ... +6 $2 - 2  ... . . .  
$6 

+4 
f 4  -2 

' 4-4 

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

~ o r i i i n l  r.rlirnfions-Conti*,~,ea. 

-- 5 '64 $3 '6.4 
+ 5 - 0 7  -S'io 

- 0.45 SS.93 

+6 '20 

.... -0 'I9 
-2.52 , 

-0 '19 

. . .  .... 

... . .  

+-4 '17 
-4 '17 
-1.92 
-+o '02 
--I . I4  

f 9  '57 

-+3 .ss 
-0 '02 

.... 

.... 

- 5'34 

-0 '02 

+7 '71 
-5 '22 

-0.16 
-0 '79 
-0 '07 

. . . .  

.... 

.... ... 

+ 0.7s 
- 5-65 

+ 3.24 
+IO '00 

- I '45 
+ 3.43 + 2'57 
- 2-99 

+s 'I3 
+2 '57 
-4.74 
+o '39 
-2 .;J 

+6 '61 
+3 'IS 
-0 '39 

. . . .  . 

4-16 *q 
- 1'4.5 
- 5'17 
-- 2 '10 

-10.61 

+ 0.39 
5 .77  

-- 0.39 



I 
I . . . .  . . .  - 

46 I - 0.5 
47 I f 5 ' 0  

49 ~ - 1'5 
1s ; -30.9 

50 i - 7 %  
5r i -12.2 

- 
I2 

'3 
14 

15 
16 
'7 
IS 
19 
30 

21 

22 

33 

24 
25 
26 
37 

2s 

39 
jn 
31 
32 

49 
50 
5 I 
53 

53 
51 
55 
56 

5s 
57 

cJ6 c4, c+s CJ, C S O  CSI 
. . . .... I . . . . . .  . .  . . . - .. ._*_. 

cJ5 
.: - 

$95'676 +29.71 - 10'53 
.... .... $-$7 '22 - 74-0s .... .... . . . .  

+8o.g4 - 22.4s -100'45 
+127*64 - 3.50 

+619 '30 

+576 '22 

=- I '52 

- 1'70 
- 0.29 
- 2.52 

+ 0 .50  
- I 'S5 

- 4'64 
- 1.24 
- I .96 
-- I S 2  

- I '29 
- 3.92 
+ 0.0s 

+ 0.31 
+ 0 . S I  

-+ 0'23 
.+ 0.0s 

- 0.70 
-1 0.35 
- 0.72 
- I '5 
- 7 '6 

+ 2'3 
+7s '9 

+I43 
- 7'3 + 5 ' 0  

4 5  '7 

- 2'20 

-12'2 

- I '0 

+I .96 
-3 '91 
+2 '67 
-3 *9r 
-1 '85 
-2 '73 

+3 '91 
-0 .ss 

- o '69 

- 0.69 
+21'99 
+ 5'35 
-20 '53 
- 0 ' 2 5  

- 2.77 
- 5'17 

.... 
-9.46 
+9 '55 
+o '50 
-0 -25 

-3'43 
-I '70 
-I '70 

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

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

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

. . . .  

+I -4s 
+ I  '4s 

.... 
-7 '91 
+O '03 
+s '40 
-2 'SZ 

-2 3 2  

.... 

.... 

- 2-63 
$57 '37 

.... 

.... 

.... 

+4 'IO 
-11 *24 
- 5'21 
+ 9.61. + 5 '21  

- 1'93 
.... 

- 3-31 

.... 

+ 1-13 
$74'39 

.... 

.... 

.... 

+2 '50 

S I  'og 
-3 '23 
.-I 'I5 
+ I  '75 
$0.46 
S I  '75 
+ I  .s2 

.... 

- 16 -59 
+ ~ g  '61 

.... 

.... 

-20 -72 

+ 2'20 
- 5.13 

. +39 *04 
3.36 '97 
+ 6'46 
+39 -04 + 5'13 

.... 

+ 6.76 
+sj .os 

+4 169.30 



370 

I 

2 

3 
4 
5 

S 

9 

.I 

IC 

I1 

I 2  

'3 
I4 
15 
17 
IS 

19 
20 

21 

22 

23 
24 

25 
26 
27 
2s 

29 

30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 
42 
43 

UNITED S T A T E S  COAST AND GEODETIC SURVEY. 

(c> Fzgure ar/jlrsfiimzt-Contjnued. 
NormnC rqiinfions -Continued. 

c59 C&l c6. Cs. c63 c64 Cdg 

o=+ 3-4s 
+ 0'43 + 0.76 
- 1-34 
- 0.30 
- 0.14 
-t. I '16 
- 3'27 
- 0's; 

- 1.71 
' - 1'52 
- 1 . 7 0  
- 0.29 
- 2-52 
- I S 5  

-- 4.64 
- I .24 
- 1.96 
- I'S2 

- 1.29 
- 0.92 
+ 0.0s 
+ 0.31 
+ o s 1  
+ 0.23 + O'd7 
- 0.70 

- 2-20 

-t 0'35 
- 0'72 
'+ 1'62 
- 1-17 
+ 0.s2 

- 0.36 
f 0'33 
+ 1'00 
- 1-17 
- 1.07 
- 1'58 
+ 0.03 
- O'S7 

.... 

.... 

.... 

4-3 '32 
-I '29 
-I -29 

+ 7-03 
-3 '29 
+2.36 
$0 '24 

.... 

.... .... 

,... .... 

.... .... 

.... .... 

.... .... 

+o 'IS 

+o 'IS 
.... .... 

-0 -40 
-0 '64 
+4 '27 

-3.20 +1'16 
+I '01 -9 -9s 
+ I ' O I  +5'22 

-3 'IS 

+5 *49 
-4 '27 

.... .... 

.... 

.... 

.... 

.... 

.... 

.... 

+ I'S7 
- 7-15 
- 4-90 
+' 3 '33 
+I7 *60 
- 1-13 

.... 

.... 

.... 

.... 

.... 

.... 

- X'S7 
+ 7'15 
- 4'05 
- 2 ' 2 0  

-IO '43 
-k 0'31 
- 0.69 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

+4 '26 

.... 
+6 '90 



TRANSCONTINENTAL Z'RIANGULATION-PART 111-TRIANGULATION, 47 I ' 

' jc') Figzii-e nJjlrsf//ze.i~f-Coniyleted. 

Norntn I r q m  liom -Completed. 

c59 C& C6r ' c62 c63 C64 c65 

44 
45 
46. 

4s 

49 
50 
51 
52 
53 
54 
55 
56 
57 
5s 
59 
60 
61 
62 

47 

63 
64 
65 

J=+ I '62 
-13 '7 
- 0 '5 
$. 5'0 

-30 '9 
-. 1'5 
-. 7-6 
-12 '2  

t 2.3  
i-7.3 '9 

+ 14 '5 
- 7'3 
t 5'0 
--s5 '7 
i -12 .0  

+ 4.6 
+ 1'1 

+ 2.4 

-- 1'0 

+26 '0 
-21 .- 
-I- 6.6 

.... 

.... 

+ 2'9s 

+93 %6 
-66 '3s 

.... 

.... 

.... 

.... 

- 9'97 
+I40 '03 

.... 

-2.26 f 4 . p  +- 1-50 

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

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

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

-6 'SI 

I .... 

.... 

. . . .  

- 20 'S7 
- 2.4 as4 

+u '57 

- 22'77 
+- 1:'S.J 

+ 5'37 
- 33.62 
- 7-90 
- 1 . q  

-- 3s 2s 
-f 5'59 
- 73'86 
- 3'44 
f 9.36 
+ 4.12 

-f 1-12 

+I25 '14 
- I '32 
f 5s.07 
+ 1.46 
+ 6-01 
- 4'69 

+ 193 '25 

C,=+a j 

C5,=-o~061 5 
c,,=-0 'I20 

c55=-o -304 
C*=+o 'J33 

c5s=+o'033 2 

Cs8=-0 -146 
c&=+o'oIs 4 
C6z=+0*IId 5 
C ~ = + O  '022 6 

C,,.=-o'og6 6 

C6p=-o '123 
Ca=+-O '639 
Csj=-0 'r~1  6 
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h'n. . Stations. 

Morgan 
Insane Asylum 
Iileirischiiiidt 

Patterson 
Morgan 
Insane Asylun~ 

Patterson 
Morgan 
E;leinschmiclt 

Patterson . 

I11*a11e Asylunl 
E;leinicliriiidt 

Iiessler 
Morgan 
Iiisaiie Asylum 

Kessler 
Morgan 
Patterson 

Correc- Spher- Spher- 

. tioll* angles. excess. 
Observed angles. ical ical 

0 I I I  

52 j I  52'47 
73. 57 42'44 
g j  30 2 S S 5  

"3.76 

106 13 IS.31 

3s 59 39.k 

34 47 02.6s 

- 
00 '79 

27 55 43-13 
so 53 32'12 

71 10  43'9'. 

UT '22 

26 35 09'7.5 
11s 31 54.47 
34 54 52'77 

r 57'02 
104. 31 57.30 
37 38 22'35 
37 49 40'71 

Kessler 

Patterson 

9 
Tavern Rock 
Morgan 
Kessler 

02 '50 
11 57 56.76 
I1 41 5 1 . y  
156 20 22-77 

c 

I /  

-2 ' 95 
-0 3 3  

+o '05 

+ I '48 
-0 'I35 
-I 'S6 

-0'57 
4-1 6 3  

+o .64 

-0.14 

+o.rz 
+I '36 

+o '43 
-0 '69 
-0.50 

+o '74 
t-2.51 

+n '20 

-0 '16 
+0'9I 
-0,'45 

-0 'sg 
+o '44 
-1 '03 

+I '05 
--I '39 
-0 '82 

/ I  

49 '$2 
41 $6 
2s '90. 

04 ' I 6  

I S  '26 
37 .?-I 

42 '56 
33 '72 
44 '55 

31 '50 
zg 56 
59 '87 

1s '94 
33 '7 I 

37.81 

in 5 2  

56 .gS 
5' '97 

57 .I4 
23 '26 
40 '26 

46 '63 
51.5s 
22 'SI 

57 .SI 
40 '51 
21 '95 

0 $3 
0.31 
n .31 
0 '31 

0 '47 
0 '22 

0 '22 

0 '22 

o .66 
0 '35 
0 '31 
0 .34 -- 
I ' 02  

o '09 
o '09 
o '09 

o -27 

Log s. Distances in 
metres. 

4.025 166 I IO 59639 
4.10s 2h 6 I2 S3r *&I 

4 '030 746 3 io 733 *62 

4.291 S22 7 19, gS0.45 

.I '273 142.5 IS 756 'IO 
4'413 SI8 2 25 931 '53 

4 '065 715 2 I I 633 '63 
4 2 7 3  142 7 IS 756.11 
4 '432 1S3 8 27 0551 '03 

4.432 183 7 27 051'02 
4'213 774 4 16 359'66 
4.401 715 I 25 21s-26 

4.215 616 4 16 429'20 
4 '205 792 2 16 061 '73 
4.502 439 2 31 Soo'S8 
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(a? j .-l;g)!sfcti frimigks, Afjssoiii-i-Continued. 

No. Stations. 

Tavern R o ~ k  

Patterson 
IO 1 Morgan 

I1 

I 2  

13 

I5 

16 

I7 

IS 

Tavern Rock 
I<essl er 
Patterson 

Lynch 
Tavern Rock 
Patterson 

Halleck 
Tavern Rock 
Lynch 

Dieckhaus 
Tavern Rock 
Lynch 

Dieckhaus 
Tavern Rock 
Halleck 

Dieckhaus 
Lynch 
Halleck 

Peters 
Dieckhaus 
Tavern Rock 

Peters 
Dieckhaus 
Hallcck 

correc- Spher- Spher- 

tion. angles. excess. 
Observed angles. ical ical 

57 '73 
67 11 32'99 
4s 56 OS'IY 
63 22 r Y y  

00 '07 

53 57 56-35 
S7 50 06-22 
3s II 56'65 

' 59'23 
3s 47 53-54 
3s 53 5s.04 
52 IS Os.4; 

- 

59 'S9 
22' 59 54'10 

23 40 57'21 

5s '02 

50 17 o S ' 5 j  

44 31 14-17 
s5 I T  36'93 

59 '63 

I33 ' 19 06'71 

- 

- 

/ I  

t 0 '53 
-0 '47 
+o .os 

-0 -52 
$0 '9s + 0 3 4  

+I -43 
+o '63 
+I '21 

4-0 '57 
-0.07 
+o '33 

+o -Ss 
+o *sa 
+o '03 

- t o  '54 
+o 'S7 
-0 -29 

+o '05 
-to '3 1 
+o -2s 

-0-17 
+ I  '35 
+I '31 

$0 -0s 

$0 -41 
$0 '29 

/ I  

0 2  '92 
03.7s 

54 'S9 

05-11 
40 '9' 
14 '64 

19 '63 

23 '65 
17 '72 

33 36  
o S . 1 1  

15 '23 

57 '21 

07 '02 

56 '71 

53 -48 
5s -91 
os -1.3 

56 2 6  

22 '53 
.4' '74 

5.3 '93 
0.3 a 0 6  

5s '55 

OS '61 
14 -5s 
37 '22 

I/ 

0 '53 
0 '53 
0 '53 

I '59 
-- 

a .22 
0 '22 

0 '22 

o -66 
-34 

C' '33 
0''" 53 

I -00 

o -30 
o '30 
0 '30 

0.90 
0-3r  
o '32 
o '31 

0.94 

0 '19 
0 '19 

- 

- 
0 'I9 

0 '41 

ug s. Distances in 
metres. 

4.213 77: 4 16 359'66 
4.392 304 2 24 677 '67 
4'205 792 I 16 o 6 r  '72 

4'225 go1 2 16 S22'91 
4'195 9'5 3 31 326'75 . 
4:237 92s I -  17 295.30 

4.125 519 7 13 351 '1s 
~ - 0 S 5  279 I 12 169'6s 

1 '237 92s 1 I7 295 '30 
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( d  j .ddju.stcti ir-insiglcs, il/issc~ici-i-Coiitinuecl'. 

No. Stations. 

19 

20 

Peters 
Dieckhaus 
Lynch 

Peters 
Tavern Rock 
Halleck 

Peters 
21 { Tavern Rock 

Lynch 

22 

Peters 
Halleck 
Lynch 

Enochs 61101) 

Dieckhaus 
Halleck . 

24 

25 

Enochs Enol) 
Dieckhaus 
Peters 

Enoclis Knob 
Halleck 
Peters 

Jacohs 
Enochs Knob 
Peters 

27 

Rerger 
Dieckhaus 
Enochs Knob 

Observed angles. 
Correc- SPllCt-- 

ical 
angles. escess. 

Splier- 
ical 

Q I If If n If 

01 -07 

67 ,w 54'73 
49 54 3s.47 
63 00 37.50 

Log s. Distances in 
metres. 
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NO. Stations. 

Berger 

Peters 

29 I Ehochs I<iiob I. Peters 

30 

31 

3" 

33 

34 

35 

Eerger 
Enochs Knob 
Jncobs 

Rerger 
Peters 
Jacobs 

Winter 
B q e r  
Jacobs 

Gasconade 
Berger 
Jacobs 

Gasconade 
Berger 
Winter 

Gasconade 
Jacobs 
Winter 

Olxwrved angles. 

Turnpike Bluff 

Winter 

59 w6 
19 40 55.91 

100 39 12-31 

29 59 5 2 . 1 2  

Correc- 
tion. 

/ I  

-Q "5 
+I -65 
-0 '15 

+0 -3s 
-0 '41 .. 
-0 '56 

+I .22 

-to '39 
-to '59 

t n  .5; j 

4-1 '25 
-1 2 '52 

+@ 3 4  
$0'9 

1-0 '3s 

+z '60 
+o *09 
-1 '40 

+o -so 
-0 *so 
+O '92 

---I .sn 
+ I  7s 
+I '47 

+ I  -04 
.-0-07 
-I '05 

Spher- 
ical . 

esces. 

/I 

@ '37 

0 '36 

0 2 3  

0 

- 
I 'IO 

0 .I4 
0 .IS 

0.w 
- 

0 '30 

0 '20 

0 '20 
- 
0.60 
o '2s 
0 -2s 

0 '27 
- 
O'S3 , 
0.21 

0 '"I 

0 ' 22  
- 
o '64 
0 '"3 
0 .24 
0 '23 -_ 
0 ' j 0  

0 '19 
0 '19 
0 '19 

0 '57 
0 'I7 
o -17 
o '17 

o 5 1  

-. 

- 
0 'I2 

0 'I2 

0 'I2 
-. 

0 '36 

Distances in 
metres. 

4 'I71 5% 7 ' 14 81.5 '02 
4'281 soh 9 19 134'05 
3 *gS3'SSS g . g 635 'S2 
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(a) -4 djlrsfd f rimgltx Iljisslw 1-i-Cont inl1.4, 

No. Stations. 

37 

39 

Geyer 
Turnpike Bl& 
Gasconade 

Geyer 
Turnpike Bluff 
Wiutcr 

Gey-er 
Gascoiiade 
Winter 

Observer1 angles. 

Brarlford 
Turnpike Bluff 
Gasconade 

nraclforll 
Turnpike Bluff 
Winter 

Rradforrl 
Turnpike Bluff 
Geyer 

43 

44 

45 

l<radforgl 
Gasconade 
Winter 

Bradford 
Gasconade 
Geyer 

Bradford 
Winter 
Geyer 

Correc- Spher- Spher- 
ical ical 

angles. excess. 
,Aog s. Distances i n  

iiietres. 
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NO. Stations. 

46 

47 

4s 

49 

50 

Pilot Knob 
Bradford 
Turnpike Bluff 

Pilot Iinol-, 
Bradford 
Geyer 

Pilot Knob 
Turnpike Bluff 
Geyer 

McDaniel 
Bradford 
Pilot Knoll 

Keniiedy 
McDaniel 
Pilot Snob 

Cedar 
Bradford 
McDaniel 

Observed angles. 

0 I /I 

30 os 45.15 

103 17 
46 33 30'53 - 

or -46 

50 35 25.9.3 
54 45 27-19 
74 39 07.26 

00 *3s 
- 

20 26 40'Sr 
2s 24 51-71 
131 OS 27-42 

59 94 
111 "7 0 1 - 0 0  

35 02 45-56 
33 30 15'62 

Cedar 
McDaniel 
Kennedy 

Belshe 

Kennedy 

Moreau 
5.4 [ Cedar 

Kennedy 

01 a 0 6  

53 4r 30'23 
50 5s 19-36 
75 20 12 '63 
- 
02 '22 

53 02 17-25 
So 07 37S2 
46 50 07'75 

02 *sz 

correc- 
tion. 

I/ 

+o 'SS 
$0 '72 
- I  '92 

+o '34 
-0 '26 
+o *62 

-0.51 

+I '56 
-0 '33 

-0 '50 
-0'57 
-0'75 

+0'57 
i-0 '54 
+o '06 

-0 66 
-0 'os 
-0'0s 

+o '72 

$0 '03 
-0 '39 

$-0 2 I 

-0 '09 
-0 *45 

--0 '39 
--I '25 

t 0 -64 

Spher- 
ical 

angles. 

45 '97 
46 '53 
2s -61 

/I 

26 '27 
26 -9.3 
07 *SS 

40 '30 

53 '27 
27 'og 

00 '50 

45 "9 
14 'S7 

30'1.5 
51 '49 
39 '23 

53 '03 
56 -46 
11 '56 

4? '37 
56 '44 
17.61 ' 

3Q '44 
I9 '27 
I 2  'IS 

16 *S6 
36 '57 
0s '39 

Spher- 
ical 

escess. 

I/ 

0 -37 
0 '37 
0 '37 - 
1 ' I 1  

o '36 
o *36 
o .36 

1 -0s 
0 '22 

0 '22 

0 '22 

o -66 
0 'IS 
0 '19 
o '19 

o 3 6  
o '29 
o '29 
o -29 

0 'S7 
0 '35 
o '35 
0 '35 

- 

- 

I *s2 

Log s. Distances in  
metres. 

4'197 315 3 15 751 '26 

4.340 233 S 21 SS9.40 
4.414 SSI 9 25 994'53 

4'450 372 5 2s 20Q-or 

4.529 742 I 33 s 4 - 3 0  
4'434 452 5 27 192'71 

4 '450 372 5 2s '01 

4.541 327 5 34 779'53 
4.410 769 2 25 749'52 
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N O .  Stations. 

Moreau 

Belshe 

56 

57 

Correc- Spher- Spher- 

tion* angles. escess. 
Observed angles,. ical ical 

0 I 11 

103 03 06-64 
29 og IS-46 

47 37 35.4s 

Moreaii 
Kennedy 
Belshe 

Moreau 
Belshe 
High Point 

00.5s 
5 0  00 49'39 
2s 30 q'ss 
IOI 29 05.71 

59.9s 
79 54 09.54 

55 31 52.14 

- 

44 33 60'55 

Moreau 
Belslie 
Christian 

0 2  '23 
141 49 21 'SI 
IS 11 32.76 

19 59 06'59 

Moreau 
High Point 
Christian . 

60 

61 

62 

63 

64 

Mecllock 
Cedar 
Belshe 

Medlock 
Cedar 
Moreau 

Rledlock 
Relshe 
Moreau 

Medlock 
Rrlshe 
Christian 

hledlock 
RIoreau 
Christian 

01 '16 
61 55 12'37 
62 24 21 5 2  

55 40 "5'54 

59 '63 
SS 14 46'23 
61 OS 27.52 
jo 36 46.4s 

co '23 
IOS 35 16.95 
j I  59 0g.d 
39 25 33'01 

59 '03 
2 0  20 30.72 
17 I O  49'00 
142 2s 39.65 

59 '37 
75 09 10.42 

35 2 2  2 1  .76 

- 

- 

- 

- 

69 2s 29.19 - 
01 '37 

54 4s 39'70 
75 41 5s.54 
49 29 22'60 - 

M * S I  

I/ 

-0 6 s  
- I  -17 

+2 '35 

-0 '29 
-1 'IO 

-t 2 -56 

+I '27 
-2 '45 
-0 .44 

-0 3 4  
-2  '45 
4-2.24 

-1 'SI 

$0.44 
+2 -24 

+o .47 
+o .p 
+o '2s 

$0 .os 
+ I  '49 
$0 '01 

-0.40 
+2 -os 
-0 '67 

+o.zr 
-0.37 
s0.13 

+0*60 
+I '22 

-2 .11  

11 

"5.96 

37 'S3 
I7 '29 

49 '10 

03.7s 
OS '27 

I O S I  

5s 'IO 

51 '70 

21 '27 
30 -31 
os 'S3 . 

IO  .46 
22 -26 

27.7s 

46 '70 
27 S4 
46 '76 

17 '03 

10 '55 
33 a 0 2  

30.32 
51 .os 
3s -9s 

IO '63 

21 '39 
29 '32 

40 '30 

59 *76 
2 0  '49 

0 '41 

o '17 
o '16 
o '17 
0 '50 
0.44 
0.43 
0 '43 
I '30 
- 

0 '20 

0 ' 2 0  

0 '20 

0'60 
0 *I3 
o '13 
0 'I2 

0 'KK 

Distances in 
bgs. , metres. 

4-qS6 ogr 7 30 626'10 
4-rSg 463 o 15 469.03 
4.22s 7% 2 16 935 '12 

4.410 769 2 25 749'52 
4.15s 07s s 14 390'60 
4.236 S63 6 17 252.96 



qso UNITED STATES COAST AND GEODETIC SURVES. 

To get a close estiinate of the precision of this triangulation, we deterniine first the 

where mean error of an angle resulting from the adjustment. 

fl = I  and [ z ~ ]  = 62'45 and L- = 65;  hence nz = f: 1'"39. 

is found by the ~ i s~ ia l  foriiiulze- 

We have nz = 

The proliable error in length of any line of the series clue to the angular measures 

' Suppose the series diaicled into three parts by the lines Tavern Rock, to Lynch and 
Bradford to Pilot Knob, aiicl compute the probahle error in length of each of these 
lines. For the former we have-S,,,, = 15's. Starting froin the side Insane Asylum to 
Kleinschmidt of the American Bottom Base Net, we have 3 = 2-1's (4 triangles), 
c , , ~ ~  = j= 0.155 metre, cl, = f 0.286 metre. atid cI = 0'341 metre. Starting from the 
side Christiaii to Belshr of the Versailks Base Net. we have 3 = 95'2 ('IS triangles:). 

Prol~able error of Tavern Rock to Ly~ich as B side of the adjusted triangulation, 

Similarly, for the 

= 17 in  :nits of the sisth place ,of decimals in 

= + 0.377 metre, P ~ ,  = =t 0'0% metre, and L-= = f 0.387 metre. 

I.' e' 
t = -S = +.0'-.56 metre, or almut s t  b s 0  part of the length. 

side Bradford to Pilot Knob 

(13 triangles'), L-,~, = .* ~1'413 metre. t-b = =k0'332 metre, and e-l = + 0*530 metre. 
Starting from the sick Christian to Belslie 2 = C .  ; 3 * ~  (6 triangles:), tqOa = f 0.261 

metre, ch = f 0.100 metre, and t-,= fo';lSo metre. Probable error in length of Eradforc. 

to Pilot Knob as a side of the adjusted triangulation L- = --- = =k o.-.+s metre. 01 

about T u B I U ( i i i  part of the length. 
The effect 011 the arc is approsimately (:the distances being measured along the 

thirty-ninth parallel between the projections of the midille p i n t s  of the terininal lines)- 

de: + c: 

tlkr iogaritliiii. Pidrtiiig from the sick Insane Aspluiii to Kleinschmidt B = s 4'3 
' 

cz c. 
.Jz; + .': 

. 

Trrniiiial lines. Distance. P r O h b k  errars. Average. 

k I n .  111. 

Insane Asylum and I<leiiischmidt to :,S r , .JEaa , S&TO x-'aaa c0-47 

Tavern Rock arid Lynch to Braclforrl yo xatira TOT'TTE d c a ~  0.96 

Bradford and Pilot IiilC~1J to Christiaii 6? rGglii5ii TsBLEirO TS715Tia 0 .42 

I ss Sum *I $5 

Tavern Rock and Lynch 

ancl Pilot Iinoh 

-- - aid  Belslie 



VERSNLLES BASE NET TO SALINA BASE NET 
MISSOURI-KANSAS SERIES 

MO.AND W. 

. Hug& 
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7.  THE MISSOURI-KANSAS SERIES OF TRIANGLES, I8SO-I8gO. 

i,a j hfi-odrtrfioti 

Between the Versailles Base, which is located about the midclle line of the State of 
Missouri, ancl the Salina Base, which occupies a similar relative position in tlie State of 
Kans:is, the triangulation gradually ascends the Western plains with a narrow ancl 
wiforni width imposed upon it by the absence of any iiiarked elevations. above tlie 
general level. The work was in charge of Assistant F. D. Graiiger,'ancl its extent 
between the sides of the base nets and measui-ecl along the asis of the triangulatidii is 
nearly 400 kilonietres, or about 24s statute miles. 

The general character of the ground traversed by the belt of triangulation is open 
ancl rolling, well settlecl in the eastern half with a large percentage of land under 
cultivation ; in tlir western part the settlements are more sparse with land either under 
cultivation or fenced in for cattle ranges. 

The ground rises gradually from about I 050 feet above the sea level near Versailles 
to about I 2 5 0  feet near Salina. The theodolite was elevated at  nearly every station 
throughout the entire series-its average height above the ground being 2 5  feet. but at 
a number of stations i ts  elevation approsimatecl 57 feet, and at one place only was it 
greater tliaii this ( 1 0 5  feet at  Hughes). The signals employed upon the work were 
poles 20 feet long and 4 inches in diameter, heliotropes being rarely required escept on 
tlie longer (:diagonal) lines during smoky weather. A direction theodolite (, 35 centi- 
metres in diameter:.) was used for the observations, ancl measures were made iii 17 
positions of tlie azimuth circle, with two series (,D. ancl R. j in each position. As a rule 
the observations were piirsiiecl cluriiig the afternoon hours every favorable day. Zenith 
distances and vertical angle measures for differences of heights were carried thrjugh tlie 
eutire ivork. 

( 6 )  .4bsfrarf qf rrrsrr/tilrg horiavztal directions (if nzch sfofioinn I - f r t w r  Ioml arid -)-om -&,,JY 
aQnsfttwtzts, r380, rSS2-$?-P,c-S5, r887-68-&-90. 

H~~.bdnrd, Morgan County, Missouri. October 29 to November 12, ISSO. 35-centimetre theodolite, 
No. TO. Telescope above ground 13.99 metres. F. D. Granger and T. P. Borden, observers. 

No. of 
d i rec- Objects observed. 
tion. 

3 

4 

0 I I /  I I  

Cole 0 00 00'00 -CO'IO 

High Point rg 27 23.21 0 . 1 6  
Versailles North Base 55 5s 59'65 0'14 
Hughes y2 I; 13'27 0'16 
Schnackenberg 125 22 11.35 0.1s 
Se.dalia Spire 1 6 6  IO 13.7s 0 ' 2 2  

Heard 168 31 23'35 0.17 

Christian 350 25 26'60 0 .14  
Probable error of a single obsercatiou of a direction ( D .  

r8732--Wo. 4-31 

I I  

+o '27 

--0 '95 
-io57 
i -0  '3 I 

-0 '35 

$0 'IS 

and R. ) = & o " y .  

-0 "0 

/ r  

00 '27 

22 '26 
60 "5 
13 .gS 
TI '00 

23 '63 
26 '40 
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(6 j -dbStiact .q- rrsultiiig ~ a r i z g i i t c r b  dirt-ciiivis ot &/l station, j v m  /om/ nna j - o m  j g u w  
ao$!sfiircists, 1880, rS&-S3-6#-85, 1867-88-83-90-Continuell. 

Hzi.&.s, Morgan County, Missouri. 
No. IO. Telescope above ground 3 ~ 1 g  metres. 

September S to September 26, iSSo. 35-centimetre theodolite, 
F. D. Granger, observer. 

Corrections Final KO. or Resulting directions Approxi- frorrl from secorlda 
direc- Objects observed. froin station mate proh- l,ase-llet n b c ~ y ~ : e  ia  triall- 

adjustment. gulatiou. tion. adjustment. able error. 

0 f f I  ..I / I  

Versailles North Base o 00 ol>'M) f O ' I 0  - @ . c y  

Hunter (Versailles South Baeej 33 IO 50 '59 o 'I3 -0 '10 

Schiiackenberg 329 36 ~9.3; 0'17 

Sedalia, Geriiian Methodist Church 
. spire . 261 3' 53'97 0.44 

Heard 264 26 26'61 0 . 1 4  
Hu hhard 314 13 16.91 0 . 1 3  -0.32 
Cole 339 57 16 'S7 0.1-1 - 0 ' 2 0  

Christian ' 35s 46 13 '33 0.31  +0'75 
Proix~blc error of a single observation of 3 direction (D. and R. 1 = 

II If 

59.96 
50 ':.9 

+0'50 10.33 

-0'79 25-82 

16 'jg 

1-1 .os 
16 6 7  

c o'/.*y. 

S~-hi~t~ckrrrEt-rg., Benton County, Missouri. Septeniber 7 to  September 22, IS.. 35-centimetre 
theodolite. No. IO. Telescope above ground 16% metres. F. D. Granger. observer. 

No. of 
di rcction. 

7 
s 
9 
5 

. 6  

Objects observed. 
Rr.;ulting cliwc- .4pprositilate Corrections Final seconds 

tioiis fmiii statio11 probable iroio figure in triaii-u- 
adjiistmeut. error. adjustment. latiuu? 

0 f I I  / I  / I  ..I 

Heard 0 nn ooml f O . 1 1  '+O -21 00 '21 

H ubbard 5.5: 4b 54.oj CI .14 -0 '3s 53 '75 

High Poitit 'l'ebo ZSS 09 1q.k @'I3 +o.;s 15 .IS 
o.14 + o ' I ~  51 '73 111 00 5159 Huglies 

Kendrick :;I4 0; .S.SI o .16 -0'45 28 *36 
Probable error of a single observation of a direction ( D .  an3 R. ) = f o" $3. 

HLwrif, Pettis County. Missouri. October I to October 6.  ISSO. ;5-ceiitimetre theodolite, No. IO. 

Telescope above ground 16.43 metres. August 22 to Septeniher I, 

IS?. j5-centimetre theodolite, No. IO. Telescope above ground 16'43 metres. F. D. Granger, 
observer. 

I 2 I Sc'hnacbenberg o 00 m r x ~  c o u S  +o'29 ou '29 

F. D. Granger, observer. 

0 I I f  I f  / f  I I  

Sedalia 
Kendrick 
Knob Noster 

0.16 ' -0 -16 03 -64 
325 51 06.09 o '13 -0 ~6 05 '93 

Probable error of a single observation of a direction (D.  aud R.) = &o"*SI. 
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~ b , ,  .-lbsfrc(zf cf rc.wiZfi7ig ?zol-izmfc(Z dii-t-rtioris 17f c t ~ h  sftzfioii. j ivnz.  hcnl ana! jiwiz jgzirc  

3j-certtimetre theodolite. 

l ~ n j i ( ~ h ~ z ~ * i i f ~ ,  r&?o, rs82-,5"-8,+35, rScC,.--~~~.o-po-Coiitiiiuecl. . 

A>m'~-&-k, Pettis County, Missouri. September 26 to October 3 .  1Ss2. 
No. IO. Telescope above ground 7.44 metres. F. D. Granger and J. E. RIcGrath. cihservers. 

Resulting direc- Approxiinate Corrections Final aecolids 
No. of i)bjjects olmerverl. ' tioiis from statim prohshle from tigiirc in trinrigu- 

direction. . ndjustmtnt. . error. adjustiiieiit. latioii. 

IS 

15 
16 

26 
27 



NO.  of 
d i rec tioii. 

31 
5.5 
36 

37 
3s 

Resu I t i ng direc- 

adjiistment. 
Objects obsemed. tions from station 

0 ,* I ' 

Knob Noster 0 tm m i ' 0 3  

High Point Tebo 61 26 26.69 

Holden. Methodist Church spire 174 ' 8  42 '15 

Caldwell 101 '39 51 '55 

Baker 187 I' ' O ' j 5  

Chapel Hill 218 32 51.69 
Hazel Hill 2-* ,- 14 ZS.35 
\Varrensburg Presb?terianChurch 276 c 6  33 -04 

spire 
Cooks Knob 334 (4 51.0 n .$ 

Corrections Final remiids 
from figui-e in triaiigu- 
adjnstirient. latioii. 

I ,  I '  

+?.I 1 cr3.11 

+rJ'l; 36 5 2  

-1l.47 51 ' 1 1  

Probable error of a single observation nf a direction ( D .  and R. ) = rkd"9r. 

~~7/d;i8t*!/, Jolinson County, Missouri. July I I tu July 19, 18S3. 35-centimetre theodolite. No. IO. 
Telescope above ground II.SO nietres. F. D. Granger and J. E. McGrath, observers. 

.,. 
53 

'9 
3" 

3' 
- 7  3- 

I ,  / I  Q ,e ' I  / I  - 
High Point Teho o cn EO xxi f0 . I  I -0 '07 59 '93 
Windsor Public Scliool flagstaff 15 22  IS '50 0 '27 
Huttoll niounci Jjy FJ SI'CW 0 . IO +o '09 51 '09 

Baker '21 IS 1 6 7 d  0 'I2 -0 -29 16 '17 
Holden Methodist Cliurcli 221 OS 36 'o j  o -3s 

tall white spire 

Church spire 
Warrensburg Presbyterian 277 24 01 '57 o -IS 

Normal 277 3' 'S 'Uj. 0 ' 1 '  +o 'IO 2s.17 
Knob Noster 3'" a j  '3.89 0 '11  +0'17 24 *06 
Probable error of a single observatinii of n ilirectioii (1'. and R.) = &0".6S. 

Hitlfrxr A h w i d ,  Cass County. Missouri. July 2.5: to August 15. 1883. ;j-centimetre tlieorlolite, No. 
IO. Telescope above ground 5.52 metres. F. D. Granger and J. E. McGrath. observers. 

* I I ,  / I  / I  

Fulton 0 00 oc*'oo f o  .os -0'j6 

Stale? Mouiid. Staley's house 39 $3 37 '33 0 -30 

Thorntoil 35 45 53'25 o.14 +0'24 

chimney. 
Baker 6S 01 3o'jn 0 'IO -0 '09 
Gingsville Public School cupola 69 07 24 'go o '29 
Holden Methodist Church Si jj 58.36 0.46 

Calrlwell 13' 16 O j S J  o .16 +o '2 I 

Austin Church spire 289 56 52.41 0 ..# 

tall white spire 

Probable error of n single observatinii of :I direction ( 1'. and R.) = z!z o"%. 



Bdei ;  Johnson County, Missouri. September 15 to September 28, ISS~. 35-centimetre theodolite, 
No. IO. Telescope above ground 7'3s metres. F. D. Granger. observer. 

46 
47 
48 
45 

No. of 
direction. 

Raker 0 co W x I L c O .  +U'03  4-o:rS CO'IS 

Ilowler SO jS 4 5 . k  n . 1 2  O'CO 45 .so 
Tliorntoii $3 26 56'61 0 'I2 +o '07 56 '68 

N o r u d  297 52  Oq'sS n '11 -0 .25 04 5 3  

43 
44 

39 
4@ 
41 

65 

. 67 
' 6s 

64 

66 

iibjects observed. 

'l'hornton 0 m c* 'Cbl c o  "9 +CJ '1 I m'II 

Fulton go uj 23.86 0 ' 1  2 ---I> .IS '3 -6s 

Berry I37 57 45.95, 5 1  "j ---0 -24 45 '75 
Marty I.% 46 I 7 '22 13 .16 +-0.74 17 '9b 
Chapel Hill 329 -19 33-21 0 . I 4  ---0 '43 33.75 

Thornton 
Chapel Hill 
Normal 
Calrlwell 
Hutton Mount1 

60 

61 
62 

63 

59 

Resiiltitlg direc- Approximate Corrections Final seconds 
tioiis fwni station . probable from figere in triangu- 

adjusttilent. error. adjustment. lation. 
0 f I ,  If  I *  II - 
0 CJO m'm *o  '09 -0 '06 59 *Y4 

65 og 26 '15 @'I5 . -@'?. -3 35 '93 
151 40 60'55 o .JJ -0.32 60 .q 
1Sg 24 20'34 0 '19 i o  a 4 2  20 '76 
263 42 12 '32 0 .I2 --o .c#lj 12 '16 

Baker I:, I:<, ,:a '<XI c0 m? +o '0; 0 3  '"3 
Stale? Mound, Staley's house 46 43 54-99 0 '17 

Hutton B'Iouii11 g r .  26 4 6 5 '  CI ' I 3  -o 2 6  46 "5 
Fulton 76 18 O$'. lS 0 'JO 4.0 .os @4 '55 
Raymare, Christiail C h II rc 11 I 40 50 43 '25 0.31 

Bowler 176 IS 3776  0 ' 1 2  

Lees Suninlit, South Methoclist 189 OS u: '67 0 '31 

Hicks City, Chrjstirrll Unioii ;or 39 52 0.1s. 

Chapel Hill. 30; 315 21 '65 u ' IO + O Y S  31 'Sj 

cliiiiiney. 

spire. 

Church cupola. 

Church spire. 

0.w 37 '76 



No. of 
direction. 0 Ijj ec t s vlisc rvccl. 

Resilltirig dircc- Approximate Correctioris Filial sccorids 
tions from station prolA.de from figure in triaiigii- 

adjiistiiieiit. error. adjustmeiit. latioii. 
0 I / I  / I  I /  ,I 

Hutton Mouind n CYI m'm *o ''3 7 +? .4g ' '49 
Austin, Methodist Church spire 42 26 49.96 o .36 
Harrisonville, tall white church 151 I; 56 .j6 0 '10 

Haskiii 153 54 4 S . j ~  ' 0.11 f'j .4 j 49 '02 
Berry 177 54 45'34 o ' I O  - 1  .I2 44 '32 
Belton. South Methoclist Church 179 3s 14 '75 o '21 

Bowler 210 43 07 '65 0.16 +o*36 07  '91 
Thornton 3.p 37 r r 6 S  0.15 +U'20 I1 .ss 
Staley Mouiid, Staley's house ?SI 05 Jo.3o 0 .30 

Baker 2% 36 37'43 0 '14 ---0 .3o :7 '15 
I<ingsville. Pulilic School CU- 2SS 01 13 'IS o '34 

spire 

spire 

chimney 

pola 
Pmhaljle error inf a singlc observation of a direction (0. and R. = c ~'"76.  

& . I ~ J ,  Cass County. Missouri. August 35 to .4ugost :n, rSS4. :,5-centimetre theodolite, No. IO. 

Telescope above ground 7.25 metres. F. D. Granger, observer. ' . 

;110r/~,, JoIi~~soii Coiiiity. Kansas. August I to August 13. I S Y ~ .  3j-centimetre theodolite, No. IO. 
Telescope ahove ground 19.60 metres. F. D. Granger and E. D. Preston. observers. ' 

Q I I s .  ' I  I ,  I /  

Berry o rm co 'uii *o . I  $0 ' 02  00 '03 

Haskin '9 51 53'1-1 o.12 +@'Sj 5 1  '97 

Eckinan ' 12s 55 42.16 o ' ~ 6  -0 42 . I?  

Bowler 322 27 16.53 0 ''3 -0 '63 I6 'I0 

Thonias 76 46 3S.05 o .IS -0 . IS  3 7 '90 

Probable error of a single obscrvatioii of a clirectioii (n. anrl R. I = o"%. 

Ntiskirr. Johnson County, Kansas. August 25 to Septernlwr 6 .  rSSs. 35-centinieti-e theodolite, No. 
IO. Telescope above ground 15'69 metres. F. D. Chnger. observer. 

ir I I' I ,  ,,I I /  

Berry 0 0 3  M'WJ +0 -0 .-.) J- 59.6s 
Ful toi: 57 0 1  35'22 0 . 1 4  +o37 2s '59 
BGbb MOud 335 36 o:,'q (1'13 -1-0 '25 Q3 '50 
Thonias ' 350 54 47'31 0 'J7 -0.12 47 'I9 
Elarty 311 5s 15.05 o '13 -0'1s 11 'S7 
Prohable error of a single ohservatioii i-,f H direction ( D .  and I?. j = c 0"'7% 
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msu1ii)zg horizoiifn.? dir-ccfioirs t r t  tm-h s td im ,  -fivnz ? o d  nzdf>om j g i i i ~  

;g-centimetre h?odolite, No. IO. 

(6) rlbsfinci 
q+llst)nc)rts, 1880, 188.2-83-8+-85, rs87-~~-8~-9o-Continued. 

ThonLas, Johnson County. Kansas. October 6 to Octoher 20. rSS5. 
Telescope above ground 16.64 metres. F. U. Gr:mger. observer. 

S7 
SS 

N O .  of 
direction. 

35 

56 
s3 
s4 

Second Presbyterial1 Church a50 16 25 .4-) 0 '23 

Marty 271 44 44.05 0 '15  -0 ?)g 43.96 
spire, Kansas City 

Tlioiiias 327 q j  54.21 0 .15  + J ' 0 2  jd '33 

Resulting direc- Approsinlate Corrections Filial secorrds 
Objects observed. tioiis from station probable from figure in triangii- 

adjustment. error. adjustiiiciit. latiuii. 
0 I / I  / I  I /  I / .  

B6b6 Mound 0 00 00'00 f 0 ' I I  $0 320 00 '20 ' 

Blue ivIouucl 43 45 52.07 o '15 
Eckniati 95 I 3  49'21 
Marty 167 04 26'03 0.15 +0.03 26 '06 
Haskin 239 09 2452 o '15 -0 '06 24.76 

Probable error of a single observation of a direction ( D .  and R.) = Co".Sj. 

o .16 - 0 ' l j  49.04 

Ecknrair, Leavenworth County. Kansas. Octoher jo to November 50, rSS5. :,j-centiinetre theodolite. 
No. IO. July I I  to July IS. 
1SS7. 35-centiliietre theoclolite, No. IO. Telescope above ground 15.29 metres. F. D. Granger, 
observer. 

Telescope above grouiid rg'jg metres. E. D. Preston, ohserver. 

Blue Illound 
Siiiiiiioiis 
Carson 
Kanwaka ' 

95 

92 

gc, 

93 

94 

Thomas 
Haskiii 
Simmons 
Carson 
Kanwaka 
Bliie I\Iound 
Eckiiian 

0 I /I 

0 00 00'00 

33 so w"97 
210 31 29.37 
245 06 42-15 
24s 07 48.97 
262 23 rj'go 
307 2S 53-50 

Probable error of a single observation of a direction (D .  and R. = & o"'6S. 

*Ill ISSS. t Ill 1.s;. 
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( b )  -4bstrncf qf ixsriffing hori~ontal diJ-&ions nf each sfafioii, fimn local nizd fi'aiit figure 
a.$iistnz.eizts, 1880, r88216)3-8p&j1 1667-BS-B9-po-Contillued. 

A~z iwahz ,  Douglas County, Kansas. July 2s to August 16, 1SS7. 35-centimetre theodolite, No. IO. 
Telescope above ground 17'25 metres. F. D. Granger, observer. 

114 
115 
116 
1x7 
I 12 

I 13 

N 0 . O f  Objects observed. direction. 

Mabon o 00 OO'M - + o q  +0-03 
Powell 60 04 23'20 O ' ~ I  +0'37 
Clark 61 3s 23.54 0.0s Su.35 
Adems gS 2; 29.03 0.14 -0 '39 

0 'I2 -0 '30 Kar!waka 262 00 29-04 
Simmons :,or 49 29.69 o '13 -0 '06 

99 
100 

IO1 

97 

99 

Simmons 
Mahon 
Elevation 
Eckniaii ' 

Blue Mound 
BChe Mound 
Carson 

Resulting direr Appmrimatc Corrections Final seconds 
tions'froin station probable from figure in  ttiangu- 

adjustnlrnt. error. adjustment. lation. 
0 I I /  

0 00 00'00 

49 I I  05 .SS 
79 56 07.91 

252 j r  27.51 

301 52 16'So 
507 25 14.21 

,2s9 36 07'73 

/ I  I /  / I  - 
+-0 .os -0 '05 59 '95 

0'16 +o'oj 0.5 '91 

0 ' 1 1  -0'2.5 07.66 
0'11 -0 .42 27 'og 
o '16 
0.19 +0*69 17 '49 
o '07 

Probable error of a single observation of a direction (D. and R.) = & 0'".75. 

.Siiirrrroirs, Douglas County, Kansas. August 23 to Se#ember 14, 1SS7. j5-centimetre theodolite, 
No. IO. Telescope above ground 15.72 metres. F. D. Granger, observer. 

104 

105 
106 
10.2 

103 

0 I I /  / I  I /  / I  

Kanwaka 0 00 00'03 &O 'og -0.15 557% 
Carson 35 09 42.75 0'0s 
Ecknian 44 21 21.22  0'11 -0 '06 21 -16 
R6b6 IbIound Sq 16 00.62 0 'I2 -0 .os 00 *54 
Mabon 264 30 44'50 0'11 -0 '02 44.45 
Elevation 299 45 06-29 0'12 +o'31 06-60 
Probable error of a single observation of a direction (D .  and R. ) = f 0".66. 

itf176011, Osage County. Kansas. September 21 to October 14. rSS7. 35-centinietre theodolite, No. IO. 

Telescope above ground 16'1 2 metres. E.'. D. Granger, observer. 

log 
iro 
11 1  

'07 
10s 

a I I /  / I  / I  / I  

Elevation 0 00 00'00 I+O'Os -0.17 5- 
Kanwaka 51 15 2S.og 0.11 + 0 3 5  2s -4 
Simmons S6 55 0S.73 0.0g $0.14 OS '92 
Clark 279 or rS.06 0 'OS -0 '30 17.76 

o '07 -0 '02 I7 '29 Powell j r j  07 17-31, 

Probable error of a single obserration of a direction (,D. and R.) = ~ k 0 / ' * 5 2 .  

theodolite, 

I f  

00 -03 

24 '57 
24 "9 
25 '64 
2s '74 
29 '63 
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( b )  -4 bsfracf nwlfiiig Aoi-imzfu.l liiiwfioits at each sfcriiois, j - o i n  local a d  froin jg711-t 

ntijiistnrorfs, ISSO, 1ScC-34-?-S~45, 1,s~~~S-69-go--Continued. 

PoxvU3 Shawnee County. Kansas. November IO to Noveinher i5, 1YS7. ;5-centirnetre theodolite, 
No. IO. Telescvpe above grouiid 6.10 metres. P. D. Granger, observer. 

120 

121 

I 1.3 

Clark log 54 04.9s 0 '07  +0'34 
Adanis 177 42 23 '0s  0.10 +o.rS 
Elevation 2S6 57 06.S; 0 '09 -0 '19 

Firm1 seconds 
in triangu- 
lation. 

/ I  
-- 
59 '97 
os '32 
23 '36 

06 '34 

J 2 j  

124 
125 
126 

PON'd l  136 I.! 4 '12 n .rn -r) '22 05 

Clark 191 57 39-09 0.1: +o.gs 35, "67 
Meycr 237 16 2.3'95 0 ' 1 1  -0 .4s 2s '47 
Zean Dale 27? 4 43'63 0.- 0 '013 43 '6; 

136 

134 
137 

&an Dale 0 00 00'130 k0.11 +-G '02 00 '01 

Clark 130 19 39.92 0.q ---0 'I I 39 -81 
Adanis SJ 10 'S.35 0.11 +-o '22 * 2s .57  



UNITED STATES' C0.4ST AND . .  GEODETIC SURVEY.  

NO.  of 
direction. 

14 I 

142 

I43 
I$ 

'39 
140 

Object?; observed. 

Reinhard 
13uniboldt 
Erricssen 
Aclanis 
Clark 
Meyer 

Correct ions 
froiti figiirc 
naljiistmetit. 

I /  

+0.31 

-0 '3.5 
+o '49 

--0 ' 2 3  

-0 '11  

-,:I . IO 

Probaldc error of a single chservation of a direction ( 1.). and R.  ) := 5 o'"59. 

Morris County, Kansas. Octolxr 1 6  to No~criiber 2 ,  ISSS. 35-centinletre 
Nil. io. Telescope above ground I 1.45 metres. F. D. Granger. observer. 

Q I I1  r 1  I ,  

Humbolclt 0 on 00 '00 co 'OS -0 '3" 
Zran Dale 31 56'35 0.q -0 '2Q 

hfeyer 53 16 22'40 0 ' 1 1  -0 ..32 

White City 262 32 $3'35 0 '!4 -0 .J4 
Robbins $11 14 3.5'19 c1.13 -0.14 ' 

Clark ' 1w 46 47'33 0'16 fG.72 

Erricsseii 359 56 2 3 . 7 3  0'13 +c5.77 

Prchhle  error of R single observation of a direclioii (, D. iincl R.) = f o"'7.2. 

Il.'/ti& Ci[v, I\lorris County. I<tiiisas. 
No. IO. 

Noveinbet- 10 to November 2'. IS% 3.5-centirrietre theodo;ite, 
Telescdpe ahove growid 6.13 metres. F. D Granger. observer. 

161 
162 

I60 

Q / I I  I I  r /  I /  - 
Robbins 0 1 3 0  m'03 f0.12 --o '46 55 3 4  
Rein hard 79 47 11.37 . 0'12 -fo 6 6  12 '05 

Taylor .io7 IO, oh .4r 0.12 -I3 .2 I 06 -30 

Yrohahle error of a single observation of a direction (0. aiicl R. ) = &o"'69. 

Rob6iizs. Gear). Couiity. Kansas. July 26 to August 9. 1SS9. 35-ceiitirnetre theodolite, No. IO. Tele- 
scope above groiiiid 5'97 metres. F. IJ. I>ranyer, observer.. 

163 

164 
I 65 
I 66 

J 67 
I 6s 

Hiimbnldt 
'Reinhard 
White City 
Taylor 
Wilmer , 

Erricsseii 

Probable error of a single observation of a clirection (D. and R. = +-0"'71. 



154 
151 
152 . 

156 
757 
'5s 
I59 
'55 

Erricsseii ss 24 0s '34 0'12 -0 '31 oj '"3 

Reinhard 26s 30 5 S . r ~  0.10 -10 '07 5s '-72 
Zenii Dale 17s 05 25 .76 0.16 + o ' ~ o  26.16 

IO. Telescope nbuve ground 15'22 metres. F. D. Granger, olmrver. 
0 , / I  I ,, I I  / I  

Huniboldt 0 00 OO'IXI C O ' O S  +n .a6 GO '06 

Robbins 37 36 4 j . 3 1  . O ' I ?  

Reiiiliard n 03 17.5s o'I:, +@ .47 1s '05 

Williier 94 j j  27'27 0'05 +o "5 27 '52 

Zeal1 Dale 313 2 6  26'62 0 . 1 1  -0 ' 75 25 .k+ 

0 'WJ 47 :z J 

Probable error of n single obserlatioil of :I direction (,D. and h?. J = i o " f ~ 4 .  

i r , ~ l o r ,  Dickiiisoti County. Kansas. October CJ to h'oveniber j, rSSq. 3j-centimetre theodolite, No. 
IO. Telescope 5 h v e  ground 12.53 metres. F. Ii. Grangerq ohserver. 

176 
I77 
I 78 
'75 
I 74 

'75 

ll..'il?itcr; Dickiiison county. Kalisas. Septeniber 20 to October I ,  1%g. 35-ceiitiiiietre thecdalite, 
No. IO. Telescope above grounJ 12.19 metres. I?. D. Granger, observer. 

I72 

I73 
169 
170 

171 

0 I I ,  I /  I ,  I' 

Frry 0 cx3 m'm O.@S * @ % I  013 '61 

Erri csseii 207 31 50.99 0 . 1 3  .-0 'IS 5 0 % 1  

Vim Creek 38 54 .26'2S 0 . 1 1  - 0 Y S  35 '20 

Rohbins 2.59 30 27'9.1 0 . 1 2  -0.54 37 .+3 

Taylor 306 5r 53'97 0 ' 1 0  T O  "9 54'16 

Probable error of a single observation of a direction ( D .  and R.) = &-0".65. 
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b ) -Jbsfstl-(irt trf' msiilfiiig h i - i a v z  fnl dii-cctioas nf ctwh sftafiotz j?ostliz lord  aid fi-oii~'jgzriz. 
~ z ~ j z d i i z e n f s ,  r880, z S S ~ ~ T 3 - 8 ~ 4 5  , r687-6~~9-po-Completed. 

Fi.q, Dickinson County, Kansas. June 14 to June 20, I S ~ .  35-centinietre theodolite, No. IO. 

Telescope above ground 6.04 metres. F. D. Granger. observer. 

ISO 
]SI 
1.9 
IS; 

So. r,f Ohjects observed. Airectioii. 

Wilmer 
Taylor 
Iron Mou~id 
Vine Creek 

Resulting clir6c- Approsimate Corrections Final ~ecotlds 
tioiia from station probable from figure in triangu- 

adjoatmrirt. error. adjustmerit. lation. 

/ I  I 1  

-0 '36 5 s  
$0 '06 36 '50 
+I? '01 I 7 '61 
$0 '?S II'So ' 

Probablc error of a single obserwtion of a direction ( D .  and R. ) = f 0 " ' s ~ .  

Iroir X t x m f ,  Saline County. Kansas. July 30 to August 13. I S y .  
F. D. Granger. observer. 

3s-centimetre theodolite, No. IO. 
May 16 to May 22, 1Sg6. So-centi- Telescope above ground 1.74 metres. 

iiietre theodolite, No. 11s. Telescope above ground 1.67 metres. F. D. Granger, observer. 

Final Corrections Correctioiis 
seconds No. of Resulting directions Reductio11 Res,,,tillg from bare- 

direc- Objects ohserrcrl. from station ~~~~ seconds. net adjust- ';::$ 111 tri- tiuo. adjustment. ment. adjllstlllellt. angulation. 

187 
I SY 

North Pole Mound 
Salina East Rase 
Vine Creek 
Frey 
Taylor 
Heath 
Salina,West Ease 

~ Thotnpso~~ 

-0 '03 

-0 '01 

i o  '01 

$0 '0; 

+n '01 
-0 '01 

-0 ' 02  

-0 '03 

59.53 
12.11 
51 $3 I 

30 '3s 
5s '95 
35 '79 
44 99  
70 '11  

-0 'OS 

-0 Tq 

t-0 '33 
3-0 '55 
- t o  '61 

-@ '0 

+@.30 
-0 ..+s 

59 '90 
12 '07 
52 '31 
30 '90 
59 36 
35 '77 
45 '29 
19 '63 

Probable error of a single observation of a direction (D. and R. ) = & o"%o. 

I h t  L-wck. Ottawa County, Kansas. June ZS to July 21,  IS^. 35-centimetre theodolite, No. IO. 
Telescope above ground 6'07 metres. F. D. Granger, observer. 

0 / / I  / I  , I  1,' / I  

Iron &Iounrl . 0 CKI GL1'00 + 0 . @ 2  130'01 + o y  

North Pole Mouiid 30 57 43.92 $0.03 43 '95 -0'67 
Heath 4s 3s 34'02 +o*oj  34.05 -tom6 
Tho~npson 66 55 13'5-t $0'01 43 '55 .+0'29 

Wilmer 2.17 46 44.56 0.00 44'56 -0 '57 
Frey 276 35 31-59 -0'02 31 '57 -0 a24 

Taylor aSS 06 5 1 . 6 9  -0.03 '51'66 +o '05 

Probable error of a single observation of a direction ( D .  and R.) = & 0'/*75. 

I I  

'33 
43 '2s 

34 'I 1 
43 .s;r 
43 '99 
31 '33 
51 -71 
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(.c:) Fig21 i x  ~e1~iisfi)rciit. 

Obscr~~atiorr qtia fiims. 

21 

22  

23 
24 
25 

26 

37 
2s 

29 
30 
31 

32 

33 
34 
.7 5 
36 
37 
38 
39 
40 
41 
42 

o=+ 1'34 
o=-o0'o9 
o=+ 1'16 
0=-0.44 
o = .- 0.55 
o = +  1.49 
o= - 2" 37 
n = - oS5 

0 = - 0'03 
o=+q.42 
o=+0.26 
o=-o.57 
O = + I . I j ? ,  

O = - I '  54 
o= - I 'S3  

o=+cmS - (116) + ( , I I ~ )  - 
O=+ 1'79 - (115) -k ( 117) -t 
o= + 1.6s - ( I 24) + ( 12.5) - 
0=+1.26 - (124)+(126) -  
u= -00'70 - [ 125) 4- (126) - 
O=- 1-49 - (127) + (129) - 
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K O .  

43 
44 
45 
46 
47 
45: 

49 
50 
51 

5 2  

53 
54 
5.5 
56 

.js 
59 

57 

h0 

61 

62 

63 

64 

65 

66 

67 

6s 
I 

69 

7Q 

71 
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Residfiitg ; : ~ I I I C S  gf wi-rdutis.  

c, ---+0'2SO 

C? =-0 '097 
C ---o.qo 
c, =-to '09 
c, =+o *a91 
cfj =+o .os1 

c, =--0 '059 
c* =-0-2&)1 

C, =+o '17s 
C~,,=-O '246 
CIr=+o '236 
cz.=+o -11s 

c.,=+o '231 

C,,=+o -03s 
C,s=+o '147 
c,6=+0 .OIS 
Cs7=+o .2s2 

cl*=+o '212 

C,=+o '563 

3 -  

' cig=t0 '253 

c2,=+o '702 
L=+0 'IS2 

c,,=-i-o 'I02 

C;,=-O 'OSI 

c*=+o .ob 

L = + o  '393 
c 29- ---O.ogq 

c3.= -0 '342 

c3,=+0 '363 
c,,= --.o 'jog 
q5= to .342 

C,= fo .026 

C,,=-o 766 

C,=-o '274 

C,,=+o .136 

c36=+0 '031 

c,,=+O '077 
c*= -0 .IS I 

c,=-0 '109 
cjg=-O '235 

qr=-0 -01s 

C+.=+O '37s 
c,=-0 '1.9 
C,,=-o '399 
C15=+0 .534 
C,s=-o '959 

Cs=+o '457 

c,= $0 ' 2  rg 
c5'=+o '423 

C,,=+o '647 

C,,= +o '6 IO 

C5?=+o '456 
c,=+O '077 
c,,=+o '34s 
c --0*253 55- 

c56=+0 '77s 
C5,=+o *ox4 
C ~ = + O  '155 6 
Csv=+o-~os 6 
C ~ = + o ' I O S  I 

/ I  

(3s ) = +o 'oy 
(4g)=--".j60 
( 5 0 )  = +o .240 
(51 1 =-o '089 
(52)=+0.20iS 

(53 1 =+o .471 
(54)  = -I 'I20 

( 5 5 )  =+o '257 
(56).=+0 '2m 

(57)=-0 '297 
(5s) = +o '4% 
[59)= + o . r S n  
(6oo)=-to.o2g 
(61)=--0'265 
(62) =+o '054 

(64) = -0 '43 I 
(65) =+o -109 
(66) =-0 -178 
(67)=-0 '243 

(69) =+o '052 

(63)= 0'000 

(68) =+o '744 



I I  

(23) =- -0 '465 
(24)=+-0 '074 
(25)=+0261 
( 26) = -0 ?SS 
(27)=-0.300 
(2s) = 3-0 '253 
(29) = +-0 '092 
(30) = -0 '295 
(31)=+0~101 
(32) =+o '169 
(33) = -0 '067 
(34) =.to '114 

(36) = -0 '469 

(jS)=+o ~ 4 0  
(39) = -0 '3 19 

(41) =-0 .oQ 

(42)=i-O '255 

(44) =-0 231 

(46)=+0-176 
(47) = +o '06s 

(35)=+0.132 

(37) =+o .os?, 

(40) =+o '422 

. (43)=-0'&3 

(45) =--0 '247 

No. Stations. 

Schnackenberg 
Hiibbarcl 

Heard 
2 [ Huhhard 

Hughes 

3 
Heard 
Hubbard. 
Schnackenberg 

/ I  

( 70) = +o *46S 
(7r)=+o '030 
(72) =-0 -550 

(73)=-0.630 
(74) =+O '021 

(751=+0 's27 

( 77) = -0 '043 
(7s j =to y g  

(So)=--0 '1S3 

( S z )  =+o '371 
(S; ) = + 0 '030 
(Sq) = -0 '064 

( 76) = -0 ' I  75 

(79)=-0 -119 

(SI) = -0 '3 I9 

(S5)=+0204 
( 86) = -0 '170 
(S7) =-0 .os6 
(SS) =+o '02 I 

(Sg)=-0-295 
(so, = +o '400 
(91 ) = -0 '040 
(gz)=+o '246 
(93)=-0 '576 
(54)=+0'427 

/ I  

(I I 7) = -0 -393 
( I  IS) = -0 '490 
( I 19 j = -0 YI;I 

(121) =+o .IS1 
120) =+O '340. 

( I ~ z ) = + o  '126 
(123)=-0.227 
( 124) =+o -5S3 
( I25 =--0 '$55 
(126) =-to '003 
( 127) =+0 '237 
( 12s) =-0 '095 

(130) =-0 .;sz 
( I29)=+0 'I75 

( 131) =-0'176 
( 132 1 = -0 'J j O  

(133) =+O '71 I 
( 134) = --0 -106 
( 135) = -0 'I 29 
( '36) =+o .OIS 

( 137)=+0 '217 
(13S)=-0*112 
( 139) =-0 '233 
( ~ ~ o ) = - o ~ I o o  
( 141 ) = +o '306 

Observed angles. 

0 I / I  

52 I3 57'56 
43 '  05 57'77 
s4 37 06.76 - 

0 2  '09 

43 5.5 -02'29 
86 IS oS.77 

49 46 49-9s - 
01 a 0 1  

7s 03 56'20 
43 09 I1 '00 

5s 46 s4'-03 

01 2 3  

Correc- 
tions. 

/ I  

+o 

-0 '35 
-0 '50' 

0 '00 

$0 -2s 

+o '79 

1-0 
+o '63 
-0 .49 

Spher- Sphrr- 
ical ical 

angles. escess. 
/ r  I /  

5 7 9 s  0.55 
57'42 0 ' 5 5  
06'26 ; 0.56 

I .66 
02'59 0.70 
og.05 0.71 

50'77 0'7-0 

2 'I1 

- 

56'65 0.60 

11 '63 0.61 
53'54 0.61 

I 'S2 

I I  

( 164) = -0 - I  gg 
(165)='+o.rSS 
(166)=+0 '062 

(167) =-to .rqr 
( 168) =-o -S- 3 1  

(169)=-0.1.% 
(170) =--0 '539 
(17I)=+O '192 
(172 ) =+o 607 
( 173 ) =-0 'OS1 

(I74)=-0'675 
(175)=+0'420 
(176)=-o.m1 

( 17S( = -0 '2 I 7 
( I  79) = $0 '651 

(rSr)=+o a63 

(177) = -0 'I77 

(Iso)=--0'~5g 

(Is2)=+0'014 
(.IS;i=+o '1S2 

(1Sj)=--0?3g 
  IS^) = -0 '570 

(1S6) = t o  -051 
(Is7)=+0'552 
( ISS) =+o '615 

Distances 
LCTZ s. in metres. 

4 -439 731 o 
4 '376  SI^ 4 
4 '539 90s 3 

27 525 '23 
23 Sr3 .2g 

34 666 '37 

4 '539 gos 3 34 666 '37 
4 '3s4 i 2 2  s 24 233 's7 
3 '4S1 464 5 30 jar '50 



506 UNITED STATES COAST AND GEODETIC SURVEY. 

(, 11 j .4njirsfcd frit1 ~iglcs. A/ issoio-i n!id Koiisns-Continued. 

hlo. Stations. 

Schnackenberg 
Heard 
Hughes 

Kendrick 
Heard 
Sclinackenherg 

Knob Noster 
6 Heard 1 Kendrick 

Observed angles. 

02 '3s 
57 50 15'10 

76 13 14.27 
45 56 37.19 

00 5 6  
j s  32 57'60 
29 57 21.31 

111 29 41% 

- 

High Point Telm 
Kendrick 
Schnackenberg 

High Point Teho 

Kendrick 

9 

I O  

I 1  

I2 

Normal 
Knob Noster 
High Point Tebo 

Caldwell 
Knob Noster 
High Point Teho 

02 .I4 
49 16 36.11 
33 03 2S.71 

97 39 56'52 

Caldwell 
Normal 
High Point Tebo 

Ncrmal 
Knob Noster 
Caldwell 

@I -34 
Sz 27 31.93 
39 43 24.s9 
57 49 04-62 - 

01 *44 
IOI og 51.5s 

45 ' 39 J4 'S4 
33 IO 55.s.2 

0 2  '24 

Correc- Spher- Spher- 
ical ical 

angles. escess.. 
I I  

-0 '07 
+o -45 
--I '29 

$0'31 

-0.31 
+o '67 

fo '02 

+o .OS 

-0 '01 

+@ '55 

-0 .y- 
-0 '01 

'J 

-0 '01 

$0 '32 
-0 '29 

+o ' 0 2  

-0.71 

-0 '55 

-0.24 

t o 7 6  
' -0.36 

-0.17 
-0.60 
fo.1g 

-0 -5s 
-0 'S7 

+o '07 

' I /  

51 '52 
54 3 6  
15 '49 

15 '41 
13 *96 
31 *S6 

57 '62 
21 '39 
41 '79 

4.66 
03 '22 

13 'IS 

15.96 

59.58 

J5 'IO 

16.71 

42 .s4 
51 '35 

35 'S7 
2s 'S7 
56 '16 

51 -76 

24 '29 
q .SI 

51  '00 

I3 '97 
55 'sg 

I -23 

0.27 

o '27 
o '26 

0 'YO 

0 '35 
0 y5 
C) '35 

I .06 
-_ 

0 '21 

0 '21 

0 '22 

o '64 
0 '30 
0 '30 
0 '30 

0 '90 
0 '30 
o '30 
o '30 

- 

0 '90 
0 '2s 

o '29 
n '29 

0 '% 
0 . 2 s  

0 '29 
o -29 

- 

o .S6 

. .  
Log s. Distances 

in metres. 

4'597 7 6  3 39 601 *@I 

4'376 819 5 23 S1j.30 
4 '$4 422 9 24 233. SS 

4 ' 3 s ~  422 S 24 233'57 
4'414 091 7 27 %3'00 
4'313 2S4 a 20 572'36 

4 '34s 457 5 22 307 's1 
4'205 64s 6 16 056.41. 
4 '464 965 9 29 171 *9S 

4 '396 319 8 24 go6 -91 
4.205 Q S  j 16 056'41 
4.327 647 5 21 264'12 



TRANSCONTINENTA4L TRIANGULATION-PART 111-TRIANGULATION. ' 507 

( d )  ,4+st€d frimzgles, Missmi.i cznd K~zmns-Contiuued. 

No. Stations. 

Baker 
Normal , 

Caldwell 

Hutton Mound 
Baker 
Caldwell 

Chapel Hill 
Normal 
Baker 

Thornton 
Chapel Hill 
Baker 

Spher- Spher- 

angles. excess. 
Observed angles. 'Orre'- ical ical 

0 I II 

37 43 '9'79 
S6 02 2S.77 
56 14 11-31 - 

59 '87 
' 64 14 45'10 
74 17 51?3S 
41 27 25'76 

0 2  '74 
62 07 .55.12 
31 20 31.34 
56 31 34'40 

56 23 38.35 

- 
00 S6 

5s 26 56.61 
65 og 26.15 

Pulton 
17 1 Baker 

' Hutton Mound 

01 'I1 

75 33 22'57 

36 25 16.29 
6s 01 2 0 7 0  

IS 

19 

Thor nton 
Baker 
Hutton Moudd 

Thornton 
Baker 
Fulton 

or '74 
76 IS q - q Y  

59 52 31'49 
43 49 25'75 

Fulton 
Thornton' 
Hutton Mound 

01 7 2  

119 22 4s-32 
24 51 17-97 
35 45 53'25 

'2 I 

Bowler' '' 
Thornton 
Fulton ' 

' 59'53 
50 05 23% 
I00 00 33.2s 
29 54 04.03 

0 1  '17 
- 

I /  

+o '74 
+o '55 
f o  '40 

+o '30 

-0 '49 
-0 '39 

+o '42 
+o -06 
-0 '09 

-0 '15 

-0'11 

-0.17 

+o '79 
.+o '32 
+o '27 

-0 -29 

-0 '33 
0'00 

+O '03 
-0 -32 
-0 '50 

f o  '29 
+o '32 
+o -60 

-0 -2s 
-0 '06 
-0 *06 

/ I  

20 '53 
29 '32 
11 71 

45 *40 
51 '39 
25 '37 

55 '51 
31 '40 
34 '31 

3s '20 

56 '50 
25 *gs 

23 '36 
16 '61 
20 '97 

46 '22 

47 7s 
37 'I2 

04 '51 
31 'I7 
25 '25 

4s '61 
IS '29 
53 'S5 

23 -5s 
33 '22 

03 '97 

I/ 

0 '52 

0 '52 

0 '52. 

I 56 
0 '72 

o 7 2  
o '72 

- 

2 '16 
0 .42 
0 -42 
o -41 

I"25 

o '23 
n -23 

- 

0 '22 

o .65 
o '32 
o '31 
o '31 

0 '94 
0 *37 
0 *3s 
0 '37 

I 'I2 

o '31 
o -31 
0 *:I 

0 w 
o '25 

0 '25 

o -25 

0 '75 
o '26 

0 '25 
o '26 

0 '77 
- 

Distances 
Logs. in metres. 

.$ '23i 450 2 17 o m  '0.5 
4.240 405 5 I7 394'23 
4'267 706 2 IS 522'79 

43S7 490 o 24 405.63 
4'337 006 3 21 727'32 
4-240 4% 5 17 394'24 



NQ. Stations. 

22 

Bowler 
Chapel Hill 
Th oriiton 

Berry 
Bowler 
Fulton 

Marty 
Bowler 
Berry 

Haskiii 
Berry 
Filltoil 

Haskin 
Marty 
Berry 

Thomas 
Marty 
Haskin 

Eckman 
Marty 
Thomas 

Observed angles. 

59 'S7 
69 19 '4'95 
77 52. 22'13 

32 22.31  . 

59 '39 
37 32 43'27 
53. qs 31 '23 

s9 3s 41'13 

55: '6.3 
57 01 2s.22  

9s ss 37.34 
23 59 56.79 

0 2  '37 

4s 04 44'95 
29 51 52-14 

IO' 03 '3.56 

- 

00 '45 
72  04 53'79 
46 54 35'94 
61 OD 2774 

BCbC Mound 
Thonias 
Haskin 

&be' Mound, 
Eckman 

30 Thomas 

02.50 

Correc- 
tions. . 

' !I 

+o '54 
-0 '6 
f O * I S  

+o '42 
-0.07 
+ I  -3s 

+o '65 
+o '99 
40 '60 

to '69 
-0 '44 

--I '59 

-0 *I4 
f o  -s I 
-0 '$3 

- 0 ' 1 0  

-1  '00 

-0 -06 

+o 'I I 

+0'13 
+o '20 

+o '65 
+0'27 

-0 '37 

-0 SfJ 
-0 -32 
-0 '37 

Splier- 
ical 

angles. 

!I , 

27 '33 

49 'I3 
14 '07 

15 '37 
22 .I% 

2.3 '69 

43 '9' 
32 '22 

44 '73 

2s '91 
36 '92 
55 '20 

'SI 
52 '95 
22 -9s 

5s '69 
34 '94 
27 

IO -27 

14 '21 

37 ' 0 2  

41 '62 

35 '45 
43 '69 

\ 

06 '70 
05 '47 
4s 

I 'I2 

o '29 
0 '29 

o ' 2 9  

I '50 

0 '25 

o .26 
0'2j 
.- 

o -76 
0 '34 
0 '34 
0 '33 

1 '01 

Distances 
'*. in metres 

4-461 642 o 29 150'23 
4 535 577 3 34 322.37 
4.150 3.1s 6 rq q"4g 

4.324 642 S 21 117.51 
4'150 21s 6 14 132.49 
4'443 344 I 27 755- 

4.323 421 6 21'302~06 
4 '516 3% 9 32 S3S '77 
4.213 5% o 16 352S7 



TRANSCONTINENTAL TRIANGULATION-PART 111-TRIANGIJLATIGN. 509 
(: d :) ,J djustcd tn'cr iyks, AfissoiriY c7 ird K l r  nsrrs-continued. 

. .  
Log s. Coriec- S!:?- '~2- 

tioils. angles. excess. 
N O ,  Stations. Observed angles. Distances 

in metres. 

I ,  

49 '29 ' 

03 '53 
07.35 

I ,  

+ I  '12 

+I3 '35 

+I '00 

Kanwaka ' 

BCbC Mouiid 
I '  Ecknia n 

' 39 54 
' 43 07 
' 96 57 

-0 '02 

+o '69 
+o .IS 

Eckniaii 
BCbC Mouiid 

01 '65 
60 6 2  

43 '20 
rg '60 . 

03 '42 
32.49 
OS '23 

- 

21 '22 
- 
0 1  '94 
00 '65 

07 '91 
53.71 

$0 '07 Siinmons 
Kaiiwaka 
BCbS Mound 

-0 '75 
-0 'Y2 

107 2s 

2s :o 

44 2: 

32;SG 

07 '79 
21'31 

47 '93.29 
23 356.49 
3.1 589.86 

I *96 
o '62 - .Ir v " I  

o .62 

39 49 

60 14 
79 56 

+o -24 

-0.46 
-0 ' 2 0  

Elevation 
Kanwakn 
Sininions 

35 '9 
49 11 

95 29 

23 356 '$3 
30 569 '16 
40 206'37 

- 0 . 2 1  

+o .OS 

-0.13 

S6 35 
5s I O  

35 14 

@9 '09' 
30 .-lo 
22'12 

35 914.14 
30 569 'I5 
20 759'06 Sininions 

00 .ss 
30 -96 
0 2  '03 
2s '09 

1.61 

0 '55 
0 '55 
0 '55 

+o '34 
- 0 . 2 s  

+0'51 

40 206'37 
20 759.06 
31 667.31 

' 97 59 
30 45 
51 15 

Elevation 

Xabon 

01 .os 
53 '17 
24 '30 
42 '69 

cm '06 
- 

I '65 
0.34 ' 

0 '24 

0 '24 

o '72 
- 

Powell 
Elevation 
Blabon 

39 [: 53 '63 
24 '54 
42 '55 



510 UNITED STATES COAST AND GEODETIC SURVEY. 

(d j nldjlrstt-d f r ins igh,  Missouri asid A7n)zsus-Continued. 

No. - Stations. 

Clark 
Elevation 
Mabon 

Clark 
Powell 
Mabon 

Powell 

Elevation 
42 [ Clark 

43 
A d a m  
Elevation 
Clark 

Spher- Spher- 

tions. angles. excess. 
Observed angles. ical ical 

I I I  

37 22 54'45 
61 3s 23.S4 

5s 41.94 

00 '23 

35 59 54'75 
109 54 04.98 
34 05 59'25 

5s .gs 
- 

177 03 01 '85 
I 22 59-70 
I 33 59'64 

01 '19 
87 39 46.87 
36 45 05-19 
55 35 09.45 

-_ 

Adams 

Powell 

or -51 
32 26 13.91 
3s 19 O..I'S3 

109 I4 43'75 

45 

46 

47 

4s 

Adams 
Pomell 
Clark 

Meyer 
Adanis 
Clark 

Zean Dale 
Adams 
Clark 

Zeati Dale 
.%clams 
IvIeyer 

,I 

t o  'ss 
+o .31 
$-0 'I4 

+I 'IS 
i -0 '37 
+o 2s 

-0 'S30 

-0 -02s 

-0 '295 

+o -46 
-0.74 
$0 '20 

-0 '35 
-0 -77 
-0 '67 

+o.Sr 
-0 '16 
-0 '09 

-0 '32 
--I '07 
-0 '29 

-0'12 

-0 -5s 
-0 *56 

$0 '01 

$0 '49 
+o '20 

I ,  

55 '34 
24 '15 
42 *OS 

55 '93 
05 '35 
59 '53 

0 1  '020 

59 '40.5 
59 '61 2 

47 '33 
04 '45 
og '65 

'3 *56 
04 -06 
43 .os 

33 '77 
I7 -94 
0 9 . 6  

I I  '25 
4s '79 
on 'S3 

23 '35 

34 '20 

03.96 ' 

17 -4s 
I5 'I7 
2s '55 

I I  

o '52 
o '52 
0 '53 

1 '57 
o -27 
o -27 
o '27 

0 .SI 
- 

0 '013 
0.012 

0'012 

0 '037 
0 '47 
0 *4s 
0 -4s 

I .'I3 
o '23 
o -23 
0 *24 

o 70 
o '26 
0 '25 
o '26 

- 

_. 

0 '77 
o '29 
o '29 
o '29 

0 'S7 

0 'SO 

o '51 
o -50 

I -51 
0 -40 
0.40 
o -40 

- 

I '20 

Distances 
Logs. . in metres. 

4'274 351 3 Is k s . 3 s  
4.478 402 3 . 30 oSS.62 
4253.S26 2 17 ~ 0 . 1 6  

4'199 766 2 15 Qo-40 
4'262 706 7 IS 310.77 
4'445 325 3 27 SS2.09 

4.253 S26 2 17 g30.-1€ 
4.305 s32 g 20 232'41 
4'262 706 7 IS 310.77 

4'305 s32 9 20 222'41 

4.23s 326 6 17 311 .r8 
4'377 722 6 23 S62-Q 



TRANSCONTINENTAL TRIANGULATION-PART 111-TRIANGULATION. 5 I I 
( d )  A-lIJjz~st~d tria7igks, Missozci-i niid A<znsas-Continuecl. 

No. Station. 

Meyer 
49 [ Zean Dale 

Clark 

Observed angles. 

0 / ,// 

140 I9 39'92 
1s 24 54'00 
21 15 26.36 

Rei nhard 
Zean Dale 
Meyer 

00 '2s 

44 44 26.05 
' 56 2 j  09'15 

7s 52 25'4.3 

51 

52 

53 

Reinhard 
Zeal; Dale 
Clark 

M eyer 
Clark 
Reinhard 

00 '63 
61 TJ 50.98 
74 4s 03.15 
43 57 06'75 

00 .SS 
140 47 54'65 

- 

22 41 40.39 
16 30 24'93 

Humbolclt 
Zean Dale 
Reinhard 

59 '97 
go 25 32.39 
41 02  33.19 

4s 3' 56'35 

Erricssen 
Zeaii Dale 
Reinhard 

55 

56 

5i 

Erricsseii 
Zeal1 Dale 
Huniboldt 

Humholdt 
Reinliard 
Erricssen 

Robhins 
Erricssen 
Hunibolclt 

01 *q 

53 59 07'73 
37 36 47'31 
55: 24 05 '3.4 
- 

.3s _. 

Spher- 
ical 

angles. 
II 

39 50 
54 'I3 
26 '63 

26 '62 
09 3 6  
25.5s 

51 '99 , 

03 '69 
06 '69 

54.62 
40 '06 
25 '97 

32 a6 
32 .53 

56 '37 

52 '21 
3s '23 

31 '56 

34 '22 

05 '69 
21 '13 ' 

Spher- 
ical 

escess. 
/ I  

0 -1s 
0 '19 
0 '19 

0-56 ' 

0 '39 
0 '39 

L 

0.3s 
L 

I a16 

0 '79 
0 '79 
0 '79 

2 '37 
-- 

0 '21 

0 ' 2 2  

0 '22 

o '65 
o '32 
0 ..9 3- 

0 '32 

o .96 
o '67 
o -66 
o '67 

_- 

2 '00 

0 '35 
0 '35 

0.34 

I 

-0'3S4 4 06-S.05 6 0'000 6 
-1'070 4 35'rgg 6 0'000 6 
-to.Jx6 6 17'996 6 0'000 6 

0~001 s 
+o.gs &.jI 0 '"5 
-0.06 47-25 o '25 
-0 '15 05 'I9 o '25 

0'75 ' 

Distances 
u g  '* in metres. 

4'543 871 1 34 9s4.13 
4'23Y 326 5 17 311'17 
4 -29s 157 7 19 S6S -16 

4 '555 553 4 3s 50s '21 

4'371 181 g 23 506'17 
4'23s 326 6 17 311 -IS 

4 '317 092 5 
4 '295 915 5 
4 '456 095 o 

2 0  753 -56 
19 765 5 5  
"S 5S2 '29 



5 12 UNITED STATES COAST AND GEOD'ETIC SURVES. 

( d  j .-l+irstL.it .triiluglcs, Afissozrri tzizt? h~~i,zstas-Continued. 

No. Stations, 

Robbins 
Humboldt 
Reinhard 

Robbins 
59 Erricssen I Reinhard 

60 

61 

White City 
Robbins 
Reinhard 

Wilnier 
Erricssen 
Robbins 

Taylor 

White City 
62 { Rohbiiis 

Taylor 
Wilmer 
Robbins 

64 

65 

66 

Frey 
Wilmer 
Taylor 

Vine Creek 
Wilmer 
Taylor 

Frey 
Vine Creek 
Wilmer 

Observed angles. 

0 1  '4s 

I03 41 42'55 
37 33 29.73 
3s 41 4s.54 

. -  
00 .Sa 

79 47 11'37 
41 31 0 0 S 2  

5 s  41 46d4 

' 59'03 

57 00 39'96 

- 

51 5s 36'95 

71 45 '25 

02.16 
51 13 33-12 
75 56 3 3 5 s  
52 19 53'59 

- 

00 '59 
64 51 36.59 

67 46 57'50 

00 '53 
90 23 . j 6 . u  
53 OS 06.03 
36 2s 17'72 

47 21 26'03 

- 

03 -30 
112 16 ~ S * J S  
2s 4s 47'01 
3s 54 2628 

01 '77 
- 

Correc- 
tions. 

I /  

-0 '39 
-0.23 

-0-17 

+o 'I9 

t o  '90 
-Q -4s 

+I 'I1 

+o '39 
t o - j o  

-0 *36 
+o '26 
-0 '53 

+o '87 
-0 -13 
-0 '35 

-0 '04 
+o '73 
+o os 

+o '42 
+o -42 
-0 'IS 

+o -62 
4 '27 
-0 -60 

-0 '64 
$0'33 ' 

-0 '69 

Spher- Spher- 
. ical ical 
angles. escess. 

34'43 0'23 

01 '62 0.23 
24'64 0-23 

/ I  I !  

0 'S3 
36'59 0'51 

44-72 0.51 
40'22 0'51 

I 33s 
36.95 0.43 
26'76 0.43 
57-5s 0'43 

I -29 
;686 0'29 

' 06-45 0'2s 

17.54 0'29 

- 

0 'S5 
07-72 0'6s 

3 2 r ~ $  .0'69 
22'29 0-6s 

Distances 
Log '. in metres. 

4 '579 230 I 37 951 '60 
4.376 S6S 2 23 S15.57 
4.537 S6S 1 24 426.90 

4376 865 I 23  SI^ '96 
4'205 214 2 16 040.36 
4.315 479 o 20 676 .6~ 

4 '31 5 479 o 20 676 -63 
.$'L)IO jga 2 25 727'07 
4'324 977 4 21 '33'79 

4.415 120 o 26 caS-7S 
4.324 977 6 21 133% 
1 *424 S36 4 26 597 '23 

4 '424 S36 4 26 597 '23 
4.327 964 7 21 279.66 
4 * I ~ S  941 7 15 SIO .36 

4 '424 S36 4 26 597 '23 
4'613 4Sz I 41 065'57 
4,452 239 I 30 355 '62 

guS2 239 r 30 355'62 
4'19s MI 7 15 S1o.36 
4'313 936 6 20 603.29 ' 



TRANSCONTINENTAL TRIANGULATION-PART 111-TRIANGULATION. 5 I 3 
(d:)  A 4jiisicd ti-icl izg fcs, Missoii i-i a 11 d A-o I I  sas-Completed. 

No. , Stations. Observed angles. 

67 

O I  I !  

Frey I57 19 350s 
Taylor I1 og 05'17 
Vine Creek 11 :,r 20.09 

0 3  '34 
Iron Mound 61 IO 06.64 

65 Vine Creek 7 1  53 oS.67 1 Taylor 46 56 46'4.2 

49 

70 

01 '73 
Frey 93 25 41 .I6 
Taylor 5s 05 51 '59 
Iron Mound 2 s  2Q 2S.60 

01 '35 
Vine Creek 83 14 ~ 5 . 7 6  

Iron I\.lound 32 4 1  $ 0 4  

- 

Frey. 63 53 53.92 

- 
00 '72 

Correc- 
tions. 

/ I  

+a '21 

-0 .42 
+O '29 

$0'61 
-0 'Oj 

+ I  '10 

-0 '05 

+o 6s 
fo .n6 

+o '24 

+O ' 2  7 

$0 '55 

Spher- Spher- 
ical ical 

angles. excess. 

jj '30 0.15 
04'75 0.14 
20 .j?j 0 .14  

I I  I !  

- 
0'4.3 ' 

07 '2.5 I '13 
oS.62 I '13 
47'52 1'13 

Distances 
'. in metres. 

4'513 482 I 41 065.97 
4'64s SSI I 44 553'42 
4.534 704 9 34 2 5 3 w  

( e )  Pm- i s im  qf fhr Afissoiiri-k;rmcls sirits c?f'fria)ig/tx. 

For the purpose of deterni'ining the uncertainty of the developed length i f  the 
triangulation, the series may be divided into three parts by the lines Normal-Caldwell 
and Zeaii Dale-Reinhard. The probable error in length (in parts of the length) of each 
section 1112~~: with sufficient accuracy 1x taken as the ineaii of the prohd~le errors of the 
liniiting lines. The probable error in length, clue to  the angular measures, of any side 
may be computed by the usual foriiiulze- 

From the figure adjustment iiivolviiig 77 equations and ISS directivns we have 
111 = f o"'73. For the line Noriiial to Caldwell fin.,= 20.4 in units of the sisth place of 
decinials in the lugarithtii. 

Starting from the side Hubbarcl to Hughes of the Versailles Base Net z' = 54's 
(-7 triangles), t;, = f 0.147 metre, c), = f 0'062 metre, and c,= =t 0'160 metre. 

( 25 triangles), con = =to.25+ metre, cf, = f O'OSI metre, and cP = =t 0.267 metre. 
Then for the probable error of the length of Nornlal to Calclwell as  a side of the 

adjusted triaagulation t = + - f 0'137 metre. or about T551J08 part of the 

length. Starting from the side Hub- 

Starting from the side Vine Creek to Iron Mourid of the Salina Base Net S = 164-3 

e t.- 

For the side Zean Dale to Reiuhard d,lL= 15'7. 
J L y  + 1.: - 

18731-No. 4-33 
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bard to Hughes 2 = 1S5.7 (,26 triangles'), E,,,& = f 0'351 metre, c l ,  = f 0-080 metre, 
atid c,= ITt, 0'360 metre. Starting from the side Vine Creek to Iron Mound 2 = 33'4 
( 6  triangles), f 0.149 metre, cb = + 0'10s metre, axid cz= k 0 . 1 8 2  metre. 
Filially c = =k 0'162 metre, or about iTT!UJB part of the length. 

For the effect on tlie arc we have approsinlately (:the distances being measured 
along tlie thirty-ninth ' parallel between the projections of the middle points of the 
tertiiiiial 1iiie.s')- 

' Terrniiial lines. Distance. I'robable errors. Average. 

h - l l l .  , 111. 

Hubbard and Hughes to Normal and Cald- 73.6 rs&aa TBT;.laiia YTfViiii fo.34 

Noriiial and Calclwell to Zean Dale :tiid 237 ..+ ix;~naa T7ihGc s+asc 1 '46 , 

Reinhard 
Zeari Dale aiicl Rein1inr1-l to Vine Creek X3 '5 y7TluFT ----- 2us'saii ST+Sisii 0.40 

and 1rjn M O U I I C ~  - 
394 '5  sun^ f? ' 2 0  

well 

Between the Saliiin Base in central Kaiisas and the El  Paso Base in Colorado on the 
eastern flank of the Rocky Mountains the connecting triaiigulatiuii folluws tlie trend of 
tlie S11icjky Hill River to the eastern Colorado lminclary line, and along tlie wliole line 
deviates but little from the coiirsc of  the Union Pacific Kailroad. The ascent of the 
Smoky Hill Valley is gradual tip to First Vieiv? which is at a11 altitude of iiearlp 4 600 
feet; farther to the west tlie ridge foriiiing tlie matershed between the Arkansas River 
and the South Platte River rises to 6 ooo feet and iiiore, the El  Paso,Base itself lying a t  
nil altitude of not quite 6 So0 feet. In \vkstern Kansas the laiirl is  barely undulating. but 
in the Colorado region it becomes slightly rolling: the streams are generally cut deepl! 
into the sloping treeless plains. In order to cross the ridge at  First \7iew7 it was founu 
necessary to mount the instrument about 3 j feet above ground. but elsewhere obsema- 
tioiis were generally macle at the ordinary height of the eye. M~asured along tlie as i s  
of tlie triangulation the distance from base net to base net is 564 kiloiiietres or 55056 
statute miles. 



Statute Miles 

Kilometres 



Hfoth. Ellsworth County, Kansas. Jnlp S to July 25, rS91. ;S-centinietre theodolite, No. IO. Tele- 
scope above ground 17'30 metres. F. D. Granger, observer. 

S 

9 
IO 

r i  
7 

Final 

tion. 

Correctiorls Corrections 
Resllltirlg Kedrrctiori Resulting froin ha*- fro'11 seconds i n  

->.~...a- ..-.. statior1 to sea level. seconds. net ncliust- ,='YV1!< triangula- 
No. of 
direc- Objects observed. 
tian. 

- 
Heath o oo w'cn -0'01 59'99 ,+0'13 00.12 

Wilson 62 I O  33'15 i-0.04 33'19 + r  *OS 34.3: 
Golden Belt . 64 07 02'20 1-0.03 02.25 -0.64 07 59 
Meacles Ranch 120 03 $5.52 -0.03 4S.49 +0'17 $3.66 
Thoiiipsoii 2S4 24 36'70 -0.01 36'69 -0.74 35'95 

I /  ' f  . . O f f ?  If f f  ,I 

Lincoln 0 00 00'M 

Thompson 46 04 27'51 
Vine Creek 72 07 24.06 
North Pole RIouncl Sr 17 05.14 
Iron Mound 103 36 35.S7 
Ellsworth water tower 241 44 04 -2 j 

Wilson 2S2 15 47'25 
Goldey Belt 312 37 2s-69 
Meades Raiicli 323 40 31 .61 

pole 

Probable error of a single observation 

-0'01 59'99 
+0'03 27.51 
+0'02 24.05 
$0'63 05 .16 
- 0 ' 0 1  35% 
+o-o; 04.30 

0'00 4 i . q  
-0.05 25.66 
-0'04 j 1 ' 5 j  

of a direction ( D. 

. . . .  
+o 6'3 

-0 '3s 
+o '77 

-1.11 

. . . .  

.. 
. . . .  
. . . _  

and R. ) -- 

+o'r9 

.... 

.... 

.... 

-0 '35 
--I '07 
+u '71 
f 0"'Sd. 

00 .IS 
2s ' 2 2  

22 '97 

36 '6; 
04 .SI 

T ~ I O I I I ~ S O ~ I ,  Ottawa County, Kansas. Aagnst 6 to August 10. I%I. .y,-centinietre theodolite, No. IO. 

Telescope above ground I .6S metres. F. D. Granger. olxrrver. 
0 I I /  f I  I I  

Heath 0 00 00'00 +0'04 00'04 

Liiicoln 58 20 os.93 -0'01 0 s . y  
Golden Belt 3s 54 02.24 $0'02 02.26 

Vine Creek 227 20 01 '45 +O'OI 01 '46 
North Pole Moiiiicl 267 03 34.52 -0 '03 34 ' j p  
Iron NIound 279 IO dS.50 -0.03 $3'47 

I'robsble rrror of a single observation of a direction ( D .  

I /  I /  

-0.71 .... 
.... +o '64 
. ... +0'30 

+CJ 60 .... 
-0 'S6 .... 
+o *46 . . . .  

and K. ) = & 0" '56. 

Liilc-o/ir, Liiicoln Couiitg, Kansas. Augnst 32 to August 31, rSgr. 35-celltimetre theodolite, No. IO.., 

Telescolx above #rouiirl 6.07 iiirtre. I:. D. Granger. observer. , 

KO. of 
direc- Objects observed. 
tion. 

Resulting direc- Redoction Corrections 5eg;::i il l  
tions fmni station to sea Reslllting froin figure ~ ~ i a l l g l , , a ~  

adjiistment. level. secol'ds. adjustment. tion, 



UNITED STATES COAST AND GEODETIC SURVEY. 

(6') ,-lbsk-crcf of rrsdtirzg h m - i a v z f d ~  dim-ti@rzs cat  cnrh sfn fimi j D n z .  lorad alid j h J Z  $ ~ - Z I I F  

n4z/sfnzcrzts, z680 fo z8pg-Coiitiiiuecl. 

5 16 

Go/d?n &-/I, I,incoln County. I<aosas. September 12 to Septelrlber 23, 1S91. 35-centiinetre theodo- 
lite, No. IO. Telescope ahove ground 1.77 metres. F. D. Granger, ohserver. 

i j 

14 
15 

No. of 
direc Objects observed. 
tian. 

Thonipson 20 ST. 27% +O.OJ  2 i ' S J  +0%4 28.46 
Heath 65 j o  27.07 -0.05 2 j . 0 4  -0.13 26.91 
Wilscin 175 56 gY.10 + o ' o ~  58.14 - o q  58.10 

Resulting direc- Reductio11 ' Corrections Final 
tions froin station to sea Resll'tillg from figure seconds in 

adjustment. level. S'cml~'S. adjiistiiierit. tri:fb~::"a- 

26 

27 
2s 

29 
23 
"4 
25 

.- 
Wilson o mi 03.m --Y'or - ~ : O S  59'91 
Bunker Hill 26 40 rY.6; +o.n:! 1.3'65 + o . q  1 8 . 9 ~  
Blue Hill 67 49 ~ 5 . 8 2  + o . o ~  rs'S6 $ .o '32  1 6 . d .  
wildo S:! IO 5 2 . S 4  fo.Uz 5 ~ . S 6  -0.24 52'62 

Heath 321 13 13.46 -0.04 13.42 -+I '17 14'59 
Golden Belt 3.25 55 03S2 -0.03 03.79 -I '13 02.66 

Lincoln 297 36 25.74 - 0 ' 0 2  2 S . 7 2  -0'19 2s '5 j 

21 

21 

17 
IS 
19 

. .  
Lincolri 2 06 35.53 $0'03 55.56 t -0 '21  j j .57 
Heath 42 I 1  4 S ' j I  O'CUJ 48 '31 t-o.45 48.76 
Ellsworth watt; tower 71 3 59'67 .... . . . .  .... . . . .  
Bunker Hill 221 30 50'47 0'00 50'47 +0'3.+ sO*SI 

Waldo 267 34 o?-S9 - 0 ' ~  02 'Sg --0'16 02 '69 
Meades Ranch 302 23 15-79 -o:nr q ' 7 S  --o.14 15.64 

32 
33 
34 
35 

Russell Southeast 0 m 00'00 .... .... .... G€.'00 

Blue Hill 33 32 12.99 -0.03 ' 12.96 -+o.6; 15.59 
\+'alclo 85 13 35'25 -0 .02  35'23 -0'32 34'91 
Meades Ranch 123 22 .OS '71 4-0 '02 oS.7; -+o '21 OS '94 

RusSAl Northwest 27 05 41 .OS . . . .  .... . . . .  .... 

Wilson. 195 49 27.5s 0.03 27'58 --0'54 27'04 
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(15 ) .-I bsfi-act l+ residtiizg hoi-imitnl l?iircfioiis at carh sftriioir -t;aiiz local arid />oi)r j q z ( r c  

\f.iz/do, Osborne County. Ihisas. June 23 to JUIY 7.  rSg2. 35-centimetre theodolite. No. IO. Tele- 

' lz@i4sfiize'izfs, r66o to r8~g-Continuecl. 

scope above ground 1'72 metres. F. D. Granger. observer. 

No. of 
djrec- 
L1011. 

39 
w 
SF, 

33 
S i  

Resulting direc- Reduction Resll,ling ~ r r e c l i o n s  
Objects observed. tions froiri station fo sea roin figrire 

adjustment. level. seconds' adjustment. 

c I / I  / I  / I  I f  

Russell Southeitst o rxI OO'UO .... . . . .  .... 

Allen I r  56 03.60 f0.01 oS.61 - I  '37 
Blue Hill 55 25: q.66 + o . o ~  0 7 . 7 0  +0'33 
Meades Ranch 26r 46 5 2 6 6  +o'o2 5 2 6 s  +o.oS 

Bunker Hill 34s 07 47.14 - 0 . 0 2  47.12 + O T ~  

Probable error of a single observation of a direction ( D., and R. 1 = & o"'70. 

Russell Northwest 5 31 $.IS . . . .  .... . . . .  

Wilson 324 46 4S.94 -0.04 + o ' Q I  

Final 
secotids i n  
triaiigula. 

tioo. 

I /  

00'00 , 

. . . .  
07 '24 
os 'OS 
52.76 

49 '7' 
47.26 

-4 / /cu,  Russell County, Kansas. July 13 to July 25, ~Sgz .  55-centinietre theodolite, No. IO. Tele- 
scope ahoce ground 7'2s metres. F. D. Granger, ohserver. 

0 I I /  I /  / I  I /  

Russell Northwest 13 io m'oo . . . .  . . . .  . . . .  

Bunker Hill 42 I I  16.15 f o ' c e  16.21 -0.03 
Fairrnount rSg 41 5 6 . q  fo.04 56 .13  -0'95 
Hays 257 02 04.46 -0 '02  04.44 t o . 1 7  
Blue Hill 2S3 32 oS.62 -0.04 oS..5S -0-14 I walllo 336 37 07-66 f o ~ r  0 7 6 7  +-0'96 

Prubahle error of a single observation of a direction 1). and R. ) = + o'"69. 

Russell Southeast . 37 2s 57'42 .... . . . .  . . . .  

fi7ir~imui//,  arto on ' ~ o u n t y ,  Kansas. .August I to August 15. 1S92. ;5-ceutimetre theodolite, No. IO. 

Telescope above ground 5.9' metres. F. D. Granger, observer. 

57 
55 
53 
54 
55 
56 

Llr. c-r~?ssssr, Rush County. Kansas. Angust 24 to Septemher I .  -rsga. 35-centinletre theodolite, No. I O  

Telescope above ground 7.46 metres. F. D. Granger, observer. 
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(b') ,?lbstrnci qf ycsuffi)z*y Aoriawtrrl dircciious i z  f cizch stcltiolt J?O)II local n ~ a !  ) i l ) ) t  L f i ~ ~ ~ ~ ~  
ndjlcsi))rtwts, 1880 f l l  z8~~--Continuecl. 

Htzj~s, Ellis County. Kansas. Septenihcr g to September 26. rS9a. 35-centimetre theodolite. Nn. i a r .  

Telescope above ground 7'32 metres. F. n. Granger. observer. 

71 
72 
73 
74 
7a 

N O .  of 
tlirec- 
t1011. 

62 

63 
64 
59 
60 
61 

Trego o rm 00 TI-\ -0 'O> 59 '97 +O '0.j 00 '02 

Hays j I  0; 0 1  '43 +U'iJ-l 131 .47 -0'43 0 1  '04 
Fairmount I I S  47 2Q.16 -0.01 zS'2j +0 '7 j  29.00 

La Crosse 143 13 41 '91 -0.04 41 'S7 -0'25 41 .62 

Skaggs 269 07 ~ y ' d  +@.a 1 7 . 1 2  - - U ' I Z  IF'CKI 

Objects observed. 

51 
52 
46 

Resulting direc- Reduction Resllltillg ;:;;E;: 
adjiistment. level. SeLW'ldS. ad just men t. 

tions from station to sea 

La Crosse 
Hays 
Waldo 

0 I I ,  I' I ,# ,' f 

La Crosse 0 on Oo'rx)  0.m 00'00 --0'6s 
Smoky Hill 39 23 59'00 +on5 59'05 -0 .2s  
Trego S7 15 03.12 $0'01 03.13 +o'++ 
Blue Hill 243 16 47'55 +o'o; 47.58 -0.56 
Allen 2S5 5 0  34'20 -0.0~ 34.1s fo.16 
Fairnioun t 319 05 1S'j6 -0.q IS'S:! +0'92 

Probable error of a single observation of a direction ( 1'. and R. ) = C 0'I.y. 

47 
4s 

Final 
seconds i n  
triangnla- 

tion. 

I ,  

- 
59 '32 

5s '77 
03 '57 
47 ' 0 2  

34 '34 
I9 Y4 

Meades Raiich , 2S9 j d  06 ,152 fo.03 06.65 --ox13 ~16.62 
Bunker Hill 33s 55 17.55 ,-o'ni- 1 7 . j ~  +u.40 17.53 
Russell Nortliwest 341 15 05.9s . . . .  . . . .  . . . .  . . . .  
Russell Soutlieast 345 5s 52.24 . . . .  . . . .  . . . .  . . . .  

49 1 Allen 
0 .m' e. -.? . 47 50 I Fairmount 35 13 23.49 -0.02 25.47 
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)-c.cidLi)ig /ro).izo~td a'irtcfions at ixcb  statim j h i .  h c u f  i r~ id .  fiorrr ~ ~ U J Y  (,b') ;4h,siriac.t 
tr{jitsfr)icw.ts, zSSo fo r695-Cont i ti  ued . 

S(c ciwk.. Trego County, Kaiisas. . May ?4'to June 13, 1S9.3. 35-centimetre theodolite. Xa. lo. 
Telescope above grouiid 14.94 metres. F. D. Gra'nger aiid H. T.,. Stidhain. observers. 

92 
g j  
9.1: 
yo 

511 

No: of 
tlircc: Objects observed. 
tioii. 

Dig Creek i~ cu oo'w +om4 m.04 i 0 . 1 2  00.16 

Treg, 31 1j 29.35 +o.w 29.35 -0.8; zS.56 

c~lllyoll 236 02 58.50 + o w  jS 's[  +o.r; 55.64 
Skaggs 7 2 .  32 40'9s -0.02 . 40.96 $0.51 41 '47 

Indian Creek 2jo 56 o j ' i g  -0.0j 03.10 +il'n7 03.17. 

Schniidt 
Canyon 
Tnrlian Creek 
Trego 
Skaggs 

kcsiiltiiig d i r e c  Kcdiictioii Resulting set%%! in 
,e,,e,, ~ c o i i d s .  adjllbtlllellt, triniiwla- 

adjustuieiit. ti&. 
tioirs from station to ?;ea 

Id i t rs  Ciz-ck. Grove County. Eiaasas. Srpternber I r to  September 30, 1S91. 25-centirnetre 
tlieodolite. No. 74. Telescope ahiJve ground . . . .  W. B. Fairfielil. observer. 

9.5 

96 
97 

9s 
99 

Big Creek 
Bluff 
Castle Rock 
Scliiiiidt . 

Callyoll 

Hill' 
Beaver 

1 Rlollulllerlt 

I /  

+o'.ur 
. . . .  
. . . .  

-0 '04 
-0 ' 02  

..... 
+O '0s 

-0 '01 

I I 

00 '01 

. . .  . .  

Probable error of a single observation of a direction (0. and R.) = Co".96. 
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( I  j Abstrnct qf )-csi(ltirz.r ho1-iavzit7l di)i.ciio)is a i  nt~.lr siniio?z Jwni feud ciiid froni I f S i ( n -  
n+irsti)rtwis, rSGo io r8qj-Continued.. 

Ciiiryotr, Lane County. Kansas. September I to October j .  1S91. so-centimetre theodolite. No. 16. 
Telescope above ground 1b.q  metres. F. W. Perkins, observer. 

111 

1 1 2  

I 13 
114 

NO.  of 
direc- 
tion. 

100 

IO1 

I 0 2  

10; 

104 

Canyon 25: 5 j  04.79 -0.05 04.74 j - 0 . 6  04% 
Hill 31 00 jj'j0 .... . . . .  . . . .  . . .  
Beaver 7S 54 59.15 - o m  59.14 +o'rg 5529 
Sheridan 16s 26 03 .1s  +O.OI 02'19 --0.64 01 5 5 '  
Gopher 197 50 13.40 -0.05 Ij'js j - O . 0 1  I j  '36 

Objects observed. 
Resulting direc- Redaction Kesultillg Correctious 

tions from station to 5ea from figure 
adj ustiiient . level. seconds. adjustmrllt. 

0 f I., I ,  I /  tl - 
Reaver D 0 00 W'CUJ -0.03 59'97 +0.33 

. . . .  . . . .  . . . .  Hill 5 14 49'52 

Indian Creek 70 29 ag'oo -0 .02  2S.9S +0.;6 
Bluff 121 03 02'33 .... . . . .  .... 
Castle Rock 125 @A 35 '64 . . . .  
Big Creek 135 23 jS.46 +0'0j $'SI +-o.oY 

Monument 53 22 39'07 -0.06 39.01 -0'16 

.... .... 

Sclimidt 161 02 0 7  .66 $0'01 0 7  '67 -0.61 
Probable error of a single observation of a direction ID. and R.) = & I " . I ~ .  

Final 
seconds i n  
triangiila- 

tion. 

f I  

00 '30 
. . . .  

3s 'SS 

29 *34 
.... 
. . . .  

3s '59 
0 7  .ob 

Bcnic*i., Logan County, Kansas. July ZS to October 25.  1S91. pcentimetre theodolite. No. 16. 
Telescope above ground . . . .  1:. W. Perkins. ohserver. 

0 f I f  f I  I f  I f  / I  

I O j  

lo6 
,107 

10s 

Sheridan o 00 00'00 -0.04 59.96 1-0.64 00.63 

Monunieut 64 52 j j .91  -0.01 35.90 + o w  35.91 
Indian Creek 134 55 06'S9 +on+ 06.9; -0.05 o 6 S  

Canyon 171 j3 05'10  - 0 . 0 2  05 .OS - - o ' ~ ?  04-66 

Goplier 25 42 I0 .03  - 0 ' O j  09'96 - - O ' J j  09.79 

Hill 170 44 55.64 . . . .  . . . .  . . . .  .... 

Probable error nf a single observation Jf a direction I I?. and R. '1 = c o/"g'. 

0 I I /  / I  I f  I /  I f  
-- 

M o  nunien t 0 tm OCI'CW) -0.05 59'95 +0.42 00'37 
Beaver 35 54 21.62 -0-06 21 5 6  -0.26 21 '30 
Sheridan 116 13 09'27 +0'07 09'34 +ox6 c~g.42 

Wallace Bluffs ' '33 44 2.3 ''5 +@'OS , 23 '2s --o.sj 23.75 
Teeters Hill 175 I I  54.36 -0.q 54.32 $023 J J ? ~  

Probable error of a single observation of a direction ( f?. and R. ) = f o"'76. 



TRANSCONTINENTAL, TRIANGUL.4TION-PART III.--TRIANGULATION. 5 2  I 

126 

12; 

J ~ S  
129 

130 

N0.af . 
direc- Objects oh.erved. 
tioii. , 

Gopher 0 0.3 OO'OO -0.04 59.96 +o.or ' 

Slieridaii 47 45 11 '46 -0.05 11  .JT -0 .26  

\Vallate Bl~iffs 92 05 47'9j + o ' o ~  4S.m $0'4; 
Curlew 117 3s 56'61 $0.05: 56.69 $0.44 
Poiirl 136 39 0S.k .... . . . .  . . . .  
Turtle 14s $' 40.76 + o . o ~  40.79 -o.& 

Resiilting direc- Reductioii Correctioiis 
tioils froin station to sea ~~~!~~~~ from figiire Secoiids 

adjostiiient. level. adjiistinriit. tri~~$~~'a- 

0 I I t  I /  

Wallace Bluffs 0 co rn'oo +o-01 

P0Ill-l 26 05 1S.55 .... 
Turtle 30 40 59'77 -0'06 
Teeters Hill 6g , 16  gS ' j S  - o v j  
Gopher 142 33 02.65: +o'oj 
1\2onunieii t 176 55 45 .26 +o.or 
Beaver 202 32 .oS.j6 -0.04 

.Probable error of a singie observation of a direction (D. 

,I I I  

C O U I  -0 '05 

59.71 f o .45  
5s.33 -0.35 
0 2 . 7 5  +0 '29  

43'27 +o'2; 
o S p  -0.56 

aiid R. ) = f o".go. 

. . . .  .... 

No. 74. 

I /  
__ 
59 '97 
X I  -15 

57 '13 
4s '43 

. . . .  
40°'17 

. l / ~ ~ i ~ l / t z ~ - c  l;//Uj:s, \\'allace Couiity, Kaiisas. June 15 to Novembrr 26. rS91. 30-centimetre theodolite, 
No. 16. Telescope above ground . . . .  F. W. Perkins and W. B. Fairfield, observers. 

0 I ,I I /  ,I ,I I /  

Corlew 
RIcLane 
Fl>lld 

Turtle 
Teeters Hill 
Gopher 
Slieridaii 

Prohal~le error ilf a single observation of a ilirectioii (D. and R. ') = + 1'"0.5. 

Uctober JO tu  No\-riiiber 7, 1S91. Wallace Count?-. Kansas. 25-centitnetre theodolite, No. 71. 
Telescope above ground . . . .  W. B. Fairfield. observer. 

0 I I /  I' I /  I /  I t  

Teeters Hill 0 00 00'00 $-O.Oj m'o; f - o ' j j  m.40 
Sliericlaii 40 30 34.65 , -0'06 34.59 $0.55 35'17 
Wallace Bluffs 64 5s 29.6s -0.07 29.61 -0.32 29.39 

POIld 75 07 17 7 6  . . . .  . . . .  . . . .  . . . .  
Cmlem roq 53 02.74 + o m  0 2 . 7 6  -@.IS 0 2 . 5 s  
Arapahoe 149 31 17'15 +o.oS 1 7 . 2 3  -0.42 16S1 
BIcLane ' 196 59 12'51 - O D I  12-50 -0-03 12-47 

Probable error of a single observation of a direction ( D. and R. ) I & I / ' . [  2.  



No. of 
direc- 
tion. 

143 
144 
1-15 
146 

147 
14s 

Objects observed. 

159 
160 

161 
162 

I 6; 
I 64 

., Coloratlo. 
No. 74. 
observer in 

December I ,  rSgi. a111-l ;lugtist 22 to Septmilxr 
R. E. Duvall. Telescope ahove ,yrrJuiid I 2.6S metres. 

0 I I ,  I' I !  I '  
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.-lbsfr-nif q/- resulting hoi-izoiifnl cJim-fioiis n f carh sfafion from loml c7lld JIont j guw ( 6  
rr(j j lCstmizts, 1880 1895-Contitiuecl. 

olite. No. 74. Telescope above gronnil . . . . 11'. E. Fairfield, observer. 
Clrquirirt- I I  >//s. Cheyenne County, Colorado. Octolier 19 to i3ctober j r  , 1S9z. 25-centimetre theocl- 

No. of 
direc- Ohjects observed. 
tion. 



UNITED STATES COAST AND GEODETIC SURVES. 5'4 

(1 i rec- 
tian. 

0 b jects observed. 
Resilltin- direc- Redaction Corrections Finn' frorrl figure secwnds i n  

adjustment. level. seco'rds' adjustnieiit. t r i ~ ~ ~ ~ ~ " ~  
tioiis frat: station to sea 

I Azimuth Mark 
P I I /  I ,  I ,  I .  / I  

0 00 Un'rxl .... . . . .  . _ . .  CXJ'OO 

Http ,  Liiicoln Countyl Colorado. October 29 to Noveniber S. ISSO. so-centinietre theodolite. No. 
10s. Telescope above ground I 'gr metres. 0. H. Tittmann. observer. 

Overlancl 
Aroya 
Aclobe 
Square Bluffs 
Holt 

Probable error of a single observation of a direction ( D .  and R. ) = c I/'.IO. 



2 1 0  

21 r 
312 

21; 

3 14 

2 I j  

219 
220 

231 

~nf j i c s t i~ i t~~ t s ,  rS8o io 18.95-Continued. 

Lincoln County, Colorado. July 23 to August IO. XSSI. jo-centimetre theodolite. No. 10s. 
Telescope above ground 5'61 metres. 0. H. Tittmann, observer. 

Big Springs o 00 OO'OCI -0.11 5g'Sg -0.33 5 9 6  
Square Bluffs 74 5s q ' S 7  +-0.06 25'93 t o .19  26 '12  

Ailohe 131 j 7  12.50 +o.& 12.56 +o.r4 ' I3 '70 
Dry Camp 319 47 03 '93 +0*03 03.96 . . . . .... 

Clhjccla observed. 

0 I I1 / I  I ,  I f  / I .  

. ... 03'00 . . . .  Mark 0 c.3 00'00 . . . .  
Hngv 4 3s 07.28 +O.OZ 07'30 --0'20 07.1-0 

Overland . 39 35 56.41 $0'11 56'52 -0.19 5633 
Aroya 66 4 j  3j 'rn $0.07 33.19 -0.40 32.79 

Square Bluffs 3129 09 14 '7u - 0 ' i I  J4"sg -+I '43 16 '02 
Craniers Gulch 254 ~g I3.m +0'06 Ij'06 .-0'64 12.42 

Probable error of a single ohservation of a direction ( P .  and f?. ) = c I"'ZS. 

L?/r( jk3 J,iiicoln County, Colorado. September 20 to September 2 j ,  IS&. ;o-centimetre, 
tlieocloltite No. 10s. Telescope above ground I .SS metres. 0. H. Tittmann, observer. 

0 I I ,  I /  

Holt 0 00 W'OO - 0 ' 1 1  

Hugo 7s 24 55'51 + O . J I  

Adobe 159 4s 07'69 -0'10 

Crainers Gulch 22s 06 IS'.# $0.06 
Big Springs 2S-l 02 3625 +o*o7 

Pro1)able error of a single observation of a direction ( D .  
1 Holcolrii Hills 3.2 24 10.13 ---0'10 

Holl. Elbert County, Colorado. October I to October 17, ISSO. So-centimetre theodolite, No. roS. 
Telcscope above ground 1'S3 metres. 0. H. Tittmann. observer. 

316 I Hugo . 
217 Square Bluffs 65 09 15'58 -0.10 15.4s + o . q  15.72 
- IS  Holcoliri Hills 17s 19 13.43 + o q  13.47 +0'43 13-90 

Prohable error of a single'observation of a direction ( 0. and R. ) = + dI.96. 



UNITED S T A T E S  COAST 4 N D  GEODETIC SURVEY. 

( [ I  ) .-lbsfi.crcf of i-cszdfhg hoi+zonfuZ dirt-ctioizs af  t-a.ch sfulioii froin l0m-a.l nizd -froiii. fjgzirc 
adjzrshzeizfs, rS8o fo  1895-Completed. 

10s. 0. H. Tittmann, observer. 

5-26 

Ho/&i Hills, El Pam County. Colorado. July 20 to August 16, ISSO. 30-ceiitimetre theodolite. No 

Corrections Corrections Firlal ?;ec- 
No. of Resultiiigdirectioris Reducticn Kesnlting from base- from base- in 
direc- Objects observed. from station to sea net ad- net arid 
tion. adjusttiient. level. secolids' justment. figiire ad- triall~ula- 

justment. 

222 

2.23 

0 I I I  I /  / I  / I  I I  

Holt 0 00 m'm + o . g  00'0j .... -0 %€I 

Square Bluffs 29 14 12.37 -0.05: 12.29 ... . +o.sj 
Rig Springs 86 36 27-SS -0.05 27.83 -0-370 . .. . 
Corral Rliiffs 156 ZS q . 7 ~  +o'12 ~ $ 6  +0'457 . . .. 
El Paso East Base 165 4s 35'Sj +o.05 35.9 - 0 . 1 ~  . . . . 
El Paso West Rase ISI 3s 55.15 + o . o ~  5S .IS $0'365 . . . . 
Divide 213 IO 36$4 - O : I X  36'73 --n'162 .... 

Probable error of a single observation of a direction ( 3  0. and 3 R.) = f o/'.Sr. 

E k  S ~ ~ I ' / I , ~ S ,  El Paso County. Colorado. .August 21 to September j, ISSO. jo-centirnetre theoclolite, 
So-celltinletre No. 10% 

tlieoilolite, No. 11s. 

0. H. Tittiliarin and G. P. Bird, observers. JLI& 23 to July 6.  1S9.5. 
F. D. Granger aiid J. E. Boutelle, observers. 

NO. 

I 

2 

3 
4 
5 
6 

7 
S 

5 
. IO 

I1 

I2 

. . . .  

. . . .  
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0=+025- ( 6 5 ) +  (66)+  

(79) - 
(S I )  - 

(79) - 
( Y Y )  - 
( S S )  - 

(91) - 
(9s) - 

(99) - 
107) - 
106) -- 

50 
5 '  

5 2  

53 
54 
55 

16j )  - (165 
16,)  -. (173 
ib7) -. (172 

173) -- (175 
16s) -- (175 







5 30 

NO. 

99 

CI 

+ I  -1 

t l  + I  
--I -1  

--I + I  

....................... -1 . . . . . . .  
--I + I  +I 

t r  -T -1  

-1 --I 

+ I  -1  

+5'97 
-4 '67 

- 3.59 
- 1'93 +14'37 

. . . . . . . .  -10.7s 
+3'* 

. . . . . . .  + I  . . . . . . . . . . . . . . . . .  - 1  ........ .... .... 
+ I  . + I  $.I 

-1 .I- I -4 '70 
--I + I  f5 '53 
+ I  --I - 0 .s.3 

. . . . . . . . . . . . . . .  + I  .................... .... .... 
--I 

-1  -1  

+ I  

+ I  - I '3.; 
. . . . . . . . . . . . . . .  --I .................... .... f 3 . 6 5  

-1 + I  

+ I  + I  - 2.52 

Corrt*hzir cqqrmt ims- C ont inued . 

-3 '59 
+5 '5' 

-I '?3 
... .... .... 

.... .... .... 
-T '69 
+a '03 

-II' .U -1'33 -0'34 
+58'50 +.i'Q .... 
-57 'I7 

- 2 ' 3 2  

+ I  .30 
-0 '46 

.... 
+O '46 
+o '54 
-0 34 
- I  '32 

+ I  '$2 

.... 

.... 

-" '5, 

+o '34 

+2 '50 
-2 '50 

.... 

CW 

0 

--I --I -1 -3'33 -3.35 + I  'IO 

+I - 13 '77 
+ I  +17'4o + 6 ' 9  +6'* 

+ I  --I - 3'63 -:'63 -3'63 -4.19 - 1 ' 1 0  

. . . . . . . . . . . .  + I  --I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +5'64 --I '45 . . . . . . . .  - 1  '45 

+ I  + I  . -1.45 -6'77 + I  '45 
--I -1 -5 .-w 1 ' 22  

--I + s 2 2  

+I -2.a + $ ' I 1  

....................... -1 ........ + I . . . .  . . . . . . . . . . . . . . . .  -1.66 +2'61 -2 '61 +T'22 

-1 --I + I  +J'w +0.03 
-1 + I  - 2 '65 +o 'f-5 

-1 -I -0 '1.1 +O' l . l  

. . . . . . . . . . . . . . . . . . .  -I  ................................ +4'89 . . . . . . . . . . . . . . . .  
+I +I -1 -4.74 - 4 '77 -1 '02 

+ I  + I  -0 '66 

+6 3.3 
'-2'22 +o 'SI3 

--I 

+ I  +I +I 
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( c )  Figitre cz~zuir~se~zf-Continued. 

Co)-reftik r'qrm2iorrs-Continued. 

c,.. clg' clr' cr5 c16 c17 cIa c I ~  ce0 6 1  cZ2 ~ 2 3  ~ 7 4  ~ 7 7  C ~ S  ~ 7 9  CSO C S ~  C- 

--I + I  - I  +@ ?5 

--I + I  -4 '66 
+ I  +? %I 

+ I  

... ... ... ... ... --I ... ... ... ... ... ... ...... ...... ...... ...... ...... ...... ...... 
--I -1  -1 4 . 7 7  - 0 %  + I  'I7 

+ I  +Q .?4 
+1 -1 -1'17 +5'37 -5'37 - I  '17 

+ I  -1 -5.q '+8'35 
... ... ... +I + I  ... ... ... -1 ... ... ... ...... ...... -2 '9s  ...... -0'4> ...... -0'J9 

+ I  - I 'OS +o '49 
+ I  -1 +2'17 

-I - 1  - 1  -0.76 +3'14 -0.76 

... . . ... ... ... ... - I  +I  ... ... +I ... ...... ...... ...... -4'05  SI +0'76 +o' iO 

+ I  --I + I  +9'4S - 1 y  

-1 + I  -3 'go 

--I - 1  + I  - 1 ' 9  +5q5 -4.05 + I  'Q5 

+I + I  -7 '59 --I '05 

Corrt-It71~ r'~rmtioits-Contin~e~. 

c.8 cx9 c.0 c21 c2? c-3 C C J  c.5 c-6 cc7 c29 c79 c% c81 c82 c8j CW 

- 1  

+ I  - 1  

+ I  

. . .  ... 

- 1  

... ... 
+I 

... ... 

... ... 

- 1  

-1  

+ I  

... ... + I  

- 1  

-1 + I  ... 
+ I  

-1 

... ... + I  

. . . . . . . . . 

--I 76 
+= '29 
-0 '53 

... - I  ... ... ... ... ...... ...... 
+ I  

- 1  

-1 + I  

-5'27 
... ... . . ... . .. ... ...... +6'0S 
+ I  -0'SI 

-1 + I  

--I +I 

+ I  

--I .. . .. . .. . .. . . .. ... .. . . .. .. . 
+ I  - 1  

-1 

+I --I . 
+ I  -1 

.. . . * .. . .. ... ... --I ...... ...... 
t.1 + I  

+2'43 
-4.?4 - 1  '81 
CI'8-I +4'5-' ...... 

- -a71 

. -5'3' 
+0'61 

-1 '-yl 
. . . . . . . . . . . . . . . . . . 

+o%: 
-4 '63 
+3 '96 

. . . . . . . . . . . . 
-0 7 2  

-2'26 -0:43 
+2'54 
-2 '06 

+2  9 5  

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

+o '53 

- 0 '53 

-2 '71  

+2'71 

- I ''9 
+2  'IO 

-0'51 
+0 '03 

...... 

-0 '03 
+o '67 
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+o '48 

...... 

...... 
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+ I  + I  --I --I 

+I 
.... + I  . . . . . . . . . .. . . .. . . .. . 

--I --I 

-1 + I  

-1 --I + I  +I' 
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-1 
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+5 3 2  
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-2 '78 
+3 .44 

.... -0'% 

. . . . . . . 

. . . . . . . . 
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-1 '50 
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+ 0 ' 0 2  
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- I  + I  - 2 . 0 0  . ' +0'* 
-1 + I  +2 ''3 
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+I . 
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-4 '40 
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-0 '67. 
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+ I  '00 

+6 '43 
+ Z ' j O  +II ' lS 

. .. 
-0 '24  

+O$ 

- 4  .fir, 
.... -2.q 

f 2 . Q  

+ I  ' 2 2  

+*'?a 
i-1'23 -0.0 

+6 +2 - 2  +2  

+6 -2  

+6 +2 + I  - 2  

+6 f i  
.... .... .... ... . +6 .... -2 .... 

i-6 +2 + Z  

' +6 -2 

+6 

-11'69 -13'34 - 4 %  
- 5'90 - 4'34 - 4 %  

+ 4 '74 + 13 'fx> + 5.62 -2 'j6 
- I '31 + 3 '72 - I '94 

.... .... .... + 8'77 - q ' 0 2  +8'35 + 4'66 
-2 '- 0'49 - 2'76 -0'40 - 5'95 

+a -2  + 5'og +>'os -12'76 
-2 - 2.64 -3'45 + 2'15 

+6 - 2  -2  

+6 +2 + 2  +? + a  

+6 
+6 -2 +2 

.... .... .... .... +6 -2 - 2  

+6 
+i 

+9'4S +3'49 - 4'SI f 1 . 6 7  -1 "9 
-3'5a +io'o3 -9'05 - 0 ' 5 2  -0 '€6 

I1 f l . 4 9  + I ' d  +5'95 - 7'52 -3'14 , 

+1'76 + 7'50 -4.24 -0.52 -2'14 

.... .... .... .... -3'52 + 4.81 -1.26. f4.52 .... - 2 . ~ 9  

+o '57 
--a -1 '14  - j ' 53  ' +4'hS 

+6 -3'96 +3'30 +I  '42 

-2 - 0'05 +1 '55  -6.61 

$6 -2 -2 +2'0g +IY% -3.a 

... . 

.- ., 
+6 

.... 

- 2  

+0'25  -7'24 
+7'oa -2.15 
+1'6? -2.15 
- 2 7 s  +S'17 

... .... -2.7s -3.04 ... . 
- 1 ~ . 4 0  -0'10 

+ 1.52 -S'17 
C 1'52 + 6 . q  

+S'& 
+2 .... .... .... -1.36 

-1'01 , 

f1.30 
-2.92 

-5 '44 
.... +5'14 

+5'31 
-7 .& 
c3 'Sa 

+2'ao +S'02  

+.l'72 +&'I7 
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0=+1'31 
O = - Q ' 2 5  

o= -0'57 
o = + o . s  

o= +o '95 
0=+0% 

o= .- 0 '55 
0=-0' 4s 

O=-o '20  

0=+0'33 
o= +0 'jS 
Q=-0" 

36 0=-1' 

o=-rYjs 

+6 +2 - 2  -2 

+6 - 2  - 2  

+6 + 2  -2 - 2  

................ +6 +a + 3  .... 

+6 -2 

+6 

+6 +a +a 

+6 - a  

- 0.65 + 5'40 
+16@ + 5.40 
- 4.11 -10'13 +r'j6 
- 4.11 - 1.39 -2'75 

-2 . . . . . . . . . . . .  +10'20 - 7 %  
+ 4.0s - 2 ' O j  

- 2  + 4's +1'0!: 

+2  - 2  + z  -3'65 
+6 - I .24 +j 'Sj  

0=-0'20 

Q= -0 '95 
0=+0'13 

O= + I '57 
o= - 2 '$5 

0=-0'4-' 

o= -0.35 
O = - I ' l ?  

o= - I '03 
0= + I '59 

o= +I '00 

0=+0.2s 

o=-o'm 

o=+3'ga 

o=-I '3 
0=-3'17 
c.= 2.0 'iG 

01 +o '43 

0=-2'2I 

Q= -2.s.5 

+6 +2 - 2  -2  

+6 +z -2  

+6 
+6 +2 -2  

+ 2'12 -1'11 -21.06 -3'53 
-1'11 5's; -1.79 - 4'25 

+ 2 2 3  +5'% - 0.61 
+ 4.q +I'SO +2'65 +10'52 

. . . . . . . .  . . . . . . . . . . . . . . . .  +6 ............................ + I G ' I r  +u'sg + 4'19 
+6 +? -2  -1 '53 + 2 '3s + 0'4s 

+6 +2  - 2  -2  +lI'g6 4-0'57 4- 5'10 

+6 -2  -2  - 3'71 +0'57 - 5'46 
+E + 2  -2  - 2'- -6'27 - = ' s a  

.................................... +6 + 2  . . . . . . . . . . . .  - 2'09 +1'42 + 2'54 

No~yar! q r r n f  ions-Continued. 

Cbr c6? c63 CQ ' c65 c66 c67 c6a CKq c70 cg6 cg7  CSa C99 

+6 -2  -2  

+6 + Z  +a 
+6 - a  

. . . . . . . . . . . .  +6 -2 . . . . . . . . . . . .  
i +6 -2  -2  

+6 -2 

+6 
+6 

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

+6 .Ss 
-2'24 

-2.24 

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

-2  

-2 

+6 -2 

.... +4 .... 

+ 2'9.1 +4 .32 
-1,'33 - 6 '05 
+ 1.45 -0'10 

---3'47 -0'79 -6.21 
- 0'75 +2'95 +3'47 

+9'6S ' -1.32 
-6'SS -1.92 

+ I ' d  -0'05 

-1.33 -3'7s 
.... -3'07 +5?,0 



TRANSCONTINENTAL, TRIANGULATION-PART 111-'I'RIINGULATION. 5 3 7 

o=- 11'0 

o=+ h . 7  
0=+167.9 

o=+ 17'3 
o=- 4'5 

o=- 3'4 
a=+ 50'3 

o=- 1'0 

o= -5 '3 
0=-7.4 

0=+5-i 
o= +8.6 
Q=+3'7 
O= -6 '6 

o=-I '9 
0=+1.2  

0=-6'1 

o= +s '5  

3 o=- 0 '  

o=+ 6 '2  
0 '4 

0'-17'3 

o=+ 0'1 

o=+ 5 '5  
o=+ 3'7 
o=+ 4'9 
0=-12.q 

5 '7 

0= - 
o=- 1 ' 1  

0=- 

(c:) Figzou criljnsfrrtrirf-Coiiipleted. 

Nor-rriril 6-qitlrlioris -- Continued. 

Cjr C7z c73 c 7 4  c75  C76 e77 cis c79 cE@: cg9 
~ ~ 

+13o'aa - 27'73 - 15':o 

+S61'6a +.qg'gS + x 6 ' &  + 15'66 

+14p'2S + 15'66 
+ I 4  663.3s +44S'06 + 15.f i  

........ ........ ........ .. ........ +lq% t 1'64 + 22'61, ........ ....... 
+32r '36 - S'c~3 + 10'6a 

+I4S'IS - W.56 
+j61'21 --yy 

- 4.25 

+IO'% 

-62'512 
+ 5 '12  

...... - 0 ' 4 0  

-.a '40 
- 0'52 

+?'I6 +r7.23 

Nor-rrilrl t.qitafiori.c--Con tinued. 

C,g c8o C8r c82 cS3 cS4 cS5 11% c87 CSS CSg c y g  
-~ 

+1o5-26 - 43'SQ - 4'37 + 2'52 

+go'37 + 15'86 - 10'21 

+162.51 + 5.30 -47 ' I 4  

+S9'33 - a,+ ' -21 '2s 

+76 '30 +23'Sq 
+147'45 4- 5'56 +$'* 

+1$'56 -16'4s + @ ' s a  + 5.19 
........ ........ ........ ........ ....... ....... ....... ........ ........ +75'73 -19.22 - 1.46 

+113'2S + 1'27 + 6'80 -11 .ai 

____.._. ___..._.. ....... ........ +49'80 ....... ... .... ........ .. .... ... .... ....... + 0'30 

N ~ I Y I I ~ I ~  cpnCions .- Coin pl et ell. 

ceq c.20 Q, .Cg2 cgs cs4 G5 C96 e97 c* cm 

+55'95 + 0 ' 2 0  - 0'99 
+%9'j2 - 22'9s + 8.07 

+145'5I - 1.44 
+ 7 i %  + 8's + 8.54 

....... ....... ........ ...... i-674'30 - 36.36 ........ 

+lor .46 
+314'8I + 5 ' 9 ,  

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

C ,=+o*S17 
c .=-o.oso 
C 3=-o'054 
c 4=+0'513 
c 5=-o 'q4 
c ,=+0-022 

c ,=+0-111 

C 8 = + 0 ' 0 ~ 7  
C ,=-0-166 
c,,= $0 '042 

cxl=-O '350 

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

- 2'53 
f46.15 + 6'59 

t j . i . 2 8  - s ' s j  
. .. . . . . . .. .. . . +ro7'31 

c,=+o '097 
c,=-O'47I 
Cg6= -0 '624 
C,,=-o '621 

C,,=+o '167 
%=+o '473 

Cq0=-o '210 

C,,=+o '352 
C,.=-o '472 

c,,= -0 '2 IO 

' C,3=-0'469 

+ 0'96 
- 5.5s 
+ 18.92 
+ 2'26 

- 13'77 
- 24'25 
+ 3 s . q  
+ 7 ' 0 2  

+ 11'97 
+ 41.21 

+417 '5'1 



UNITED STATES COAST AND GEODETIC SURVEY. 

RcsuZtiirg z1alitr.s of c.i~i.r~-llit~s-Cornpleteli. 

C.,,=fo '332 

C,,=-o 367 
q8=--0 '023 

C,g=+o *366 
e g o =  $0 '144 
Cg1=+o .726 
c5== -0 .oos 
C,,= +o '09s 
54- 14 

C, = -0 'I 64 

c c = - O ' O 7 7  

C ---0-6- 

c,,=+o .s54 

c5,=+o .IS9 
C5s=+o 'os3 

/ I  

('j=+,.. - 
( 2 j = +o y l r  

(4)=--1 '07.2 

(5)=+@ '7'7 

(7) =-0 '739 

u3 1 

( 3)=-0  '349 

(6)=+0 '194 

(S) =+o '130 
(9)=+I '07s 

(IO) =-o '63s 
( I  I )  =+o *169 
( I  2 )  = -0 *45r. 

( 14) =-0 .I~S 
(15)=-0'044 
(r6j=-o n17 
(17)=+@'341 
(IS! =-o '15s 
( 19) = -0 * I ~ O  

( I3 ) = +o -640 

(20)=-0'70.+ 
(21)=+0.211 
(32) =+o '450 
(23)=-0.194 
(24) =+I *169 
(25)=-I '127 

(26) =-0 '07s 
(27) =+o '247 
(2S)=+0*221 

C59=+0 '456 
C&=-o .A53 
Cor=-I-o '.SI 
Cac=+o 'S51 
C6,= -0 '43 I 
clj4 = -0 '5 IS 
cGj=-0 '604 
Cb6=+o '540 
Csi = f o  '3 14 
c68= +o '3% 
~@=+0'.234 
q0= +o '202 

C,I=+o'III I 

C,=-o '076 S 

c73=-0'oIo 3s 
C,,=+o '03s 
C,,=+o*w s 
c7D=+o '010 7 
e,,=-0 .crgS 5 
c ,B=-O.Igo  5 
C7,=+0'o4S 5 
CSO=SO '279 5 
Csr=--0'193 4 
CI = -0 '036 
e,=-0 . IO4 

cu=+o '077 7 
c*5=+o'o14 2 

C86=-0'05s 7 

I 

i 571 =--v 'y33 
(5S')=+r '011 
(59j=-0-562 

(61) =+o -916 
(62)=-0 '679 
(.63)=-0 '275 
( 6-11 = $0 '443 
(65 j =-0 .om 
(,66) =-0 '798 
(67') =$o '211 

(6S)= f r  .I64 
(.69)=--0 '564 
(70)=--0 0118 
(. 7 1 j = +@ '047 
( 72) = -0.43 I 

(73) =+o '753 
( 74) = -0 2 5 2  

(,75)=-0.1S9 

(77) =+o '1 16 

(79) = $0 '034 
(Po)=-0 '390 
(srj=-o.104 
(Si) =+o '352 
(S3) =-0 '129 
( S ~ ) = + O  -271 

(60) s i - 0  '155 

(76) =-o -169 

( 7s) = +O '209 

C87=fO '047 4 
C==-o '126 
C~*=-O -025 

Cgx=-o '063 9 

CB=+o '033 a 

Cw=$-0'006 5 
C9,=-o'069 7 
c go- -@'043 I 
Cgi = +o '036 
C.#=+0.12Q 7 
C&=+o -043 s 

c,=-0 oss 3 

c,=--O.o12 2 

/I 

(a5 1 =+o '2jS 

( S7) = -@ '030 

(SS)=+o '540 

(!P')=+o 'I34 

(,S6) 1-0 '259 

( s9) = -0 '509 

fg1)=+@'065 
(92) =+o *11S 

(93) =-0 'sj I 
( 94) =+o '514 
(95) =+o '359 
(6 j =+o '284 
(97)=-0 
( 9s) = -0 q o  

(1ao)=+o.j25 
(101)=-0~156 

( I03 =+.O '079 
(104) =-0 6 0 7  
(105') =+o *636 

(107)=+0'007 

(99) =--0 'IS1 

(1@2)=$0.360 

(106) =-o '173 

( 1 0 s  ) = -@ '048 
( 19)  =-0.423 
(110)=fo'40S 
( I I I )  =+o '062 
(112) =+o *154 



TRANSCONTINENTAL TRIANGULATION-PART 111-TRIANGULATION. 539 
Coi-m-tiuirs fo i ~ i i g z i / l z i -  dii-Eilioits-Coiiipletrd. 

,, 
{113)=-0'637 

( I  15 j =+o .+I 

( I 16) =-o -25.. 

( I  17 j =+a .a% 
(118:) =-0.526 
(11g)=+0'283 

(114)= fo '013 

(120)=-0'054 
( I21 j = $0 '450 
(122)=--0'353 
( I 23) = +o 2S6 
(124)=+-0.227 
(125) =LO 356 
( 126 j =+a nos 
(127) =-0 '262 
(12Sj=+0-433 
(129) =+o '442 

(131 j=-0 '055 
(132) =--0 'I42 

( 135) =+o .334 

(130) = -0 '621 

(134)=+ox~64 
(135)=-0~065 
(136j=-0'1;6 
(137) =+o .36S 
(r3S) = +o .5So 
(139') =-O '317 
(140) =-0 'I84 
(141)=-0.415 

I' 

( 142 ) = -0 . O ~ O  

(14j)=-o '396 
(IM)=+O '392 
(145)=+0 '137 

(147) =-0 2 7 2  
(r4S:)=+o'oS7 

( 146 j = 4-0 '053 

( 149) =+(J -124 
( 150) = -0 71s 
( 151) =fO '025 
( I 5 2 ) = - 0  '134 
(153')=+0 '403 
( 154) =-0 '270 
(155)=--0'340 
(156) =-0.174 
(157)=+0'311 
(15s) =+O '174 

( 1 h  j = -0 '492 
(161 ) =+o q g  
(162) =-to's38 
( 163 ) = -o '416 
( r Q  ) = +o '30s 
(165) =+a '12s 
( 166) = fo 62s 
( 167) =+a .ogS 
( 16s) = -o 'S54 
(169)=-0'og2 

(159) =-0 .2ss 

(170) =to 'os5 

II 

(171)=+0'670 
( 17 2 ) = -13 '5 I 1 

(174) =--0 .oq 

(. 176) =to ' ~ 4  

( 173) =--0 -108 

{ 175) =-0 '23s 

(177) = -0 'SO:! 

(17s) =-0 '249 
(179)=+0 '0% 
(Iso) =-0 .b 

( IS2) =-0 'IO1 

(1S1)=+0'596 

(1S3) = -on% 
( , I S ~ ) = + O - I S ~  
(1S5)=+0'236 

(rS7)=+0215 
( ISS) =+o '236 
( ~ S g j  = -0 '171 

(1S6) =-0 '515 

( 1 9  1 =+a '397 

(192') =+o '139 
(IgI)=-O'817 

(193)=-0 'I15 

( 194) = f o  '396 
(I95)=+0'173 
(196)=-o'j37 

(19s) =+o a16 
( 199 ) =+o '3 1; 

(197)=-0'170 

I, 

( 2 0 0 )  = -0 -14s 
(201) =+o '617 
( 2 0 2 )  =-0 -251 

(204) =+o '173 
(205)=-0'637 
(306) = + 1 -42s 

( 203) = -0 '391 

(207) f-G '195 
(2&)=-G.IgJ 
( 209) =-a '402 
(210)=-0 '226 
(211) =+I '15s 
( 2 1  2 ) =-I 'OOO 

[ 213 I =+o 74s 
jzr4)=-o 'oS~ 
( 215) =+u 'Go5 
(216 j = --o ~566 
(,217) =+o '236 

( 2 15 ) = -CJ -332 
(220j=+0.1SS 
( 221 ) =+o -144 
( 2 2 2 )  =--0 '79s 
(223 )  =+o -Si7 

(21s )  = $0 '4 j o  

(224) =fo '305 
(225) = -0 .os0 

No. Stations. Observed angles. 

0 I I I  

Lincoln 75 35 '23.30 
Thornpsoii 5s 20 09.09 
Heath 46 2S.23 

o '62 
- 

Golden Belt 1 7  3s 59.22 
Thompson 3s 54 -02.4.3 

Heath 93 26 5936 - 
I "I 

Correc- 
tion. 

/ I  

+o 'S7 
- t o  '30 
-0.19 

-0 '77 
$0 .Q 
+I  '07 

Splier- 
ical 

angles. 

24.17 

09 '39 
2s '01 

/ I  

5s *-E 
03 '07 
60 '63 

Spher- 
ical 

exes- .  
/ I  

0 '54 
0 '53 
0 '53 

I 60 

o '72 
o 7 2  

o -71 

2 '1.5 

- 

- 

Log s. Distances 
in metres. 

4.499 ISS o 31 563.71 
4 -42s 462 6 26 S2o '24 
4 -629 734 6 42 651 3 9  
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No. Stations. 

Golden Belt 
Lincoln 
Heath 

Lincoln 
Thompson 
Golden Belt 

Wilson 
Lincoln 
Heath 

I Wilson 

Heath 

Golden Belt 
Lincoln . 

Wilson 

S 

5 

16 

I1 

Meades Ranch 
Lincoln . 

Wilson 

Meades Ranch 
Lincoln 
Heath 

Wilson 
Meades Ranch 
Heath 

Golden Belt 
Meades Ranch 
Lincoln 

Observed angles. 

59 '99 
40 0s 14.95 
62 IO 33.20 
77 44 12.74 

0 .s9 
4' I T  .18.2S 
107 26 31 '10 

30 21 41.41 

- 

- 
0 '79 * 

rj5 56 5S-11 
I 56 29.04 
2 06 33.3; 

0.4s 
62 23 31 -27 

' 57 53 15-30 
59 43 17.55: 

- 

Corrrc- 
tion. 

/I 

+o '3" 
-0.77 
+I '26 

+ o - I O  

-0 '33 
+I 'og 

+o '24 
+o '95 
+o '54 

+I '15 
4-0 *og 
-0 7 2  

+o -41 
-I '72 
$0 '9 I 

+o 'I2 
-0-gr 

$0 '35 

+I '36 
t o  -04 
-0 '52 

+o '59 
-I -25 

+I 'oj 

-0 -44 
-0 '93 
+o -8 I 

Spher- 
ical 

angles. 

27 '33 
01 '47 
32 '59 

/ I  

25 -64 

06 '33 
2s .89 

15'19 
54 '15 
13 '25 

4s '4 

40 'ss, 

5s '52 

27 '32 
34 2 4  

31 '19 ., 

31 '39 
14 '39 
I7 '93 

46.06 
4s '54 
37 '90 

33 'I2 
45 '32 
45 '39 

40 -65 
34-14 
47 '07 

Spher- 
ical 

excess. 
I/ 

0 '47 
o -46 
o .46 

I '39 
o -29 
0 '2s 

0 .2s 

- 

0 '85 
0 '97 
0 '87 
0 SS 

3 '71 
0 'S3 
0 .s4 
0 'Sj 

2 '50 
I -27 
I .2s 

I. '2s 

- 

3 ?3 
o '63 
o '63 
o '63 

1'89 : 

s. Distances 
in metres. 

.i*42S'$52 6 26 S X I ' L ~  

.$-5So S57 7 2d 094.10 
4.3q 977 I 20 IS2.60 

4 '624 191 9 42 WI .26 
4.604 575 3 40 232.34 
4.612 995 3 41 019.96 

4'612 995 4 41 019.97 
4.541 136 o 21 934-92 
4 '531 4995 7 34 001 '31 



No. Stations. 

Golden Belt 
hlearles Ranch 
Heath 

16 

Wilsoii 
Meades Ranch 
Golden Belt 

Bunker Hill 
Bleahes Ranch 
Wilson 

WCIIC~O 

Meades Ranch 
Wilson 

Waldo 
Meades Rmcli 
Bunker Hill 

1s 

'9 

20 

Blue Hill 
Waldo 
Bunker Hill 

Blue Hill 
Meacles Ranch 
Bunker Hill 

Waldo 
Meades Ranch 
Blue Hill 

Ollrservai angles. Correc- 
tion. 

I' 

- 0 ' 1 2  

-2 '30 
+I '79 

-0 '56 
+I '05 
SO '03 

-@ '75 
+O '32 

-0 '4s 

.to '73 
-0 '16 
t o  '02 

+a '06 
-0 .4s 
$0 '52 

-0 '23 
-0 '67 
-0 '50 

-1-0 '55 

+O '19 
---0 *g4 

t o  .42 

-0 -42 
-0 '0' 

+o '25 
-0 -46 
+o .16 

Spher- Spher- 
ical ical 

angles. excess. 

oS.01 0.26 
+$mi " 0 . 2 6  

04'70 0 . 2 6  

/I I 

Distances 
bgs. in metres. 



542 UNITED STATES COAST AND GEO.DETIC SURVEY. 

( d )  .-lGastt*tl ir-imiglr.s, Rliriistzs m i i f  Colondo-Continued. 

NO. Stations. 

21 

22 

23 

2.l 

Allen 
tVa 1 do 
Bunker Hill 

Allen 
Rlue Hill 
Waldo 

Allen 
Blur Hill 
Buiiker Hill 

Fnirrnaunt 
Rlue Hill 
13ur1ker Hill 

Pairmount 
Blue Hill 
-411en 

26 . c Bunher Hill 

Fairmount I 

27 

2s 

29 

Era)Ts 
Blue Hill 
Fairmount 

Hays 
Blue Hill 
Allen 

Fairmoupt 
Hays 
Allen 

Observed angles. Correc- 
tion. 

/ I  

-0 '99 
--I *SI 
3-1 .04 

4-1 'I1 
-1 '19 
+I 70 

+o 'TI 

+ I  '99 
- J '77 

/ I :?j 

-0 .75 
-0 

-0 '91 
+I -37 
+o $1 

-0 '92 

- 2 '74 
+I -94 

+ I  .1s 
4-0 '05 
$0 -3s 

$0.72 

+I '42 
-0 -31 

-0 '53 
+o 76 
+I 'I2 

Spher- 
ical 

escess. 
I /  

0.a 
0 -44 
0 '45 

1 '33  
0 6s 
o f$ 
o -6s 

-- 

Log s. Distances 
in metres. 

s '534 655 0 34 407 '65 
4.r.S~ 3Sr o 15 253.90 

4'577 369 5 37 7S9.36 

4'qSg 633 2 30 S76S7 
4'577 369 3 37 7S9.34 
4 *41g 296 5 26 260 ' J I  
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(d )  -4 @iisicri ta-ia~tgks, li~uirsm a i d  C,~I~J.rr~~-ContiIlued. 

NO. Stations. 

La Crosse 
Hags, 
Fairrrioun t 

La &osse 
Blue Hill 
Fairiilou~lt 

Haps 
Blue Hill 
La Crosse 

Snloky Hill 

La Crosse 
33 1 Hays 

34 

Smoky Hill 
Hags 
Fairniount 

Smoky Hill 
Fairmount 

36 

-- 
>I  

3 s 

Trego 
Hays 
Smoky Hill 

Skaggs 
Trego 
Smoky Hill 

Skaggs 
Sniokp Hill 
I,a Crosse 

Observcd angles. 

I '39 

Correc- 
tion. 

I f  

-0 '77 
--I -60 
$0 'I5 

-1 '73 
+I .I4 
+o '53 

-0 .11 

-1 'og 
+a '95 

+u.rS 
+o .40 
+ I  '01 

+ I  'I9 
--I '19 
-1 '30 

-1 '00 

+ I  '44 
$0'23 

+ 0 '02 

$0 '72 
- 0 '.@ 

-0'qS 
+o '2s 

$-o '17 

$0 -40 
4-0 '14 
-0 '79 

Spher- Spher- 
ical ical 

angles. escess. 

04-26 0.70 
If I f  

395s 0.70 

17 '95 0'69 

2 '09 

3S.56 0'73 
21 6 5  0.73 

-. 

01 .9s 0'73 

2 '19 
12-51 0.45 
23'35 0'4.5 
25.69 0'45 

I '35 
40.5s 0'72 

59.45 0'73 
2 2 7 5  0 7 3  

2 'IS 
27.97 0'95 
39-43 0'95 
55'54 0'95 

__ 

I '02 

16.9 . 0'3s 
35'39 0.33 
o s 7 7  0.3s -_ 

I '14 

Distances 
Log s. in metres. 



No. Statinns. 

Big Creek 

Skaggs 

Schiiiirlt 
40 [ Trego 

Skaggs 

Schmidt 
Big Creek 
Skaggs 

Big Creek 
'l'rego 
Sctitliidt 

. _, . 
Inclian Creek 
Rig Creek 
Sclimidt 

Canyon 
Big Creek 
Schmidt 

Canyon 
Indian Creek 
Schiniilt 

Indian Creek 
Big Creek 
Canyon 

Beaver 
Indian Creek 
Canyon 

Correc- Spher- Ppher- 

angles. escess. 
Obscrveil angles. , ical ical 

I /  

-0 '52 

-0 .os 

S o  .46 

+I '35 
+o '09 
t o  7 4  

$0 '39 
+o '23 
$0 '29 

-0 '29 
-0 '1 7 
-0 '95 

-0 '07 

-0 '$3 
+u ' c g  

-0 6s 
$0 '55  . 
-@ D 2  

-0 '96, 
-071 

-0 '07 

-0 7s 
-1 '05 
-0 ..J$ 

-0 '37 
$0 '5s 
+o .os 

I $9 
o .61 

0 -62 

CI .62 

I '63 
I '00 

I 'M 

I 
-- 
3.m 
o .6S 
o .68 
o '67 

Distances 
'JX ' 0  in metres. 
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('d ,) -4njlwted frinizgles. A-011~~7~ m t ?  ~ul~ind~~-Continuecl. 

No. Stations. 

Monument 
Indian Creek 

BIonunieiit 
India11 Creek 
Bearer 

52 

53 

54 

55 

56 

Sheridan 
Monument 
Beaver 

Sheridan 
Gopher 
Beaver 

Gvplirr 
Monuinent 
Sheridan 

Teeters Hill 
Gopher 
Sheridan 

Wallace Bluffs 
Gopher 
Sllericlan 

Observed angles. 
Spher- 

ical 
escess. 

/ I  

0 '69 
o '69 
o 69 

1.3' 
0 '47 

0 '47 
0 '49 

Log s. Distances 
in metres. 



. NO. Stations. 

57 

5s 

59 

Go 

Wallace B I & ~  
Teeters Hill 
Sheridail 

Teeters Hill 
Gopher , 

Wallace Bliiff~ 

Turtle 
Teeters Hill 
Wallace Bluffs 

Turtle 
Teeters Hill 
Sheridan , 

Tiirtle 
Sherirlaii 
.Wallace Bluffs 

62 

Observed angles. 

Curlew 
Turtle 
Wallace Bluffs 

Curlew 
Turtle 
Teeters Hill 

Curlew 
Teeters Hill 
li"a!!ncc Bluffs 

McLane 
Turtle 
Curlew 

I '?5 

. Spher- Spher- 

tion* angles. excess. 
ical ical 

r !  

-0 '20 

$0 '70 
-0 '30 

+0 .45 
+o 'SI 
-0 'Ij 

-Q 69 
-I '05 
-0 '27 

+o '3 I 

-0.36 
-0 .so 

-0 'S5 
+o '50 
-0.47 

+o '0; 
$0 '13 
+o '39 

-0 .-..7 3- 

-0 '55 
--I '06 

+o .36 
+0 '01 

S C J ' I I  

-Q 'e 
+O 'I5 
-0 .os 

1 . 1 2  

0 '65 
0 '65 
o '65 

1'21 

o .36 
o .36 
0 '35 

0 '9.2 

LRg s, Distalices 
in metres. 



No. Stations. 

66 

67 

6s 

69 

McLane 
Turtle 
Wallace Bluffs 

fi!IcI,ane ' 

Wallace Bluffs 
Curlew 

Arapahoe 
McLane 
Curlew 

Arapahoe 
Ivf cLane 
Turtle 

Arapahoe 

Curlew 

Monotony 
McLane 
Arapahoe 

I 
I. 

Correc- Spher- Splitr- 

angles. excess. 
Observed angles. ical ical 

0 I / I  

27 54 09.2s 

30 05 09.04 
152 1 3 0  42.S9 

- 
I '21 

21 59 02'35 

12; 19 20.17 

31 41 37.Q 

Monotony 
McLaiie 
Curlew 

Monotony 
Curlew 
Arapahoe 

Clieyerine Wells 
ivIollotony 
Arapahoe 

0 '3' 
71 og 20.61 

SI 13 03'41 
27 37 37'04 

I a6 
- 

I '26 

Distances 
Log s. . in nietres. 



No. Stations. 

First View 
I\lollotolly 
Arapahoe 

First View . 

Cheyeniie Wells 
Arapalme 

Ohserved angles. 

Clie~~eiii~e Wells 
~ ~ o I l G t O l 1 ~  

First View 

Landsnian 
l\Ionotony 
First View 

Laiidstiian 
mono tun^ 
C lieye I I I le Wells 

Lancls.riia~i 
Clieyciint? Wells 
First View 

Kit Carson 
Landsman 
First View 

Eureka 
La lidsmall 
First View 

Eureka 
Laticlsnian 
Kit Caisoii 

Correc- 
tion. 

I /  

+o '07 
+o '79 
t" '09 

$0 -47 
--a '53 
-0 '07 

-0 '03 
-1  .zr; 
+o ..J I 

.-<I 2 6  

-0 '53 
-0 '75 

+I '14 

-to '95: 
i -u '73 

-1 '41 
-0 '95 
--I 'IS 

+o '26 
+o-q ' 
+o -76 

-0 ' 75 
+o '59 
+o '5s 

-0 ' 0 2  

$0 '33 
+o '03 

Spher- 
1cal 

excess. 

I I  

0 '53 
0 '94 
0 '53 

3 'BO 

o '61 
0 '61 
0 'GI 

I '00 

o -61 
o '62 
o '62 - 
I 'S5 

Distances 
Log s. in metres. 

4 '557 522 3 :,ti IOI .26 
4'4S5 802 3 30 605.70 
4'3Sr Sr3 I 24 oSS.69 



NO. Stations. 

Kit Carson 
Eureka 
First View 

Aroya 
Eureka 
Kit Carson 

Overland 
Eureka 
Kit  Carson 

Ckerlaid 
Eureka 
xr<,ya ' 

Xrvya 
Ovei-land 
Kit Carson 

Hugo 
Overlanil 
-4ropa 

Ailol.ie 
C,\.erlmld 
.I 1uy.1 

Adobe 
HLI@ 
droy8 

Hugo 
0verland 
Adobe 

Correc- Spher- Spher- 
Observed angles. ical ical . 

ti"11. angles. escess. 

j .16 

3 . 1 1  

0 ' 7 2  

u '72 

0 '73 

2 '12 

I '17 

1 ' 1 7  

I .I6 

Distances 
in metres. Log 5. 
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i d )  Agirsfcd fr-imgfcs, Iirtriisas rrnd C~for,trd@-Conipleted. 

No Stations. 

93 

94 

55 

96 

9T 

9s 

Square Bluffs 
H "go 
Adobe 

Holt 
H L I ~ O  

Square Bluffs 

Holcolni Hills 
H d t  
Square Bluffs 

Crmiers Gc!ch 
S r p r e  Bluffs 
Xrlolx 

Big Springs 
Sqiiai-e Iilllff s 
C!-s!llers Gulch 

~Iolcolnl Hills 
Square Bluffs 
Big Springs 

Observed angles. 

3 'I9 

Correc- 
tion. 

/I 

- 2  '16 
-0 . I4  
-I .62 

So .yJ 
$0 3 6  
S I  '39 

+ I  '63 
So 'I9 
-0 '23 

-c 'q 
+ I  '15 
+ z '06 

-0 3 9  
-0.23 

f-43 '52 

- 0 $3 

$-0 'oq 
+ 0 ' 3 I  

Splier- Spher- 
ical ical 

angles. escess. 

I/  If 

b6 $1 0 y 4  

04.94 0'55 
51 '@9 0'95 
- 
2 'S4 

16'36 0.74 
4 5 . 2  0'74 
60'12 0.74 

z '2' 

130.39 0'57 
55-1s 0.56 

49'63 0'57 

Logs. ' Distances 
iii metres. 

4 '646 4S7 S 44 30s *5S 
4.487 154 4 30 701 '13 
4'567 105 o 36 936.6s 

it- 1 Tht. /ii.cYsioir ~)r- the. t i+ i ( . s f td  f i . i i r i c ~ ~ r r ? ~ r f i l i r r .  

To get a close estimate of the precisioii of this triangulation. we determine first the 
j p h ] .  -_ I*l 

1 1. 

mean error of an angle resulting from the ailjustmciit. 

this casep = I ,  c = gg, and [w] = ~ 3 ' 9 3 .  

is fomid by the usual f0rni11Ie-- 

We have 111. = 

Hence vu'= f I"-o+ 

The probablr error in length. of any line of the series clue to the angular measures 

it<,,, = ( 6.,,# ) --? 2;: [a:, + 6..:61: + 6',] aiicl t.<,,, = 0'674 5 iii 4;; 

We will divide the series irito.four parts by the lines Hays-La Crosse, Monument- 
Beaver, arid L.andsman-First '17iew3 and compute the probable error in length of each of 
these lines. 

, I 



EL PAS0 BASE NET TO SALT LAKE BASE.NET 
ROCKY MOUNTAIN SERIES 

COLORADO AND UTAH 
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For the first, starting froiii the side Thoiiipson-Heath of the Salitia Base figure, we 

0.24;~  metre, t-b = =J= O'ISI metre, 
ancl'r, = f 0.304 metre. 
, Starting from the side Holcolm Hills-Big Springs of tlie El Paso Base figure, 2 = 
219.5 ( 3 0  triangles), c , ~ , ~  = fo '6gS iiietre. el. = fo.103 metre, a i d  ~1. = f 0'705 metre. 

(. = -1- - - - f 0.279 metre, which is about iHslgTg part of the length. 

' have 6,,,1 = 12.2~ B = 26.9 ('9 triangles), c , ~ , ~  = 

r C" - &-I= + L.,= 

For the side Monument-Beaver = 2-1'1.  Starting from the sicle Thompsoii- 
Heath, = gS.4 ( I S  triangles:). L - , ~ , ~  = f 0'257 metre, L-!, = + o'ogg metre, and tql = 
f 0.275 metre. 

' Starting from the other end 2 = 14S.o (121 triangles'). cLcll = + 0.3150 metre, L'b = 
f 0.056 metye, and C-, = + o*.yo metre. Hence L- = f o*-.og metre, or about saJFii-vii 
part of the length. 

For the sicle Landsman-First View, starting from Thompson-Heath 6,1, = 2s ' 2 ,  

2 = 1S3.s (:-.g trianglesj. t a q f , t  = o'oSS metre, and c1 = f o*.yr 
metre. 

. = 62.6 ( IO  trianglesj. c,,,~ = 
f o'rSo nietre. = f metre, and (= = =t o'IS7 metre. Hence c = f 0.16;. 
metre, or about -iBylu?Tg pnrt of the length. 

For the effect 011 the clevelopecl length of the arc, we have approsiiiiately, the 
distances being takeii between tlie iiiiddle points of the terininal lines projected on the 
thirty-ninth parallel- 

o';og metre? c'l. = 

Starting from the line Holcolin Hills-Big Springs, 

Temiiial lines. Distance. Probable errors. Xverage. 

knr. ] I f .  

TlioiIipsoii ant1 Heath to  Hays and La Crosse I 15 'j iVTliriig ilB1xTiii T'z;SIJJg +o '75 
Hays aind La Crosse to Moiiunient aiid Beaver 139 'u izlTliinJ TT-lfifiK rv,faa I 29 

Monuineiit and Beaver to Landsiiiaii aiid First 747 'o T&a iTivlrUU I .-I7 
View 

Laiidsiriaii mid First View to Holcollii Hills I@ '7 rinlirTiii ';-&jTiir TaTliiaa o '91 
c - -- a i d  Rip Springs 

550.2 -cJ ..+2 

y. THE: ROCKY MOUNTAIN SERIES OF TKIANGLES, ISSS, Is$)C+gI, ISg3-\>4-95. 

( l r , j  I ) z f m l ' ~ d i 1 ~ ~ ~ .  

I t  ma?; lie said that up011 the wliole h i t  few obstacles &x! encounterecl in the 
execution of the triangulation lietween the Atlantic and tlie foot of tlie Rocky Mountains. 
n i id  these were mainly tlie presence of lofty forests or of parallel ridges of nearly equal 
altitude. Facilities of trailsportation aiicl of living were sufficiently abunclant ill this 
region, except perhaps iii that part of the triangulation which crosses the Allegheny 
Mountains. For tlie remaiiiiiig tliircl of the way across the continent tlie character of 
the work is tdtally different, on account of the high altitudes of the stations, the sparse 
population, and the deficiency of ronds, as mn!; lie seen froin the following itifonnation 
ancl clescriptioii furnished by tlie observer, Assistant W. Eimbeck. 
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With but few esceptions tlie belt of country between Pikes Peak and Salt Lake 

traversed by the inajn triangulation is characterizrd by stupendous masses of mountains 
with intricate suiiiinit topography. . The continental divtcle in western Colorado, for 
esaiiiple, rises as a stroilgly serrated wail with innumerable defiant peaks. Though rugged 
aiicl often difficult of access, the iiiountaiiis along the thirty-ninth parallel are neverthe- 
less a favorable feature, iilasmuch as they admit of a triangulation on a comprehensive 
and unusually grand scale; ofi the other hand, the crossing of the esteiisive table nioun- 
taiiis in eastern Utah necessitated a contracted central figure of the triangulation. The 
stations comprised within this section rise to an average elevation of about 3 650 metres 
(I? & feet:), and the crossing of the continental divide was effectecl lq -  the occupation of 
five peaks, reaching an average elevation of tiearly 4 300 iiietres ( 14 IO#? feet:). We have 
here the longest side of the triangulation, viz: 294 kilometres or 182.7 statute mi!es. 
As a rule the country traversed is an arid, barren waste, with but a few settlenieiits along 
tlie main ricers: within the timber belt, between the 7 ooo aiicl 1 1  0130 foot level, there 
is abundance of water. The principal drawback to tlie prosecution of the work was the 
aliiiost total absence of modern ways of transportation, ordinary freight wagons and pack 
aiiiiiials being the only means available. The Deliver arid Rio Graiide Railway with its 
Opden lx-anch however airorded Iiiuch relief. The wagoii roads had frequently to be 
made passable by building bridges across gulleys. Lower camps were estabiishecl at the 
end of transportation by wagon, and a pack trail was liicated and opmecl to the upper 
camp, usually distant 5 to 10 miles. and iiivqlvinp mucli cutting of fallen timber, grading, 
and lilastinp or quarrying of rocks; the ascent was ~is~ially between 3 om and ; ooo feet. 
Ordiiiariiy about I O  000 pounds ( sa!;, 5 ooo kilogrammes:) of outfit, instruments, and 1irovi- 
sions had to be transported to the upper camp-usualiy two weeks' lalmor-for which 
pui-liosje froiii j to 7 p3ck niules were empli>\.d. each carrying :is n bail a l > i ~ ~ t  I 50 poulicls- 
rarely and esceptionally a s  much as  -1oo i~nLiiicls-accordiIig to length of trail. steepness. 
and height of ascent. The transportation of the great theoclolitc. weighing with picking 
bos about 200 pounds. required from one to two clays. Soinetinies it was carried by 
hancl; at other times it was clrawn 11y a horse and guided 1:iy men. This was acconi- 
plislied by men carrying alii1 guiding it while a horse was pulling it by ineans of :i rope. 
The preparator!; work to put the mountain top in coiiditioii for occupation was usually 
very considerable. The instrumelits were niountecl 011 masonry or rock. the ohserver 
stoocl upon a raised floor, and tlie whole was walled in aiid suriiiouiitecl l)!; a stout canvas 
tent in ilrder to Ix-eak the force of the wiiid. The theodolite stood upo'ii its iron position 
stand, and was effectively protected agninst direct suiiliglit aiicl radiant heat by the 
double-walled and double-ruofed observing tent. As the occupation of a station covered 
about one month, only two principal statioiis a year coulcl be disposed of, si& the 
favorable szasoii lasted but four months. The recoiiiiaissaiice was inade by Assistant 
Einibeck jwrifcrssri wit11 the occupation of the station. The party of occupation was 
composed of three officers and a reccrder, with the necessary complement of inen acting 
as packers, drivers. and cooks, the whole party consisting of 13 or 13 persons. The 
heliotrnpers stationed in pairs at tlie clistant stations iiuiiiberecl from IO to 30, according 
to tlie requirements of thy figure of the triangulation. In consequence of their long 
coniiection with tlie work. these lieliotropers had acquired the needful training a i d  
familiarity with their duties; they lived in tents or stone cabins or " dugouts, " close 
to their stations, and 4-oiisidering the.esposure aiid isolation of their positions it must be 
conceded that they acquitted theinselves well of their trying and responsible duty. With 



VIEW O F  CIMARRON C A N Y O N  AS SEEN F R O M  U N C O M P A H S R E  P E A K  



BREAKING C A M P  O N  UNCOMPAHGRE PEAK. 



HEL lO l -ROPES O F  LATEST PATTERN 



T H E  50-CM. OR 20 - INCH T H E O D O L I T E ,  USED A T  T H E  PRIMARY STATIONS 
I N  T H E  ROCKY M O U N T A I N  REGION 



Const and Geodetic 8wvet i -  Tmnscoizlinenlal Triuiaoulation No. 39 

INTERIOR STATION ON OGDEN PEAK, S H O W I N G  M O U N T I N G  O F  I N S T R U M E N T  ON POSITION STAND 

Altitude, 2,924 trerers or 10,592 fee t  



Coast and Geodpfic L 5 ? i ~ ? y / -  Trnn ~continentnl l?rirrnqulntion No. 

S U M M I T  STATION ON TREASURY PEAK, LOOKING EAST, SHOWING PERFORATIONS OF L;'ALL T E N T  FOR OBSERVATION W I T H  LARGE THEODOLITE.  

A'titude. 4,098 meters or 13,444 feet. 



H I G H  S U M M I T  STATION,  TUSHAR M O U N T A I N ,  U T P H  S H O W I N G  R I N G  W A L L  AND D O U B L E  
S H E L T E R  T E N T  AGAINST STORMS A N @  RADIATION O F  H E A T  

Altitude, 3,702 meters or 12 146 f e e t  
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~ m t  few esceptions the liorizoiital directions aiicl zeiiitli distances were observecl upon 
heliotrope light. As a rule tlie reflectors were of square shape, varying in dimensions 
from I to 6 inches. and as a hatter of esperience it was founcl that a ;-inch mirror 
sufficed for lines of from So to IOO miles. but 4-inch iiiirrors were needed for lines of 
IOO to 150 iiiiles: the longest line deiiiandecl a scliiare mirror of 6 inches (: 15 centinietres ) . 
The signaling or call lights used at the observing station consisted of reflectors from S 
to 12 inches ('20 to 30 centimetres:) in size: these powerful lights were easily discernible 
with the unaided eye by the lieliotropers. even up to distances of 150 ,statute iiiiles 
((240 kiloiiietres') , and served them for directing their mil-rors at  the begiiiiiiiig of an 
occupation of a station: they were also used for coiiimuuicatioii. On long easterly arid 
westerly oriented lines the curious pheuomenoii of getting the reflected sunlight tliron7ii 
to the station nf zc1hic-h fht szoz : e m  f l / ) n 7 f ~ I ~  ~ L J ~ P  fht. ~ L J J . ~ Z ~ J Z ,  \vas frequently observed, 
and at tinies lastecl several minutes. 

The horizontal directions at all the stations were observecl with the pcent imetre  
(::.o-iiich'i theodolite. originally in 15 a d  later on ('since 1Sg3') in hut 17 positions of the 
azimuth circle. The intention was to secure two full sets in each position and to lja!ance 
tlie nuiiilxr of oliskrvations of the iiioriiiiig anc1 evening, liut on. account of uiiavoic1aljle 
1)rukeii series their iiiiinl~ers hac1 generally to be increased for each position. Respecting 
the time of observatioiis. they were iiiade from suiirise till S o'clock. mid resumed in the 
afternoon at half past 4 o'clock aiid continued till sunset. The seeing was ~is~ial ly  lxtter 
in the nioriiiiig than in tlie evening ; escessive brillinncy of t,he light \vas screened off 
by hreathing upon tlie ocular. The focal leiigtli of the instrument is 1c6 centiiiietres 
(,qz iiiclies.)! aiicl the magnifying power, using tlie 1 ' iialf-inch ' I  eyepiece, $3 diameters. 

zero or reference illark was used at  all stations : it generally was a black target of 
such dimensii,?is as. to present an apparent angular wiclth of 16 seconcls. To secure 
observations under a variety of atmospheric conditions. ohm-vations were extended over 
t\venty or inore days. Double zenith distances for heights of stations were observed at  
tliree different periods of the day. viz. I)etweeti 65; and S o'clock in the niorniiig. 
lietween I I 1; aiicl I o'clock, atid again hetween 4,I.h and ri o'clock . in the evening. 
.This 1)rought to light the fact that tlie 'inininium refraction of tlie day occurs late in 
the afteriioon, even after the heat of  the day has passed. As a rule these vertical aiigle 
liieasiires were spread over not less than t\velve days. at least for the iiiain lines. Since 
the vertical circle was necessarily mounted eccentrically and at a given height abo17e 
the station mark. the heliotrope also Ixing at a certain elevation. a reduction of the 
ol)sei-vecl zenith distances to refer them to a line " from groimd to grouiid " was required. 
No simultaneous reciprocal zenith distances were obtained. The astronomic oliservations 
for time, azimntli, and latitude at or near the stations will be referred to in another 
place. The triangulation part!' also made observations of the magnetic declination, 
dip, and intensity, aticl nieteorological iiotes were regularly kept. During tlie whole 
lvork the temperature of the air was iiever known to fall as low as oo F.. or - IS'' C. 

For tlie purpose of adequately describing the station and its approaches. a rough 
topographic survey was usiially made of the region immediately surrounding it and 
covering from, a few to, maybe, 30 square miles. This topographic knowledge was also 
clesirable in order to forni n judgment of the probable deflection of tlie vertical. Further 
work of much practical usefnlness by the part!; n7as the determination of a comprehen- 
sive number of second order points for general topographic purposes. They were 
iiiostly principal mountain peaks, and were marked, when accessible, by a cairn conical 
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in shape, about 6 fert high arid 4 feet in diameter at tlie base. Every principal statioii 
is niarked by a copper bolt in tlie rock or masonry, hut not infrequently ljolts are 
placed in a north, south, east, or west directioii ('true) where bed rock permits and 
just c v r f s i X :  f h t  ring ;.tn/l. These estra hnlts can not be mistaketi for the central or 
station bolt so long as the wall or masonry reiliains intact. The accompanying photo- 

\ 1, Irr E,LlstL,A y'c""' >.. .&*L 

doings of the party. 
In conclusion. it may be remarked that tlie conditions of tlie weather on these high 

mountains could not 1.w called unfavorable during the or&nary field season, which lasts 
from about the first of Junc to the first of November. excepting, however. the period of 
thmiderstorms in iiiil:lsumnier. These thunderstornis. on account of their persistency 
among' the high ~nountains. have freclwntly given rise to n~ucli suffering. danger, and 
delay in the progress of the work. They ~ o u l c l  envelop or hover around the ~iio~iii-  

taiiis for days in  succession, accompanied by the niost violent electrical discliarges and 
tliunclcrbolt..j iniaginable. During such times the whole mountain top fairly hummed 
or hissed by llirtue of escaping electricity, and sparks.a couple of iiiches in length could 
easily be clrawii froin any esposrcl insulated object. These stoi'iiis would usually set in 
about I I o'clock in the nioriiiiig and last till long after sunset. Tho~igli no fatality is, 
fortunately, to be recorded, they provecl, neoertlirless, the iiiaiii cause of clisconifort 
and danger to tlie party esposecl to their fury. The highly atteiiuatecl state of the 
atmosphere, the icy blasts during stormy periods, often accompanied by hail and snow, 
contributed their share to the depressing and dismal feeling during such exposures. 
The esperieiice of the heliotropers woulcl seem to liave hren more perilous, for tliree of 
them \\7eri knocked ilowii a i d  rendered partly unconscious, while n tent, several 
signals. ancl a theodolite were cleiiiolished by lightning. The ( so-called ) equinoctial 
siio~storiiis which annually break over these mountains with surprising regularity were 
usually borne without coiicerii. They arrive about the beginning of October, and, 
though sometimes severe ancl followed by intense cold, they selcloni causecl other than 
mere temporary interruption in tlie communication with tlie camp ljelow. 

A few words about tlie Incliaiis may not l k  deemed oiit of place. Though numer- 
ically well represented, particularly in Colorado ancl Nevada, aiid frequent yisitors at  
the surveyor's camp, their denieanor was uiiifcmily unobtrusive aiid cnnsidernte. 
Though half civilized arid fairly coiiipetent, their services were riot clesirecl or required, 
escrpt mxsioiinlly for packing of wood and mater for the heliotrclpers. 

Notice hac1 to be taken of tlie fact that the Salt Lake Base Net lies asicle to the 
north of the niain triangulatioii. and cclnsecluently some scheme hac1 to be devised as  to  
its niost adonntageous coiiiiection with the acljacent nets. Since the Wheeler Peak 
hesagon could not be broken up, it \vas decicled to make the adjustment first \vitli the 
Uulo Base ancl liest by 311ea115 of tlie. known (adjustecl') side, Mount Nebo-Tusliar with 
tlie El Paso Base. The order of proceeding from enst to west being retained in the 
publication. tlie connecting link. Mount Neho-Tushar, will be founcl given in the 
Nevnda series of triangles inimecliately +d/owiizg the present adjnstment. 

The distance between the lines Divide to Eig Springs and Mount Nebo to Ibepah 
is about 7So kilometres or 4Sg statute miles; thence to Salt Lake Base i5h  kilometres 
or 97 statute lililes. 

grap j1 ic iiiusi 1 - i l ~  iijlls \rill gj-eatiy 5 t iii ilie fori;ia:ion of g --:*-.A 1-1 n l  A m t - - v a  nf t1-a  



L l l F  .,u- 
jllstlrlellt, figure ad- tioii. 

JlIStlllellt. 

j. W. 

R7t///tI.< HCwd, Enirry County. Utah. Scl&iiber 20 to Octoher 19. 1890. so-celltimetre theodolite, 
. No. j. Eiiii1:Beck. observer. 



No. of 
clirec- 
tioii. 

6 1  
7 * I  
5 

All>lI rrt 

' 9  
2n 

21 

22 

25 I 

AI01firr/ 



ROCKY M O U N T A I N  RIDGES, AS SEEN F R O M  TREASURY M O U N T A I N ,  C O L O R A D O ,  AND S H O W I N G  UPPER C A M P ,  107 METERS O R  3 5 1  FEET BELOW S U M M I l  
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VIEW O F  S U M M I T  S T A T I O N  O N  U N C O M P A H G R E  P E A K ,  COLORADO. 

Altitude, 4,355 meters or 14,289 feet. 



NO.  of Resulting direction 
dire& . Objects observed. from station 
tion. adjustment. 

46 
47 
4s 
49 

"4 
25 36 

27 

'I'ikes Peak 199 22  ~ . S i o  0,037 --o'i31 22.679 +o'?5r 22'5330 
261 34 0 0 ' 2 7 2  0.095 - - - o ' I ~ z  o0.140 $0'4@ oo.gSS Mouiit Onray 

Uiicornpaligre 513 14 3g.SS7 0.0% +o'27S 39.165 $-0'rg4 39'359 
Treasury Mouiitain 354 19 IO - 9 4  o .OSI fo . I Q . ~  I I '010 -0 '597 IO '413 

0 I I f  

Azimuth Mark 0 00 00'030 , Treasury Mountain S7 15 57 'nSS 

, Mount Waas 16s 13 53.097 
, Patinos Head 246 jS 30.04s 

Uiicoinpahgre 11s 24 50'617 

PQ 

"9 
30 
31 
32 

j 3  

Azirnutli "Irk o w oo'ocx3 * 0 q 7  . . . .  . . . .  .... .... 
Mount Ellen 17 57 20&6 0.092 - -0'01j  m.759 fo.102 20.591 

IvIoullt Waas 34 57 59'9S0 .o.oSS -0.155 59.922 -0.016 59 'Sd  
Tavaputs 66 55 01  '395 0'075 -0.177 G I  '21s +0'277 01 '495 
Treasury NIountain 122 33 55 '729 ~3 'as9 $0 '153 5s .SS? -o '13" 55 '752 
Mount Elbcrt 142 52 0?'.160 0'095 +O?% 07'746 - 0 . 2 1 1  @7'535 
Kloullt O1ur:ty 175 4v JS.147 0 . ~ 6 5  .+u*156 qS.333 - C J ' O ~ Z  $3'311 

62 Corral Bl~tffs 36 45 56.jIr  *ow95 --6'or7 56'694 -o'rq; 56.501 
,J . 0 -1 17'1 



No. of 
Ji I ec- 
tion. 

39 
40 
41 
41 

43 
44 

57 
5s 

Kesulting direction A ~ ~ ~ ~ i -  Reduction iieal,iiil;u Snrrcr:!io!!s 
Oi,jeas observed. from station to  secnllds; fmni figure 

, adjiistment. . ~z::'~ sea level. adjustiiient. 

Pikes Peak S 05 07'5aS 0.055 - - o . ~ S I  07.447 +0.139 07'7S6 
Mount Ourag S4 SS 5S.rS9 0.071 -+-o.263 55.452 -+o'3q 5S.755 

-pikes Ped, El Paw County. Colorado. J L I I ~  .) to August 4, ISg.5. pcentirnetre theodolite. No. 146. 
J. Nelson. observer. f 11:. Eirnbeck, chief of p r t y . )  

c ' I  I ,  I I '., I ,  

Aziniuth iMark(Il1ontit o CXJ QJ 'rim +o ' O J ~  . . . .  . . . .  
Rosa) 

Plateau G 24 12.679 u ' i i : ,  -0'1o8 12.571 
Mount Ouray 107 I I  34636 0.109 + o ' ~ m  ;4$16 
Mount Elhert 1.15 46  21 '055 o'rog -0'1.13 2o'g12 

Bison 179 34 26.960 0.109 -0'250 26.710 
Divide 251 5.1 23'331 @'IO6 + O ' I 2 s  23.459 
Big  Springs 31y 01 56554 0.112 -0.035 36.649 

Probable error of R single observation of a direction in. and A?. ) = 
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66 
67 

(/)'I . - lbSf~-~ct  i f  J?SZdti,Z& hcV.2h)lfU.l d i J . C i : t l h l l S  17f CtlCh S f i I f l b J 8  j?i)JJ8 k t Z /  a?ld $ V J J l  -&ll?.E 

t r n j n s h ~ i n i t ,  I S~~~-rS9~--Completed. 
Diaidc, El Paso County, Colorado. November 12 to Noveiiiber 15. 1S74. ;o-ceiitinietre theodolite. 

3o-centimetre theodolite. No. No. roS. 
11s. 

0. H. Tittmann, observer. August I to Augnst I I, 1Sg5. 
F. U. Granger and J.. B. Boutelle, observers. 

Square Bluffs r3S SS 19 .83 . . . . +om6 
Craiiiers Gulch ISS 03 jY '61 . . . . -0'10 

Plateau "9 2s 24'339 to . rw fo.101 

Dry Canip 235 37 57.119 70.22s -0.CJ4O 

Pikes Peak 344 23 41.563 fo'121 - - o ' u S j  

No. of 
direc- 
tiaii. 

64 
65 

Q I' 

I; ' 

Holcolm Hills . . o m  

Big Spring! 33 19 
El Paso East Rase 46 47 
Corral Rluffs s; 14 

Pikes Peak 1-26 59 
Bison 16s 25 

El Paso West Base . 5s  42 

I/ /I I 

_c . . . .  ' -0'11 5- 

. . . . - 0 . d  59'75 

. ... +O'OS I I ' j 2  

. . . . fO'13 24-44 
+o .rI I  + 0 240 20 '220 

%I -134 -0 'I 14 29 '076 

*o .oSS .-o '107 35 '535 

Mean 

,I M 

+o'IgI ' . . . . 
--0'526 ' . . . . 
+0'492 . ... 

fo.557 . . . . 
-0 '354. 

. . . . -0.ISI 

-0.314 .... 

. . . . 

- 
0 .m 

Proi-,ai)le error of a single observation of a dire'ction (,I?. and R. ) = + 1'/.1g in 1S7q am1 c o'"6S in 1S95. 

ZiJ. Sji-iirgs, El Paso County, Colorado. jo-centimetre theodolite, 
j o  celltimetre theo- 

August 21 to September 3. IS#%. 
No. 10% 

dolite, No. 11s. 
0. H. Tittmami and G. F. Bird, abservers. June 23  to J d y  6, 1895. 

F. D. Granger and J. R. Boutelle, observers. 

0 ;  I, ,I ,I I, I, I/ /I - - 
Corral Bluffs 0 00 Oo'or) C . . . . -0'10 59-90 + o m 2  . . . : . . . . 59 '902 
El Paso East 27 "3 27.51 ..'.. -0.13 27'35 -0'265 . . . .  .... 27'112 

Divide 33 jj 42.1So to.115 -0.137 42.04; -0.370 . . . . . . . . 41.673 
Holcolm Hills 54 42 04 '99 . . . . -0.05 0 4 . 3 ~  +0.636 . .,. . . . . . 05 '576 

Rase 

Probable error of a single observatiorl of a direction ( D .  and R. - 
Weights to the iiicliviclual directions entering into the triangulation were introduced, I 

In the present case we have the number of directions = 67, the number of triangles ' 
= 23, and the average value of the probable error of an observed direction, as found b!li 

as esplained in Part I and eseinplified in the acljustment of the Yo10 Base Net. ! 

. - ---I 
*Directions marked with a a depend on the prm?lralile error + o " ' 1 3  of Big Springs during the secotld occiipation. 
t Directions inarktd with a * depend on the prol.mlrle ,error f O".I 15 of Divide dUri,lp the secolld occupatioll. 

I 
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station adjustments L'S = f o"*og4 aiid the same derived from the closing errors of the 
triangles, or f6 = f o"'27. Hence E; - e,' = 0'064 I ,  and the relative weight-reciprocal 

to a direction = where 14 is a convenient multiplier. which renders a large 

portion of the weight reciprocals equal to unity. 
ts' + 0-064 I 

Nc 
I 

2 

1 

1 
5 
6 
7 
S 
9 

IO 

I1 

I1  

I 3  

14 
i 5  
16 
I7  
IS 
'9 
20 

21 

9-8 -- 

23 

24 

25 

26 

27 

25 
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14 
P 
- 
- 
1: '0 

1 '0  

I '0  

I '0 

I '0 

1 '0 

1 ' I  

1 '0 

I '0 

I '0 

i '0 

1 '0 

I ' 0  

1 '0  

I '0 

1 '0 

T '0 

I YJ 

1 'I 

1 ' I  

I 'I 

I '0 

I 'I 

- 14 
P - 
1 '1 

I '0 

1 '0 

I 'I 

I '0 

I '0 

I '0 

I '0  

I '0 

I '0 

1 '* 
1 '0  

I '0 

1 '0 

I '0  

1 :I 

I 'I 

I '0  

I '1 

I '0 

I 'I 

+ I  .-I 

+I 

--I 

--I + I  

+ I  

--I 

. . . . . . . 

--I 

.... + I  

. . . . . . . . 

--I 

+ I  

... 
- I  

+ I  

.... 

--I 

+ I  

.... 

.... 

.... 

--I 

t I  

.... 
--I 

+ I  

--I 

+1 

.... 

.. . 

-1 

+ I  

.... 
- 1  

+ I  

-; 

+ I  

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

-1 

+I .. . . . . . . . . . . 

. . . . . . . . . . . . . . . 
-1  

+ I  

.+I  

--I . . . . .. . . . . . . 
+ I  -1 

+I --I 

+ I  --I 

$-5'52 
-1 '41 

-1'43 
-1-4 '00 

.... 

.... 
-I  7 2  

- 2 '-6 

+ 4 ' l I  

-2.32 

+4'j0 

-1 

.... 

C.3 

... 

- 1 '72 

-1  '33 
+3'05 ;... 

.... .. .. 
-1 '45 
+7  '56 
-6.11 

... .... 
+I  'c4 
-4 '9, 
+3'0j 

c2, Cq cz6 

- 1 '42  

+l..p 

+ O W  

-0 '90 

-3 '05 

C28 

-1 ' -1 

+ I  

--I + I  

+ I  

.... .... .... .... --I 

-1 +I 

+I + I  

-1 

+3'G 
- 1'7s -3.4s 
+ 2 ' 1 1  +a's3 
- 0'43 

+ I O ' d  +0.q - 3'38 -1'44 

.... .... .... .... .... .. .. - 6% .... .... .... .... 

-1 --I +I'35 +4'11 
+I -1 

.... .... .... .... .... +I  +I .. . . .. . . .. . . . .. . 
-1 

-1 

-1 -1  + I  + I  

-1  + I  

.... + I  + I  . . . . . . . . . . . . . . . . . . . . . . .. .. . . .. . . 
-1 -1 . . . . .. .. . 
+ I  

+ I  -1 -1 

+I - 
.... .... .... .... .... .... .... ... . .... +I  -1 .... 

+I 

-5 % 
, .. . + I  .gs ' .. . . .. . . 

. . . . . . . . . . . . . . . . 
+I  '19 
-4 '20 

+j 'W + I %  

' -5'41 f3 .55  .... . ... +3'55 -797 
++'V 

-0 .M . 

+a077 
-0.43 

.... 
+0.G - 
-1.67 . 
+ I  9 

+ 1 '63 

+ 2 '97 
-2'97 

f1.19 

-1 '19 

-3'55 
+3 '55 

- I  '63 

18732-No. 4-36 



14 
P 
- 
- 
1 '0  
. .- 
1 "  

I '0 

I '0 

I '0 

I ' I  

I '0 

I ' I  

I ' I  

I ' I  

1 ' 1  

I '0 

0 '9 
I '0 

I '0 

I '2 

I '0 

I '0 

I 'a 
I ' I  

I '0  

I '0 

I 'I 

- 1  --I 

-1  i i  

-1 + I  + I  - - O ' I U  

-1 + I  -2.42 

+ I  + 2'53 
.... .... .... --I .... + I  .... .... .... .... 

+ I  -1 

+ I  -1 

+I  - 1  

- 1  + I  

.... .... .... .... .... -1 .... + I  .... .... 

-1 + I  

--I 

--I 

+I  +I  

..:. .... .... .... .... -1 .... .... .... .... 
+ I  - 1  

+ I  

--I + I  

.. . .... .... .... .... .... + I  .... .... .... 
-1 

+ I  - 1  

~Vorrn17L c~y~rafions. 
I CI cz c3 c.l cj cu c7 c8 cg 

... .... 
+2 .SY 
-3 '37 
+@ '40 

.... f1.91 

-2 '53 

fQ'6z 
-2.24 

.... +.'AS 
.to '9 
--?.SO 

cm C n  cr. C I 3  

.... 

+2'75 

+ 2 -39 
-5'17 

.... 
f0 .62 
-3.90 

+3 2 s  
-Q'I.# 

.... 
-1 '4, 

-0'16 

+a T4J 

+ O ' l O  

+o .67 

-0 '67 
- 2 '79 
+2'75 
.... 
- 2 %  

+2  'SS 

+=.w 
-2.q 

.... 

+2 '3s 
-2  ."S 

+ I  'S 

c1.1 czj 1 16 

. -  I 

+ b ' ~  - a ' i  

+6'1 -2'0 

.... .... .... .... + 6 ' 2  - 2 ' 1  .... .... .;.. - 2 ' 1  .... .... .... .... .... .... 
+6'3 -2'1 

+ 6 2  -2 .0  +2'1 

f6'1 +?'o -2 .1 - 2 ' 0  - 2 . 0  

. +6'1 - 2 ' 0  - 2 ' 0  

.... .... .... . . .... .... ... . .... .... +5'2 .... .... .... .... .... .... 
+6'2 +z'o +2'r  

+6'o -2.0 

+6.1 - 2 ' 0  -2 .0  

+6'2 + I ' O  +z'o 
15. o=-1.429 1 .... .... .... .... .... .... .... .... . . . .  .... .... .... .... .... +6.r -2'0 

16. O= +o 767 I +6 '0 

Nornml Eqimli~r~s-Continued. 
i ' ~ 1 7  cis c I ~  Cm eel: cz  ' C q  cy '2.5 c26 cs7 CnS, 

I. O = + o ' m  

3. 0=+0.354 
4. @=-1'077 

6. o=- I ,270 

7. 0=+0.1Slj 

S. 0=-0'2j3 

9. @=+0.610 

2. O=--O'z2I 

5. 0=-0'12S .... . I .  ... ... 

- 
+ 1'520 

- I'WO 

- 1.450 

- 0.410 .- o'im 
+ 0'600 + 4'630 ....... ...... .. 

+ I ' d 7  + O ' s q  

+ 2.210 - s.369 
-10'260 + S.705 + 4'110 
+ 1,600 - 4'155 - 4'110 

+ 2'& 

- 1.760 
- 1.871 

- 2'Srjg 
,.... ...... ...... + 0 . 9  

+ 3.187 
- 7'846 
+ 7'615 
- 4.266 



IO. o=+o'q' 

12. o=+r.@ 
11. O=+Q'&s 

13. o=+1'13S 
14. 0=-1'003 

I.<. o=-I '49 
16. n=+n'767 
17. o=+o'751 
IS. 0=-0'951 

20. 0=-0'18; 

I?'. o= t 2 . 5 1 1  

2 : .  o=--o'm 
22. o=-o'Q 
2;. 0=-0'1S 

24. 0 = + 2 " u  

2s. o=-s 7 2  

-- --- .. . . . . . . . . . . . . . . . . . . . . . .  + 3 ' q o  .- 3'205 . . . . . . . . . . . . . . . . . . . . . . . .  - 5.725 
- 1.w - 8'459 - o oa: 

- 1'350 - 4'863 + 3'400 
+ 6'641 + i'jm + 0 ' 2 i l  

- 3.100 -12'goz + 3'770 - 8'120 

- 2 . 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 3'1lw + 2'QS - ;'?p ..... + 2.S7.i 

-2 '0  - 3'723 + j q . 3  - 5'200 

1-6 '5  - 2 . 1  -2 '813  +S'oro - 2 ' o o g  - z'Q1.3 
+6 '2 - 2 ' 2  - 2'717 - 1,069 + 3'212 ' 1.547 

+6'3 - 2 ' 2  - 0.926 +ram56 - 1'055 

- .-'6 6 
. . . . . . . . . . . .  +4'4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O'dti. - S.,% -6 6.j;' 

+104'115 + 5'652 J I  - 4  
+aSa'900 +1a'71q + 21 .s:o 

+.F5'1sg + 5'548 4- 19'5.:: 

+93'!?43 + 5'5% + 2'93.1 

+IS.QO - 0 . r jg  - 7 o ' p l  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +Ilq'I75 - S I ' S 0  ...... $. 53'5;s 

f71.749 - q Y S ; C  

4- 173 '% 
Resn ft iiig :w h e s  (z f c o r i - r l a k  
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No. Stations. 

Wasatch 
Tushar 
Mount Neho 

Observed angles. 

Nount Ellen 
Tushar 
Wasatch 

Patinos Head 
Wasatch 
Mount Neb0 

Patrnos Head 

U'asatch 
BIOu11t Ellcii 

Mount Waas 
Mount Ellen 
Patnios Head 

32.4;2 

55 25 2 2 % ~  

66 55 25'275 

57 39 60'416 

Tavaputs 
Mount Waas 
Patrnos Head 

Treasury Mountain 
Mount Waas 
Tavaputs 

Unconipahgre 
Mount Waas 
Tavaputs 

Uncompahgre 
Mount Waas 

' y  I . Treasury Mountain 

45.4Y4 
ST 35 56'060 
34 35 69'247 
57 4s 39'644 

44 '95 I 

Spher- 
ical 

c-scess. 
/ I  

7 '215 
7.214 - . ? I . .  I - +  

-0 .I91 37 '393 
f o  .& 26 '204 
- 0 ' O j I  30'735 

34 '332 

I 3 4  
j 'jS5 
7.334 

1 1  'IS3 
I 1  .IS3 
11  'IS3 

33 '539 
I6 '237 
16 '2 j6  
16 '236 

- .. 

22 '153 

- 

+o *zSg 37.165 

$0 '757 6; '902 
+o '223 50 355 

4s '709 
10.540 
IO 541 
IO 541 

+o '293 61 -6Sg 
$ 0 ' 2 0 2  41 '457 
t-0'163 63'006 

-0 'I 14 55 '946 
t0.244 69'491 
$0  '105 39 '747 

46 '152 
15 ' 6 2  

15 *061 
15 '061 

Log s. Distances 
in metres. 

4-912 716 I S r  792'99 

5'029 765 2 107 og4.02 
5 0110 737 S 129 043 

5.091 S64 9 123 556'31 
5 '029 765 2 107 -02 

5 '202 170 c j  159 2S3 '42 

5.052 OSI 2 112 740.81 
5.324 $6 2 211 050 '40 
5.211 992 4 162 626'74 

5'284 107 3 192 3 5 6 7 1  
5 '035: 70-7 o 109 320 '60 
5'211 992 4 162 926'75 
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. ( d )  ,JlcjWfr.ic ti-imzgks, Gilornd~.  $ r i d  LGtrh-Continued. 

No. Stations. 

Treasury Mountain 
Unconipahgrr I Tavaputs 

Uncumpahgre - 
Mount Ellen 
Mount Waas 

Momit Ouray 
Uncompahgre 
Treasury Mountain 

Mount Elbert 
Uncompahgre 
Treasury Mountain 

Mount Elbert 
Mount Ouray 
Treasury Mountain 

Mnuiit Ouray 
Unconipahgre 
Mouiit Elbert 

Spher- Spher- 

angles. excess. 
Observed angles. %:=- ical ical 

36 ~ 6 . 4  
60 29 29.889 
53 06 52.451 
66 23 63.815 

24 -266 
45 54 os.424 
4s 3' 23'604 

Ss 33 43.664 

Pikes Peak 
Mount Ouray 
Mount Elbert 

15 *6qz 

3s 34 44.096 
79 13 59'376 
62 11 37,461 

Pikes Peak 
Mount Ouray 
Bison 

20 '933 
72 24 49.S9-l 
30 41 35'772 
76 53 5O's05 
- 
16.171 

/I 

-0 -230 . 

-0.40s 
fo  .03s 

-0'11s 

-0 '015 

-0 '339 

-0'517 
+o *I09 
-0 '197 

-0 '790 
-0 .OS1 

-0 '455 

-1 'q4 
-0 '557 
-0 -2S7 

-I '074 
+0*1go 
-0 '254 

-0 "702 

$0 '562 
$0 '743 

+o '7SS 

-t 0 *444 
+o 'I97 

+o '013 
-0'518 
+o -164 

I/ 

60.651 
5 1  '356 
53 '441 

jS'915 
53 'S73 
6 3 'So4 

29 '373 
53 '560 
63 '612 

31 'OS5 
I I "7S3 
31 '226 

og 'Sa6 
34 ' 2 0 s  

a7 '605 

63 '5So 
40.777 
3s '771 

07.722 
24 '566 
44'407 

44 *ss4 
59 'Q20 
37 Ti55 

49 '907 
35 ?54 
50 '969 

I I -639 
7 '710 
7 '709 
7 '709 

.- 
23 'I 2s 

5 '565 
5 '565 
5 '565 

16 '695 
5 '454 
7 '454 
7 '454 

23.362 

5 '377 
5 '377 

-- 

- 

5 '376 

16 *13o 

Log s. Distances 
in metres. 

4933 390 5 79 504.24 
4 *91S Sg9 9 S2 965.96 
5 '042 S-SO 2 I10 377 .AI 

4 ' F  3 9  3 79 504'34 

5.052 211 g I12 774'75 
5.097 790 9 I25 25j'sI 

5 W4.2 f& 2 I10 377 '41 
4.771 596 I 59 IO1 -1s 
5'052 211 9 I12 774'75 
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( d )  Acljtlsftd fria)zglees, Colo~ado am? Ufah-Completed. 

- 
' 5'415 

36 53 19'gSg 
62 3s . . . .  
So j r  35'434 

Correc- Spher- Spher- 
No. Stations. . Observed angles. ical ical 1,og s. Distances 

tion'. angles. excess. in metres. 

- 
5 '602 

-0'jnS 19-661 I 

.... og.571 r . q o  
-0.796 34.6;s I "go 

I =:peak 

I9 I Mount Elbert 

Plateau 
20 1 blount Ouray 

Pikes Peak 

Rig Springs 

Pikes Pesk 
22 [ Plateau 

[ Bigsprings 
23 . Pikes Teak 

Divide 

. I  

Plateau . 

Corral Bluffs 

0 ' / I  , I /  I /  I / I  

122 47 59.229 -0'53s 5S.691 ~ ' $ 3 7  
33 50 05.79s -0.775 05.023 j .qSS 
23 22 0 6 ' 2 0 ;  +0'546 06'749 j y S S  
- 
I I 230 

47 45 09.265 
25 "7 45'195 

106 47 24.245 
- 
IS '705 

102 17 56-7-19 
36 11 57'706 

6 '770 

41 30 12'315 

- 

61 54 17.050 
73 43 16.969 
41 22 35'922 

9 '941 
49 I2 60.155 
C. 77  ny 13'1qO 

- 

5'052 PI1 g I12 774'75 
4 '$16 210 3 65 495 '53 

5 -163 930 S 14 S5S '19 

4'771 596 I 59 101 '1s 

1.540 225 2 S7 141 '54 
4'721 592 2 52 673 '50 

(:c] ~ i ~ t - i s i o ) ~ . '  lf tht 17lGz'j;lstcd tiilr?zgzi~ation. 

' For a.close estimate of the precision of the Rocky M&itain series of triangles, we 
find first the mean error of an angle resulting from the adjustment by the espkssion 

f orr%6. 

i s  found by the usual formulz- 
The probable error in length of any line of the series due to the angular measnres 

We will find first the proobahle error in length of the line Tavaputs-Mount Waas, 
Starting from the side Divide to wliich is about midway between the two base nets. 



INTERIOR O F  STATION O N  UNCOMPAHGRE PEAK. OBSERVING HELIOTROPE O N  M O U N T  E L L E N  
DISTANCE 2941 K ILOMETERS O R  182% S T A T U l E  MILES.  
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Big Springs of the El Paso Base Net, we ham = j'S6, H = S 5 . 0  (eight triangles), 
to,, = f 0 . ~ 7  metre, rb = Starting from the 
side Ibepah-Mount Nebo of the Salt Lake Base Net, 2' = 31'5 (s is  triangles:). e-,,,# = 

f 0.53 metre, cb = f 0.41 metre, and t-= = + 0.67. t. = ~ .  fA L * 0'547 metre 

which is abont BiiBlvuu part of the length. 
For the effect on the developed length of the arc we have approsiinately, the 

distances being measured between the middle points of the terminal. lines projected 
onto the thirty-ninth parallel: 

0*3:! metre, and 63, = + 0.93 metre. 

t*i + e: 

Distance. Probable errors. Average. Terminal lines. 
h. 

Divicle to ,Big Springs and Tavaputs to 
111. 

Mount Nebo. 

( f j Drscripfion qf t r i ~ ~ . ~ z ~ z r / n f i o n  sfnfions. 

Thi: station 
is located in the mountains, situated just west of Castle Valley, known locally as the 
Wnsatch Range. It is about IS miles east of the town of Mapfield. on a sinall table 
in the southern part of the range, situated betn7een the heads of the North Fork of 
M~idd?; Creek ancl the South Fork of Fermi Creek. 

The geodetic point is marked 1 - i ~  a three-fourths-inch copper bolt leaded into a 
coiiiiiioii iiniestoue rock. In  ~ S g o  an additional bolt, 3f5 inches long, was set on top 
of the old bolt and sec~irely ceiiientecl in  position, in order to make the mark more 
easily referrecl to. Around ancl over this was built a brick foundation pier for the 
theodolite, surrounded by a cinxlar stone wall, with inner diaineter of I I ;; feet 
concentric to the station bolt, which was' left standing. Reference marks are four 
bricks set on end, tops flnsh with surface of the grout~d, just outside the ring wall, 
with holes drilled in the tops and filled with plaster of Paris; one north 15' 34' west, 
distant S.25 feet; one south 54' 21"5 east, distant 7'62 feet; one south 32' 12' west, 
clistaiit 7% feet, aiicl one north SSo 21' west, distant 7-62  feet, from the geocletic.poitlt. 

This 
station is located on the northern sumillit of the Henry Mountains, about IS miles south 
of Blue Valley, Grand County. Mo~iiit Ellen is a rounded conical-shaped peak covered 
lvitli sharp irregular-shaped granite rocks, estencling for I cloo feet below its summit. It 
can be most readily approached by wagon road and trail from White's ranch, 011 the 
north side of Fremont River, in Blue Valley. The geodetic point is marked BJ' a copps  
bolt set in a rock, which is itself embedded in the rock a d  dirt composing the peak. 
Around and over .this mas built the stone and brick foundation pier for the theodolite, 
capped with a stone slab, having a three-fourths-inch drill hole through it as a surface 
mark. This was surrouncled by the usual stone ring wall. I I feet iiiner diameter, 
coiiceiitric with the station bolt, which was left standing. Refereuce inarks are 3 drill 

W z m f c h ,  Sanpete Count!;, Utah; estal-ilisliecl in ISSZ by W. Eimbeck. 

A h ~ i i t  E&Jz, Garfield County, Utah: established in I S S ~  by W. Eimbecl;. 
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holes, filled with plaster of Paris, in solid surface rock just cilitsicle the ring wall-one 
south '3' 55' west, distant 7-9  feet; one north 35' 15' west, distant S feet, ancl one 
north Sj' 34' east, distant 7-55 feet, from the geodetic point. The ring wall aromid the 
vertical circle station bearing north $3" 44f west. distant IS% feet. aiid the latitude pier 
bearing south 5" 21' west, distant 49.2 feet, were also left standing. 

This 
station is situated in a range of mountains knon7n as tlie West Tavaputs Plateau, about 
12'5 miles 'north 72O.5 enst from Sunnysidel a station 011 the Rio Grancle Westerii Rail- 
road. These mountains are kno1vn as " tables," and have. a general trend soinewhat 

.west of north. The station is located on the highest point within several miles. 
The geodetic point is marked by a copper bolt .in a rock klded  in the gromicl. 

around ancl over which was built the stone foundation pier for the theoclolite, capped with 
a stone slzb having a drill hole through it, as a surface mark. The copper bolt is about 
87; inches below the drill hole. Around this was built the usual circular ring wall, I I 

feet inner diameter, concentric to tlie station bolt, which \vas left standing. Reference 
marks are drill hole in beclcle<l rock north 53' 16' enst, distant S.5 feet: drill hole in 
bedded rock south 52' 53' east. distant S ' 5 S  feet: copper bolt south 16" 44' east, distant 
I 1-33 feet: and stump of tree north 39' 54' west, distant I I feet. from the geodetic point. 

Mozozl! r h z s ,  Grand County, Utah: established in 1Sg0 11y W. Eiiiibeck. This 
station is located on the third principal prominent peal; from the .aortli eiicl of the La 
Sai Mountains situated a short distance to the eastward of Graiicl River Valley. It is 
abont IO miles west of the houndary line betweeu the States of Utah and Coloraclo and 
about i o  miles southeast from Thompson station, 011 the Rio Grande Western Railroad. 
The geodetic point is marked by a cross cut on a copper bolt set in a stone slab cenieiitecl 
to the bed rock, around and over which was built the stone fouiidation pier for the theod- 

I t  was surrouncleil by tlie usual circular stone ring wall, IO  feet inner diameter 
concentric with the station bolt, which mall was left standing. Refereiice marks are 4 
drill holes, filled with plaster of Paris. just outside the ring-wall: one north 75" 41' west, 
distant 7'5 feet; one north 6" 37' east, distant 7.1 j feet; 0116. south $4" 15' east, distant 
7-25 feet, and one south 3' 53' west, distant 7'35 feet, from the geodetic point. 

This 
station is located on the soutlieru edge of Book Mountains, about 3 miles east of the 
boundary line between the States of Utah and Colorado, about three-fourths of a mile 
to the eastward of Bitter Creek, and about 3 miles to the westward of West Salt Wash 
Creek; both creeks having their source a few miles north of the station. Fruita, a town 
on the Rio Grande Western Railroad. distant about 30 miles in an air line in a south- 
sotitheast direction, is tlie nearest railroad station atid the readiest meaiis of approach. 
The  geodetic point is 'marked by a copper bolt set in a rock embedded in the ground, 
around and over which was built the masonry foundation pier for the theodolite. The 
pier was capped with a stone slab having a drill hole in the center, filled with plaster of 
Paris, 7 5  inches above the copper bolt, as a surface mark. This was surrounded by the 
usual circular stone ring-wall, I I feet inner diameter coiicentric with the station bolt. 
which was left standing. Reference marks are 3 drill holes, filled with plaster of Paris; 
one south 37' @' east, distant 7'96 feet; one south 74' 41' west, distant 7'96 feet, and 

' one north 16' 31'east, distant 7% feet, fro111 the geodetic point. The brick astronomical 
pier, bearing north S o  25' west, distant 63 feet, was also left standing. 

l h - c v i ~ ~ a h g - i ~ ,  Hillsdale County, Colorado; established in 1S5o by W. Eimbeck. 

Pcifiiios Hhd,  Finery Cni~!ity, LTtah; esta?>!ished hi I S S ~  ?>y I,??. 5:::beck. 

Tozwjuts, Garfield County. Colorado; established in I Sgo by W. Eimbeck. 
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This station is 011 tlie summit of Uncompahgre Peak, Uncoiiipahgre Mountains, one of 
the most prominent and best known peaks in southwestern Colorado. The suininit is 
inaccessible escept froiii the south side. Lake City, the terminus of a branch of the 
Denver and Rio Grande Railroad leaving the iiiaiii road at Sapinero, distant about 
S miles, air line, southeast from the peak. is the nearest arid most convenient railroad 
tomn. The geodetic point is on the north side of the suiiiiiiit about IO feet from tlie 
edge of tlie perpendicular cliff of ~ l i i c h  this side of tlie iiiountain consists, and is marked 
by a cross cut in top of a half-inch copper bolt leaded into the solid rock. The surface 
mark is a half-inch hole in a brick ceniented into the top of the masonry foillidation 
pier, for tlie theodolite. built around and over tlie station bolt. The top of the brick is 
4 iiiches above the bolt. I The L ~ S U ~  circular stone ring wall, inner diameter 1 1  feet 
concentric with station bolt, \vas left standing. Reference marks are 4 drill holes in tlie 
solid rock, filled with lead: oue south 89' 5s' west, distant 9.35 feet: one north o" I I' 

west, distant S ' j I  feet; one iiortli Sg" 56' west, distant 9.4 feet, axicl oiie south 3* 37' 
west. distant s.12 feet, from tlie geodetic point. Tlie brick latitude pier; bearing south 
54' O j '  east, distant 50'1  I feet, sild the stone pendulum house, bearing south -?Yo 26' 
east. distant 134.15 feet, were also left standing. 

T~zt~st~~y 17fonrzfuiii, Gumison Count!;, Colorado: established in ~ S g o  by U T .  Eim- 
beck. This station is on the summit of Treasury NIountain, a promiiiriit peak in tlie 
Elk Mountain Range, about 2 miles southeast of the mining town of Crystal and 
about IO, miles, air line, northwest from the town of Crested Butte, the terminus of a 
branch of tlie Deliver and Rio Grande Railrpacl from Gumison. The north side of the 
inouiitain is a precipitous cliff, clipping at an angle of alsout jo" for full!; 2 000 feet to 
the head of Crystal Basin. About sco feet to the west aiicl 150 feet below the station 
is the entrance to the " Eureka " silver mine. The  geodetic point is ni:trked by a half- 
inch copper bolt set in tlie solid rock. The surface mark is a brick, having a half-inch 
hole in the center filled with plaster of Paris, cen~ented in tlie top of the masonry 
foiiiiclation pier, for the theodolite. built around and over the Copper bolt. The top of 
tlie brick is 6y; inches above the bolt. The usual circular stone ring wall. inner diameter 
IO feet, concentric with the station bolt, was left standing. Reference inarks are 4 drill 
holes filled with plaster of Paris; one north 2* 40' west, distant 7.55 feet; one north 
S i "  IO' east, distant 7.5s feet; one south So 35' east. clistant 5.35 feet, and one south 
SI" 45' west, distant 7.53 feet, from the geodetic point. The brick latitude pier, bearing 
south 32' IO' east, distant IO-.*I; feet. was also left standing. 

Afotrnb @ z t n < v ,  Saguache County, Colorado : established in 1S53 by W. Eimbeck. 
This station is 011 the suniniit of Mouiit Ouray, on the "Great Coritiiiental IXvicle," 
about 2 7; miles in a northeasterly direction from Marsliall Pass railroad station, the 
highest point oii the Deliver and Rio Grande (narrow gauge) Railroad. froiii which 
point the station is most readily reached by pack trail about 576 mi!es long. 

Tlie geodetic point is iiiarkecl by a cross on top of a five-eighths-inch copper bolt 
leaded into the solid rock. The surface iiki'k is a brick, with a five-eighths-inch drill 
hole in its center filled with charcoal dust covered n7ith plaster of Paris, set north and 
south in concrete in the top of the masonry foiiticlatioii pier. for the theodolite. huilt 
arouiicl and over the station bolt. The top of the brick is 12Yi inches above the bolt. 
The usual circular stone ring wall, I I feet inner diameter concentric with the bolt, mas 
.left standing. Reference marks are drill holes filled with plaster of Paris, in the eiicls 
of four bricks set in concrete just outside the ring wall; one north 6' 1.1' east. distant 

' 



UNITED STATES COAST A N D  GEODETIC SURVEY. 5 70 
5, feet; one south S4" 06' east, distant So95 feet ; one south j" 31' west, distant 9-02 
feet ; and one north S 3 O  14' west, distant 9.2 feet, froin the geodetic point. The brick 
latitude pier, bearing north So 23' east, distant 67.3 feet, was also left standing. 

Jfoirw.t Elbwf, Saguache County, Colorado; established in 1Sg4 by W. Einibeck. 
This station is on the suniinit of the well-known peak called Mount Elbert, on tlie 

dg ~~aci ie  Aaiige. C I I ~ L ~ I I L  about i 2j.S i d e s  soUtiiwt.si l'rom ';eaciviiie. 
I t  can best be reached by good wagon roads from the post-office "Twin Lakes," called 
Dayton on the maps, situated at the southeastern base of the mountain, 17  miles from 
Leadville aiid y iiiiles from Granite, a sniall mining town on the Denver and Rio G r a d e  
and Colorado Midland railroads. The summit, which is coverecl with snow during the 
greater part of the year, can be reached by n g o d  pack trail, 7 miles long, from Twin 
Lakes post-office. The geodetic point is marked by 3 cross on a three-eighths-inch 
copper bolt leaded into a large surface rock. The surface inark is a hole drilled in a 
rock embedded in the top of the masonry foundation pier, for the theodolite, built 
around and over the copper bolt, the top of this rock being 5 f . i  inches above the bolt. 
A rock protection wall, S feet square on the inside ail+ 2 feet thick, with opening to 
the north built around the station bolt, was left standing. Reference marks are four 
stones with holes drilled in them set approsinlately north. east. south. and west, under 
the protection wall, each distant ,s feet from the geodetic point. 

Ristw, Park County ~ Cdorado; established in iS9-1. h y  W. Eimbeck. This station 
is on the highest point of the King Peak of the Tarryall Range, between Tarryall and 
Goose creeks, close to the ninth guide meridian west, in township y south. I t  can 1 2  
reached by trail, 5 or 6 miles long, from Mountainclale post-office, which is 27 miles soutli- 
east from Jefferson, a station on the Denver, Lake~voocl and Golden branch of the Union 
Pacific Railroad, and 25 miles northwest from Florissant, a station on tlie Colorado 
Midlaiid Railroad. The geodetic point was inarked as follows: The surface of the 
rough granite was reiiioveil to a depth of about G iiiches, giving an approsiinately level 
space of 2 feet in diameter, in the center of which a wire nail was set, point upward, in 
a drill hole 2 iiiches deep and filled 'around with lead, leaving the point projecting three- 
eighths of an inch. Over this was built a rough pier of masonry for mounting the 
theodolite. Four holes were drilled bearing aziinuths oa3 ISOO. 2+oo, aiid joo", in each 
of which seven 6-inch spikes for attaching the tent guys, and which will serve as reference 
marks, were driven and filled around with plaster of Paris. 

Pikt-s Pmk, El Paso County, Colorado; established in 1S7g by 0. H. Tittmann. 
This station ison the sumiiiit of the well knowii Pikes Peak, situated abaut 12 miles west of 
Colorado Springs and ahout 65 miles nearly south of Denver. The top of the peak, which 
is flat and nearly level, is a Government reservation covering many acres, to which easy 
access inay be hac1 by means of tlie Manitou and Pikes Peak cog railway. In I Sg4 this sta- 
tion was incorporated in the main sclieiiie of triaiigulation coming from the west, aiicl the 
geodetic point mas re-marked by a wire nai1,piiit upward,projecting about one-fourth inch 
above tlie surface. I t  was leaded into a drill bole in the concrete foundation of the masonry 
pier, 12% feet high, on which tlie theodolite was subsequently mounted. As left standing 
in 1Sg5 after the occupation of the station,lhe top of this pier was S feet IO inches above . 

the point of the wire iiail; covered with a triangular capstone having a drill licle in its 
center in the vertical of the station mark. Reference marks are the south chimney of the 
new signal service building south is'' -1.1' east, distant 525-26 feet; the northwest corner 
of the old signal service building-iiow (: ISgj ) used as a stable-nearly southeast, distalit 

et,ge of tlie 5.- -____ -1- 
n - . -.- - 7 : - L  - _ . L  

. 

' 
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177'4 feet, and the latitude pier north SSo 42' west, distant IS'II  feet, froill the geodetic 
point. The nearest point of the bluff in a north-northwest direction is about 7 2  feet clistaiit. 

This 
station is on M. 'Steele's ranch, on the highest ground at the north end.of a high 
plateau about g miles north-northeast from Pueblo and 3,?& riiiles northeast from 
Overtoii, Colorado. The geodetic point is marked by a half-gallon stone jug buried 3 
feet below the surface of the ground, over which, as a subsurface mark, an inverted 
inilk crock is placed, with a small hole drilled in the bottom. The crock is 2.5 feet 
below the surface. The surface mark is a granite post dresiecl to 6. inches qua re  at  
the top, having two rectangular V-shaped grooves and the letters .U.S.C.S. cut on the 
upper surface. Reference 
inarks are two posts of lal7a stone set nearly in the meridian of the station, one 9'96 
feet north and one 9 3 3  feet south of the geodetic point. Each post is 6 inches square 
and marked on top with a single diagonal groove terniinating in an arrowhead which 
points toward the center of the station. There is a wire fence, marking the easterii 
boundary of Steele's property, just east of the station. The geodetic point is 252.9 
feet from the north gatepost in this fence, and 16s feet from the second soiid fence post 
north of the gatepost, where there is a slight angle to the northviwd in the fence. 

. R a f c m ,  Pueblo County, Colorado: establishecl in I Sgq by W. Eimbeck. 

The intersection of the grooves marks the geodetic point. 

I 

IO. THE NEVADA SERIES OF TRIANGLES, I S 7 S - ~ 9 - S ~ 8 I - S 2 - ~ 3 .  ISSS, 1SS7, 1Sg0. 

( a )  /iitivdztcfio)z. 

This section of the survey reaches from the Salt Lake Base in Utah to the Yo10 
Base in Califoruia; or, in other words, estends from tile Wasatch Range on the east to 
the Coast Range on the west. We'iiieet here with a distinct change of physical aspect 
am1 coriditioiis froni those characterizing the preceding section. Assistant Eimbeck 
remarks: The mountains of western ITtah and of Nevada are neither so prominent iior 
so deenscly packed together as those of central and nrestern Colorado. They are 
reiiiarknble chiefly for parallelism and uniformity in an approximate northerly ancl 
southerly trend. These singular ranges, with their features preserved for a hundred 
miles, appear like solidified waves crested through folding. The corrugations, or 
parallel ranges, seeiii to follow each other a t  regiilar intervals 'throughont that large 
espaiise of the State here tinder special consideration. While the valleys are nearly 
level and between 5 000 and 6 ooo feet above the sea, the ridges rise on the average to 
over IO ooo feet (:or 3 150 metres, nearly,) and culminate at Wheeler Peak at an 
altitude of over 13 ooo feet ( j 973 metres. nearly). Their profile or crest lines .are 
rugged and rocky and in sonie instalices difficult of access. Though the topography 
may be intricate in ascending one of the transverse canyons, nearly every one of the 
stations was found to have an accessible slope. Excepting a few valleys in Utah and in 
west Nevada along the Carsoii and Huinboldt , put partly uiicler cultivatioti by irrigation, 
this entire basiu is an arid and barren waste, irredeemable for want of flowiiig water; 
little or iione is found anywhere except in the rills coming down from tiniber patches 
ancl meadows of the uplands of the most prominent ranges. The lower declivities of 
the ranges and the intervening low alkali lands covered with sage brush are equally 
sterile. Only. l>etween 
the 7 ooo and I I  000 feet levels are to be f i j t d  an assemblage of clusters of pines, 
alpine meadows, sind n7ater supply fruiii springs or nieltiiig snow. Escept for an 

The general aspect of the country is dull atid monotonous. 
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occasional well dug at some way station, stretches.of country from 40 to 60 miles would 
be without water. The oiily available railroad is tlie Central Pacific with its short 
hanches, but it lies Ear to the north of the triangulation. To  the westward of the 
Sierra Nevada, upon which three stations' are located, the triaiigulation stretches across 
the flat valleys of the Sacramento and Sari Joaqiiin to the Diablo Range of mountailis. 
As ip9s ilie case with the Xociiy Mountain section, the great drawback in the prosecution 
of tlie \vorli was the want of means for the transportation of the material nncl supplies 
for inen and beasts; quite frequently it became necessary. while traveling from station 
to station, to carry a full supply of water aiicl fodder for the horses and mules. Roads 
atid pack trails had to be built as soon as the base of the range was reached. The 
preparation of the niountain top for location of the camp, and the 1)uilding of tlie 
foundation aiicl wall of the station for the niouiiting and protectiori of the great 
theoclolite:, usually required much heavy rockwork and occasionally tlasting. The 
circumoallation. wliile affording shelter. was needed for safety against the icy blasts of 
storms. .The inode of living in these desolate niouiitaiiis was that of the pioneer, 
diversified by niany toilsome and dangerous climbs and trials of patience. Much that 
lias k e n  saicl respecting the movements of the party, its organizatioi:. lal~or. esposure, 
and work in the Rocky Mountain section applies also to the Nevada-California section. 

The possibility' of carrying out successfully n triangulation 011 the largest scale 
confiil-ma.hle to the iiatursl topographic fe:itures of the country was establishecl, attaining 
as well the practical solution of the problem deiiiaiidecl by the t ~ i ~ ~ i i ~ i i i ~ t i k  coiiiirctiun 
of that p~i-1 id 111e coast of Califnrnia which lies in  the vicinity of latitude 3 g o  with the 
crest of tlie Sierra Nevada lying opposite to it. I11 ISj4-75 A.ssistant W. Einibeck wiis 
directed to iiiake a recc~nnaissance for a iiiairi and sLibtsrcliiiate triangulation o17er this 
region ; his n7ork extends from Monterey Bay on 'the south to hlount Shastn to the 
north, and enstwarcl as far as tlie Walker am1 Pyramid lakes i n  Nevada. Here we finrl 
laid out tlie great figure kiiown afterwards as the ' ' Davidsoii quadrilateral, " after Assist- 
ant G. Davidson. who directed its measurement. The recoiiiioissance farther tCJ the 
eastward was prosecuted by Assistant A. F. Rodgers. who in 1878 had ccmplrted the 
scheme of triangles, 011 the same large scale, stretching across the remainder of Nevada and 
terrniiiatiiig at Mount Nebo of the Wasatch Range in IJtah. This iiicludes what is kllCJ\Vll 
as the ''Great Hesayon." which lias Wheeler Peak ( Nevada:) for its central point and com- 
prises 55 690 square kilometres, or 20 730 square statute niilrs : adjaceiit to it to tlie west 
is another hexagon arouncl the station Toiyabe Dome of but slightly hferjor cliniensions. 

The instruments and methods of observing were the same as'in the Rocky Mountain 
The whole work was carried out by dasistant W. Einibeck UT under his clirect 

supervision. On an average two stations were occupied in a season-the occupatiun of 
each requiring about two  months. The seasons. which were rather irregular. covered 
the time from May to December, the more favorable interval being from June to 
November. Scarcely a season passed without the party having been weather-bound by 
storms in '  October ; while eiigaged upoii the work on Wheeler 'Peak 2: the party was 
practically buried in a siiowclrift IO  aiicl 13 feet deep. the teniperature of tlie air sunk 
to 20' below zero Fahrenheit,+ and in order that the observations upon the distant stations 

. section. 

*At this statioii (in I P S ~ )  the lirilliarlq of the reflected riioorilight suggested to the observer the seleiiotrope for 

tMr. Eirnbeck states "the high sno~vdriftswhich covered the living tents to within a root or twoof the apex saved 
occasioiial use at night: it was esperinieiitcd with :it stations Pioclie elid Nebc. 

the pirtp from freezing to death." 
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inight be continued, deep and broad trenches had to be cut tlirougli the snowdrifts in 
the line of sight. The party as well as the helicitropers at Tusliar. Ihepah, aiid hlmiiit 
Neho suffered much from the intensity of this cold wave, and thP value of the .sei-vices 
of these iiieii, two at each station, can iiot 1.x ovrrestiinatecl. 

The equalization of the numbrr of iiieasures of horizontal directions at a station 
taken in the forenoon and in the afternoon was first put into execution in ISSO in this 
.section ; its purpose n7as to eliminate an?; effect of unequal heating of tlie theodolite 
as well as to provide against possible lateral refraction along tlie lines; of sight. Obser- 
vations of zenith distances were iiiacle at three different periods cif the clay, as stated iii 
the case of the Rocky Mountain work. 

Between the iiiidclle of the line Mount Nebo to Ibepah aiicl the midclle of the 
line Mount Helena to Mount .Diablo there is a distance of about Sgo kilclnietres or 5 2 3  
statute miles. 

( b )  ,;Ibshm-f (~i ixsii?fi?ig hwizoiitul dirccf i~~iis  t r f  c(7di sfrrfioii. jvi i i  I m r l  tuid . f i 1 ~ 1 j g i i i ~  

JIortirt Dit7bh, Contra Costa County. California. June 25 to September S, 1S76. go-centiiiletre tlieodo- 
lite, No. 5. November 14 to December 
29, I%%. go-centiiiietre theodolite. No. 115. I<. -4. Marr, observer. G. Davidsoii. chief of party. 
June 2s to J L I ~ ~  19. iS92. 

txdjusfirlr-ii f. 

G .  DaviJson, C. Rockwell, and W. Eimbeck, observers. 

50-cc-ntirnetre theodolite, No. 115. G .  Daviclson, observer. 

tion. 

I 

" 

3 

1 

Yolo Northwest Base 
I\Iarysrille Butte 
Solo Southeast Base 
Mount Lola 
Pine Hill 
Round Top 
Mouiit Coiiiiess 

~10c110 

Lorna Prieta 
Sierra Moreiia 
Mount Tanialpais 
Ross Mountain 

3s 
jS 
13 
73 
76 
97 
I32 

I so 

21 I 

2-19 
310 

339 

39 
40 
24 
06 

1-1 

3'. 
31 

16 

7 ,  

16 
13, 

os 

og ~ 2 9  +u '0% . . . .  

20 '921 +o ' 5 .~4  .... 

00 -567 . . . . . . . .  
04'733 . . . .  -0 '035 
IO .;os .... +o '345 

50 'ss6 . . . . . . . .  

32 '015 .... -0'206 

13.127 .... + O ' O O ~  

& '393 . . . . . . . .  
39 .go4 . . . . . . . .  
09.21s -0 '047 .... 
1; '555 . . . . . . . .  

G9.215 
.... 

2 1 '445 
31 .Si3 

.... 
@4 '697 
I I '053 

I3 'I31 

.... 

. . . .  
og.171 

.... 
. Mean + '02; 

Probable error of a siiiyle observation of a direction ( P. alii1 R. ) = f o'"72. 
~~ 

*TI!e directioiis marked by a * depend 011 the probable error f o"'074 of the Azimuth Mark during the secwnd 

tThc directioiie nlarked by it t depciid 011 the probable rrrw * 0''.062 &f nlocho during the third occripalion. 
occupation. 
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(6) .-I bsfi-act lf r-rsiclfing IroiYzotital tlii'ilr-rtioits tr f c*izi./l sfcz fion fi-oiit l~vd tnid -fic)ni. fisiii'c 

anjusfnien f-Continued. 

Jfott~tt Hc%w#. Napa County, California. September 23 to November 36. 1S76. go-centirnetre tlieod- 
go-centi- olite. No. 5. 

metre theodolite. No. I 15. 
G. Davidson and 1\7. Eiiiibeck. observers. August 14 to August 21, 1S91. 

E. F. Dickiiis. observer. 
Correc- 

No. of Resultiiig clirec- "E[;","'- Keduc- Result- %I%* ~c%ls 
direc- rihjectr; ohservecl. tioiis froii: station tioii to ing sec- froiii base- hErt iii 
tiaii. adjusttileiit. "E:$e sea level. . oiids. iiet ad. triaiigu- 

justmerit. !$:::$ latioii. 

5 

6 

0 

Mount Diablo 0 

Mount Tanialpais 33 

Cold Spring 153 
MoLlllt Sanhedrin 193 

Ross Mouiitaiii IO2 

Siiow Mouiitaiii West 20s 

Siiow Mountain East 20s 

hitnut l i  Mark (Woods) 225 
BTnrysville Butte 265 
Mount Lola 
Pine Hill 
Round Top 
Mon ticello 
Vaca 

I, If 

cr3'OOo _co.ogs 
57.142 0.071 

47.356 . . . .  
q . 3 2 4  . . . .  
53.251 . . . .  
1 1 ' 5 r r  . . . .  
44'913 0'059 

49'643 0 '052  

14.523 0.07s 

/ I  

-0 '073 
-0 ' C q  

+@'Oj2 

-o .os9 
-o -03s 

-0 

. . . .  
+o '-7 
+o a042 

I/ ,I - 
~g '927 f o  .1S3 
57 .r;S +o '303 
q . ; . S S  . . . .  
42'279 .... 
53.162 . . . .  
11.473 . . . .  

4y.650 . . . .  
14.565 . . . .  

. . . . . . . .  

" . I' 

.... O@'IIO 

.... 57 '441 

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

Probable error of a single observation of a direction ( D .  and R.) = & o'I.62. 

Jfon71.l Tnmzfpnis ,  Marin County, California. 
olite, No. I i 5 .  

-4ugust 24 to October 9. 1SS2, 
G. Uaviclson, ohserver. 

50-centimetre theoil- 

0 I If If If / I  /I I/ 

7 

-- 
Mount Diablo 0 00 On'OOO &O'G53 -0 '011 59 'gsg +0'277 . . . .  03.266 
Mocho . 23 47 56'302 0.064 -0.071 56.231 . . . .  +o'+x 56.653 

Ross Mountain 230 31 2S.940 o'ogo -0.043 2S.897 . . . . . . . . . . . .  
Mount Helena 263 31 35'075 ovS6 -0-006 35'0@+0'054 . . . .  35.123 

Sierra Mnrkna 61 37 39'923 0'076 -0'037 2 g S 6  . . . . . . . . . . . .  

Moiiticello . 289 01 ,p.S52 0.072 to -045  42.S97 + o q S  . . . .  42 '945 
Vaca 307 25 02'177 O ' C 6 2  +O.O& 02'235 -O'$O .... 01 'S45 

. Mean o ' m  

Probable error of a single olxrrvatioii of a direction (D.  and R.) = Co"'54. 



SUMMIT  O F  ROUND TOP, CALIFORNIA, PRINCIPAL TRIANGULATION STATION ON T H E  SIERRA NEVADA. 

Altitude, 3,165t meters or  10,386 feet. 
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( b )  ,ifbsfmct of ~-cs?iIthg horimnfrs/ dirdimis n f  coo5 slafimi fiilii! lociJ n?rd.- fromjgzu e 

a ~ z i s t , ; z c ~ ~ ~ - C o n t i i ~ ~ ~ ~ ~ ~ .  
Jfoclro, Santa Clafa County, California. So-centimetre theodolite; August 19 to October 30. 1SS7. 

No. 115. J. 6. Lawson, F. Morse, ant1 P. A. Welker, observers. G. Davidson, chief of party. 

16 
17 
IS 

19 
r j  
14 
15 , 

No. of Resilltiilg direc- Approxi- Redoction Corrections 
direc- Objects observed. tion froill statio11 iiiate prob to sea Resllltirlg fmrn figure 
tion. Iatiyi. adjustment. able error. level. secollfls' adjustaicnt. 'I1 tnallK1l- 

- 
Axiiiiutll Mark 0 ,  00 oo'ooo k O ' O j 3 '  -@'I59 59'S41 .... .... 
Mount Lola .7 25 '05.51s 0.662 -0-121: 65.j97. -0.333 05.064 
Mouiit Como 76 26 26.471 0'060 + O . I S ~  36.595'. +@.OS 26.663 
IvIount Grant 122 47 32'5,11 0'07s -0.042 32'469 +0*066 32'535 
Mount Conness . 169 . 47 29'605 0'06s -9.247 zg.j61 i 0 . 0 5 4  29 :415 
Mocho 254 03 Z;'Ojs @ ' O g j .  $.O'Osj 2 j . 1 2 7  '' +0'216 25'337 
Mount Dialdo 270 44 49.S63 0.051 +om63 49.926 . -0'0S2 4 9 . S ~  
Mount Helena . . 298. 32 16.332 0'065 -ouoj  16.329 +0'024 16'353 
Pine Hill ' .$or 5s 42"7 0.061 -0.d 42'941 .... .... 
Snow Mountain East 316 57 47 '335. o '047 , . . . .  . . . .  . . . .  .... 
llaryville Butte 519 cy) 33'594. 0'069 -0.029 33'565 .... .... 

22 

23 

20 

21  

Azimuth Mark 
Round Top 
Mount Conness 
Santa Ann 
nTotll1t Two 
1,onia Prieta 
Sierra Moreria 
Mount %malpais 
RIouiit Diablo 

Probable error 

a I If /I /I II 

o 00 m-000 &o*o56 . . . .  . . . .  
66 '13 I j : q 3  0.136 +0*220 is -263 

34 26'624 0.060 +0.140 26.764 

203 17 21.473.' 0 ' 1 j 2  +0~007 Z I ' &  

232 55 15'46s o q 6  '+on72 15.540 
2S4 3 1  49'647 or65  $0.011. 49:65S 
319 22 10.160 0 . 1 1 1  ,-0.046 10.114 

345 . :,S 23 '364 o '060 --.o '076 23 .2SS 
of a single obervatioii of a direction ( D .  and R. ) = 

176 IS gs'jS9 0.116. -0.057 45'jjz 

II 

.... 
-0 .OIB 

+0'196 
. . . .  
. . . .  

. . . . .  
. . . .  

-0 '010 

-0 '176 
c o"'70. 

I/ 

. . . . .  
15 ' 2 6  

26 -960 
.... 
.... 
.... 
. . . .  

10.Ioq 
23 'I I? 

' I I  ., I1 II ' 0  I / I  ' / I  

Asiniutli Mark ' ' 0 "00 00'ooO -CO'O4; .,-0"157 59.843 . . . .  
Lassens Butte l j  22 $2'494 0'713 ' . . . .  . . . .  . . . .  
Pah-Ra h ' . 114 46 59.230 ' 0.074 $0'137 59.367 -0.247 
BIoiint Corrio , 173 .  I o  32'427 omS2 --o-rgS: 32269 - o q r  
Round Top a . ' 213 "25 00.322 0.109 . -0.136 oo.oS6 +0'375 

NIuunt Diablo . 271 i7  35.376' . 0-059' +0'075 55.45~ +omo 

. .  
Pilie Hill . .  267 .17 07'756 0'0Sq' +0'0;9 07'795 . . . . .  

Marysville Butte 311 51 ,Q9'936 O ' q 4  f0.016 Og '952 .... 
Snow.I\.Ioui~tain East. 221 '58 ' t i?  .523' ' 0.073 .... . . . .  .... 

l\loui;t Helena 300 07 Oj.735 0.059' -k0*061 03.799 -0 '24s 

Mount Liiiii 340 5s 41 *6S4 o.oS6 .... .... . . . .  
Probahle error of a single observation of a ilirection (0. and R. 1 = -I- d'.,*n. 

It 

.... 

.... 
59 .I20 
32 22s 

00.461 
.... 

55 651 
03 '55 1 

.... 

.... 

.... 
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24 
,25 
26 

27 
zS 

I<rsiiltiiig rlirec- .+i>proxi- Kec1ilction Resl,ltillg ~orrections Final  N O .  of seruiids 

tioil. adjiistiiieiit. able error. level. secoirc's' adjustinelit. l:,tic,il; 
direc- Objects olrserved. tioii froiii statioii mate poh- to sea fro111 figare i l l  trin,lgr,- 

Aziriiiith Mark 0 00 0n:cX.Kl co.049 . . . .  . . . .  . . . .  . . . .  
Mocho 24 52 40'751 O * O ~  ,+0*042 40.795 -0.050 40.743 
Mouiit Diablo $3 02 02"joS O ' O ~ I  fo.004 02 '712 +o-o54 02.766 
Rciiuid Top gz 16 23'174 0'106 -0"m 21'964 -0.132 21.Sj2 

Mount Grant 164 09 13'672 o. ir4 +o?ig 13'Sgr -0 '26g 13'622 
Lone Mountain 216 47 03.954 0 . 9 3  + O ' C J I ~  03.973 $-0';73 04.346 

42 , 
43 
37 

- 
KO. 5. W. Einibrck, observer. 

0 I / I  I /  / I  / I  

Round Top o 00 0 ~ 1 ~ 0 0 0  &0'oj4 +0'209 00.209 
Mount Lola. 71 46 23'501 0'076 -0.164 23.337 

Pall-Rah 130 46 01 '424 0.101 0.000 01 '424 

Mount Grant 260 44 .47'291 o'oSo --0'2q 47'067 

Mount Ijavidson 103 37 44,337 o.oL% . . . .  . . . .  

Carson Sink ICJO 07 07'903 0'107 +0'157 O s . 0 6 0  

Probable error of a single observdtioii of a direction (D. and E . )  = 

'Toigabe Dome 126 n; 3.3 .966 
Lolie Mountain 167 rg ob'jor 
Mount Coiiiiess 264 2s 35'575 

Gmnf, Esmeralda County, Nevada. 
tlieorlolite. No. 5. 

Mount Conio 0 00 oo'O00 

Pdl-Rall . 26 21 29'94s 
Carson Sink 72 36 09.324 

0 / / I  

Desatoiya 94 40 54'247 

October IS to November 22, 

W. Eiinbeck, observer. 
I /  / I  / I  

+0.065 -0.1s; 
0.070 -0'122 ng'S26 
0'065 +o'13o 09'354 , 

0 '095 
0.075 + o . r ~ o  34-076 
O ' I O ~  --o.154 06'547 
0.140 + 0 . 2 ~ 0  35.S1.5 
o '067 . -0.044 06 Q o  

.... .... 

/ I  I f  

-0.059 06.150 

$0 '056 z j  '393 

-0 .og; 01 '351 

-O .is5 07 '935 
+o'2ng 47'276 

. . . .  . . . .  

f o"'76. 

1S7y. 50-ceiitirnetre 

I /  I /  - 
--o.oSr 59736 
-0.oj6 29790 
-0'05s 09'296 

. . . .  . . . .  
-0'3,js 33'721 

+o'42g 06.976 
+o '383 36 -19s 
-0'139 06701 

Probable error of a single observatioii of a direction (D.  and R.) = i 0"-80. 



TRANSCONTINENTAL TRIANGULATION--PART 111-TRIANGULATION. 577 

i s >  .-16sfrcIcf cf rcsi:lfi7ig hol-izivrfa/ dim-fimis a f  C17Ch sfcition -f,oni. kiccil twd j w m  .figiii.t 

anjisfirreiif-Contitiued. 

Loiiz ~ f w o ~ f u i ~ t ~  Esiiieralda County. Nevada. 
theodolite. No. 5. 

October 25 to November 2 2 ,  IS#%. 
W. Einibeck. observer. 

so-centiuietre 

44 

. 45 
46 
47 
$3 

KO. of 
tioii Resulting froiii statioii direc- iiiate hpprosi- prob- R%E" ~~~~~~~ frqiii Corrections figiire . se~+.+ direc- Objects observed. anijiistiiieiit. 'I1&',:,,,- 

tioii. ' adjiistiiiciit. able error. level. 

-4siiimtli Mark o 130 ~ ~ 0 0 0  fo .050 . . . .  

Desatoi ya IZI I S  06'574 o r &  .... 
M~.uiit Callalian s3 14 57'950 0'059 +0'054 

Toiyabe Doiiie 138 IO 30.243 o r 6 6  -0.235 
Mouiit Grant 204 ~5 04'4jS 0.054 +0.16j 
l\lOUllt COlllO 241 or 3S.655 0.050 +o'156 
Pall-Rah 2Sj 45 37 '956 0.070 -0'071 

59 
56 
57 

51 
52 
53 
54 
55 
49 
50  

Axiiiiutli Mark (Opliirj o w uu '000 t o  'WI . . . .  . . . .  . . . .  . . . .  
Mount Callahaii 6 a3 or $52 0.071 ~ O ' J ~ I  01 .gS; - o . q j  or -740 

43 55 59.428 0'060 + o ~ g S  59.626 -0.244 593S2 Diainoiid Peak 
White Pine 95 3" 43.057 0'074 -0.140 j2 'g I j  -0.047 4z.Sjo 

. .  

Lolie Mountain 174 30 45'072 0.043 +0'050 45'072 +0'155 45'227 
~!l01111t Colllless 22s 02 57'450 0.355 +0'214  j7.664 -0.014 57.650 
Mount Grant 24j 58 57'407 O ' O j I  fO'OgS 57'505 j-0'534 5 j ' s j g  
Carson Sink 504 27 30.pS4 0.076 -0.179 30.605 $0 '022 30'627 

go-centiiiietre tlirodolite, No. 5. 

60 

61 

62 

I ,  ,I / I  

. . . .  . . . .  . . . .  
gs'OO4 - 0 . 9  57'914 

. . . .  . . . .  .... 
;o.ws -0'099 2 9 . 9 9  
04 '641 +o 'oy6 04 '737 
j S S r r  +o*ao~ 33.S16 
37 S S j  $0 'os7 37 '9 72 

and A'. ) = C 0/"51. 

. . . .  .... . . . .  Aziiiiuth Mark o 00 00~000 ko.066 . . . .  
Diamond Peak 6s 03 526% 0.046 -0.057 52.629 -0.157 52.472 
Prospect Peak 79 17 oS.245 0'077 . . . . .  
Monitor 132 47 00'7S2 0'059 .... . . . .  .... .... 
Toiyahe Doiiie 170 05 11.98; 0.05s j-0.149 12.132 +0*26j 12.399 
Desatoi ya 211 46 53'790 0.069 .... .... . . . .  .... 
Carson Sink 233 29 35.431 0.054 +o.oq 35.472 -0.109 35.363 

. . . .  . . . .  .... 
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( b  j -4 bstracf of r-csultiiig horizotztcll din&nu at each sta fioit f w t z  loccll aid from f g i i r c  
a~'lisfrtfwt-Continued. 

Diairioird Peak. Eureka County, Nevada. 
No. 5. W. Eimbeck, observer. 

57s 

August 25 to September 30. ISSI. 50-centimetre theodolite, 
.I 

jj 

76 
77 

75: 
73 

Resultillg direc- Approxi- Reduction Res,IltilIg y t i o n s  Final 
N O .  of 
direc- Objects observed. tion from station mate prob to sea seconds, a 
tion. adjustnient. able error. level. 

Reference Maik G m oo'ooo ~ 0 ' 0 6 5  .... .... . . . .  I .... 
Ibepali j r  20 ? ; . ~ 2 0  0.093 +0'157 23377 -0.26s 23.109 
Moullt Ne110 7s 03 3 2 . 1 7 2  0.077 to .176  32.34s +0'49S 32.546 
Tushar 121 44 r o S 5  o'riS -0.160 1 0 . 7 ~ 5  -0,533 10-192 
Beaver I22 33 O l ' M j 5  O'USS .... . . . .  ..... . . . . .  
Pioclie 179 47 3S.224 0.101 -0.071 3S.153 $0'2.53 3S.406 
White Pine 246 IS 32.226 0'0Si S0.215 32.441 -0'00s 32.433 

0 / I1 . , / I  II 

Aziniuth hfark 0 00 W'mo *o.oSr . . . .  
Ibepah s2 44 14.49s 0'102 +o.osj 
Wheeler Peak I I ~  24 -33.33s 0.076 -0'20Q 

White Pine 171 36 o:,'cjj.- 0.062 '-0'0s5 
Monitor 221 US Z j  '964 0.065 .... 
Toiyabe Dovie 241 01 ~ ~ ' z S I  0.062 +O'ZIO 

Alouiit Callahan 2 s I  12 45'253 0'070 -0'059 

Probable error of a single oliservatioii of :I direction (D. 

I/ 

.... 
I4'5SI 
3; '1 j o  
03 847 

a , . . .  

37.491 
45 'I94 

and R. ) = 

I/ 

.... 
-0 '259 
-0 '033 
fo.161 

$0 .as4 
-0 '004 
+(y/.- - 10 .  

.... 

I/ 

.... 
14 '322 

33 '097 
04 Yxls 

37 '575 
45 '190 

. . . .  

White Piire, Nye County, Nevada. ~Gvernher j to December 14, ISSI. 50-centiinetre theodolite, 
KO. 5. W. Einibeck. o1JserCt.r. 

6s 

69 

70 

0 / . / I  /I /I I/ 

Refeieiicc Mark o m 00'00~ ~ 0 . 0 9 5  . . . .  . . . .  
Lone Mountain 49 IO 41 '310 0.086 +0.064 41'jjq 
Toiyabe Dome 79 12  5j.217 0.159 -0'157 55'060 

hloiiitar Sg 50 06'915 . 0'094 . . . .  .... 

D;uckwater 155 01 34,934 0.090 .... . . . .  
Wheeler Peak 203 14 oS.g1s , orhss - i o . - - -  -33 09'173 

Diariioiid Peak 13s 13 31.701 0 '102  - 0 . 0 s ~  31.619 

Pioche 254 57 46,943 0.094 -0.095 46.S4S 
Probable error of a single observatioii of a directioii (12. awl I?.) = 

I/ 

.... 
-0.162 
S0.156 

-0 'Is0 
.... 

.... 
+0.163 
f o  '065 

f O"'g0. 

/I 

.... 
41.212 

55 '196 

3 I '439 

. . . .  

. . . .  
ag '336 
46'913 
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(6) A bsh-act of nsiiltizg hoi-izo~ztnl dim-tiotis at each stcr.fio)r-froni ford a)id -from -figiirc 
nn~zisti)z.enf-Continued. 

Tushar-, Pinte County, Utah. Aiigust 25: to September 22, ISSS. go-centinletre theodolite, No. 5.  
W. Eimheck. observer. 

NO. of 
direc 
tion. 

S2 
S3 
S4 
Y5 

Resilltirig direc- Approxi- Kediiction ResultillR . Corrections 
Objects observed ' tion from station mate prob- to sea from figure second' 

adjustment. able error. level. adjiistment. it' triallgu- lation. 

0 

Beaver 0 

Pioclie 27 
Wheeler Peak 67 
Ibepali . 96 
Mount Nebo 155 
Wasatch I s2 

Mount Ellen 23s 

I 

00 

5' 
I7  
32 
33 
45 
41 

Ir  

00 'CIX, 

IS '203 

40 .os I 
43 '049 
IO 2s I 

36 '332 

12.102 

II rI  rr 

f o  '050 . . . .  . . . .  
0 .os2 +o '107 IS .jro 
O ' t 2 0  -0.IS2 11'920 

o.oS6 -0.244 39537 
0.0% + - o . I ~ s  ~ i . 2 0 4  
O'OS3 +0'22Q I O ' j 0 9  
0.074 -0'102 36'230 

I'robnble error of a single observation of n direction (L).  am1 R.) = 

,I /I 

. . . .  .... 
+o 'os6 IS '396 
+0'370 12'290 

-0 '392 39 '445 
-0'0c12 43.202 

. . . .  .... 

. . . .  . . . .  
5 o'"6S. 

.Pioi/tc, Liiicolii County, Nevada. Sc-pteniher 6 to Septenlber 25. ISS;. go-ceiitiiiietre theodolite. No. 5. 
W. Einibeck. olx+.erver. 

79 
so 
SI 

1brotmt)te error of n single otxer\:atioii of it clirection ( O. aiir1 R. = 5 0"'jj. 

Pi/d Pmk,  Elko County, Nevarla. July 5 to July 32. ISSg. ~o-ceiitinirfre theodolite, No. 5. W. 
Ei;nbeck, observer. August 7 to Aiigiist IS, rS92. go-centinletre theodolite, No., 5. P. A. 
Welker, observer. 5o:ceiititnetre 
tlieodolite, No. 5.  

( I\;. Eiiiiheck, chief of party. ) 
1'. A. Welker, observer. 

August 6 to Aiigiist 17. 1897. 

Correc- 
. Correc- tiom Final 

NO. of lteslilting direc- * ' ~ ~ ~ ~ ~ -  Kediic Result- tioils from Lase- seconds 
clirec- Objects observed. tions from station lion to iirg froillbase. net niid in 

:icijiistiiiciit. P'o'"''~ sea level. secoiids. iirt ad- figure triniigii- tioil. 
error. justinelit. adjust. lation. 

nlrllt. 

0 I I1 r r  I r  r /  r I  I r  / I  

. . . .  . . . . . . . .  Aziiiiutli Mark, rSSg o on 00 roo co .04g . . . . . . . .  
ReferenceBIark, ~ S g z  o 00 02.534 *0'05g . . . . . . . . .  . . . .  . . . . . . . .  

Cache 2 19 22 '749 *o~osg . . . . . . . .  . . . .  . . . . . . . .  
Osforcl 36 43 40.435 *o'rgr . . . . . . . .  .... . . . . . . . .  

Ogdeii Peak . . . .  24 '553 

Antelope 79 13 4.755 *3'074 -0.00s 44'727 +0'038 .... 44'765 
Deseret 103 56 o4.git 0'054 -0.169 04.752 -0.d~ . . . .  q '670  

Ibepali 161 37 32'197 0.069 -0.047 32'150 -o.ojo . . . . .  22'120 
Wheeler Peak 172 37 2 2 3 0 3  0.075 +o'q5 22'948 . . . .  So.104 23'052 

and 1Yg7 

Promon tory 64 26 05.747 W0.065 $0'055 05.So2 +o.19S . . . .  06'000 

70 34 24.955 {+O:z::!. +o.ou 24y98 -0.145 

%Ionlit Nebo 111 06 37'692 0,069 -0.210 37'452 +o.oa~  . . . .  37'50; 

%lean ' omm 
Probable error of a single observation of a direction ( D .  and K.) = +- O"'57. 

*The directions riiarked by a *star depend on the probable error+.o"'o54 of Ogden Peak during the second and 
third occupations. 



No. of 
direc- Objects observed. 
tion. 

56 

s7 
.ss 

Aziniuth Mark 
Ogdeii Peak 
Deseret 
~Io lu l t  Neb0 
Tusliar 
\\'heeler Peak 
Diamond Peak 
Pilot Peak 

Resnl ting dircc- 
tions froin station 

adjosttueiit. 

Approxi- 
inate 

probable 
error. 

/ I  

f0 'q j 
0 .092 
0 .os9 
0 '07 I 
0 '077 
O .ass 
0 .OS2 
o .os6 

Kediic- Result- 
tioii to: ing 

.sea level. seconds. 

Correc- 
Correc- tions Filial 

tiom from h e -  seconds 

iiet ad- figlire triangu- 
froill base- net and i n  

juatiiiriit. adiust- latioil. 

I t  

$0 'or3 
-0 .I92 
+a '097 

. . . .  

. . . .  

. . . .  
+o .os2 

0 'm 

tiieiit . 
I /  

.... 

. . . .  

. . . .  

. . . .  
+o .262 
+o '05 I 
-0 '164 

. . . .  

Probable error of a single observation of a direction (1). .-.nd I?.) = & 0".62. 

.90 

9' 

Azirnutli Mark 
Patinos Head 
Wasatch 
Tushar 
Scipio * 
Wheeler Peak ' 

Ibepali 
Pilot Peak 
Deseret 
Onaqui+ 
OquirrJi * 
Ogdeii Peak 
Draper" 

June 16 to July 29, ISST. 
\I7. Einibeck, observer. 

00 ~000 fo '046 ..... 
42277 o'og6 -0'096 
1630S o.ogr -0'137 

/ I  I I  I /  

40.046 O ' O ~ O  + 0 ' 1 j j  

5s.s'$3 .... +o.r8S 

49'527 on50 - 0 ~ 0 1 1  

45 '694 0'075 +o'17S 

13 -102 o '070 .-o '199 
29.S2r 0 ' 1 1 2  - o m g  
52.056 0.070 -0'176 
1 9 . a  0.066 -o'r'j 
13'527 0.06; -0'02J 

4 j ' I Y  0.097 -0.m 

go-centinletre theodolite, No. j. 

I I  I ,  I' / I  

. . . .  . . . .  
42.1S1 . . . .  
16.371 . . . .  
4o02o1 . . . .  
59.036 .... 
45'S72 .... 
49 '516 -O '147 

29'60-1 -0.153 
13.903 + O ' O j I  

5I.SSO . . . .  
'9.479 .... 
15 ' j o j  +0'3jo 
*..Is2 . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  
$0 '227 40 '425 

+O '059 45 '951 
.... 49'369 
. . . .  12.Sj2  
. . . .  29 '469 

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . .  13 '833 

. . . . . . . .  

Mean 0 'OOO 

Probable error of a single observation of n direction (,I>. and A'.) = f 0".61. 

Weights to the incliviclual directions eiiteriiig into this triaiigulation were introduced 
as explained in Part I aiicl eseuiplified in the adjustment of tlie Solo Base Net. 

In the present case we have the iiuniber of directions = 91, the number of triangles 
= 30, and the average value of the probable error of an observed direction as found by 
station adjustinelits e,= f O'"OSO; also the same derived from the clositig errors of tlie 



STATION AT IBEPAH, UTAH,  S H O W I N G  PROTECTION O F  I N S T R U M E N T  

Alt t tude, 3,688( meters or 12,101 feet 
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triangles or cr= f cB".r)o; hence rf - E.' = 0'033 6, and the relative weight to a direction 

- - where 25 is a convenient multiplier which renders a large portion of the 

weights eyiial to unit!;. 
Respecting the schenie finally selected. the station Mulacho was admitted into it as 

an ausiliar!; to assist in crossing the wide valley between the Coast and the Sierra 
Kevacla ranges. The triangle Mount Diablo, Mount Tamalpais. Mocho is very well 
nieas'~irec1, and the main triaiigulation is well roundecl off with Mount Diablo as a central 
station. 

'5 
E:+ 0'033 6' 

N 0 

I 

2 

3 
4 
5 
6 

7 
S 

9 
10 

11 

I2 

'3 
14 

' 15 

16 

17 

IS 

'9 
30 

21 

22 

23 
24 
25 
26 

27 

29 

29 
30 

.i I 
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I '0 

I 'I 

0 '9 
I '0 

1 '0 

I '0 

0 '9 
I '0 

I '0  

I 'I 

0 '9 
0 '9 
0 '9 
0 '9 
0 '9 
0 '9 
0 '0 

I '0 

1 '0 

1 . 1  

'9 
1 '3 
0 P 

+-I . 
+ I  - -I  --I 

+ I  - 1  

- 1  + I  + I  

... -1  ... -1 ... .... .... .... .... .... 
--I + I  

+-I  . 
- - I  

- 1  ! I  

... ... ... --I .. .... .... -t I ... .... 
--I 

+ I  +I 
--I 

-1 + I  + I  

... ... +I --I ... .... .... .... ... . ... 
+.I  .- I 

+'I - 1  

4 1 

--I 

-1 . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
+ I  -1 -"I 

+ I  

+ I  

+454 
-4 '92 

. .. . . . . . --.1'.$7 
' -1.40 +6.36 

-4 '77 

. . . . . . . . --I '19 
+I '27 
-0 '09 

-7 '02 

+ I 1  ' 01 ,  

.... -.4 'W . . . . 

--I 

+1 

.... -4 '27  .... 
+.I .D2 

-o.:* 

-4.64 
-0'17 +9'19 
+ I  .52 -4'55 
--I '05 
. . . . . . . . 

-2.55 
.... +3% 

--I ' 27  

+7.23 
-7 '02 

. . . . . . . . 

-0 '21 

. . . . . . . . 

.... 

- 1 . p  

+: ..% 
-2.58 

.... 
-0.51 
+1 'Sa 
-2  '01 

.... 

-4 '55 
+4 '55 

. . . . . . . . 
1.49 

. . . . . . . . 

t 4 . m  
.... -4.m 

-2'01 

+3'97 -1'5.5 
-I.* +I.* 
..-. .... 



-1 

+ I  

-S '13 
+gwr -1'52 

-0-ss +2 '21  

-1 -0 '69 

+o 'L5 
-0 '4 

... + I  ... .... .... .... 

+4 'so 

-1 

+ I  --I 

+I 
... ... ... ... ... 
+ I  

... . . . . . . . . . 
- 1  

+I --I 

+ I  -1 

--I + I  

-1 + I  ... ..., ... 
-1 

+ I  
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- 1  

+ I  

. + I  '09 
- 1 . 9  

.I I -1'16 

.. . . . '.. . . .. . +.1-24 -4.0s 
--j'oS f-12'13 

' -9% 

-4 '5s +1'16 
. . . . .. . ... . --I 'IO 

-5. '39 
+9 '05 
-0 '6n -1.56 

+4'3S +3'9 - 2 ' * 0  

.... .... .... -2'40 +2.40 

- 1 '4s 
-0 '93 +?.*I 

-cm '93 -2 $2 +3 '75 
+5'10 - 2 %  

-2.2s . . . , . . . . . . . . . . . 

-1 

- 1 '  ... ... + I  ... 
+ I  -1  

... . . . . . . . , 

+: - 1  

t I  - I  

.t I -1 . . . . . . . . . . 
-- I  

+ I  

... ... ... ... ... ... .. ... .. 
.- 1 

-1 + I  

+ I  -1 

.. ... + I  ... ,.. ... . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . 

-1  +I 

+ I  --I 

+ I  -1 

+ I  -7  

... ... ... ... ... -1 +I .... .... 
I 

--I + I  

-10'97 -0'79 0 '9  
I ' 0  

1 '0  

0 '8 

0 '9 
3 '6 
3.6 

0 '9 

0 '9 
83 '8 

0 '9 

I '0  

I '0 

I '0 

I 'I 

I '0 

0 '9 
0 '9 
I '0 

I '0 

I '3 
1 'I 

I '0 

1 'I 

--I '67 
... . .... + I  '6; 

+0'79 
. . . . . . . . 

-0 '79 

--I 

--I + I  

... + I  ... ... ... -1 ... .... ., 

+ I  

-1 

-1 + I  

+ I  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

-.I 
- . I  4-1 

--I +I 

+I ... ... ,.. ,.. ... --I ... . .... .... 
+I -1 

+I - - I  

+I  -1 

"t. I 

-3 6 1  

+4 '41 
.. .. -0'80 

+3'61 
-0% -5%1 

-n 'jj +0.73 

+ O . h l  

-1 '05 

+I'52 .... -0.73 

+Q '45 

.... - 2 3 3  -2.83 

. -Q'N -1.6; +o';g 
+3'2% -0'78 
-2'49 
-3'64 . .. . + 3 ' 4  

+4'91 -3 '64 
-1'27 . - O ' G  - 0 . 9  

+ Z ' Q  +O'* 

-1'66 

+4'46 +253 
--I .... 
+I 

.... 

.... ...... .... 
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I 

2 

1 

4 
5 
6 

7 
S 
9 

IO 

11 

I 2  

'3 

_. 25 
F - 

I '0 

I 'I 

I ' I  

I '0 

I ' 2  

I ' I  

0 '9 

0 '9 
1 '0 

I '0 

I 'I 

I '0 

1 '0 

1 ' 0  

I '0 

I '0 

1 '0 

I 'a 
I '0  

UNITED STATES COAST AND GEODETIC SURVEY. 

-1 + I  

+ I  

. . . . . . . . 
-1 

-1 

+I 

. . . . . . . . 

.... .... 

o=-0 '275 
o=+o '535 
o=-0 '"95 
0=+1 'os4 
o=+o 'IO1 

o=-0 -134 
o=-0 '93' 
0 = $ 0 ' I I I  

0=+0.271 

Q=-o ' 2  j h  

o=-o -622 

O = - 0  '059 

o=+o '673 

c, 

--I 

+ I  

-i 

+: 
--I 

+: 

.... 

c, 

--I 

+ I  --I 

--I + I  

.... + I  . . . . . . . . 

.... .. .. .... .... 
--I 

- 1  

+ I  + I  

-I-I 

--1 .... + I  .. . 
+ I  

--I --I 

+ I  --I 

+2'cKl - 1'9.9 
-1'9s + 1.93 

.... -0 '02 .... 

-1.15 

+ I  '41 
-0 '2s 

-2 '56 
+6'32 
-5 7 6  

-1 ' 2 0  

+2'35 
- 1  '16 

... .... 
+3'% 

+ I  '2@ 

-5 '02 

- 7'97 

+IS 'YO 
+o .j2 

-4'93 + 4'93 

I .... 

+I'OS 

--I 'os 
- 1  '9s 
+I'gs 

.... 

.... 

+ I  'I6 
-1'16 

+4 '93 

+3 '9 -1 '9 - 1  '9 

$3 .s + I  '9 
+3 '9 --I '9 -2 -0 ---2 '0 

+5 .s -2 '0 

.... . . ; .  .... . . . .  $6.1 +2'0 S r . 9  . . . .  .... .... ... . .... .... 
+6 '0 - 1  '9 

$5'7 
-2 'I 

$-5'9 - 2 . 0  -1.9 
+6 '3 -2 '2 

. +5-7 -2.0 

+6 '4 

. . . .  .... .... ... . .... .... +5'S --I '9 .... -2'0 

+6.6 

..... 
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o=--o'z 7 6 
o=+o '673 
o=+o .414 
0=-1 q; 
o=-o '522 
o=+o -651 
a=-? '334 
0=-- - '324 
o=+o ''95 
o= -0 '5 IO. 
o=+o .Y4S 
o=-I '557 
o=+o '222 

0=+1.573 
o=-0 '759 

3=--0 '275 
:>=+o '535 
3=-0 "95 
3=+ I .os4 
s=+o '101 

o=--o '059 
o=-0 '134 
o=-0 '93; 

o=+o '211 

o=-0 .27t 
0=-0'62: 
0=+-0'67: 
o=+o -41' 
o=-o 3 2 :  

o=+ I '57. 
o=-0 '42. 

0=+4 '93 
0=+1 'S3 
0=-3'59 
o=+o. 60 
o= 1-1 '97 
o=--I '66 

O=-{-O'JII  

~~ ~- ~ 

- I  .s 
-2  '5 

-5'7 -i '9 -2 '0 

. f5.S -2 .1  -1 .s 
.... .... +9'3 .... . . . .  .... .... .... .:.. .... .... .... .... 

t5'7 -1 .9  
+5 *b -1 .s 

$6.1 -5.3 
+6'1 -2 .0 

.... .... .:.. .... . : . .  .... . . . .  +6.1 -2 .0 .... -2.1 .... .... 
+G.o -2 .0  

$6 .4 -2 .4 

4 6  '3 -2 'I 

. . . . . .. . . . . . . . . . . . . . . . . . . :. . . . . . . . . . . . . . . ..: . .. . 4-4'1 
4-6.4 - 2  '0 

Nh-md c ~ ~ m / ~ ~ ~ ~ s - C o i i ~ i i i u e d .  

C,, Ca c, c,, c;' C, c33 

+ 4'56 

-12 .o; 
+ 2-11 

. ... +11'62 

+ 9'93 
- 4.16 

. . . .  .... 

.... .... 
+2 '0 

+4 '0 
4-230 '17 

_ . . .  .... 

... . . . .  

+ 0'76 

- 0.65 

+ 2.11 

. ... 

- 3'45 
+ S'o6 
+ 1-1 '25 
-15 '72 

- 4-0s 
-- I '07 

-- 77 .76 f 3.3s 
' -23.97 .... 
+IN .71 -69-25 

+3 IO .66 

.... 

- 5.7s 
-12 '35 
+IS .ss 
- 0-56 

- I * %  

.... 
+24'89, 

-221 *34 ~ 

+230 '26 
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. . . .  
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Rcsrdtiug zpanlrrrs cf cwrthft-s.  

1.' , 

('1)=-0'229 3 
(2)=-0'057 5 
(3j=-/-6.322 9 
(4)=-0.01S 

( 6 )  =-0 '246 6 
. ( 7 ) = + o . ~ z z  r 

( Y ) = - o . z ~ 7  j 
(9)=-0.041 o 

(5)=-0.142 1 

(10)=40 '355 3 
(rr)=i -o .200  I 

(12)=-0'247 6 
(13)=+0.215 7 
(14)=--u'oS2 3 
(15j=$o.o2j 6 
(16j=--a '335 n 

(17)=+0'&7 9 
(1S!=+om66 3 
( 19)=+0 '053 6 
(20)=-0~009 7 
(21)=-0.175 9 
(2a)=-o.orS I 

(23)='+0.196 3 



NO. Stations 

BIount Lola 
Mount Diahlo 
Nount Helena 

Kound Top 
Mount Diablo 
Mount Helena 

Round Tup 
Mount Diablo 
Mount Lola 

Nount Ipla 
Round Top 
Mount Helena 

Mount Coiuiess 
Mount Diablo 
Rouiicl Tup 

?&IrJChQ 
Mount Diablo 
Mourit Coiiiiess 

Observed angles. 

26'175 

54 14 19.252 

IOO 57 m.565 

45 '793 
67 23 41.171 
2s 21  11.501 

24 49 05.976 

- 

s4 1.5 53'760 
-. 
46 '43-1 

10s 55 63'476 

13 09 21.919 
57 54 61'4'9 

26 Sr4 

Correc- Spher- Spher- 

tions. angles. excess. 
ical ical 

-0'623 63'090 
-0 '357 4s '71 I 
-0.104 57'597 

-0.166 r;.ooS 
f o  .4x 56 *:,S j 
+o 'or9 57 '030 

-0 .os2 qr .os9 
+ o m 4  I1 '715 
{-0.162 53 '922 

45 'S52 

15 '575 
1.5 '575 
15 '576 

46 '726 
8 '982 

-- 

s '9S3 

s ' 9 3  

Distances 
s. in xnetres. 

5'032 332 5 107 728'96 
5.360 026 7 229 i 0 o . S ~  

5'275 465 .I IS$ 566% 



No. Stations. 

I 2  

Mount Como 
Rouiiil Top 
Mount Lola 

Pah-Rah . 

Mount Como 
Mount Lola 

Mount Grant 
Round Top 
Mount Cornu 

Mount Grant 
Mount Como 
Pah-Rah 

Carson Sink 
Mount Grant 
Mount Como 

15 

16 

17 

IS 

Carson Sink 
Mount Coin0 
Pah-Rah 

Pah-Rah 
Carson Sink 
Mount Grant 

Mount Conness 
Round Top 
Mount Grant 

Toiyabe Dome 
Mount Grant 
Carson Sink 

Observed angles. 

0 I I! 

71 46 23'12s 

69 01 21.199 
j9 12 27$17 

12.143 

62 37 05'836 
5s 59 38.057 
5s 23 3"yl2 

16.S25 
34 23 52'977 
46 21 05 $74 
99 1s 13.143 

1 I '993 
26 21 y'mg 
129 5s 4s f43 
23 39 . . . .  

- 

-_ 

36 46 34'170 
72 36 9'537 
70 37 39'007 

2 2  714 

42 43 59.074 
59 20 66,636 
77 55 16.S56 

22 '566 
-- 

54 I5 . . .  
79 30 33.244 
46 14 39'52s 

71 52 51 '927 
46 59 56.892 
61 07 jI'0.5 

Log s. Distances 
in metres. 

Correc- Spher- Spher- 

tior'. angles. excess. 
ical ical 

' 3  '07.5 
5 -572 
5 '571 
5.571 

1-0.046 30 *OS j 
-Eo '302 45 -945 

. .. . 56'959 

16.714 
3 '9'7 
3 '927 
j .92s 

J I 7% 
l'j20 
4.319 
4 '320 

___ 

-0'OgI 34.079 
+0'02j 09.560 
$0 -344 39 351 

12 '959 
7 '663 
7 '664 
7 '663 - 
22 '99 
7 '729 
7 '729 
7 '750 

23 .18S 
I I '073 
I I '"73 
I I '073 

33 '319 
6 '391 
6 ' 3 ~  
6 '390 

-_ 

- 

4'%9 sso g 77 603'44 
5 ' 9 2  359 5 123 697 '10 

50S7 $2 7 122 257'65 

4.933 671 6 S5 S36.42 
5'036 732 7 105: S26-03 
sa92 359 5 12; 697'10 

5'0S7 392 7 122 2S7-65 

5.10s 779 9 12s 463'56 
5'052 722 1 112 907'29 
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NO. Stations. 

19 

20 

31 

Lone Mountain 
Mount Grant 
Toigabe Dome 

Mount C o m e s  
Mount Grant 
Toiyabe Dome 

Mount Coniiess 
M O U l l t  Grant 
Lone Mountain 

Mount Connees 

Lone Mountain 
22 { ToiyJx Dome 

Mount Callahan 
Toiyahe Dorne 
Carson Sink 

25 

26 

27 

White Pine 
Lone Mountain 
Toiyahe Dome 

Diamond Peak 
White Pine 
Toigabe Doirie 

Observed augles. 

26.624 
2539 . . . .  
13s 24 61.739 

3.5 55 S 9 . W  

Wheeler Peak 
White Pine 
Diamond Peak 

53 '494 
62 43 33'104 
65 00 37'554 
52 I1 30°'717 -- 

41 '375 

Spher- 
ical 

excess. 

/ I  

g '222 
g '222 
9 '21-3 

27 '667 
5 '87s 
5 'S79 
5 '875 

26 '071 
s '391 
s '354 

. s '395 

-0.03s 33 -076 
-to '343 37 'S97 
$0 '195 30 '912 

53 '299 
13 '962 
13 .+I 

I 3 '962 

Log s. Distances 
in  metres. 

4.557 002 6 90 573.S2 
5'233 181 I 171 072.S3 
5 '249 533 5 I77 637.04 

5 '233 ISI I. 171 072 53 
5 *1g4 6 156 641 '40 

5'155 1 I43 IS4'9S 
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i d  j ..2djlssted ti-iaizgles, Ulah, Nevada, aid  C-~C~~nticl.-Completed. 

N O .  Stations. 

Pioclie 
li711ite Pine 
Wheeler Peak 

Tusliar 
Pioche 
Wheeler Peak 

Diamond Peak 

34 

R'Iomit Nebo 
1 iisliiir 
\i"herler Peak 

,. 
I 

Momit Neho 
Wlieeler Peak 
Ibepal! 

Mount Neho 
Tusliar 
Ibepali 

Pilot Peak .. 
Mount Neho 
Wlieeler Peak . .  

36 

Ihepa! . 

Wheeler Peak 
Pilot Peak- - 

Log s. Dishnces 
in metres. 

Spher- Spher- 

tion. angles. escess. 
Observed angles. ical ical 

154 r 2  35'€00 
14 47 . . . .  
IO 59 6 0 5 2 s  

v -  

I /  / I  / I  

-o*& 61 '9.w I I ' I S ~  

-0.261 54,027 11 T S ~  
-0 Tlgs 37 '5 77 I I 'IS3. 

14 '630 

5  IO^ 322 6 127 151 'Yz 
5'054 232 6 113 300'72 
5 '121  7sO I 132 367.11 

5 '355 s24 I 326 s54 '59 
s.131 323 4 133 144.5s 
4'997 793 9 99 493'31 



For a close estimate of the precision of tlie Nevada series of triangles. we find 
first the iiiean error of an angle resulting from the adjustment by the espression- 

11.4 = ,/' -- [f''7'] , in which t) may be taken as unity. Then [w] = 4.37, f. = 4 0 ~  and 

111 = f o"'47. The probable error in  length CJf any h e  of the series due to the angular 
iiieasiire$ is found by the usual forniiilze- 

-- 

C 

We will coiiipute the probable error in length of the line Tioyabe Dome-Lone 
Mountain, which is about midway between the two base nets. Starting from the side 
Ihepah-Mount Nebo. of {lie Salt Lake Base Net, we have &I,, = 4*S, 3 ='74'6 (,5 tri- 
angles,), c,,,, = =tcl'#js metre, c,, = =t 0 ' 3 q  metre, and = -0'56S metre. Starting from 
the sick, Mount Helena to Mount Diablo, of the Yo10 Base Net, we hare 2' = 9-l.n [ 5 
triangles'), c r , , ,  = f 0.514 metre, c,, = f om-.@ metre, aiicl r, = f 0.571 metre. 'I'hen 
. ._ frt'L. - f o - i o j  metre. which is about 3 2 ~ 1 ~ ~ 6  part of the length. 
- . J c T + T -  

For theeffect on the developed length of the arc, the distances being takeii between 
t.he midclle points of the terminal lines projected on the thirty-ninth parallel, we have 
approsimately tne following values: 

Terrninal lines. Distalice. Probable errors. Average. 
/ ! . I / / .  111. 

Ibepali to Mount Neho and Toiyabe Dome 

Toiyahe 'Dome to Lone Mountain and 
to Lone Mountain 59; '0 STTITiVii and zz.TlfiiIn z-rshpv * I  '60 

Mount Diablo to &fount Helena 420.1 yg5%TiTi and rTa%T;a &TTiT c r . 5 1  . - 
SI7 'I c3 '11 

( j 1 ~kscrif!ioJz (I#' stilti@as sifunffd b d w m i  the. basc ?iris. 

This 
station is situated on th; summit of tlie highest peak of the group of iiionntaiiis lying 
to tlie eastward of Santa Clara Valley. on the eastern flank of the Mount Diablo Range' 
and overlooks tlie Sail Joaquin Valley. It is about I I ,I.; i d e s  northeast from tlie Lick 
C)bservatory on Mount Hamilton aiicl about 30 miles southeast of the town of Livermore. 
and  is rexhecl by wagon and pack animals over a rough road 

The geodetic point wqs iiiarked in 1S79 by a copper bolt sunk iii the rock, over 
which, in I S S ~ ,  was built a concrete pier 45 inches high by 2-t inches square, enlarged 
at the top to 26 inches, to receive the theoclolite. 

ilh)chc, Santa Clara County, Califoriiia: establisliecl in 1x75 by W. Einibeck. 

The geodetic point was transferred to the top of the pier. 
R N ( J Z ~  To-, Alpine County; California; established in 1S76 by W. Eimbeck. This 

station is situated on a peak, on the crest of the Sierra Nevada Range of mountains. 
popularly knon71i as Round Top. It is the highest and most easterly pinnacle. about 
I mile south of Carson Pass or the main suinmit of the Aniador Grade. It call be 
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reached via Carson City, thence lip stage via 'Genoa to Woodforcls, 32 miles distant, 
thence by .wagon or horseback up Hope Valley to the summit of the Amador Grade. 
Tlie ascent to the top of the peak iiiust be from the west or northwest. . 

The geodetic poin't is marked by a copper bolt five-eighths inch in diameter. set in a 
drill hole in  the rock. Above this was built a pier of rough stone masonry for the theoclo- 
lite to stand 011. Three other piers were built for different instruments--one a little east 
of north and the other two nearly west of the geodetic point, aud all were left standing to 
serve as reference marks. 

No difficult?; mas esperienced in finding the point whexi it was visited in 1Sg3. , 

A h t r i i f  Loha, Nevada County, California; established in 1S76 lip W. Eimbeck. This 
station is situated 011 the southernmost summit of the high ridge between Weber and 
Inclepenclence lakes and the town of Meadow Lake. Independence Lake lies at the 
southeast base of this ridge and Browns Valley is on the opposite side. The station is 
about 25 feet northwest from the .highest part of the mountain. It call best be reached 
from Truckee by stage or private coirwyance r5 miles to Jansen's Hotel at the east eud 
of Independence Lake, from whence it is about a three hours' ride up the eastern slope 
of the i~ioiintaiii to the station. 

The geodetic point is marked by a cross cut 011 the top of a five-eighths inch copper 
bolt set. in 3 heavy capstone firiIilg embedded in  a rough stone pier laid in cement. This 
capstone is about 15 inches above the natural surface of the grouncl and j feet g inches 
above the, base of the pier. The pier was then built higher and surmounted with 
another capstone '4 inches square with a hole drilled through it, marking the point. 
The pier was surrounclecl by a stone wall, about 6 feet distant, to serve as a wind-break. 
Three brick piers on stone foundations-one north 36' '5  east, distant 27 feet 9,:.< inches; 
one north 44''s east. distant 31 feet 3 inches, and theother north q 0 " i 5  west-were left 
standing as reference marks. 

No difliculty \vas esperiencecl in finding the point when visited in 1Sg3. 
A;l'omzi Coniicss, Tuolumne County. California : established in I S79 by I,. A. 

Sengteller. Mount Conness is a lofty peak of the Sierra Nevada Range, about 25 miles 
a little east of north from the Yosemite Valley, about IO miles north of Soda Springs i n  
the Tuolun~ne Meadows, and about 30 miles southwest of the Califorilia and Nevada 
buiiclai-y. Tlie station is located on the highest pinnacle of the summit, which is a 
very small irregular crag. The sheer descent around four-fifths of the summit is over 
I 000 feet to the talus. 

The geocletic point is niarked by a cross cut on top of a copper bolt, five-eighths 
inch in cliam@ter by rj  inches long, projecting 311; inches above the solid' rock. Above 
this was built a sdid concrete pier 26 inches in diameter and about 40 inches high. On 
its upper surface was embecldecl a copper bolt five-eighths inch in diameter by 4 inches 
long, having a broad spherical head with a small silver pin in the center. A cross cut 
on the head of the bolt, a little to one side of the silver pin, niarks the geodetic point. 

This 
station is situated on the northernmost of the three principal s~iminits of the Virginia 
Mountains, the iiiidclle oue, a b u t  3 iiiiles south. bring the highest. 

I t  lies just south of Pyramid Lake in the great lxncl of the Truckee River and is 
visible from both Reno and' Wadswortli, two towns on the Central Pacific Railroad 
bearing north 44' east, distant 26 miles froin Reno, and north 4.1.' west, distant IZ miles 

Pnh-Rnh. Washoe County, Nevada; established in IS74 by W. Eimbeck. 

1S732,-No. 4-3s 
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from Wadswortli. It may be reached from either place by road ancl trail-3s miles 
from the fornier and 20 miles fronl the latter place. 

The geodetic point is marked by a half-inch copper bolt cemented into the bed 
rock as a subsurface mark, over wliich a stone slab, with a thre~-fourtlis-incli drill hole 
in the center, was firmly cenientecl in position .as a surface mark. Arouncl the station 
was built, to serve as B mind-break, a rough stone circular s all, of about S feet interior 
diameter, with an opening to the northeast. 

A stone pier, bearing north 37"% east and distant S.5 feet from .the geodetic point, 
was left standing as a reference mark. 

A1ozrnz.t COJJW, Douglas County, Nevada ; established in 1879 by W. Eimbeck. This 
station is situated on a sharp conical peak of the Conio Range of mountains lying between 
Carson and Mason valleys, about 20 iniles nearly clue east from the town of Geiioa. about 
2 0  miles southeast from Carson City, sild about 17 miles south-southeast from Dayton. 
It may be reached from either Carson City or Dayton by vagori road, distant about 
30 miles. The geodetic point is marked as follows: The subsurface mark is a half-inch 
by 4-inch copper bolt leaded into a large sild well-bedclecl granite rock. The surface mark 
is a half-inch clrill hole in the center of a large flat stone, 19 by 22 inches square and 
5 inches thick, firmly cemented to the top of a stone and brick pier built over and 
aroimd the lower iiiark to n height (:if g inches above the bolt. A ring wall of stone. 
resembling the figure 6, built to serve as a wind-break, was left stancling. Lieutenant 
Wheeler's monument, about 3s'' west of south and I O  feet distant from the gecdetic 
point, forms part of the wall. Two piers, one north and one south, were left stancling 
as reference marks. Drill holes were macle in the rock; one in line to Round Top, 
distant 6'25 metres; one in line to north pier, distant 10.6 metres, and one in line to 
south pier, distant 7.24  metres, from the geodetic point. Angle at the center between 
south pier aiicl Round Top is 71' 01' and between Round Top ancl north pier is 1 2 g O  51'. 

M o m t  G?wif .  Esiiirralda County, Nevada: established in 1978 by A. F. Rodgers. 
This station is on a h,igh peak of the Wassuck Range, about 7 or S iniles west of the 
southern riicl of'walker Lake. The niouiitain.can be easily recognized by its three sharp 
peaks. one of which, King Peak, stands high above the others. The station is 011 the 
central peak about zoo nictres north of King Peak. 'I'he nearest railroad station is 
(:rSS?) Hawthorne, just south of Walker Lake, on the Centralia and Chester Railroad, 
distant about I O  miles from the mountain. 

The geodetic point is marlxcl by a copper bolt sunk in a rock enibeclded in a stone 
and brick fouydatioii pier, the top of which estencls about Y inches above the bolt with 
a center pit in which a notice of approximate height aud geographic position was 
embeclded in cement. A stone ring wall 15'5 feet interior diameter, with a long wing 
projecting to the southward and curving around the vertical circle pier (distant 32-5 
feet from the center), was left standing. 

The wall and piers will serve as good reference marks for identifying the station. 
C~J-SOIZ S i i ~ k ,  Churchill County, Nevada; established in 1S7S by W. Einibeck. This 

station is located on the highest point of a prominent and well-known peak of the Carson 
Sink Range, about zo miles in an easterly direction froiii Stillwater, the county seat of 
Churchill County. . The nearest railroad station is ( 1S8p:) Wadsworth, on the Central 
Pacific Railroad, distant about 7 0  miles in' a westerly direction. The peak has a gradual 
eastern and precipitous western slope. 

The geodetic point is uarked by a half-inch by +-inch copper bolt set in solid rock 
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at the center of the foundation pier for theodolite. At tlie close of observations a 
large, light, porous rock was sawed to. fit closely on top of the pier and the center 
inarkecl by a drill hole. The entire pier was then covered with small rocks set in 
cement. The astronoiiiical pier, distant 74.49 feet northeasterly, and the vertical circle 
pier. distant 26'6 j feet southwesterly, froiii the geodetic point, were left standing. 
Additional reference marks are four three-fourths inch drill holes in the solid rock-one 
distant 10.24 feet nearly north, one distant 17-59 feet about east-northeast, one distant 
I j .65  feet about south-southeast, and one 6'53 feet nearly west. from the geodetic point. 
The stone ring walls (wind-breaks) partially surrounding the central and vertical piers 
were also left standipg. 

Totjuzbr Poilie, Nye County, Nevada; established in 187s by A. F. Rodgers. This 
station is located on the highest .and boldest peak at  the southern extremity of the 
Toiyabe Range: steep on the western and very abrupt on the eastern s lop .  The top 
of the iiiouiitain is covered with a inass of loose rocks lying on the solid ledge. The 
geodetic point. is marked by a half-inch copper bolt set in the solid rock, around and 
over which was built tlie usual stone and brick foundation pier for the theodolite, in the 
central pit of which was imbedded in cement a tin can coiitaiiiing the approximate altitude 
aiicl geographic position. Around the station was. built a stone wall, I 2 feet interior 
diameter. with an opening on the northwest side. The vertical circle pier, bearing 
north 28" 4 j' west, distant 141 '4.2 feet froiii the geodetic poilit and surroundecl by a ring 
wall, IO feet interior diameter, with'an opening on the sontlieast side, and the askro- 
noniical pier, nearly in line aiid about half way between tlie two other piers. were left 
standing. Additional referelice inarks are ;c drill holes-one bearing north 44° 44' west ~ 

clistant 15.4" feet: one bearing north 7s' 19' east, distant 16%3 feet: one bearing south 
51" j3' east, distant S ' I ~  feet, and one bearing south 16' 14"mest. distant iS.4 feet, 

LOILS Afi/mfuin, Esnieralda County, Nevada: established in 1S7S by A. F. Koclgers. 
This station is located on a pl-ominent peak, well known in the surroundiiig section, 
situated in a clry desert country, about 60 iiiiles, by road, in a southerly direction from 
Cloverclale and about 40 miles in an easterly cl'irection froni C ~ l ~ i i i b ~ i ~ .  The nearly 
extinct mining camps 6f Silver Peak and Moiitezuma lie about 25 miles in a southwest- 
erly aiicl southeasterly direction respectively from the inpuntain. 

The geodetic point is marked by a cross on a half-inch copper bolt leaded in a drill' 
hole in a solid ledge of slate dipping westward, around which was built the usual 
stone and brick foundation pier for tlie theodolite, surrounded by .a stone ring wall 15.5 
feet in diameter, with an opening to the northeast. The vertical circle pier, distant 
71.1 feet about northeast from the geodetic point, and surrounded by a stone ring ~ l l  
10.7 feet in diameter, opening to the northeast, mas left stancling. Additional reference 
niarks are four drill holes-one about north, distant 9'15 feet: one about north-northeast, 
distant 13.75 feet ; one about south-southeast, distant 21-59 feet; and one a little north 
of west, distant S.2 feet, froiii the geodetic point. 

Mourrf Ccrffcrhn,L, Lander County, Nevada: established iu 1S79 by W. Einibeck. 
This station is located on the highest point of a broad flat ridge on the summit of a. 
large flat-top mountain at the northern estremity of the Toiyabe Range, about 20 iiiiles 
north of Austin. the present (ISSI) terminus of the Nevada Central Railroad. T h e  
niountain is .accessible froin all sides. The geodetic point is marked by'a five-eighths 
by -1 inch copper bolt, set in plaster of Paris in a large rock bedded in ceniented grout, 

froiii the geodetic point. , .  
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and forming the center of the usual rock foundation pier for the theodolite. A bottle. 
coiltaining the approximate latitude and longitude, was set in plaster of Paris .in the 
central pit of the pier, a d  the whole covered with a large rock having drill hole over 
the bolt, as a surface mark. Refereuce marks are three drill holes in solid rocks-one 
clue north, distant I I *42 feet : one !iorth 1-70' east, -distant I?. 17 feet : and one north 
I ~ O *  westt, distant I 1-09 feet, from geodetic point. Also the magnetic station pier, 
north 14" 11' east, clistaiit 61-02 feet : the astronomical pier, north 69: 11' east, 
clistaiit I 13 feet : and the vertical circle pier, south 4' IO' west. distant 37'83 feet, froiii 
geocletic point.  lie usual circular stone ring walls arouncl the central aiicl vertical 
circle piers and mi L-shaped wall at the magnetic station were left standing. 

Dilziiioird PC17k, Eureka County, Nevada; estalAishec1 in I S7g by W. Eiinbeck. This 
station is, located upon the highest point of the Iliaiiiond Range of mountaius, about 1 2  

miles northeast of the iiiining town of Eureka, the present (: ISS I 1 terminus of the 
Eureka and Palisade Railroad. The peak is well known throughout tile surrounding 
couii t ry . 

The station is 011 a small cone rising from a small approximately level space on the 
south end of the ridge. The geodetic point is marked by a five-eighths by -1. inch copper 
bolt set in R solicl rock in the ceiitcr of the stoiie foundation pier 'for the theodolite. 
Reference marks are four clrill holes-one about north-northeast, distant 10'73 feet; one 
about east-southeast, distalit 15'49 feet; one nearly south, distant S'69 feet, and one nearly 
west, distant 9.32 feet; the astronomical pier,. about east-northeast, distant S ~ * S I  feet, 
and the vertical circle pier a little east of south, distant 77'59 feet, from the geodetic 
point. The usual circiilar stone ring walls surrounding the central and vertical circle 
piers were left stancling. 

?his 
stntioii is locatecl on the highest and boldest point of the White Pine Range of mountains, 
called on Lieutenant Wheeler's iiiap the Grant Range. The local iiame of the point is 
Troy Peak. The station is near the edge of a precipice; the rocky bluff, at a distance 
of a few feet, falling almost vertically for seven or eight hundred feet. The geodetic 
point is marked by a five-eighths by 4 inch copper l>olt set in solicl rock in the center of 
the stone fouiiclatioii pier for the theoclolite. A bottle, containing the approsiniate 
height and geogra1;hical position of the station, was enibeclclecl in plaster of Paris in the 
ceiitral pit of the pier, above .the' bolt. The reference marks are three.dril1 holes-one 
about northeast, distant 10'3 feet; one about south-southeast. distant 7.65 feet, and one 
about northwest, distant g feet, from the geocletic point. The vertical circle station is 
27.62 feet distant from tlie geodetic station in a northeasterly direction. 

The usual circular stoiie ring walls surrounding the central and the vertical circle 
stations, tlie two stoiie cabins used for living prposes, and the bolts and drills, to which 
the guy ropes of observing tents were fastened, were left in position. 

JVht-h-  PL.nk, White Pine County, Nevada; established in 1S7S by A. F. Roclgers. 
This peak, locally kiiown as Jeff Davis Peak, is by far the most prominent of the Snake 
Range and is widely known all over the States of Nevada and Utah. The range is 
flanked on the west by Spring Valley and on the east by Snake Valley, from either of 
which the peak is accessible. The geodetic point is situated on the western or highest 
prong of the double peak and is marked as a subsurface mark in the usual way by 
a half-inch copper bolt set in solid rock in the ceiiter of the foundation pier for the 
theodolite. The pier is covered by a stone slab having a three-fourths-inch clrill hole in 

lmiiL- ~ i w ,  Nye County, Nevaila: estalilislied in  IS?^ bp W. &beck. 

' 
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its center, sedurely cemented in the top as a surface ;nark. The vertical circle station 
was located to the eastward of the geodetic point, distant 173.06 feet, and both point:; 
were surrounded with circdar stone walls, which were left standing. Reference inarks 
are three drill holes-one north, distant S'I  j feet; onein a sontheast direction. distant S.53 
feet, ancl one in a southwest direction. distant 7 . ~ 7  feet, from the geodetic point. 

Pioh,  Lincoln County. Nevada; established in 1.379 by W. Einibeck. This 
station is located on the highest rock knoll of a peak in the mountains just east of 
Eagle Valley. The peak is about I ooo feet west of the boundary line between the 
.States of Nevada and Utah, and bears north Soo 25' east, distant ?,'5 niiles (.about 33 
miles by roacl), fron! the court-house in the town of Pioche. The geodetic point 
is niarkecl by a half-inch copper bolt leaded into the solid rock in the center of the 
stone foundation pier for the theodolite, as a subsurface mark. The pier is covered by 
a stone slab, having a three-fourths-inch drill hole in its center, securely cemented to 
its top, as a surface mark.. The copper bolt is S3.i inches below the top of the drill 
hole. The vertical. circle station bears north 36" 3o"S east, clistalit 69.23 feet, from the 
geodetic point, and both points mere surrounded with circular stone walls, which were 
left stauding. 

Reference marks are h7e. drill holes--one north 34' 25' east, distant S'q feet; .one 
south SSo E' east, distant 7-91 feet; one south 15' 14' east. distant S'g2 feet: one north 
SS"west, distant 7-71 feet; aild one north aS' 57' west, distant 6'56 feet. froni the 
geocletic point. 

This station 
is located 011 the summit of the most northern of the highest three peaks in the Tushar 
Range, the backbone of 'cvhich forins the bounclary between Piute and Bearer counties, 
locally known as Mount Belknap. I t  can be reached easiest from Marysvale, a small 
village situated on the 'CTpper.Sevier River. about IO miles distant in an air line to the 
eastward from the peak. The geodetic point is marked by a five-eighths-inch copper 
bolt leaded iilto the solid.rock. around and over which was built. the stone foundation 
pier for the theodolite, with a stone slab,. having a drill hole in its center, securely 
cemented on its top. The top of the copper bolt is I I $$ inches below the drill hole in 
the slab. ' 

The dertical circle station is almost due north, distant 34-12 feet, from the geodetic 
point. The one 
around the geodetic point, 1 1  feet'interior diameter, with wall 2.5 feet thick and 4.5 
feet high, built in a very solid inanner and concentric with the station b o k  makes an 
eseellent reference mark in the absence of the usual drill holes, owing to the shattered 
and loose conclitioii of the shale rocks about the station. 

T-zuhar-, Piute County, Nevada; establishecl in 1882 by W. Einibeck. 

The circular stone walls around these stations were left standing. 

. 11. THE WESTERN OR COAST RANGE SERIES OF TRIANGLES, 1S7S TO 1Sg3. 

(ti.) dzfrodzrcfioz. 

This triangulation runs parallel with the coast, covering the region between San 
.Francisco and Point Arena, which is near the western termination of the arc and in the 
same latitude as its eastern end. The southern portion of this region had become 
know7n before the year 1S56, and further reconnaissances were made by Assistants 
W:Eimbeck and C. Rockwell during 1S74-1877. The treiicl of the principal range of 
niountaitls is parallel with the coast, and its crest a t  Snow Mountain West reaches an 
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altitude of 2 146 metres, or nearly 7 040 feet, but the range lying between it and the 
coast is at a much lower level, and the highest points probably do not reach half of the 
above height. 

. This triangulation was not pursued steadily, and there were a number of observers 
engaged upon it in part during the period 1s76-1SSo anc1,agaiii in 1Y91 and 1S92. As 
a result, the different methods employed do not adinit of a general description. At the 
five. statiolis lying west of the line Ross Mountain to Mount Sanhedrin repeating theud- 
olites mere employed, and the accuracy of the results at these subordinate statiolis does 
not coiiit: up to that o1)tained at the main stations. It may be noted here that at one of 
these statioiis ( Great Caspar) the jo-centimetre ( I -?-inch ) theodolite was mountecl on 
the top of a quadrangular scaffold 15 stories high, and stood 41.1b metres (or 135 feet) 
above ground, while the observer was inclepeiidently supportecl by a central redwood 
tree with a two-story superstructure h i l t  over its top. ( See illnstration. ) 

(: 6 )  ,?IbShlff lf iTSZllfiiZg hOlfZO?Zfc7l dilWf&IiZS tZd t d l  SfcZfiOlZ fj.OllZ lOCCll ~Jld~fi~OlJZ -fig?liZ' 

c7djzbStiizSllf. ,, 

Aforrnt Di(7b/o, Contra Costa County, California. June 25 to September S, 1S76. So-centimetre 
-theodolite, No. 5. G. Davidson, C. Rockwell? and W. Eiinbeck, tibservers. November 14 to 
December 29, 18s~). So-centimetre theodolite, No. 115. R. A. Marr. observer. ( G .  Dauidson, 
chief of party.) June ZS to July 19. 1Sg2. 50-centinietre theodolite, No. 115. G. Davidsoii. 
observer.' 

No. of 
direc- 
tion. 

1 

Correc- Correc- 
' Correc tions tionsfmill 

. Resulting direc- Redtic- "Result- tior's hase-net. 
Objects observed. tioes from station tion to iiig sec- haf"Jnl Irrase-liet first. and 

adjustment. sea level. oiids. "Id lirst figure fiqure 
inent. adjust- adjust- 

ment. ment. 

0 

Mount Helena 0 

Monticello 20 

Vaca 20 

Azimuth Mark (Clayton) 25 

Yolo Northwest Base . 3s 

Marysville Butte 5s 
Yolo Southeast Base 43 

Mount Lola 73 
Pine Hill 76 

I, 

-0 'os2 

-0 '032 

-0 '024 

-0 '010 . 

0 'OOO 

+Q '005 
O'OOO 

+o -185 
+o.o-l3 

I/ /I ' - 
59 'giS -0 '645 
jo '61 I -0 :102 

59 -4s1 +0 '3T9 
Ii'.I94 .... 
cg '129 ' +o .os6 
3 0 S 6  . . . .  
20 '921 +o '524 
32.019 .... 
00.567 .... 

/I I 

.... .... 

. . . . . . . .  

.... . . . .  

.... .... 

.... . . . .  

.... .... 

. . . .  . . . .  
-0.ao6. .... 

.... .... 
Round Top ' 97 32 04'551 +,O.ISI 05'73.2 
Mount Coniiess 122 21 10.679 +o'ozg 10.70s 

Mocho rSo 16 12.207 -o'oSo 12.127 

Lonia Prieta 211 22 06'4q -0.011 06'393 
Sierra Moreiia . 249 16 39'SgS +0.046 3 9 ' 9 4  
Mount Tamalpais 310 12 09'226 -0-008 og'zrS 
Ross Mountain 339 0s 13.637 -0.042 '3'595 

Probable error of a single observation of a direction (D.  

Final 
seconds 

i i i  tri- 
aiigola- 

t i h .  

/I 
- 
59 '273 
30 '509 
59 

og -215 

21 '445 
31 'S13 

. . . . .  

..... 

. . . .  
.... .... 04 '697 --n.o;g 

. . . .  + O ' j 1 5  .... I1 '053 

.... + O ' W  .... I 2 ' I j I  

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

.... .... . . . . . . . .  
-0.047 ..... .... 09.171 

.... .... +O '755 15 '350 

Mean + o . o q  

arid R. ) = & o"'72. 
~ 



No. of 
direc- Objects observed. 
tioil. . 

2 

Mount Diahlo 
Dlocho 
Sierra Morena 
B 6 S S  nkmltaiii 
Mcwrit Helena 
Moilticello 
Vaca 

lUCl1t. ment. 

0 I /I II I/ I/ /I II / 

0 00 OO'O00  -0'011 5gy55 + 0 ' 2 j j  .... O O ' Z ~ ~  

23 47 56.302 -0.071 56.231 . . . .  +0*422 .... 56 '653 
61 37 25'923 -0'037 25.8% . . . . .  .... . . . . . . . .  
230 31 2s 'NO -0 2Y '897 . . . .  .... -0'266 2S.631 
263 3 1  35 '075 -O '006 35 ~ 6 9  +o '054 .... .... 35 ' I  '3 
2Sg 01 42 '852 -+o'o45 42 597 + O . O ~ S  .... .... 42 '945 
307 25 01 '177 +O'O@ 0 2  '225 --0'3SO .... .... or's45 

. . . .  

Mean +0*+4 

Probable error of a single ohwrvatiun of a direction (U .  and R.) = C o"'54. 

AfortnL He.lrrtrr, Napa County* California. September 23 to November 26, ~$76. go-centimetre 
August 14 to August 21. 1S91. theerldlite, No. 5. 

pceiitimetre theodolite, No. I 15. 
G. Davidson and W. Einibeck, observers. 

E. F. Dickins, observer. 
0 I I/ I/ I/ I/ I/ /I I1 

Mount Diablo 0 

Mount Tamalpais 33 
Ross'Mountain . I02 

Cold Spring J 53 
hlount Sanhedrin 195 
 snow^ Mountain West . 20s 

Snow Mountail1 East 20s 

Azimuth Mark (Woods) 225 

Marysville Butte 265 
Mount Lola 2SI 

Pine Hill 303 
Round Top 305 
Monticello 3 6  
Vaca 340 

00 

43 
5 2  

os 
0 2  

09 
37 
16 
3' 
54 
14 
IS 
46 

03 

oo'ooo -0.073 
57'142 -0'On'$ 

47 '356 +o '032 
42 '324 -0 '04.5 
53 '251 -0 'oSg 

11.511 -0.03s 

49'643 to-007 
14.523 + O ' O q  

43 '34r +o .14o 
IO.2So +0.004 
41 '1 77 - t o  '005 
16.071 -0.002 

44 'I42 L O  '045 

44'912 .... 

59 '927 +o *1S3 
57 -13s +o '303 
4 7 j s s  .... 
42.279 .... 
53.162 .... 
11.473 .... 

49.650 . :. . 
14.565 .... 

10'254 .... 
+.IS2 .... 

. . . .  .... 

43'4sI . . . .  

r6*069 to*mS 
&'097 -0.621 

. . . .  .... 

.... .... 

.... -0.551 

. . . .  +0'26Y 

. . . .  $0'1,79 

.... -0 '322 

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

.... .... 
-0.174 .... 

--0*2i9 .... 
. . . .  .... 

. . . . . . . .  

.... ... 

'00 'I I O  

57.441 
46 3.37 
42 '517 
53.3QI 
I I  .151 

.... 
... 

.... 
45 '307 

40 '903 
16 '077 

.... 

43 '476 

Mean -0'097 

Probable error of a single observation of a direction (D .  and R.) = fo"'62. 



Num- 
her of 
direc- objects ohserved. 

I1 

7 
S '  

tion. 

Cwrec- 
Resiiltiiig dircc- ~cdi ic-  tioris Final s e e  

tions froiii stntioii tioii tosea ~~~~~~g from fig- oi i i~s  in tri- 
iire ad- . aiig.ulatioii. 

jirstriierr t. 
adjuat~nciit. Irrcl. 

D I I 1  I I  It  

Mount Helena o oo mmoo +om65 w.06; 
Saiita Rosa court-house dome 34 49 14 5.35 . . . .  .... 
lkfount Dishlo 56 15 lo'g10 - 0 ~ 1 7 1  4 0 % ~  
Moiuit Tanialpis 77 51 1.;'776 -0.049 13'727 
Mount Sanhedrin 294 26 34.671 -!-o'cq 34-675 
Snow Blvuntaiir West 311 13 ~ S ' o r o  rSa.C 

Prol>able error of a single o~,servation of a direction ( D .  and R. = 

Sirow Il(orwh7iir rFA-1, Colusa County-. Califcrnia. June 2 to June I I ,  1S52. 50-centinietre theudolite, 
No. 11s. E. F. Dickins, observer. 

0 I / I  / I  ' I  .*I I! 

. . . .  . . . .  .... Snow Mlountain East 0 00 m'w3 .... 
Mount Helena 134 03 02.71 - - o * o ~  02.69 $0.72 03 .41 
Ross Mountain 159 59 05 '11 +0.03 05.14 + o ' y  05.3s 

Mount Sanheclrin 33 41 '15 

Cold Sprilig 201 21 47.76 +0.05 1 j ' S 1  -0.13 47'jS 
260 ou 41 '7s --O'IO 11 .6S -o . - -  ' 

Prohable error of a single observation of a direction (I?. and R: ) = -C o " . ~ .  

theodolite. No. 1. 
metre tlieoclolite. No. 115. 

A. F. Rodgers, chserver. September 17 to September 25, ~Sgr .  
E. F. Dickins. observer. 

I7 
IS 

19 
20 

PI 

22 

16 

Reference Mark 
Mount Helena 
Ross Mountain 
Ukiah court-house dome 
Paston 
Cold Spring 
Two Rock 
Great Caapar 
Cafito 
King Peak 
Mount Lassic 
sllow l\fountain West 

I I  

--0*06 
0 '00 

.... 
+o '05, 

$0 '@5 
+o '05 
-+o '0 1 

.... 

.... 

. . . .  
-0'12 

I ,  

.... 
32 's; 
I1  .41 
. . . .  

0; '17 
14 '53 
I3 '99 
54 7 4  
.... 
.... 
. . . .  

21 '31 

I /  

.... 
--I '00 

$0 'I5 
.... 

-0 '17 

+o '02 

+o ' I 9  

+o 'I0 
.... 
.... 
.... 

fo '72 
I /  

5c-centi- 

/ I  

. . . .  
SL *Sj 
I1 '56 

.... 

.... 
22 -06 

Probable error of a single observation of a direction (0. arid A'.) = & 1.1  I in IS& 
and ID. ancl R.) = ko.74 in IS~I. 

- -~ 
* The station \\-as established in 1555 by As&itn!rt R. Ii. Cntts. and was occupied in 1 8 s  and in 1% by Assistant G. 

tTheodolite a s d  in 17 positions with z series in each. 
Davidson; these early observations have 110 direct relatioil to the present adjustment. 



No. 50 

THE GREAT CASPAR SIGNAL, CALIFORNIA 

Instrument mounted on maun scafkldmg at a height above ground ut 41.1 meters or I 3 5  fee l  Observer suDpnrted mdependeniiy by the central 
bee rrunh and small tap scaffolds surmounting it. 
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30 
31 
j 2  

33 
34 

(8: )  -4hsfrm-t cf rtszdfi)i.y hr izo iz fu /  ~ i ~ w f i o i z s  o f  ctich stafimi jjim h-ul  aiid from jgio-c 
t~t~~zisfiiit~)1f--Contin uecl. 

L;/d Sji.iizg3 Mendocino County, California. September 1 7  to October 13. 1S7S. 30-ceiitimet-e 
October 25 to Noveiriber 6, theodolite, No. 57. B. A. Colonna and E. F. nickins. observers. 

rSgr. go-centiiiietre theodolite. No. 115. E. F. Dickins,. observer. 

Xing Peak O 00 00'00 . . . .  .... . . . .  .... 
Chemise Mountain 2 4s 39.51 
Ca h to 3s r'S 05.97 . . . .  . . . .  .... .... 
Mount Sanhedrin 90 43 45.79 +o'oS -IS'S-/ -0.23 45'64 
Two Rock 105 IO 51'91 +o.or 31'92 -0.75 31.17 
Faxtori 143 35 42.43 -0 .06.  42.36 -0-27 42'09 
Cold Spring 174 5s 03-10 -0.04 . 03'06 ' $0'01, 0 3 . ~ 7  
Fisher 1% 03 27.4a -o'q 27-37 + I  -24 2S.61 

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

Niiin- 
her of 
direc- 
tion. 

24 

25 
26 
27 
2s 

29 

23 

Gwat 

40 
-11 
41 

43 
44 

Objects observed. 

.... .... .... .... Sanel Mountain 0 rn W'rn 

Cold Spring 77. 06 4S.60 fo.05 4S:65 -0'44 4s-21 
Fisher '93 49 49'35 +@'03 . 49'42 +I 'I9 50'61, 
Great Caspar 14-1 46 24'63 - 0 ' 0 2  24.60 - 0 S 2  23.75 
Two Rock 177 07 21 'OS - o q  21 .04 -0.05 20.99 
Mount Sanhedrin 225 2Q 4oa'i6 + o m j  40.25 +OTI  40.36 

.... .... .... .... Walalla -19 0s 41 '49 

Correc- 
Resultins direc- Rediic- tions Final sec- 

onds in tri- 
adjiistnieiit. level. tire ad- angulation. 

tioiis fro16 station tion to sea ~~~~~~~g from fig- 

justinent. 

0 I I/ / I  I /  / I  I! 

Great Caspar 0 00 oo'o(1 -0'02 59.9y -0.90 59.0s 
Two Rock 35 40 27:72 +o*oz 97.74 -0.11 27.6; 
Mount Sanhedrin 59 27 0 6 6 2  - + O . I I  o h ' j j  +o.;o 07.03 
Paston SO gS 04.52 +0'06 04'5s $0'12 q . 7 0  
Sriow Mountain West Sd 37 26.03 f o ' q  26-16 +om& 26'14 

Sanel Mountain 152 46 04.23 .... .... .... . . . .  

Walalla . r g S  56 26'21 .... .... .... . . . .  
Clark 277 03 22.75, .... . . . .  . . . .  .... 
I h n n  3ss 50 44.79 .... .... .... . . . .  

B50utit Helena , I42 I7  2 s . 2 2  -0'G7 2S.15 - 0 ' 2 0  27'55 

Fisher . j36 $3 31.18 - O X I S  41 '13 . $0'70 41 S3 
Probable error of a single observation of a direction (,3 D. and 3 R.) = 2 o"*gr in 1S7S 

and (D. and R.) =+o/"Q .in 1S91.. 
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36 
3 j 
jS 
jg 

Nutn- 
her of 
clirec- 
tion. 

Objects observed. 

__ 
Faston . o w 00.m - - o . o ~  59.95 f0.52 CG.47 
Cold Spring 34 41 51.04 +-Om3 51 u 6  ' + I . &  52.14  

Fisher 45 t>6 26.70 +0'0j 26.73 - - ~ ' j 3  $ 4 . ~  
Great Casper 109 ~j 32-65 O'W 52.65 fl ':!4 53.92 

.... .... . _ . _  Cahto 1S7 03 m'jj  . . . .  

Correc- 
Resultiiig direc- Reduc tions Final sec- 

tioiis froill station tion to sea :.::::'.?&g froin fig- ends i n  tri- 
tire ad- atigiilatiaii. 

4 . 

46 

47 

justtiient. 

TWO Rock 0 00 00'00 f0.04 OO'OJ + I  '19 01-23 
Paston . 51 36 09.53 + O W  09'57 -0.52 09 '05 
Cold Spring I IO 53 44.91 -o '05 44'S6 --0'6j 44'15 
Clark Is5 24 j9 .25 . . . .  .... . . . .  . . . .  
Dunn rgS 51 5 6 7 0  . . . .  . . . .  .... . . . .  

adjustmeiit. level. aFC"" 

I 

a 

> 

4 
5 
6 

7 
s 
9 
IO 

11 

I 2  

13 

14. 
15 
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(c) F@iirc a~j~isfrne~~f-Coiitin~ied. 

Fin. 

16 

I7 

IS 

'9 

20 

21 

22 

23 

Correc. 
tions. 

+-I 

--I 

I . .  

-1  

+I 

. . .  

... 

--I 

+ I  --I 

-1  

. . . . . . . . . . . .  -1 . . . . . . . . . . . . . .  
+ I  +I +I 

-1 +I  

--I 

-1 + I  . 

+I . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  

. . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . . .  

-- I --I -1 

-+-I ---I 

. +I -1 

. . . . . . . .  +I +I ..... +I . . . . . . . . . . . . . . . . . . . . . . . . .  
-1 -1 -1 

+I 

+I 

-1 

. . . . . . . . . . . . . . . . . . . .  .+ I --I -1 ..... +I . . . . . . . . . . . . . . . .  
+I --I 

l-1 +I ' 

-1 --I 

- 1  -I 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --I 

- - I  -+-I + I  

--I -+-I 

+ I  

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

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

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

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

. . . . . . . . . . . .  -1 

+ I  

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

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

. . . . . . . . . . . . . . . .  +r . . . .  
-1 

+I  +I  + I  

--I 

S I  

. . . . . . . . . . . . . . . .  
-1. 

--I +I 

. -+-I 

+I . . . . . . . . . . . . . . . . . . . .  
--I 

-. * 0 

$1. 

--I s + I  

.... . . . . . . . .  -1 --I -1 

+i 
+I --I 

+I 

+I  

. . . . . . . . . . . . . . . .  -1 .... 
-1 

+I +I 

+O'QI $0'57 
-1 '47 

+7%3 + 7 ' b  .... .... 
--fi'37 -6.33 

. . . .  .... .... 
--6 '99 

' +S%3 
+0.45 -1 .54 

+4 '57 
.... .... -5 -32 .... 

. .  

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



. . . .  
--I .54 
+2.61 
--I '07 

... .. ... 

$0 *23 - 4.24 
3 16-35 
-12 'I I 

.. .... 

- 2.m 

- I s 0  - 5'47 
+ 4'95 -2 '93 

+7 '71 
-4.7s 

+ 1.2s .... .... 
-4 -4s 

+ 0 ' 5 2  + 0.53 . 

$ 5  3 2  

--'I '3/4 
. . . .  - I '60 .... .... 

-f 2'27 
. . . . .  .... .... .. ... 

+]I .46 
-12.4s 
+ 1'02 
+ S.72 
- 1-71 

- j '@I .... .... - 7.01 

+ S'72 
- 1 '71  

.... .... 

.... 

.... 

+; '33 
-5 '211 

4-1 'S7 
.... .... .... ... 
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3 
. 4  

5 
6 

- 

I 

2 

3 
1 
5 
6 

7 
S 

( 9  
IO 

I. 

I2 

13 
14 
15 
16 

17 
18 

19 
20 

21 

23 

23 

9 
IO 

I 1  

I3 

I:. 

14 

~~ 

o=- 0'749 
o=-+ I .34o 
o--- 0.45 
o=+ I'M 
o=-+ j '43 
o=+ 2 .02  

o=+ 1.01 

o=- I '52 
D=- I .7s 
o - I  I .96 
o=- 0'55 
o=- 0 '93 
o=-- I .96 
@=-(- 6'49 
o=- 0.sg 

o=+ 4.0 
o= + 2 '5 
o=+ 2 %  

o=-t 1 ' 5  

o=- I '9 
o=+rs.o 
0=-64'5 

Q=f 4.7 

, 

+4 -2 . . . . . .  
$4 -2 

+6 -2 

f 6  

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

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

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

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

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

+2 + 2  

+2 +2 

+6 $2 +2 

... $4 -2 . . . . . . . . . . . . . . . . . . . . . . . .  
' +6 -2 -2 .+ 2 

-4-6 +2 +2 -2 +' 
+6 -2 -3 . - 2  

+6 -2 

. . . . . . . . . . . . . . . . . .  f6 f 2  . . . . . .  $2 

+6 -2 +2 

j - 6  +2 

i-6 

+6 

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

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

$6.3S . . . . . .  
--I '15 + 2.41 

+I6'29 

- 8'37 
-1- I .54 

-0 36 - - ~ g  '61 

. . . . . .  -12'02 

. . . . . . . . . .  

. . . . . .  

- 6.33 
+ 2'84 
- 5.68 
-13.02 

+I; '37 
-- 4.71 
-- 4.71 
...... 
f 4'71 

. . . . . .  

i 0.54 
- 3'33 
+ S ' I O  

- - I 1  .>J 

+ 0 '5.4 
+ 2.15 
-- sag5 
-I- 7 -71 

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

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

. . . . . .  

. . . . . .  
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(cj Fikitis. ci~i~stj?zt.izt-Completed. 

iVorrrral cqnaf ions-Completecl. 

1.5 
I 6  

I7  
IS 
J9  
30. 

21 

22 

23 

. . . . . . . . . . . . 
+67'39 - 0.37 

' +a71 '77 

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

. . . . . .  . . . . . .  . . . . . .  - 5.00 

+IZj '01 

+173'74 + 20'44 -f 20'44 -- 2 1 ' 7 1  

-1-670 '29 $115 69 - 34'57 
. . . . . .  . . . . . .  +171 '7.0 - 56.14 

$333 '05 

I/ 

(1;)=+o '257 
(q)=-o '431 
(15)=--0.526 

( 17)=-I '003 
(IS)=+O .146 

(20)=+0~017 . ' 

(2r)=+o'Ig4 
(22)=+o.oc$ 

(24)=-0%gg 

(16)=+0 '717 

( 19) = -0 'I69 

( 23 )=+o '702 

I/ . 
( 35) =-0 '10g 

(26:)=+0'299 
(27)=+0 '120  

(2S)=+o 'OS4 

(30j=--o '1.29 
(31 )=-e 750 
(32)=-0.274 
(33 )=+O '013 
( 34) =+I '240 

(36)=+0 -522 

(29)=-0'197 

(35 )=-0 *IO8 

1 

- 52-94 + 14.97 
- 46-19 - 4'45 
-100~'45 -- 16.97 

-+-I ISZ-35 +.99'07 
+434 '95 

clg=$0 '013 I 

C,,=-omgr 3 

C,,=-o'0;7 5 
C,=-o'o46 I 

C,,=+-o '123 g 



60s 

No. Stations. 

Ross Yoqntain 
Mount Helena 
Mount Diablo 

Ross Mountain 
Mount Helena 
Momit Taliialpais 

K ~ s s  Mountaiii 
Nouiit Dialjlo 
Mount Tamalpais 

Observed angles. 

Snow Mountain West 25 

Mount Helriia 105 

Ross Mountain +S 

Mount Suihedrin 3s 
Snow Mountain West 125 
Mount Heleila 15 

.Mount Sanhedrin 63 
Snow Yountain West 100 
Ross Mountain ' I 6  

Mount Sanhedrin "4 

Mount Helena 90 
Ross Mountain 65 

57 
16 

46 

55 

06 
5s 

I1 

GI  

46 

16 
IO 

33 

Cold Spring 25 IO 19.43 

Snow Mountaiii West gS jS 53 '67 
R'Iount Sanhedrin 96 IO 53 '19 

9 

6 '39 
Cold Spring Sa 50 xr.p 
Mount Sanheilrin 57 15 41 '70 
Mount Helena 39 54 1o.SS 

I4 '00 

Correc- Sphrr- Sphrr- 
ical ical 

angles. excess. tioii. 

-0 '332 3 2  -526 
+o '731 05 "79 
+o '350 j r  '635 

-0.4s 01 '97 

+ o * ~ o  42'6s 
$0.23 24-31 

9 '340 
a '99 
2 '9s 

3 '99 

P '96 
I '79 
I :is 
I '79 ' 

- 

Distances 
Log irl metres. 

4'S99 265 7 79 293.64 

4 '517 094 9 32 S92 '35 
5.m9 240 5 IO3 150.49 
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(: d )  .4 dj1lutC.n triangles, Cal@fbi-ii in-Continued. 

Correc- Spher- Spher- 

tion. angles. excess. 
No. Stations. Observed angles. ical ical 

0 I II 

Cold Spring 57 40 01.99 
IO Snow Mountain West 67 rg 45 '12 I 

Mount Helena 55 00 29.19 

I 1  

I2 

'3 

Great Caspar 
Mount Sanhedrin 
Cold Spring 

Two Rock 
Mount Sanhedrin 
Cold Spring 

TWO Rock 
Cold Spring, 
Great Caspar 

Two Rock 
Great Caspar 
h%ount Sanhedrin 

I5 

16 

Paxton 
Cold Spring 
Great Caspar 

Paxton 
Cold Spring 
TWO Rock 

17 I Cold Paxton Spring 
Mount Sanhedrin 

IS 

16.30 
s1 I4 17'19 
36 IS 40'21 
59 27 06'75 

4 '15 
129 46 21.36 
,26 26 59.46 
23 46 3S.w 

0 .SI 
74 j?- 01.62 
35 40 27'76 
69 47 31 '14 

0 '52 
155 41 36'02 
14 26 46'0j 
9 51 40'75 

2 .s2 
67 39 35'95 
So $3 04.60 
31 22 20.70 

I ' 25  

Io0 00 32.39 

- 

_- 

-- 

_- 

- 

45 I7 3 6 5 1  
34 41 51.11 

0 '34 
14s 21 51.60 

IO 07 11 *36 

- 

21 30 57% 

0 .SI 
Paston 32 20 56'44 
Great Caspar 3s 25 10.34 

59 61 

Two Rock 1- I3 52'73 - 

1S7j2-No. 4-39 

II 

-0 '2s 
-1 'I5 

-0 '59 

t o  '24 
+o.os 
+I '20 

+ I  "9 
+ O . I S  ' 

+o '11 

+ O ' J 5  

+o '79 
+.o '77 

-1 '34 
-0 ' 52  

-0 'IO 

-0 -3s 
+I .02 
+o '29 

+o '39 
t o  '23 
+o '57 

+0 '54 
-0.1s 

t o  :I9 

$0 '77 
+o .4s 
$0.71 

/I 

01 "71 
43 '97 
2s .60 

I7 '43 
40 '29 
07'95 

23 '55 
59.64 
39 '40 

01 '77 
2s '55 
31 '91 

34 -6s 
45 '53 
40 '65 

35 '57 
05 '62 
20 '99 

32 $3 

3 7  '07 
51.6s 

52-14 
57 '67 
11 '55 

57 '21 

IO '92 
53 '44 

5 '67 
0 $7 
0 *S6 
o .S6 

2 '59 
0.75 
0 '74 
0 '74 

2 -23 
0 .2s  

o '29 
o '29 

- 

o .S6 
0 '73 
o -72 

0 '73 

I '53 
o -46 
0 '45 
0 '45 

I 3 6  
0 '52 

- 

0 '52 
0 '53 

1 '57 

Distances 
Logs. in metres. 

4S1g S20 o 
4.552 SSg I 

66 oq '97 
3s 272 '70 

4'539 631 0 34 644'24 

4'594 461 5 39 3 6 ' 2 5  
4 '376 281 '7 23 7S3 'S3 
1 ' 5 s ~  sS9.1 3s 2 7 2 7 0  

4'757 124 5 57 164.25 
4'539 631 0 34 644'24 
4'376 2S1 5 23 7s;-81 

4'594 461 5 39 306.25 
4 '612 92s 5 

4.344 S4S 3 
41 96s '97 
23 123 '22 

4.552 SSg I $3 272-70 
4'441 247 8 27 621'54 
4.344 QS 1 22 12322 

4 .Srg S20 o 66 WI '97 
1.664 442 7 46 17S-Sr 
4 '344 S4S 3 22 123 '22 

4 '376 2S1 6 
4'441 247 s 
4 '622 928 'I 

23 75; *SI 
27 621 '54 

41 965 '95 
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j d  ) ,-LGusfed f r-in iiglcs, Cnl~joi.~iin.-Completed. 

NO. Stations. 

Paston 
Great Caspar 
Mount Saiiheclriii 

Paston 

Mouiit Saiihedrin 

21 

22  

23 

24 

Fisher 
Great Caspar 
TWG Rock 

Fisher 
Great Caspar 
Pastori 

Fisher 
Great Caspar 
Cold Spring 

Fisher 
Two Rock 
Pastori 

26 
Fisher 
Pastati 
Cold Spring 

Observed angles. 

92 55 .... 
36 27 45'01 
50  56 35'15: 

151 5; .... 
5 05 24'31 
23 oi 18'S5 

7 '93 

IO 24 35.67 
5s 41 46'61 

7 ' IO 

59 17 35-29 
16 1; 00'77 

103 59 23 '4.5 

59 '5 I. 

I 1 0  53 41.s2 

_ .  

Correc. Spher- Spher- 

tion* aiigles. escess. 
ical ical 

I I  / I  

t-0.g. 16'57 
-0.~~4 56 .45 
$ 0 2 7  51 'S4 

$0'15 19.36 
$0'63 31 .SS 
$0'36 I I  .IS 

. . ' .  34'54 
i-1.99 57 '44 
+3'97 "9'52 

. . . .  4" 'jS 
t 1 . 5 1  46'52 
-2.01 33.17 

..... 17.50 
+I '23 "5'54 
--.I '60 17'25 

--I '70 07 'S; 

-3 .25  '3.53 
-1 2 4  j0'jS 

- I  .S6 42 '96 
--;'Q2 31 'S5 
-0'SI 45'5.0 

-0'16 35'13 
+I '63 02 .40 
-0.53 2 2 % 7  

I /  

I '62 
I '62 
I '62 

3 '07 
0 '09 
0 'IO 

0 '10 

o .25 
a '5s 
0 .gs 

0 .gs 

I .74 
~ 

0 '31 

0 '20 

0 '20 

0 -61 
0'13 

0 '13 

0 '14 

o '40 

Log s. Distances 
in  metres. 

1'757 -124 5 57'164'25 
4.664 4.42 6 46 178 .So 
4'622 g2S 2 $1 968.96 

3 .gSz bSg 'I 

3 S69 3-19 '5 
4 '544 io6 o 

j~ 272 '70 

7 40-1'50 
35 00; '06 

4.344 SqS 3 22 123.22 

3S69 j i g  6 7 401'50 
4'397 379 4 34 967'75 
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( C- ) Pwcisio)r of fhc I1.i-sfer-n 01' Corrst 1Pa1ig-t sc.i-it-s 4 friaizgles. 

For a fair estimate of the precision of the adjusted triangulation, we have in the 
first place tlie mean error of an obseived angle as derived from 75 corrections to direc- 
tions deteriiiiiied from the "3 normal equations- 

To  find the probable.error of the length of the side Great Caspar to Fisher, which 
can I x  reached from the side Mount Helena-Mount Diablo by six triangles, we make 
use of the usual expressions- 

' 

it .,,, =!(a .,,, j-*z"~' [a. + S  R +a' ]  and t ~ . , , , = o . 6 7 ~ 5 r ! r J ~ ,  
"I A :I R H . .  

In this case- 

S ,,,, =ij.;, ~ [ S z - ~ S S  + S = ]  =S3'8. I( ,,,, = o y 6 a n c l  t-, , , ,=_c0.531iir.  

To this probable error, due to angular measures. must be added the part arising from 
the uncertainty of the starting side. Tlie probable error of the side Mount Helena- 
Mount Diablo was founcl to be + 0'295 iiietre or ssd-iiaii part of its length. The 
corresponcliiig probable error for Great Caspar-Fisher is ~f o'oYg metre. and the total 
probable error is ,/G=,I~ + (;-OST)~ = f 0.53s metre, which is BiiJBBii part of the 

The distance between the miclclle points of tlie lines Mount Helena-Mount Diablo 
and Great Caspar-Fisher projected 011 the thirty-ninth parallel is about 1-70 kilometres 
(74 statute miles). The average probable error of the triangulation may be taken a's 
;,< ( H V B ? T i T i i i  + The uiicertainty in lengtli of the 
triangulation between the Yolo Base Net arid the Pacific is therefore I .  15 metres. 

..I -4): I: 

length. 

= Ta+-6iiii part of the length. 

G. SOME STATISTICS OF T H E  TRANSCONTINENTAL TRIANGULATION. 

In juclgiug of the estent aucl value of this work, it will be coiiverii,eiit to have for 
coinparison a collection of sonie leading statistical nunibers bearing upon the arrange- 
ment and results of the preceding computations. . 

The followiiig table eshibits the approsimate distances between the adjacent base 
nets as iiieasured froin tlie miclclle of a junction line through the axis of the iiiterveniiig 
triangulation to the iiiidclle of the opposite junction line. There is also given the 
number of trigonometric stations in the chain of triangles and the number of conditional 
equations involved and satisfied for each coniiecting link. 
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Designation of triangulatioil. 

I The Eastern Shore series 

2 The Allegheny series 

j The Ohio series 

4 The Indiana series 

5 The Illinois series 

6 The Missouri series 

Distances 
between 
sides of 

base nets. 
Starting and junction lines. 

kur. 
Cape May Light to Cape Henlopen 

Finlag to Linstid 
Webb to Marriott 
Suinrnersville to Ivy 
Piney to Pigeon 

'1 Reizin to Culbertson . 

I Green to Stout 
\ Hunt City to Clareniout 

1 Clark Mounrl to Dreyer 
j Insane Asylum to Kleinschmidt 

Light 140 

) 445 
1 3 . k  

I 
1. 216 
) 171 Hunt to Newton 

I 192. 1 Christian to Belche J 

Number of 
diate interme- trian- 

gulation 
stations. 

14 

PO 

23 

'5 

I3 

2 2  

7 The Missouri and Kansas j Hubbard to Hughes 

S The Kansas and Colorado Thompson to Heath 

36 

560 42 

series 1. \Tine Creek to Iron ~ o u n d  

series { Holcomb Hill to Big Springs I 

g The R o c k y  M o u n t a i n s  r Divide to Big Springs 

IO The Nevada and California r Mount Nebo to Ibepali 
1 Mount Helena to Mount Diablo 

11 The Western or Coast Range . Mount Helena to Mount Diablo 
{. Fisher to Cold Spring 

1. 7 ~ 0  12 series 1 Mount Nebo to Ibepali J 

16 
series 

8 
. 

series 

Number of 
conditional 
equations 
involved. 

1Sf15 

32+33 

5 0  

31 

33 

65 

77 

99 

2s 

40 

23 

The total number of principal triangulation stations, not counting those of the 
base ilets, is 320. Adding to these the lat'ter, or SS, we have for the total number of 
principal stations 305. To these must be added about 340 subordinate stations-i. e., 
those which connect the geodetic and astronoinic positions. 

The total number of conditiolis in the above series is 537. Adding to these the 206 
conditions in the base nets, the grand total of conditions subsisting and satisfied is 743. 

The following tables contaiii statistics relating to the angular measures, the closure 
of triangles, and the degree of accord between any two adjacent base lines when coil- 
iiectecl by ,a series of triangles. 

With respect to the closure of the triangles (: 7c plus spherical escess minus the sum 
of the angles), we fincl the number of cases in escess to those in defect in the rabio 
36 to 34. nearly. If A equal the closing error, and IZ the number of triangles, the 

/ m w i t h  an aver- 
l1 '1 3°F 

column headed " Mean error of an angle " gives the quantity 

age value of f o'"77. The column headed '' Probable error of an adjusted direction" 
I- 

is given by d =  0'675 [z'z'l where t = number of conditions. 

The average value is fo'''44 



TRANSCONTINENTAL TRIANGULATION-PART 111-TRI.4NGULATION. 6 I 3 

H. SUMMARY O F  RESULTS RELATING TO ANGULAR MEASURES. 

Designation of locality. 

Eastern Shore series 
Kent Islancl Base Net 
Allegheny series 
St. Albaiis Base Net 
Ohio series 
Holton Base Net 
Indiana series 
(31ney Base Net 
Illinois series 
American Bottom Base Net 
Missouri series 
Versailles Rase Net 
Missouri-Kansas series 
Salina Rase Net 
J<ansas-Colorado series 
El Paso Rase Net 
Rocky Mouiitaiii series 
Salt Lake Rase Net 
~eratla-California series 
Solo Base Net 
Western or Coast Range series 

Sums 

Triangle closing errors. 
Nuniher of 
+ - 

14 
6 

33 
I1 

20 

4 
75 
13 
IO 

7 
36 
17 
41 

S 
4s 

7 
'3 
IS 
1.5 

7 
'4 

357 
- 

14 
6 

* IS 

11 
14 
I1  

12 

1.2 

IS 

9 
2s 

14 
29 
6 

4s 
9 

I O  

I5 
15 
I 2  

9 

343 
- 

SlllU of 
- + 

3s; ' 1  I 

Iverage value from 701 triangles 
Average value from I 660 directions 

*One triangle closes esactly. 

22 '62 

7 '54 
24 '20 

23 'I5 
25 '77 

7 '17 
s 'I1 

16'1s 

I5 '37 
24'17 
19 '95 

24 '90 
7 'I0 

46 '0 j 
I O ' J I  

7 *93 
12.2s 

9 '17 
1 0  '79 
24 '9' 

1 I 

359 &J 

Numher Mean 
of tri- 

angles. 

2s 

I3  

52 

35 
44 
I5 
27 
35 
2s 
16 
64 
51 

70 
14 

I6 
1.3 

33 
30 
'9 
"3 

70 I 

96 

__ 

error of 
an angle. 

/ I  

C I  .21 

0 '96 
0 .g8 

0 .s5 
0 .gS 

1 'W 

0.60 

0.51 
C' '57 
1 '59 
0 'SI 
o 64 
0'60 

0 '75 
0 '75 
o .6S 

0 '57 
o %6 
0 '42 
0 '51 

*I '37 
~ 

t o . 7 7  

Prohable 
error of a 
resulting direction. 

I /  

&o '72 
0 .41 

0 '45 
0 '47 
0 '45 
0 '34 
0.34 
0.29 

@ '34 
0 .Q2 

o 6 6  
o '40 
0 '35 
0 .44 
0 '50 
0 '40 
0 '32 

0 '52 
0 '23 

0 '14 

50 '67 

I. ACCORD OF THE BASE LINES. 

In the adjustment of the triangulation between two adjacent base nets the length 
equation has been derived from the angles as given by the statiou adjustments previous 
to any further adjustment, the triangles not even having been closed. Any route 
might have been selected, but such angles as differ least from 90' have been chosen. 
Spherical. angles have been used, the logarithms of the terminal lines having been 
corrected for difference in. arc and sine. In the solution of the normal equations the 
length equation was assigned the last place in order, so that the diskrepalicy was 
corrected for the adjustment of all the other equations. thus showing the final discrep- 
ancy which was distribnted over the figure, and which was the sanie that would have 
been obtained if the length equation had not beeu formed until all the other equations 
had been adjusted. 
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The following table shows the discord i n  length between adjaceut base lines as 
computed through the intervening triangulation, derived in the manner explained above. 
A plus sign indicates that the base to the east gives the greater length. The discrepancy 
is given in units of the seventh decimal place of logarithms and also in parts of the 
length. 

Base lines. 

Kent Island and St. Albans 
St. Albans and Holton 
Holton and Olney 
Olney and American Bottom 
American Rottoni and Versailles 
Versailles and Salina 
Salina and El Paso 
El Paso and Salt Lake 
Salt Lake and Yo10 

Discrepancy. 
In logarithm. One part in- 

+ 'I 5% - 
- 24 IS1 ooo 
- 71 61 200 
- 6  724 mo 

+ S6 5 0  500 + '69 25 700 
- 923 47 - + s5.4 50 s40 
+ S2.6 52 6m 
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THE RESULTS OF THE ASTRONOMIC DETEIMINATIONS 
OF LATlTUDE. 
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IV. THE RESULTS OF THE ASTRONOMIC DETERMI- 
NATIONS OF LA'TITUDE 

CONNECTED WITH THE TRANSCONTINENTAL TRIANGULATION. 

A. GENERAL REMARKS. 

There are more than roo stations at which the latitudes were determined astro- 
nomically and nlniost esclusively by Talcntt's method. Many of these cleterininations 
hac1 been made for purposes other than those for which they are now utilized. They 
date back to the year rSq6, a time wheii the great practical value of the micrometric or 
Horrebow-Talcott methoc1:K had been fairly recognized. only to be further confirmed 
when a greater choice of stars with superior catalogue places became available. The 
latest date when Airy's zenith sector was employed' on the Survey for latitude work was 
in 1850 and ~Sgr. There are also a few stations of a perniaiient character 'where 
the. orcliim-y observatory instrunients were used. Altogether there are some 19 ooo 
individual Observations for latitude collected and utilized in connection with this part of 
the geodetic work. 

13. IWSTKUMENTS. 

A zenith sector macle by Troughton S: Sininis of London according to Airy's, 
design was used at four stations: Webb. Hill and Soper, in Maryland, and Causten, 

- District of Columbia. in ISSO-51. This instrument is describecl in detail in Clarke's 
Geodesy,t pp. r81-1Sg. I t  was an instrument for making absolute measures of com- 
paratively sinal1 zenith distances (not esceeding 1 5 O  :). The inclination of the telescope 
was determined by four microscopes reading against two arcs, one near ' the object 
glass and the other near the eyepiece. graduated to  5' spaces and having a radius of 
20.5 inches. These graduatecl arcs, t h e ?  levels and the telescope asis. were carried by 
a revolving frame, which was placecl in the plane of the meridian ancl could be reversecl 
quickly about its vertical axis. 'This vertical axis was not continuous. but consisted 

* For a short historical notice of the Talcott method. a descriptioii of instrument, statement of fortnul:c,and method 
of redoctioil. the reader iiiay coiisult Appendix No. 14, Coast and Geodetic Survey Report for IS*, pp. 245-259; further 
inforniatioi: will he foiiiid iii Chauvenet's Maiiiial of Spherical arid Practical Astrorioiny,.iSc;j, and in other treatises and 
piihlicatioiis, e. g.. C. I,. Doolittle's Treatise on Practical Astronomy (4th edition of 1%:) and Dr. T. Albrecht's ''Formelti 
iiiid Hiilfstafeln fiir geographische Ortsbestimiiiiingen." Leipzig. 1894 (3d edition). pp.7j  to Q. A revised edition of 
Appendix No. 14 has since heen published in the Superintendent's annual report for the fiscal year 1S9771S. Appendis 
No. 7. by J. F. Hayford, assistant. 

tGem1esy by Col. A. K. Clarke, Oxford, Claretidon Press. I*%. The.itistrament is figured 011 p. 183. See also 
'I Ordiiaiice Sorvey: Astroiiomical Observations. etc.." to 1Sp. Londou, iSy. 

619 
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merely of a lower cone carrying the whole weight of the frame and an upper adjustable 
cone with its vertex downward, which was supposed to furnish just enough pressure to 
make the axis of revolution stable. 

,411 observations were made with the telescope in the meridian, and with the star 
near the middle of the field of the telescope. Two pointings, with the corresponding 
arc aiid level readings, were made upon each star, with a reversal of the revolving 
franie 180' in azimuth between them. 

The propable error of a single observation was but little greater than with the 
zenith telescope, which was used later. But it was found that in all the observations 
iiiacle with the zenith sector at the four stations named above and at  Mount Independence 
and Agammticus, hfaine. the latitude derived from observations upon stars north of 
the zenith were systematically greater (by o'"S on an average:) than those derived from 
southern stars. These systematic errors are indicated graphically in the accompanying 
diagram, reproclucecl from astronomic report December 9, 1869, plotted from the actual 
observations at these six stations. I t  will be noticed that the error is apparently propor- 
tional. 011 an average, to the zenith distance of tlie star. Various attempts have been made 
to account for the.se systematic errors by ascribing them to imperfect graduation, to a 
yielding of the cones forming the verticaj asis, to a distortion of the graduated arcs as 
the revolving frame yielded under its own weight, to defects in the assigned star places, 
to deviation of the telescope from the meridian. and to other causes. Because of these 
uiiesplaiiiecl systematic errors aiicl because of the unwieldiness of tlie instrument in 
transportation the zenith sector n7as superseded on the Coast Survey by the zenith 
telescope after the sector hac1 beeii usecl'at six stations only. 

In computil;g the latitude from observations with tlie zenith sector the latitudes 
were first separated into two groups, one from stars north of the zenith and tlie other 
from souther11 stars: the indiscriminate mean of the results. in each group was taken, 
and the adopted latitude is the siiiipk mean,of tlie two group means. This method of 
reduction eliminates the systematic errors, provided said errors are proportional to the 
zenith distance of ' the star observed, and provided tlie mean zenith distance of the 
northern group is equal to tlie mean zenith distance.of tlie southern group. The stars 
were purposely selected in such a way as to nearly fulfill this last condition. It was not 
considerecl advisable tu assign different relative weights. depending upon the number of 
observatioiis to the various stars, since it was evident that the systematic errors were 
much larger than the outstanding accidental errors of observation. The probable error 

assigned to tlie adopted latitude was coinputed by tlie formula p'"5 2zP in which IZ 1 ;-' 
is the iiuniber of stars observed at the station, and the "J'S are the residuals obtained by 
iubtractinp the mean result from each star from the m5,Pfi-d /ofifit&. I t  is believed 
that the probable error as thus computed is sufficiently large to include the uncertainty 
arising from the obscurity connected with any systematic errors. 

The observations by  the Horrebow-Talcott method were made with instrunieuts of 
three types, conimoiily called in the Coast arid Geodetic Survey zenith telescopes, transit 
arid meridian telescopes, respectively. These instruments are illustrated in Appendix 
No. 7 df the Coast aiid Geode$c Survey Report for ISgS. zenith telescope Nos. I to 4 
in figure 6 ,  and the meridian telescopes in figure 2; and in Appeiidis No. 14 of the 



SYSTEMATIC ERRORS Iw LATITUDE 
Mt. Idp&nce - - _- -__ - _ _  _ _  _ _ _  - - - __- -- - -- -- - -- - - - 
AganzenliczLs 
&-ten ................................................................................ 
Webb ...................................................................................... :... .............................. 
Bi -. - . - . -. - . -. -. - - __ . - . -. - ._ . _. 
Sopel. -- ------ - - - - 

-VvrtA o f  Zeiu't?i - Smrh o f  Zenith 
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Report for ISSO the transit is showm in  illustration No. 6 2  and the older form of zenith 
telescope in illustration No. 65. 

Particulars of these three instruments are contained in the tabular form below: 

Iiistriiiiieiit. 

Zeii. Tel. nl. A. 

7211. ' k l .  No. 1 

Zeii. Tel. No. 2 

Zen. Tel. KO. 3 

Zen. 'Cel. No. 4 

Zeii. Tel. No. 5 
Zeii. Tel. No. 6 
Trausit No. 4 

Transit NO. 6 

Mer. Tel. Xo. i 

Mer. Tel. No. 2 

Mer. Tel. No. 3 

Mer. Tel. No. j 

Mer. Tel. No. g 

Mer. 'Cel. No. 13 

Mer. Tel. No. 16 

Made 
by- 

.... 

c sr s.* 
r. sr s. 

r. sz s. 

r. R; s. 

W.* 
w. 

T. a s. 

?'. A s. 

w'. 

\v. 

R.* 

\v. 

.... 

When Focal 'Ienr One division Oiie tiiril of 
inade. length. $rz, of level. iiiicronieter. 

1 Reforel 
1 S j l J  

11'. , 

C I I I .  1111ll. .... 

117 

I 16 

117 

I I j  

I IS 
66 
119 

117 

7s 

i9 

.% 

66 

65 

64 

. c co.* .... 78 

.... 1 'j 45 

Is', 0'9 to 1'5 46 aiid 47 
ISOJ 

45 . 61 0'9 to 1 ' 2  

61 1'0 to 2.6 46.6 

I f  O ' S I t  

100 lo 's5 4 j ' h  

.... 0.7tQ2.2 
66 O . S t 0 2 ' 2  

00 2 ' 1  

10.5 i '6 to 2 '4 

60 O'gto 1'9 

j z  2 ' 5  to 2 '7  

... l ' U t O 2 ' L  

44 '6 

JJ '3 

66 '0 

fq'o to 65 '9 
65 '6 

6j'r 

7i . I  

70 '1  

7s '3 
1 0 0 ' 7  

S O ' j  

6; 'S 

7 7 3  , 

67'5 ' 

Reirierks. 

Pmperty of United States Mili- 
tary Acadeiny at West Poiiit. 

New iiiicroiiieter ii i  rRm. 
Reiiicdeled 1-1 for iiiteriia- 

tioiial latitude observatioiis at 
Hoiioliilu. 

After recoiistructioii at Coast 
aiid Geodetic Survey Office iii 
1.*1. 

New rnicroiiirter ii i  IS$. 

After recoiistructioii :it Coillit 
and Geodetic Survey Office i n  
1 . w .  , 

Fitted for latitude o1,servatioiis 
in 1%: iiiodified nt Coast aiid 
Geodetic Miirrey Ofiice in isgo. 

Fitted For latitude observatioiis 
in ISSI. 

Furnished with iiew ohjective 

Retiiodeled at Coast aiid Geo- 
in iS j2 .  

detic Survey Office iir rSg3. 

~ r w  iiiicrinirter i n  1-w. 

New iiiicr0,riieter iii ISM. 

!Tliree different ol)jcctivrs. 

Xew iiiicroriieter iii I%;. 

*T. SZ s. Troughtoil S: Siniiiis. W. = Wiirdeiiiaiiii. F. S; Co. = Fauth & Coiiipaiiy. R. = E. KiilEl .  
-)These rriiiorlrled carry f a w  latitude Ievels--aii upper niid a lower. 
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C. DETERMINATION OF THE MEAN PLACES OF STARS. 

The star catalogues upon which the computations iiiade during the past year 
(:rSgS) of the north polar distance of latitiicle stars have been based arc as follows (the 

being that to which ohserwtions given in the catalogue are rediicecl ) : 

Auwers' Bradley 
Feilorenko 
D'Bgelet (Gould) 
Bailey's L.:ilan& 
F'iazzi 
Groonibritlge 
Weisse':, Ressel 
Cainhridgc 
POlld 

Striive 
rlrgelantler. .-\bo 

rS.+j. Raclcliffe 

r S b .  Paris 
xS45. 

1850. Greenwich. 6-year 
~Sjo. Cape 

i 1575. 

rs jg .  Bollll 
155.5. f'Ulko\Kl 
1S6o. Cape 
rS6o. Greenwich. ;-year 
1560. Raclcliffe 

1 870. Glasgcw 
1Sj0. Mellxurne 
rS7o. Leiden 
1872. Greenwich. 5-year, 
xS75. -4uwcrs' Fiiiidaiiiental 
1875. .iriiirtgli 
Is75. Cordoba 
rS75. Rome 
1S75. Roiiiherg 
rSj.5. Harvard 
IS#%. Cape 

1Sg0. Rndcliffe 
rSy .  Glasgnw 
I Sgo. Ci iiciiina t i 

Greeii\vicli annual volunies rSS7 ti> rS95, iiiclusive. :uill EdiiilmrgIi observatioiis I J ~  I-Ienalerson 
a i d  Siriytli o f  various epochs. 

The present practice in  coinputing iiieaii places is as follows: The north polar 
distance and related cluniitities are abstracted for 3 given star froin each of the above 
catalogues in which that star occurs. To the north polar distance from each cataloglie 
is applied a systematic correction for the knowii systematic errors of that catalogue as 
developed by the researches of Prof. Lewis  BOSS,^^: s.upplen~rntec1 for catalogues not 
treated by hini by corrections from similar researches by other authorities. The 
resulting north polar distances are reduced to a coiiiiiioii epoch (: rsgo:) by using the 
first two ternis of the precession aiid an assumed approsiniate value of the proper 
motion. To these reduced north polar distances are assigned relative weights derived 
froin the researches of Professor Boss and other authorities referred to above. R?; a 
rigid least square reduction the most probable correction to the assumed proper iiiotioii 
ani1 the most probable value of the north polar distance at the epoch -1s90, together with 
the prolxhle errors of those quantities, are then derived, whence the declination and its 
probable error at :iny epoch becomes known. 

This, the pi-esent method of' coiiiputiiig mean places, has heen cleveloped and put 
into iise gradually. In connection with the latitude observations along the thirty-ninth 
parallel, esteiidiiig over a period of half a century, many of the mean places were com- 
puted by methods mhich at the time were satisfactory for the purpose, yet crude as 
coinpared with the present means. To recompute all such mean places would not be 
justified by the sinall improvement in accuracy to be espected; it did seein desirable, 

- .. . .. .. . . . . .. _. . - 
'. *See report oil the "Survey of the Northern Boundary froin the Lake of the \Voods to the Rocky Mountains;" 

Washingtoil. rS7S. (Pp. 409-619.) 
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however, to reexamine and eliminate the larger discrepancies arising froiii such iiieaii 
place computations. 

Thus, wherever it was found that A 9, the residual for any pair from the indiscrim- 
inate iiieaii was greater than g$ tiiiies the probable error of the iiieaii for that fair-. as 

given by the foriiiula ‘x-r -k “Yt, , in which the larger of the two values for .r.x - was 

used as in computing the weight (,see pages 624-625), the iiieaii place coniputatiori for that 
pair was carefully revised by present methods. to determine, if possible, whether the large 
residual was clue to defects in the assigned iiieaii places or to other causes. The mean 
places of 106 stars were thus revised. In 56 cases the required correction tp tlie north 
polar clistaiice was fouiid to be positive and in $0 cases negative: the largest plus correc- 
tion was 7”’7 arid the largest minus correction 5”*9; tlie iiieaii of all the corrections 
witlioiit regard to sign \vas ~ “ . b r  and tlie iiieaii of all with regard to sign + 0’”rQ.  The 
above facts indicate that the defects in the old north polar distances are in the iiiaiii 
accidental. Although the number of star catalogues lias greatly mirltiplied since tlie 
observations and computations for latitude \\;ere macle, it may be said that.if all the iiieaii 
places were reduced to a inodern basis the value assigned to tlie mean latitude of tlie 
thirty-iiiiitli parallel triangulation would not he thereby chaiigecl froiii its present value 
more than o’”o5 at most. mcl that i t  is improbable that it n~oulcl be clianged more 
than o’”o2. 

C 
- 

9 - - 

D. WEIGHTS AND PROBABLE ERRORS. 

The probable errors arid relative weights assigned to the separate pairs were com- 
puted as indicated l~elow: 

Let 11 = the total number of observations aiicl I I ‘  the nuniber upon any pair. $ = tl!e 
~ i u ~ n b e r  of pairs. A = the difference betweeii each inclividual result and tlie nieaii result 
decluced fruin that pair. B A’ = the s~iiii of all the LL‘ ’s. atid e = the probable error of 
a single observatioii for latitude, !hell . 

( .P - 0‘455 BG’ - -- 
I I  - p  

Let ’** be the probable error of the iiiraii of 
-. .. 
2 

for the stars observed at a station ilia?; be obtained in two ways-iiaiiiely , from the coiii- 
putatiou of tlie iiieaii places of the stars and from tlie latitude computation itself. 

The computation of the mean places furnishes. for each star, tlie d u e  of Q:, the 
probable error of declinatioii of that star. If the probable errors of the declinations of 
the stars of a pair are cq, and the probable error of the iiiean of the tn7o clecliiia- 
tioiis is- 

e’ 

2 s  3 
aud neglecting tlie difference between and e$, we may write c’ = 2 and a iiieaii 

3 - 
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2 e 2  

-2N 

value of e' for the station is- 
*% 

(3)  e* -2 . . . . . . . . . 

2 .  

in which N is the total number of stars 0bsen7ed at the station and 28 is the sum of 

all the 8 ' s  given by the mean place.coniputations of those stars. 
8 

* 
To deduce a inean value for e** for the station from the latitude observations, 

without reference to the probable errors of declinations furnished by the precedi.ng niean 
place computation the following process suffices. From the ordinary law of combina- 
tion of errors- 

La - 2 - & 1  . . . . . . . . . 
SX- - 
2 

i n  which e is the probable error of the nieaii result from a pair, and 8 is the probable 

error in that iiieaii result arising from observatio~i only a d  therefore esclusive of errors 
of cleclination. 

A' mean value of e' for the station is obtained from the differences A9 between 

the mean results from the separate pairs and the indiscriminate mean of all the pairs. 

P 

P 

Thus- 

( 5 )  

Each pair furnishes a value for E* of the following form-- 

in which 71' is the number of observations upon' that pair. 
of E' equal weight, their mean is- 

Giving the various values 

(6 ' )  

The mean values of 2 and E* for the station, from (5) and (6 : )  king substituted P 
iii.(.F:), there is obtained a mean value of E' for the station. ++* 

2 

In combining the mean results from the separate pairs, it is desirable to give them 
relative weights which are inversely proportional to the squares of their probable errors. 
Accordingly, the weight assigued to each pair is- 

in which the value used for 6 for each pair is always the Imgei- of the two vtzbrcs 
5% 
2 
- 
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given for that pair by (4) and (2) .  

if (4) gives a greater value for E’ 

the pair in addition to the assigned declination errors. 
The only cases in which esceptions have been made to the weights stated in ( 7 )  

are those in. which one star is treated in connection with two or more others to form 
two or more pairs, which are not, therefore, inclepeiident pairs. If one star is combined 
with each of tn70 others to form two pairs, each of these pairs mas given a weight 
two-thirds as large as indicated by (7:). If one star is combined with each of three 
others to form three partially dependent pairs, each of these pairs was given a weight 
one-half as large as that indicated by (7 ) .  A single star, nearly in the zenith, avd 
observed in both positious of the instrumeut was given the weight- 

This treatment is based upon the supposition that 
than (21, there are other sensible errorspmilinr io 

5s 
2 
- 

The probable error of the weighted mean of resulting latitude is- 

in which the residuals, v, are the differences between tlie iiieaii results froiii the separate 
pairs and the weighted mean of all. 

In the following tabular statements of results the values given in tlie coluuiii headed 
“Adopted seconds of mean N. P. D.” are the mean north polar distances at the begin- 
ning of the year of observation, which were adopted aiid used in the computation. 
When the same star appears in the tabulations for different stations, the various values 
for its north polar distance do not necessarily depend ~ p o n  the same data. I t  frequently 
happens that the place given for a star at late date depends in part upon data which 
were not available when the computation for an earlier date was made. 

Star numbers given without any modification refer to the British Association Cata- 
logue; numbers inclosed in a par&nthesis, thus ( ), refer to the Greenwich Ten Year 
Catalogue for the epoch 1550; and nunibers in a square bracket, thus [ 3 I refer to.the 
Coast Survey Catalogue given in Appeiidis No. 7 of the rS76 report. An asterisk 
placed upon a star number .serves to call attention to tlie fact that the star is also used 
in another pair or pairs at that station. The subscripts P. F, A I ,  indicate the preceding, 
following, and iiieaii of two close stars, respectively. 

The revisioiis of mean places of stars aud of the latitude results here given, in 
general, were placed in charge of Mr. J. F. Hayford. 

IS732-NO. 4-40 
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E. ABSTRACTS OF RESULTING LATITUDES AS OBSERVED A T  T H E  
ASTRONOMIC STATIONS OF THE TRANSCONTINENTAL, TRIANGU- 
LATIO N . 

I .  EASTERN SHORE SERIES. 

(I 1 Lat!z'1(mfe l71( Cape Afaj~, Are;c,]crsci~. E. Smith and F. H. Parsons. T. and S. Transit No. 6. 
One turn of May 13-27, ISSI. 

micrometer = 44/"rgS, derived from observations upon Polaris at this station. 
One division of level = ~'"455,  observed at the office in April, rSSr. 

Pairs of stars. 

1 b 7  4 656 
4 7 6  4 742 
4 75s 4 SI2 
4 576 4 337 
4 974 5 031 
5 076 5 d 4  
(2 386) (2 421) 
5 16s 5 17s 
5 249 5 293 
5 3'3 5 322 
5 34s 5 426 
5 460 5 496 
5 525 5 599 
5 619 (2 617) 

Adopted seconds of 
mean N. P. D. 

32S5 26'0s 

3S.50 00.5s 

24-47 q - 2 5  

54'5z 36-01 
35-14 17.12 
00'27 22.66 
30'59 37'67 
56.36 37.51 
4s.99 51'19 
59'70 26'2s 
22'OQ 03'25 

/ I  / I  

50.3s 14.44 

59'95 4-52 
27'94 50.32 

91/ 

5 
4 

3 
4 
5 
5 
5 
4- 
4 
3 
4 
5 
5 
4 

W 

5 
5 
4 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 

Latitude. 

0 I I /  

3s 55 44'73 
45 '12 

44 '72 
44 so 
45 'I2 
45 '37 
46 '05 
4 '26 
44 '35 
43 '72 
45 :07 
44 'I1 
43 -5s 

'I2 

Z I  

I /  

-0 '07 
-0.46 ' 

+o '54 
-0.06 

-0 'I4 
-0.46 
-0 -71 
--I '39 
+O '40 
+O '3 I 

-0 '94 
-O. ,II  

+o '55 
+I *os 

Incliscriniinate iiieaii = jSo 55/ 44//-65. 
Weighted mean = 35 55. 44 .66 & oll-12. 

e = f 0 / / . 5 2 .  

60 observations, 14 pairs. Twelve observations were rejected at this station; the level was con- 
sidered to be defective. 

[Reduction to pole or station mark + i//.zS.] 
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I ,  EASTERN SHORE sERxs-continued. 

C. H. Sinclair. Lafitztde at Cap? fihiy, Nem J~'1-sty. Zenith telescope No. 6. May 5-9, rSgr. 
One turn of micrometer = 76"'0g& deriver1 from latitude observations One division of level = dI.96. 

at this station. 

pairs of stars. 

4 3.94 4 43s 

4 607 *4 656 
*4 656 *4 701 
4 675 *4 701 
4 706 4 742 
4 75s 4 812 
4 876, 4 937 

(1 130) 4 564 

4 974F 5 O3' 
( I  261) 5 071 
5 076 5 oslr 

( 1  275) (1 2s9) 
5 16s 5 1 7 s ~  
5 249 5 293 
5 313 5 37-2 
5 34s 5 426 
5 463 5 473 
5 525 5 599 
5 619 (1 393) 
5 9 3  *(I 404) 

*(I  404) 5 752 

Adopted seconds of 
mean N. P. D. 

I/ I /  

04-44 C 9 . d  

3s-62 39-40 
33'33 23 'S7 
23 'fi7 36'55 
12-49 36'55 

' 30'66 47'75 

57.7s 32.15 
15-73 51'43 
53 35 55 '92 
45'62 25'62 
07.10 22.67 

29'70 35.14 
4S.70 23.09 
31 '47 33 '64 

1S.25 53'17 

36-71 59-50 
3687 17-61 
21 '44 16'3s 
36.12 56.97 
23-64 56.24 
56-24 04.77 

.I 

4 
4 
4 
4 
2 

4 
4 
4 
3 
3 
3 
4 
3 
4 
4 
3 
4 
3 
3 
3 
3 

w 

S 
S 

5 
5 
5 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
5 
5 

i 

I /  

+-0 3s 
$0 '1.5 

$0 '29 
+ o . ~ I  

+o .6S 
-0 '07 
$0.34 
-0 '03 
-0 'og 
-0 5 6  

-0 '33 
$0 '36 

-0 '95 
+o '67 
-0 '20 

$0 '16 

$0 '59 
-0 '55 
-0.29 

-0-15 
--I 'I1 

Indiscriminate mean = 3S0 5 9  44//-76. 
Weighted mean = 38 55 44 '77 C dI'o7. 

73 observations, 21 pairs. 
8 = +-0".2S. 

[Reduction to pole or station mark + I".&] 
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I. EASTERN SHORE SERIES-COlltillLled, 

(2) Lntitira'e 111 Ctijr Heizlopeii, Dfluxwi?. 0. B. French. Meridian telescope No. 9. September 
6-10, 1Sg7. One division of level = ~"'SI,  observed at  the ofice in March, 1Sg3. One turn of rnicrom- 
eter = So"'672, clerived from observations upon two circunipolars a t  this station. 

Pairs vf stars. Adopted seconds of ,ilI 
iiiean N. P. D. 
I /  

47 '97 
24 ' 2 9  

23 '12 

53.04 
22 -24 

30 -7s 
11 '15 
12 *gY 

52 '63 
39 '02 

45 ' 2 0  

O g ' I I  

03 "9 

26 '14 

33 '71 
41 '41 
16 '60 

45.9s 
45 '9s 

49 'S4 

/ I  

OS .62 3 
51 '30 3 

40 '01 4 
1s '55 2 

16.31 . 4 
51.47 3 
49 '55 4 
28 '07 4 
50 '99 4 
4s 'SI 3 
09 '33 3 
I 7.083 3 
17 'S3 3 
26 '14 3 
14 TO 3 
49 '65 3 
33 '11 3 
36 '37 3 
u7 *$3 3 
I O  -as 3 

Eo 

7 
7 

I O  

5 
9 
6 
S 
9 
8 
7 
4 
5 
5 
5 
5 
7 
7 
7 
5 
5 

Latitude. 

0 / / I  

3s 46 40 .IS 
39 '99 
40-10 

40 -98 
39 
40 'I6 

39 '96 
39 -64 
39 '94 
39.96 
40 '41 
39 % 
40 -00 

40 '23 
39 '49 
39 '52 
40 -20 

39 '79 
39 .g8 
40 '36 

2, 

/ I  

-0.15 
+o '01 

-0 '9s 
+0 '20 

-0.16 

+o '04 
+o .36 
+o u6 
+o '04 
-0 '41 
$0 '16 
0.00 

-0 '23 

+o 'SI 
+o -45 

$0'21 

+o '02 

-0 '36 

-0'10 

-0 ' 2 0  

Indiscriminate mean = 3S0 46/ 40"'03. 
Weighted mean = 3s 46 40 -00 z!= 0//.05. 

P = f O"'€Q. 

64 observations, 20 pairs. Four observations were rejected at  this station. 
[Reduction to geodetic station, Cape Henlopen Light - 0//'56.] 
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I .  EASTERN SHORE S E R I E S - C O I I ~ ~ I I U ~ ~ .  

( 3 )  Laiitride nd DOZVI-, D6h7ZCi1r~€. C. H. Sinclair. Zenith telescope No. 6. May 17-22, 1Sg7. 
One division of level = 2//.207. the niean'of the observed values of January, 1S93, and May; 1895. 
One turn of niicrometer = 76'/*2373 derived from the latitude observations at this station. 

Pairs of stars. 

4 53s 

4 645 
( 1  177) 

4 72s 
2 233 
1 Sro 
*4 s47 
*4 s47 
4 4  
4 975 

2 356 
*5 130 

*2 125 

4 718 

5 075 

5 "34 
2 472 

*" 125 

4 b 7  
4 659 
4 6S9 
4 713 
4 747 
4 7s9 
(I' "os) 
4 si4 
2 2S5 
4 955 
2 339 

(1 277') 
*5 130 

5 175 
(1 3'6) 
5 307 

X' Latitude. Adopted seconds of 
mean N. P. D. 

/ I  

4s .br 

21 '73 
45 '40 
3' '72 
21 .71 
55.36 
23 '40 
53 '22 
57 '03 
57 '23 
11.66 
IS '20 
37 '17 
04 6 3  
47 '09 
56 '67 
27 '95 

0 I I /  

4 9 39 09 14.01 
4 9 '3 '33 
3 13 13 -56 
4 '5 14 .cHJ 

4 7 13 '46 
1 11 13 OS5 

1 ' 5  13 -53 
4 13 13 '71 
4 13 13 '57 
4 S I  13 -71 
4 17 13-73 
4 I2 13-31 
4 12 13 '12 
4 IO 13 '60 

4 13 '1 -14 
4 15 12 'Sj 
4 12 13 -49 

Indiscriminate mean = 39' og' 13//-61. 
Weighted mean = 39 og 13 .62 &0"-06. . 

P = & 0'/.41. 
67 observations, 17 pairs. 

[Reduction to geodetic station, Court-house Cupola + 0'/-52.] 

/ I  

-@ '39 
-pJ '"5 
$0 '06 

+0'16 
-0.26 
--a3 '3 1 
-0 *09 
-f-O '05 
-0 '09 

+o .- 51 

t 0 '50 
+o '02  

+o '79 
$:o 'I3 

-0 '3s: 

-0 'IO 

--O ' j2 
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I .  EASTERN SHORE SERIES-continued. 

(4j  Lalii'udc at Priircipio. Il1ar~dtriid. R. D. Cutts. Zenith telescope No. 5. July Ig-September 
IO, 1566. One division of level = 0 ~ ~ 7 6 .  One turn of micrometer = 41//'40. 

Pairs of stars. 

5 596 
5 702 
5 785 
S F  
6 021 
6 116 
6 232 
6 2Sg 
6 43s 

' 6  5S1 
6 656 
6 695 
6 731 
6 Srg 
6 912 
5 911 
6 079 
6 162 
6 348 
6 491 
6 551 
.6 695 
6 794 
6 sgo 
6 996 
7 061 
7 143 
7 204 
7 263 
7 4'jI 
7 461 
7 524 
7 712 
7 79s 
7 s55 
7 945 
s 6 3  
S 162 
5 256 
s 359 

5 652 
5 717 
5 s60 
5 91s 
6 w 
6 I.% 
6 252 
6 3S7 
6 500 
6 624 
6 667 
6 712 

6 777 
6 534 
6 924 
5 962 
6 I34 
6 235 
6 453 

6 637 
6 754 
6 S61 
6 930 
7 d  
7 IO1 
j 166 
7 233 
7 313 
7 437 
7 46s 
7 5.59 
7 735 
7 SI5 
7 923 
s 024 
S 131 
S 227 
s 307 

S 

6 520 

-4dopted seconds of 
mean N. P. D. 

29'96 13'69 
59'95 21'30 
09-40 51-57 
W'53 07'47 
56.05 39'57 
3 2 ' 0 0  47.00 
23 '95 19.3s 
34'37 46'44 
01 '94 32.0s 
57 .gs 06 'Sg 
16-73 5S'oS 
14.65 04.00 
5S-S6 4471 
12 '00 07.76 
I1 -94 43 '21 

19'16 27-20 

11-56 3S*% 
1 1  '93 20.27 

31-50 12.S6 
30.m 3278 
1S.61 29'45 
31.a 51-SS 

03-06 05.62 
54-44 59'74 
os-00 59-5s 
4s.72 54'07 
20.45 05-95 
53.4s 57'76 
23'60 56-93 
06'16 00.30 

35S3 29.6S 
20.45 43-26 
19'22 49'37 
1577 32S5 
09-30 27'76 
49.2s 22'16 

/ I  / I  

34.02 47'S5 

31 .go 43 '4s 

54'04 15.69 

30'41 56.44 

I I  

7 
6 
6 
6 
7 
6 
6 
7 
6 
7 
S 
5 
6 
4 
6 

S 
4 
3 
1 
4 
5 
4 
5 
7 
S 
9 
S 
S 
8 
6 
8 
9 
9 
6 
6 
6 
7 
5 
4 

2 

Latitude. 
0 I '  / I  

39 35 32'44 
33 '45 
31 -SS 
32 -9s 
32 '71 
33 '02 

32 '49 
32 '92 
3 2 . 1 ~  
32 '96 
32 76 
'32.46 
33 '39 
32 -34 
32 '39 
33 '00 
33 '67 
33 '53 
33 '22 
33 '2s 

32 -40 
32 '55 
32 '62 
32 '99 
33 'I9 
33 2 6  
32 '61 
32 '77 
32 '64 
32 :m 
32 '67 
32 '33 
33 '00 
32 *S6 
32 '62 
32 '64 
32  74 
33 *36 
33 '00 
33 2 s  

2' 

I /  

+0*j7 

+o '93 
-0 '64 

-0.17 
$0 '07 
-0 '21 

+o '32 
-0.11 

t070 
-0.15 

-to '05 
+o '35 
---0 3s 
+o '47 
+O '42 
---0 '19 
-0 $6 
-0 ' 72  

-0 "$1 

-0 '47 
+0m41 
- to  2 6  
$0 'I9 
-0 'IS 
-0 -3s 
-0 '45 
+o ' 2 0  

+O '04 
+0.17 
+O.SI 

$0 'I4 
+o .4s 
-0 '19 
-0 '05 

+o '19 
+O 'I7 
+O '07 
-0 '55 
-0.19 
-0 '47 

Indiscriminate mean = 3g0 3 9  32/"Sr. 
Weighted mean = 39 35 32 'SI +d'*a. 
246 observations, 40 pairs. 

t? = t 0~I.36. 

[Reduction to  geodetic station 0//*00.] 
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I .  EASTERN SHORE SERIES-COlitillUed. 

(5)  Ltlfifridc n f  Pooles Is/utid, dhir~y~/aiid. G. Davidson. Zenith telescope M. A. June 13-July 4. 
One turn of micrometer = 44/"994, derived froni latitude rS47. 

observations at  this station. 
One division of level = I//.zS. 

Pairs of strrrs. 

*4 706 4 726 
%4 706 4 756 
"4 706 4 7s9 
4 s74 4 933 
4 962 "5 064 
4 9 6 9  *5 064 
5 055 5 116 
5 34s 5 466 
5 530 5 629 

'5 647 5 740 
5 647 5 745 
5 797 5 goo 
5 922 5 937 
6 027  6 052 
6 134 6  IS^ 
6 216 6 231 
6 322 *6 36s 
6 341 *6 36s 
6 397 6 410 
6 438 6 477 
6 57.1 6.496 
6 5S2 6 601 
6 5Sg '6 Qo 
6 65-1 6 695 

"6 748 6 S27 
"6 743 6 935 

Adopted seconds of 
. mean N. P. D. 

I f  / I  

51 '79 34.02 
51.79 3.5'47 
51-79 24.16 
04'.s5 33'95 
01-11 47'S7 
10.10 47S7 
45.05 3s.64 
2s.79 01-4s 
15.59 37'05 
01 .IS 51.69 
01.1s 40.10 
4S.16 05'33 
12.42 59.60 
og.64 +$.So 
27'41 59'32 

35's3 3s.30 
51 '33 39.30 
04'52 47-11 
1g.m 22.61 
57'93 11 60 
53'53 26'37 
33-10 33'79 
4625 32.60 

45'00 5 5 ' s  

5S'S3 55.3s 
58% 41-og 

92' 

3 

4 
5 

5 
3 
6 
6 
S 
S 
6 
7 
7 
3 
7 
4 
5 
5 
6 
6 
6 

5 
4 
4 
4 

I 

2 

Zt' 

0 ' j  

0 '4 
0 O S  

I O S  

0 '7 
I '2 

1 '4 
1 '9 
1 '9 
I '3 
I 'j 

I '9 
1 '9 
I '9 
I *4 
1 '9 
I 'I 

I '2 

I *s 
I '9 
1 '9 
1 '9 
I OS 
I 6 
I 'I 

I 'I 

Latitude. 

0 / / I  

39 V I i . 5 7  
16 'DO 

20.06  

I7 '3.3 

17 '59 
16 *S,s 
16 -56 
19 '74 
17 '95 
IS '29 
IS -4s 
17 -50 
16 '03 
16 '02 

16-72 
IS *96 
16 '13 
I 6 '66 
IS '21 

I7 '3' 
IS .30 

I5 '4s 
I7 '67 
17 'S9 
17 'og 
IS 'S3 

Indiscriminate mean = 39" 17' I7/"51. 
Weighted mean = j g  17 17 '52 f 0'/*15. 

130 ohservations. 26 pairs. 
e = * I/ / 'OI.  

[Reduction to geodetic station - ~'"SL).] 

5' 

/ I  

-0 -0.5 

t 1 '52 
-2.54 
50.u 
-0 -07 

$0 '67 
+o .96 

-0 '43 
-0 '77 
-0.96 
+o '02 

+ I  '49 

+ O * h  

--I .M 

+ I  '39 
+o S 6  
-0 6g 
$0'21 

-3.75 
+2 .w 
-0 '15 
-0 '37 
$0 '43 
-1 -31 

-2 '22 

+I 'jo 
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I .  EASTERN SHORE SERIES-continued. 

632 

(6) Ltrtiladr. at Gzhwf. J h : i ~ h z 1 ~ ~ 1 .  A. T. Mosnian. Meritlian telescope No. 7. July 26-August 
One turn of micrometer = 77/"iog. the mean result from 13, 1871. 

observations at four stations. 
One division of level = r11m6. 

Pairs of stars. 

Indiscriminate mean = 35" 2 1 ~  31//*SS. 
Weighted mean =3S 21 31 * S S & O ~ ~ * I I .  

16 observations, 23 pairs. 
e7 = & oIl.64. 

[Reduction to geodetic station - 0/ /*02. ]  

Adopted seconds of 
mean N. P. D. R I  

S 
7 
7 
7 
i 
6 
I 

7 
S 
7 
7 
6 
6 

7 
6 
6 
6 
.6 
6 
6 
6 
6 
6 

XJ 

4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

2 

Latitude. 

0 / I /  

38 21 31 -30 

53.36 
33 '-J 

32 m3 
51 -9s 
31 3s 
31 3 6  
30 7 9  
31 '39 
31 -2s 
32.42 

32 -IS 
$2 '02 

32 '05 
31 -40 
29 -76 

31'57 
3' -36 
32 '7' 
32 '55 
32 '52 
32.66 

31 '26 

E' 

/ I  

+o 3s 
-1 .4s 

-0 '15 

+o '30 
-0 .os 
+ I  .og 

+o .49 
f o  .60 
-0 '54 
+o '52 
-0 '30 
-0 '14 
.-o -17 
-10 -4s 
+2 '12 

-to 3 1  

+o '52 
-0 'S3 
.- Q '67 

-1 'I2 

-0'10 

-0 *64 
-0 7s 
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I .  EASTERN SHORE SERIES-continued. 

(7) Lalifftn't Taylor; f1h7~~d1711d. T. J. Lee. Zenith telescope M. A. May 17-29, 1S47. One 
One torn of niicronieter = 45//*02S. derived from the latitude observations division of level = I"*& 

at  this station. 

Pairs of stars. 

4 121 

"4 194 
*4 194 
4 276 
4.329 
4 392 
4 566 
4 575 
4 675 
*4 317 
*4 S17. 

4 933 
4 99' 
5 1x5 
5 234 
5 345 
5 490 

Adopted seconds of 
mean N. P. D. 

/ I  I /  

49.50 55'53 
35*.S7 30.66 
35'57 41.61 
46'10 33'95 
54.75 m.15 

11 '95 47'52 
36-18 02.50 

33'sg 0 2 ' 5 0  

IS '30 . 01 '05 
I1  '72 20 '20  

11 -72 4 - 2 7  
33'95 34'22 
34.20 4 7 s 7  
m'S4 . 15.27 
56.03 43.14 
2S.h 07 -31 

' 37'1s 07'5s 

IP 

5 
6 

5 
5 
5 
5 
5' 
6 

4 

5 
6 
6 

4 
6 
6 

5 
6 

X' 

> 

- 
2 

> 

3 
3 
2 

2 

2 

2 

2 

3 
2 

3 
3 
3 
3 

Latitude. 

0 I / I  

3s 59 46 '73 
47 '21 

47 ' 7 0  

45 '62 
46 .zS 
4s 60 
46 '0 j 

44 '99 
45 '55 
46 '30 
46.6 I 
46 '07 
46 -40 

44 '9' 
47 "3 
45 '73 
45.5s 

I /  

-0 '65 
-I '13 

$0'46 

+o *1s 
+o '05 
+I '09 
fo '53 

-0 '53 
+o '01 

--I '11- 

-0 '20 

-0'22 

-0'.7 J- 

+I '17 
-1 '05 

+o '35 
+o '50 

Indiscriminate mean = 3S0 5g/ 46jI.11. 
"I F I & ; I I L T C L  A l l C n l l  

91 obscrvations. 17 pairs. 

" V L V  I - .  
... . : _.,_. . .* ... . - .. -5" -0 Sr 4. .-* I _ I # . - -  

P = =!= 1/1-22. 

[Reduction fi-om astronomic to geodetic station - 0//.10.] 
(S) Lntilrtde (11 Afarr-iotd, l ~ Z a ~ y / m n f .  T. J. Lee. Zenith telescope M. A. June 16-25,1S46. One 

division of level = II'.zS. One turn of inicrometer = 455//*16S. 

Pairs of stars. 

4 933 4 $7.. 
5 097 5 146 

5 512 , 5 620. 
5 769 5 893 

t 6  079 6 IIO 
6 142 6 za 

5 223 5 249 

w ,  Latitude. Adopted secorlas of 
mean N. P. D. 

19.99 20.07 3 0 - 3  3s 52 24'26 
I /  / I  0 I /I 

' 33-76 40.40 6 I '0 25'11 

25'9s 22-94 5 I '0 23 '95 
09.46 57'67 7 1'0 23.96 
2s-so 15-98 4 I '0 25 '72 
05-SS 4 2 . k  6 . 1.0 25 '57 
50.73 01'10 3 0.9 74 *4s 

Indiscriminate mean = 3S0 52' 24"*72. 
Weighted mean =3S 52 24 '73 i d ' * r g .  

34 observations, 7 pairs. 
r = co"'75. 

I /  + 0 '17 
-0.35 
+o .7s 
$0'77 
-0 '99 
4 'S4 

$0 '25 

+Observations npon pairs 5 972 and 6 035 gave a defective result and were rejected. 
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I .  EASTERN SHORE SERIES-COlltinUed. 

Lcrtitnd8 ad lJfai-riolt, fJ faqhmi .  
June 17, 1S4g. 

A. D. Baclie and J. Hewston. Zeiiith telescope No. I. May ~ g -  
One division of level= 1//'519. One turn of inicrometer= 45/"665. 

Pairs of stars. 

3 93' 
3 9SI 
4 194 
4 276 
3 30.4 
4 453 
3 566 
4 654 

4 7-P 
4 937 
5 061 

*5 115 

"5 11.5 

5 IS' 
5 2-19 
5 367 
5 4s4 
5 519 
5 747 
5 S.1 

5 871 
6 056 
6 106 
6 23s 
6 395 
6 5S3 
6 623 

6 721 
6 709 

6 7% 
6 s39 
6 855 
7 1'7 
7 243 

3 964 
4 I17 
4 312 

4 '99 
1 390 
4 519 
4 649 
4 706 
4 sos 
1 9 6 9  
5 0 9 3  
5 1 2 0  
5 126 
5 192 
5 293 
5 359 
5 497 
5 6 0 2  

5 775 

5 9s6 
6 6 4  
6  IS^ 
6 255 
6 453 
6 589 
6 657 

5 Si"  

6 712 

6 740 
6 SrS 

6 932' 
6 970 
7 153 
7 256 

Adopted seconds of 
mean N. P. D. II f 

1 

5 
4 
7 - 
3 
4 
4 
5 
5 
4 
4 
I 

I 

5 
5 
5 
5 
6 
1 
4 
4 
1 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 

X' 

3 
9 
S 

5 

S 
S 
9 
9 
S 
S 

- 
I 

2 

2 

9 
9 
9 
9 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
7 
7 
7 
7 
7 

IO 

Latitude. 

0 f I /  

3s 52 24'93 
24 .sz 
25 '50 
26.12 

25 ' 74 
24 ' 2 0  

2.5 '95 
24 '65 
25 '05 

. . 24'73 

24 '95 
23 'S2 
25 '92 
25 '2s 

24 '67 
25 '62 

' 2 5 ~ c ~  
25 '20 

24 0s; 
25 '09 
"4 '73 
25 .sr, 
25 '5' 
24 '57 
25 '07 
26.21 

25 '37 
24 '5 I 

25 '33 
25 '62 
25 'IO 

25 '53 
24 '5s 

24 '30, 

Indiscriiiiinate nieaii = 3So 52/ 25//'13. 
Weighted mean = j S  52 25 '12 5 0"*06. 

12s observations, 34 pairs. 
e = c 0".54. 

[Reduction to geodetic station - 0 ~ ~ ~ 2 7 .  ] 

Z' 

/ I  

$0 'I9 
+o '30 
-0 'jS 
-1'00 

-CI '62 

+a '92 
-0 $3 

+a .47 

$0 '39 
$0'17 
+I '30 
-0 .so 
-0 '16 
+o '82 
$0 .45 
-0'50 

+o.rz 
-0 'OS 

$0 '29 
+O '03 

- 0 -6s 
-0 -40 
+o '55 
+O '05 
-1 'og 
-0 '15 

+(I '61 

f o  '07 

+Q '39 

- 0 ' 2 1  

-0 '50 
+o '02 

-0 '41 
f o  '54 
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I .  EASTERN SHORE SERII.:S~OIIlpleted. 

(9) Lniilrr.de ni Webb, MmyZnnd. G. W. Dean. Zenith sector No. I. 

One division of levels = I"-LI  (mean). 
October 21 to November 14, 

1850. Levels No. 2. 

Star. 

7 022 
7 171 
7 5.w 
7 59s 
7 679 
7 6Sr 
7 746 
7 h  
7 SI5 
7 s50 
7 s55 
7 9 0 6  
7 9'5 
7 962 
7 972 
S 023 
s 02s 
s o s 2  

S 171 
s 212 

s 224 
S 261 

345 

1.52 

227 
283 
3 18 
44 1 

502 

522 

555 
5% 
62s 
676 
727 
967 

I 033 
I 071 
I 099 
T 210 
I 266 
2 323 
1 414 
I 613 

IO0 

275 observations, stars. 
Mean = 39O 05' af-52 = q,, . 

- -0.04 

Stars north of zenith. 
Adopted 
secouds 
of mean 'I' 
N. P. D. 

I5.50 7 

1S.65 6 
5s-50 6 
28.63 6 
IS.@ 6 
55.45 6 
0 2 5 0  6 
16.35 6 
39'02 6 
14.40 6 
J g S 6  6 
24.05 6 
22'45 6 
01'59 6 
~ 1 3 s  6 
52'56 6 
44'50 6 
47.2~ 6 
24'40 6 
1453 6 
44.10 6 

07.90 6 

/ I  - 

12.5s 9 

05'JI 5 

21 'go 6 
20'00 6 
.w*50 6 
30.72 6 
0 7 ~ 0 0  6 
0 5 ~ 0 0  6 
9 . 2 0  6 
32-03 6 
46.50 6 
34.00 6 
30.m ' 6  
14% 6 
54'50 6 
39*m S 

41.00 6 
29'45 6 
37-12 6 
55'50 6 
5629 6 
39'67 7 

3s-ss 5 

Latitude. 7, 

0 I I /  I /  

39 05 25'50 +0 '02  

25-34 +o-rS 
25,'92 , -0 .A0 
25Sg --0'37 
25.66 -0.14 
24 '93 4-0 -59, 
25.76 --0'24 
24-72 f0.h 
25'94 -0.42 
2.5 .23 fo '29 
25-60 --o.& 
26'33 --a's1 
25 *a< +0'44 
25.55 -0.33 
25'21 i-0.31 
25.95 -0.43 
25-96 -0.44 
25'92 -0.40 
25'77 -0 '25  

25 .qS +ow4 

25.59 -0.07 
25'39 +0"3 
2.j $3 --o-31,. 
25 '63 - - O . I X  

'4'97 +0'55 
'5.46 + o r 6  
25'69 -0.17 

25-70 -0.1s 
25-03 +0.4g 
26'06 --0'54 
2453 f0.69 
25'57 -0.05 
2 5 % ~  --0-33 
25 -2s -1-0 '24 
25-45 +-om4 

25 'I2 -1-0 '30 
25-36 +o'r6 
25 .S2 ---0 '30 
25 .96 --0'44 
25 '20 4-0'32 

25 '67 ---0 '15 
24.70 $-o'S2 

25'Jg + O ' j 3  

25.66 -0.14 

2.5 '13  -1-0 '39 

Stars south of zenith. 
Adopted 
seconds of Il,eall ti' Latitude. 
N. P .  D. 

/ I  c I I t  

7 39 05 24.75 

I observations. 3 stars. 
Mean = 39O 05' 2 4 " y  = 

& O ' O j  

Aclopted latitude = 1.; (q,, + p6) = 39O 05' 25"21 I+ d'.04. 
[Reduction to geodetic station + o".q.] 



636 UNITED STATES COAST 4 N D  GEODETIC SURVEY. 

3. ALLEGHENY SERIES. 

( I O )  Lfflittdf of Hill. AImyhiit?'. G. W. Dean. Zenith sector No. I. August 23 to September 
13. 1S50. Levels: No. 2. One division of levels = ~ " ' 1 0  (mean). 

Star. 

5 937 
5 990 
6 WI 
6 218 

6 265 

6 357 
6 92s 
6 $3 
7 0 2 1  

7 171 

7 313 
7 544 
7 595 
7 679 

7 765 
7 so0 

7 SI5 
7 s50 

7 $55 
7 9 0 6  
7 915 
7 962 

7 972 
s 02;  

8 02s 

s os1 

S 171 
s 212 

s 224 
S 261 

.s 345 

7 6S1 

171 observations, 32 stars. 

Stars north of zenith. 

Latitude. T' 

0 I / I  / I  

3s 53 53 ' 2 0  -0 -58 

53'06 -0.44 
g j . 0 4  -0.41 

5 2 7  -0.9 

53.19 -0 .57 
52.;: to.25 

51 'S5 +0'77 
51 .g6 +0.66 
52'69 -0.07 
53'20 -0-5s 
52 '04  +o.$ 
51 '92 t o ' 7 0  
52.51 +o ' r r  

52.83 -0.21 

51-31 s 1 . 3 1  
52'30 + o y  
53'46 -0.54 

53'61 -0'99 

52.49 +0'13 

53 '20 -0.5s 
52' jI  +o.jr 
53-31 -0.69 
52'19 +0'43 
53'52 -0.p 

52'99 -0'37 
51'54 -0 '22 

52.43 -/-o.rg 
52-21 +oy1 

52-16 +0.36 

52.64 -0.02 

52'10 +0'52 

52 '0.5 t d . 5 7  

Stars soiitli of zenith. , 

16s observations. 30 stars. 

1.atitude. Z' 

0 I /I I /  

38 53 51 '72 +0'27 
51 '24 t 0 . 7 5  
52.40 -0.41 
52.42 -0.4; 
52.00 -0.01 

51'54 $0.45 
51 '85 + O T 4  

51 '99 0'00 

52'13 -0.14 
52-11 -0'12 

52'34 -0.35 
5-"14 -0.45 
51 '20 +0*79 
52'40 -0.41 

52'52 -0.53 
51 '52 t o . 4 7  
51.7s +0'21 

51 '97 + O O ~  

52% -0.83 
32'14 -0.15 

51.44 $0'55 
51 '43 +0'56 
51 '57 $0.42 

5 1 . 9 9  0'03 

' 52-04 -0.05 
52.59 -0'60 

53'06 - I  '07 
51 '27 $0'72 

51 '20 +0'79 

52.3s -0'39 

Adopted latitude = '.I ( qn, + qs) = 3s' 53/ 52'/*31 -I- o"'o5. 
[Reduction to geodetic station + o'I'53.1 
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(11) ,Witif& nl Soprr; flfn~yltztiif. G. W. Dean. Zenith sector No. I. Julie 29 to July 25, ISSO. 
Levels No. s. One division of levels = 1//.21 (mean). 

Stars iiurth of zenith. 
Adopted 
seconds 

Star. of tilean 
N. I?. D. 

4 607 
4 741 
4 937 
5 092 
5 IS1 

5 497 
5 549 
5 775 
5 S71 
5 937 
5 990 
6 056 

6 091 
6 255 
6 623 
6 721 
6 923 
6 9s3 
7 076 
7 153 
7 171 
7 243 

11' Latitude. 

3 
3 
1 
3 
4 
3 
6 

3 
3 
3 
4 
5 
4 
4 
3 
3 
5 
4 
3 
3 
4 

11 '93 
9 3 6  

I1 '36 
12.40 

11 .qs 
I2 .IS 
11 6 7  
IO '34 
I1 '35 
10'21 

12 VI 

12 .IS 
IO ?a 
X I  5 3  
10.13 
Y 0 'S7 
11 -29 
10 *gs 
11 '57 
11 '37 
9 'I4 

Ss ohservatioiis, 22 stars. 
Mean = 3go os/ 11//-21 = p,,. 

f o '14. 

V 

I /  

-0 '97 
-0 -72 
+I '55 
-0 'I 5 
--I '19 
-0.27 

-0 '97 
-0 -46 

+n .s7 
-0.14 
+I '00 

-0 -so 
-0 '97 
+0 *qr 
-0 '62 
+I -0s 

4-0 '34 
-0 -0s 
+o '23 

-0 -36 
-0-16 
+2 '07 

Stars south of zenith: 
Adopted 
seconds 

Star. of iiieaii 
N. P. 1). 

11' Latitude. 

0 I / I  

5 59 05 og-59 
6 
,I 

4 
4 
4 
3 
5 
4 
3 
'4 
3 
3 

6 
6 

4 

4 
3 
5 
3 
5 
4 
3 
3 
s 
4 
5 

3 

og 36 

0s .93 
og '91 
IO -46 
og .ss 
OS -S6 

09 '97 
I1 '50 

09 '63 
I1 -49 
IO '67 
0s '94 
I1 o s 2  

IO -30 
10.71 

I1 -4s 
IO '52 

og '74 
I O  '32 

og '9' 
og '23 
IO '72 

09 '90 

og '43 
IO -ss 

IO '02 

112 observations, 2s stars. 
Mean = 5go os/ 10".16 = p8. 

*o '11. 

Adopted latitude = 4 (p,, + pa) = 3 9 O  05/ 10~j.69 -c 04/.09. 
[Reduction to geodetic station - 0//.10.] 

Z' 

I /  

-I 0 '57 

+I '"3 
I o  '2 15 
-0 '30 
+o -2s 

+I '30 

-to 'I9 
-1 'jj 

- t o  '53 

-0 '5 I 
+I .22 

-I '66 
-0.14 

-0 '55 
+o '26 
-I '32 

-0 '36 
+o '42 

+o '25 

+o '93 
-0 3 6  

+o 'I4 
+o 7 3  
-0 -72 

+O '30 

-1 0-9 3- 

-0 '16 

70 '26 
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(12) L ~ & d e  at S c ~ z b i ~ .  Dislrisl qf Colnrvrbia. L. F. Pourtales. Zenith telescope No. 5. June 
24-29. rS5o. One division of level = P25. One turn of micrometer = 41"*44. 

Pairs of stars. 

4 937 
5 6 1  

5 11.5 

5 IS1 

5 249 
5 367 
5 549 
5 717 
5 S2I 
5 S71 
6 056 
6 ro6 
6 23s 

6 39.5 
6 623 

6 794 

-4dopted seconds of 
mean N. P. D. 111 

I 

I 

I 

2 

2 

I 

I 

I 

I 

2 

2 

I 

2 

i 
2 

7 - 

52.' 

2 

a 

2 

4 
4 
2 

* 
2 

2 

4 
4 
2 

4 
4 
4 

P 

Latitude. 

0 I I/ 

3s 53 23 '99 
21 '05 

25 '39 
25 'yY 

23 '97 
26'21 

25 .45 
25 .SG 

24 94 
25 '05 
26 *6o 
25 '11 

26 '37 
24 .SY 

21 'ss 
24 '09 

Indiscriminate ~neaii = 3So 53' 25"*1S. 
Weighted mean = 36 53 25 '20 & 0%5. 

r' = &0//*6.5. 
24 observations. 16 pairs. . 
[Reduction to geodetic station d'-oo.] 

2' 

I/ 

+ I  '21 

+ I  'r5 
-0'19 
-0.75 
+I '23 
--I '01 

-v '25 

-0 '66 
$0 '26 
f0'15 
--I '40 
+o '09 
--I '17 
+O '32 
$0 '22 

+I 'I1 
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(13) Lntifirdc ar! Khslri?igtaa, Disti it? cf Cohriiibin'(Coast and Geodetic Survey Office). E. G. 
Fischer. One division of level = r"'509, 
deterniined at  this station, July, I S ~ I .  One turn of micrometer = rm".6S6 from the latitude 

Meridian telescope No. 9. July 30 to  September I, rSgr. 

observations at  this station. 

AdoDted seconds of Pairs of stars. iriean N. P. D. 

23-66 50'59 
36'12 56'97 
55'34 32.51 
1060 w - 3 6  
06'32 1 1 . Q  

24.79 .20?jg 
45 '20 26 '06 
56.47 53'5s 
3 7 7 4  43'S4 
34'75 5 1 ' s  
19'76 51.86 
53.51 00.72 
13.50 49'29 
31 %g 22'66 

44'30 3.5'17 

oS.51 36% 

31 '30 39 '1.7 
30 '59 24 '39 
55'45 56-49 

/I If 

3 4 . s  43'42 

? I f  

6 
6 
6 
6 
6 
6 
6 

7 
5 
I 

d 

7 
5 
5 
6 
6 
5' 
5 
-1 
5 

Lati tudr. 

a f /I 

3s 53 07 .zS 

os '35 
07 .gS 
07 '14 

07 'yo 
07 .SI 
07 -43 
07%b 
07 '01 

06 '93 
07 36 
07 '73 
06 '75 
07 
07 '72 

07 '77 
07.41 
07.60 
of '4s 

. 07.05 

i' 

If 

+o '23 
-0 .s4 

-0 '47 
4-0 ..- 
-0 '39 
-0 '30 
+o -08 
-0 ' jg  

$0 '50 
+o '59 
fo 'I5 

$0.76 
+ O ' I I  

-0.26 
+o :10 

-0.0g 

$0 *03 
+o .46 

3 1  

-0 '22 

-0 '21 

Indiscriminate mean = 3S0 55' 07"*50. 
Weigllted mean = 35 53 07 -51 & o"'06. 

107 observations. 20 pairs. 
r = & off.27. 

Nom.-Station in  yard south of main building; it is P"34 south and I " - I ~  west of the flagstaff on 
office building. 



640 UNITED STATES COAST 4 N D  GEODETIC SURVEY. 

3. ALLEGHENY SERIES-ContiIlUed. 

Ldilrmdc t i l  I f  izshi91~t01r~ Disi'ricf if LXrtmbilz I Coast and Geodetic Survey Office). E. G. Fischer. 
One division of level = 1"'4S3, determined Meridian telescope No. 9. 

at  office July, ~Sga. 
July 25 to .4ugust 12. ~Sgz. 

One turn of micronieter = 100//'655 from latitude observations at  this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

I /  

57 '74 4 
03 '70 5 
37 '99 6 
os .6u 6 
1.5 'I3 6 
53 '42 7 
27 -4s 7 
54 '13 7 
4: 7 5 
51 'I? 5 
59 6 
46 '71 6 
IS 26 6 
'5 '13 6 
36 '52 6 
29 '2.3 6 
jo  'IS 1 
14 '31 4 
15 3s .5 

X' 

16 

17 
IS 
IS 

IS 
IS 
IS 
IS 
17 

16 
IS 
IS 
IS 
IS 

IS 
IS 
16 
16 
17 

Latitude. 

0 I I I  

35 53 07.77 
07 '59 
07 '73 

07 '45 

O j  '01- 

0; '92 

07 '05 
0s .06 
07 '21 

07 -3s 

07 -36 
06 .5s 
07 -66 
07 -7.3 
07 '14 
07 '75 
07 36 
07 '26 

07 '51 

I I  

-0.31 
-0 '13 
-o '27 

-io '44 
+o '01 

-0 '46 
f0.41 
-0 '60 

$0.2.5 

+o .os 

$0 'IO 

+o 'S5 
-@ '20 

-@'j2 

+@ '32 
-0.27 

+o '20 

-0 '05 

-0 'IO 

Indiscriminate mean = 3S0 53/ 07/"46. 
Weighted mean 

107 observations, 19 pairs. 

= 3So 53/ 07/"46 & 0"*06. 
E = * O"'?S. 

NoTE--Station in yard south of main building; it is 1//-34 south and I ' / - I ~  west of the flagstaff 
on office building. 
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2. ALLEGHENY SERIES-COntinUed. 

Lntitrcde at ?Kzshiirgtoii, Districf of Co1im.bicT (Coast and Geodetic Survey Office). E. G. Fischer. 

Zenith telescope No. 4. August I-22,1894. One division of level = ::::::; ~;bpwp~,) 1. , deterniined at 

office May, 1S91. One turii of micrometer =44"655 from the latitude observations at  this station. 

Adopted seconds of , I ,  iCJ Latitude. i r  . niean N. P. D. Pairs of stars. 

i 574 5 597 
5 619 ( 2  417) 
5 740 5 765 

( 2  6%) 5 834 
5 874 5 SS6,N 
5 91s (2  761) 

(2  793) 6 033 
6 073 6 ogr 

( 2  SSS) (2 S9S) ' 

6 238 6 255 

6 297 (2  976) 
6 40.4 6 466 
6 574 6 553 
6 615 6 662' 

6 6 9  (3  19) 
6 771 6 817 
6 876 (3 321) 

(3 335) 6 976 

6 19 ( 2  574) 

/ I  / I  0 / If I /  

30 3s 53 0 j . U  -0.12 12-92 12.02 7 
56.54 17'16 7 26 07'62 -0.31 
1 1  '9.3 4s.34 s 41 07.35 -0.q 

2.3'61 17'07 s 41 06'93 +o'jS 

34-01 59'07 . 6 25 07 '76  -0'45 
50.83 30.29 s 39 07.15 +o*16 

17'52 22'06 S 25 07'53 -0 '22  

gS.82 5 5 - 2 2  7 41 07'31 0'00 

IS- IO 49.64 4 17 06-97 $0.34 
4S.97 55.68 6 29 07'04 +0'27 
07.5s 41.54 6 39 07-48 - - o ~ 7  
20'60 q . 4 3  5 33 07.41 -0.10 

26'77 17'04 5 33 07'19 +o'12 

07-59 -0.2s 15.59 22'72 4 36 
46.42 14-06 5 3s 06-97 +0'34 
05.67 12.19 5 28 07.41 -0.10 

or .52 54'22 5 20 07-48 -0.17 
24.05 23.74 4 24 07-33 -0-02 

35'13 43'45 7 30 O j . 1 4  4-0.17 
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2. ALLEGHENY sERIEs--continued. 

Staliort No. 15. Lbited Sfizfc*s Nnzwl Obscr-aifoi:v, rim' sifr., Georgetown Heights. Washington 
District of Columbia. Results referred to center of clock rooni: 

1593-949596" W. Harkiiess and G. A. Hill . 

Same corrected for motion of pole 

0 / / I  . / I  

3s 55 13 '70 f o 'IO 

13 '77 f o '06 
rSg7t 0. B. Frencli 13 -93 & 0 X 6  

' 

Adopted value 13 '75 & 0 X% 

Differential measures hetweeri the observatories, old and new sites, in  IS^;, May, by J. R. East- 
,nail and A. N. Skinner, as given in "Astronomy and Astro-Physics. Vol. SII, 1Sg3, pp. 699-701," do 
not,agree sufficieritly well with the above absolute values and iieed further explanation. 

( I S )  Lafi/tidt? qf lFashirt.&w. Disfr-izf CY' CoLir.irt.bia (Ntw Nlzvlzl CXsci-z~~ifoi:i~). 0. B. Frencli. 
One division of level = 1".600 upper level. 1~l.364 lower Zenith telescope No. 1. 

level. 
June 12-22, rSg7. 

One turn of micrometer = 44"'630 from observations on circumpolars a t  this station. 

Pairs of stars. ?I./ 

9 

9 

9 

6 
6 
6 
6 

5 
5 
5 
5 
5 
5 
5. 
5 
5 
5 
5 
5 
5 
5 

:L' 

I1 

5 
5 
4 
1 
S 
S 

I2 

I2 

I2 

I 2  ' 

I3 

I3 

9 
5 

I 2  

I2 

I2 

I2 

I2 

I2 

Latitude. 

0 / I /  

3s 55 0 9 . h  
os '00 
os '12 

0s '97 
09.10 
os $3 
Ox -72 
09-11 
0s '25 
0s '50 

0s '92 
os '93 

os 'Y3 

og.6 
og '35 
0s .64 
os 'S7 
OS '62 
os '50 
09 '22 

os.44 
Indiscriminate mean = 3S0 55/ os"%. 
Weighted mean = 3s 55 0s -SI &0/(-06. 

IOO observations, 21 pairs. 
e = f 0 ~ ~ ~ 2 0 .  

[Reduction to clock room f ~ I Z . ]  

I' 

/ I  

-0 '99 
+o .SI 
+o '69 
-0 '16 
-0 '29 
-0 '02 

+o '09 

f o  5 6  
-0 '29 

+O '31 
-0 .12 

-0 'I I 

-0 '02 

-0 '31 

fo 'I7 
-0 m6 

-0 '51 

$0 :I9 
+o '3 I 
-0.41 
$0 '37 

*I Observations with P'iinie Vertical Transit and Zenith Telescope. 
1x1 a letter from the astronomical director of the Observatory, Prof. W. Harkness, dated March6, ~Sgg. the result of 

the series when extended to 1.%7'6 is stated to be go s' 13"'gf& with the explanatory remark that the great part of this 
qpparent increase i? on account of a change froin Professor BOSS'S system of decliuatiou of stars to Professor NewLumb's 
system as adopted in his new catalogue of.fondanienta1 stars: the difference ansing from this source being +o"*ps 
[N. B.-The new catalogue referred to has not yet been distributed.] 

See abstract of results next page. 

Astronomical Journal No. 404. Jutie, ~ S g j .  

bobservatious with Zenith Telescope. 
, 
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(16) Lnlificrk i l f  Caicsh.  Dislrict qf Colicriibici. G. W. Dean. Zenith sector No. I. May 6 to 
JLIIW 13, rS51. k v e l s  No. 3. One division of levels = I".ZI (mean). 

Star. 

3 739 
3 SI2 
3 S56 
3 952 
3 951 
4 057 
1 235 
4 25s 
4 2s5 
4 3-16 
4 5x9 
-I 596 
4 607 
4 701 
4 726 
4 741 
4 7s9 
4 SI2 
4 827 
4 543 
4 937 
4 95s 
5 '033 
5 2 1 0  

5 29s 
5 33s 

5 463 

5 596 
5 617 
5 667 
5 775 
5 571 
5 911 
5 937 
5 9go 
6 05' 
6 091 
6 129 
6 21s 

6 255 

5 400 

5 523 
5 552 

Stars north of zenith. 

.4dOpt€i 
secallda of 11' Latitude. 2' 

N. P. D. 

11 0 I 11 /I 

05 T I  6 38 55 33'20 -0'38 
32'29 +0'j3 
32-08 +O-N 

32'55 +0'27 
33'29 -0.47 
32.60 +0'22 

32-7s +orq 
32-23 +0'59 
32.5s S0.y 

32'55 +0'27 
32.41 Co.41 
32.30 $ 0 ' 5 2  
32 '93 -0.11 
32.50 . + o y  
33'49 -0.67 
32'20 +0-62 
32 '29 - b ' 5 3  
33.05 -0-23 
32'53 +0.29 
32.92 -0.10 
33'11 -0.29 
33'02 - 0 ' 2 0  

32'11 fo.71 
33'39 -0.47 
32.58 -0'06 
32'67 + O T ~  
33'07 -0 .25  

33'16 - 0 . y  

32'27 +0'55 
33 ;41 -0.59 
33.40 -0 .5s 

32-63 $0.19 
32-55 -0.0; 

32'39 4-0.43 

33'0s -0.36 
32'92 -0.10 

33'31 -0'49 
32-96 . -0.14 
33 '4-1 -0.62 
33'72 - o y  
33'07 - 0 . q  
33'10 -0.2s 
32'59 +0'23 

22s observations, 43 stars. 
Mean = 3So 55' 32//'S2 = e,,. 

- + o  'os 

Star. 

4 010 

4 309 
4 3" 
4 3s4 
4 321 
4 576 
4 902 
4 969 
4995 

' 5  036 
5 07.5 
5 os4 
5 143 
5 502 
5.432 
5 -179 
5 4% 
5 604 
5 693 
5 731 
5 747 
5 922 
6 150 
6 178 
6 235 
6 355 
6 429 

Stars south of zenith. 

Adopted 
of seconds llleall 11' 1,atitude. 

N. P. U. 

I /  0 1 / I  

46-00 5 38 55 31.04 
.59% 6 30 'S6 

09-50 5 ' 31 '37 
55-42 5 31 '62 

52'13 5 31 '66 
0 7 ' 9  5 j r  -13 
30.20 4 30 '70 
36.00 5 31 'Sg 
17.48 5 31 -06 
51 '50 5 32 'I5 
51.00 7 31 '63 
15 '40 5 31 '02 
39.S6 5 32 '16 
49'SI 5 31 '9.3 
49'32 5 30 '94 
27'76 5 31 .g2 
55.15 6 30 '84 
03.3s 5 3' '50 
46.15 4 32 '34 
"4.35 4 31 -09 
16.32 4 32 '01 
43.05 6 31 '39 
5.5.77 4 32 -12 

07'55 7 31 '61 
26-01 6 31.64 

~gS:ohservations, 27'stars. 

1660 4 32.46 

41-94 6 31 '37 

Mean = 3S0 55/ 3P.54 = 
-1-0 '07 

/ I  

+o '50 
+o .6S 
-0 '92 
+0'17 
-0 .os 
t0.17 

+o .41 
t o  .s4 
-0 '35 
$0 .4s 
-0 -61 
-0 'og 
+o '52 
-0 '62 
-0 '59 
+o 6 3  
-0.35 
+o '70 
$0 -04 
-0 -so 
+o '35 
-0 '47 
$0 '15 
-0 -5s 
-0 '07 

-0 .12  

-0 'IO 

Adopted latitude = ;i; 4- = 3S0 55' 32/'.18.&d/*o6. 
[Reduction to geodetic station + of/.34.] 
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2. ALLEGHENY SERIES-continued. 

Shfioir No. 17. The GeorpVorwr Co/lcgt- Ods~.i-zwfoip, Washington, District o f  Columbia. The 
latitude is frbm "Moiithlv Notices of the Royal Astronomical Society, Lonrlon, 1S50; " see also 
'' Gould's Astrononiical Journal, No. 9, p. 69." 

.Yft7/1h7t Ivo. IS. Rock?i//t-, Montgomery County, ?vfiiryland. June, 1S91, to July. rS92. E. 
Smith, observer. This was one of the latituile variation stations; 
the results are published in detail in the Coast and Geodetic Survey Report for iSg2, Part 3, pp. 1-51. 
The total number of individual results for latitude at  this station is I 7Sg. The value adopted for the 
latitude is 39O 05' ro".45, as given in Coast and Geodetic Survey Keport for rS93, Part 2. p. 5n7. 

Director J. Gurley gives 54' 26".07. ( Iloine. 1 

Instrument. Zenith telescope NO. 4. 

[Reduction to geodetic station Smith + o".IS.] 

(19) Lnlilrrdt nl  .sicgar- Lor!/-, A ~ ~ i i : i ~ / r ~ i i d .  1:. D. Granger and J. B. Boutelle. Zenith telescopr 
One No. 5. October 12-25, IS79. 

turn of micrometer = 4V.379, as observed at this station. 
One division of level = o'"S7S. from observations at  this station. 

Pairs of stars. 

6 397 6 932 
6 9s9 6 973 
7 067 7 091 

[I 8611 7 246 
7 277 7 336 
7 401 ' 7 410 

7 495 7 520 

7 542 7 567 
7 5 9 s  7607 
7 627 7 637 
7 705 7 753 
7' 79s 7 S24 
7 sso 7 915 

c2 of551 7 975 
(3 Q3) s 076 

7 171 7 204 

S rrS S 136 , 
S 158 S 203 
S 231 S 256 
S 316 8 3jo 

28 52 
Io0 15s 
17s 201 

219 267 
305 335 

Adopted seconds of 
mean N. P. D. it' Latitude. 

0 I /I 

5 4 39 15 49'32 
5 . 4  50 'OJ. 

5 4 50 .-I7 
5 4 4s .64 
.$ . 4 50 'IO 
5 4 50.66 
5 4 49 '77 
5 1 49 '96 
5 4 49 '5.5 

S 4 49 '32 
S 4 50 '70 
5 4 $3 '50 

5 3 48 '61 

6 4 49 '00 
S 4 49.95 
S 4 50 '04 
5 4 5' ' 2 0  

5 4. 50 '55 
5 4 49 '48 
5 4 '  4s '85 
5 4 49 .IS 
5 4 49 .ss 
5 4 49 -04 
5 4 49 68 
5 4 50 "3 

Indiscriminate mean =-- 39O IS/ 49'"70. 
Weighted mean 

125 observations, 25 pairs. 

= 39 . 15 49 71 c o"'ro. 
E = IC d"3S. 

[Reduction to geodetic station - T"-24.1 

1 

/I 

+o '39 
-0 '33 
-0 *76 
+ I  '07' 

-0 '39 
-0 '95 
-0.06 
-0 '25 
4-0 '16 

+s '39 
-0 '99 
-+r  .4t 
+I 'IO 

- t o  '71 
-0.27 
.--o '3.3 

- 1  -49 
--0 os4 
-to '23 
+o .S6 
$0 '53 
-0 .17 
-to '67 
4-0 -03 
--0 '42 



TRANSCONTINENTAL TRIANGULATION-PART TV-LATITUDES. 645 

2. ALLEGHENY SERIES-CO11tiULled. 

(20:) Lnlilrmdc nl Ilfnry/izrrd Heights, M n ~ y / i z r t d .  'F. Blake. Zenith telescope No. 5. September 
TWO levels broken at station. 19 to OctoFxr 24, 1S70. 

One turn of micrometer = 41"'40 as detCrrnirier1 a t  the station. 
One division of level = 0".91. ~/"oo, r"m6. 

Pairs of stars. 

6 497 6 520 

6 547 6 566 
6 574 6 601 
6 63s 6 657 
6 690 6 723 
6 Sa6 6 817 
6 S6S 6 932 

7 062 7 067 
j 00s 'i 022 

j @gI 7 152 

7 164 j 195 
7 277 7 330 

7,336 7 353 
7 401 7 410 
7 461 7 4% 

i 559 7,602 
7 71s 7 723 

7 5.21 7 524 

j 757 . 7'?324 
7 SSQ 7 915 
7 997 Q 054 
S 075 8 146 
s 15s s203 

S 231 S 256 
s 2s4 s ,107 
s 350 s3 

152 I55 
16s IS2 

217 244 
254 345 
394 453 
509 57" 
5'5 573 
625 649 

6 636 6 QS 

6 69s 6 731 

6 856 . 6 940 
6 74s 6 s35 

6 979 7 (J35 

Adopted seconds of 
mean N. P. D. 111 

7 
i 
i 
7 
6 

7 
6 

7 
7 
7 
6 
6 
6 
6 

5 
5 
6 

5 
5 
5 
6 

5 
6 
6 
6 
6 

5 
5 
6 
6 
6 
6 
6 
6 

5 
5 
5 
5 
5 

X' 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 .  
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

' 9  
9 

:9 
9 
9 
9 
9 
9 
9 
9 

Latitude. 

0 I I /  

39 20 32'27 

33 '00 
3' .7s 
32 '31 
32.56 
31 ' I ?  

32 'I 2 

32 '15 

32 '2 j 

32 '33 

31 '93 
j 2 . 1 2  

31 .ss 
3 [  .s3 
32 ..- 53 

' 31.32 

32 '65 
32 '16 

31.64 
31 ' S j  

32 '29 
32 '64 
32 '65 
32 '69 
32 '79 
32 .:,s 
31 S 5  
32 '24 
j I  .$3 

32 '77 
32 '53 
31.66 
32 '06 

32 '59 
31 '74 
31 '95 
31.60 
32 '06 

3' 'I7 

/ I  

-0.17 
-0 'go 
4-0 '32 

-0 '26 
-0 '21 

4-0 .gs 
-0 '02 

-0 '05 
-0 ' I 3  

-to '17 

$0 '22 

+o '27 
-0.23 
to .7s 
-0 '55 
-0 0 5  
fo .46 
4-0 '25 
-0 '19 

-0 '54 
-0 '55 
-0 '59 
-0 '69 
-@ 2s 
+@ '25 
-0 '14 

+o '62 
-0'67 
-0 '43 
-0 56 

+@ '04 
-0 '49 
+o '36 

50.v 
$0 '50 
+@ '04 
+0 '93 

-0 '22 

-0 ' 02  



UNITED S T A T E S  COAST AND GEODETIC SURVEY. 

2. ALLEGHENY S E K I E S - C O l l t i l l U d  

(20) Latihut2 at Ah~r:vfoncl Hzighfs. Mmyfmzd, ztc.-Completed. 

Pairs'of stars. 

7 073 7 Io0 

7 161 7 204 
7 397 7 313 
7 3i7 7 41s 
7 450 7 495 
7 505 7 565 . 
7 606 4 7s7(a) 
7 712 . 7 749 
7 7774 909(n) 
7 ,371 7 945 

[2 0651 7 975 
8 079 8 107 
8 126 S 141 ' 

s 211 .s 224 

s 299 8 344 
s 65 

126 223 
239 247 
335 341 

525 556 
614 647 
653 657 

45s jCG 

Adopted seconds of 
mean N. P. D. 

I/ 

02 '22 

55 6J 
oy '32 
01 '40 
4s '30 
17 .gS 
59 '43 
2 0  s.3 

35.50 
04 a 
52 '14 
14 '63 
5s '40 
45 .ss 

32 'os 
q . 1 1  

42 'IO 
0r.99 
0 s  .io 
i7.W 
17.16 
0 2  '35 

35 .9@ 

?I 

5 
5 
4 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 

5 
5 
5 

I, 

9 
9 
9 
9 
9 
5 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

Latitude. 

a I I/ 

39 2 0  32 '75 
32 '93 
31 '67 

' 31 so  
j 2  '01 

32 '61 
31 '43 
31.47 
32 '35 

r 

II 

-0 '65 
-0 '83 
1-0 '43 
t o  '30 
+o 739 
-0 '51 
+o '67 
+0 '63 
-@ '2.5 

Itidiscriniinate meaii = 39' 20' 32/"10. 
Weighted mean = 39 20' 32 'IO =ko//m~$ 

343 observations. 62 pair.;. 
= & o'I.30. 

[Reduction to  geo+tic station - d"74.l 
( a )  Indicates Arinagh catalogue uf rSqo. 

( 2 1  ) Lnfihrdf lit Bidl Rim. 1 kilgitzin. F. Blake. Zenith telescope No. 5. September 2p to 
One division of level = x".m Mean of 3 determinations a t  Clarks Mountain and'this October 14. rS7r. 

station. One turn of rnicroineter = JI"'37, from 'observations on Polaris at this station--; sets. 

Pairs of stars. 

6 779 6 
6 65s 6 867 
6 SSr 6 ~4 

7 022 7 061 
ggo ' 6 996 

7 ogs 7 149 

Adopted seconds of 
mean N. P. D. 

/ I  / I  

59.20 03.42 

23 52 '53 
50'71 16'sO 
ot '35 07 .SS 
IS-16 56.31 
20'27 2 3 ' j O  

?l./ io Latitude. 

a I I I  

5 5 3s 52 56.r-I 
5 5 56 '53 
5 5 56 '79 
5 5 57 '52 
5 5 56.64 
5 5 57 '20 

I I  

+o '65 
+o '26 
0'00 

-0 '53 

+0"5 
-0.41 
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Pairs of stars. 

*7 256 7 294 
"7 39s 47 39s 
7 444 7 46s 
7 505 7 521 
7 5s: 7 636 
7 707 7 742 
7 757 7 825 
7 553 7 997 
8 114 *S 133 

S 301 S 317 
63 .:XI a6 

166 I ~ S  

s 223 279 

229 235 
2s3 343 
409 4so 
50s 513 

6 946 6 959 
7 0 3 1  7 cns 

6 $61 6 565 

'j 140 7  IS^ , 
"7 256 7 27s 

7 297 7 320 
7 333 7 399 
7 455 7 465 
7 476 7 520 
7 627 7 676 
7 733 7 749 
7 9'4 7 995 
S 125 *S 133 
8 zg6 S 310 

102 *126 

16s 21s 
322 391 
453 535 

Indiscrituinate mean = $3' 52' 56//*79. 
Weighted riieait = 3s 52 56 '79 c0".07. 

205 observations, 41 pairs. 
c: = + O"'26. 

[Reduction to geodetic station - o"'63.1 

Adopted seconds of 
: i tem N. P. D. 

If 

54 '52 
42 '00 
47 
35 ..50 
40:17 
36.36 
47 'S3 
4s '15 

21 '37 
17 
26 '50 
56 .oo 
43 '65 
32 -7s 
56 '00 

32 '20 
05 '62 
36 *S+ 

55 '56 
00 'I3 
54 '52 
06 '43 
os '4s 

36.44 
38 '-127 
51 '40 
19 '27 

54 '37 
56 'm 
46 '2s 
05 '37 
4 'SO 

51 '96 
11 'S2 

32 tis 

?I I 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 

r 5  
5 

n' 

> 

3 
5 
5 
5 
5 
5 
5 
> 

5 
5 
7 

5 
c 

5 
5 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
5 
5 
5 
3 
5 
3 
5 
5 
5 

V 

II 

to *22 
+o .IS 

+a '65 
-0.27 

-0 .s4 ' 
+ I  .a6 

+ I  34 
--I '15 

-0.31 

-0 '13 
-0 .23 

t o  7 5  
+o '41 
-0 '03 
t0.17 
-0 '27 
-0 *os 
+o '47 
$0 '76 
-0 '05 
-0 '05 

$0 '34 
+I 'I2 

-0 '63 
-1 '35 
- I  '19 

-0 '2s 

f o  '35 
$0 .44 
-0'13 

--I '45 
+0*31 
fo  '66 
-0 -8 1 

r0.13 
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2. ALLEGHENS sEKrEs-continued. 

(22) Lolilwdt3 l i t  SfiIXSbtbTg, 1 -ii&riuil~. C .  H. Sinchir. Meridian telescope No. 15. June 7-22, 
One turn of micrometer I s s ~ .  

= j7/".%, from observations 011 Polaris at this station--a sets. 
Oiie clivision of level = 2".69, c1etermined at ofice, ~ugust, IS79. 

Pairs of stars I I  I 

C 
v 

7 
7 
5 
6 

7 
5 
5 
6 
3 
6 
6 

5 
1 
1 

5 
4 
5 
3 
4 
5 
I 

:0 

7 
9 
9 
7 
S 

9 
7 

S 

5 
S 
s 
7 
6 

3 
7 
6 

7 
5 
6 

7 

3 

r )  

Latitude. 

0 I I t  

3s 59 32 .SO 

3' "9 
3 0  9J 
31 '13 
32 '37 
32.34 
j r  '09 
31 '02 

30.96 
30 .98 

32 '35 
3" .4s 
31.65 
3072 
30 '44 
31 '69 
3' '90 
31 '52 
j: ' 2 6  

j r  '92 
31 'Yr 
31 '27 

Indiscriminate mean = 3s' 59' 3P45. 
Weighted meat! = 3s 59 31 '19 f d"09. 

io6 observations. 22 pairs. 
P = -C 0". 7.1. 

[Reduction to geodetic station + d"or.] 

2, 

I/ 

-1 '01 

+o '30 
fd .59  
$0.06 

-0 'SY 
-0 'Sj  

$0 '40 

+@ .47 
$0'53 
+o '5 I 
--o 'S6 
+I ' 0 1  

-0'19 

S I  '05 

-0 *41 
-0 '03 

-0 '43 
-0 '32 
+o '22 

10.77 

-0 '20 

I ,... " 
I u '3 
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2. ALLEGHENY s ~ ~ ~ ~ s - c o n t i n u e d .  

(23) L1.lfifzcdr. nf CCt1t-k iMozdtii#z. ITtgiizia. F. Blake. Zenith telescope No. 5. July 31 to Augurt 
One turn of microni- 20, rS7 I. 

eter = 4P.42, from observations upon Polaris at this station. 
One division of level = I/'.oo. froin two determinations at this station. 

Pairs of stars. 

5 619 5 644 
5 72s 5 749 
5 775 5 56.3 
5 937 5 967 
6 nj; 6 052 

6 333 6 335 
*6 365 "6 365 
6 426 6 475 
6 496 6 527 

6 674 6 6S7 
6 695 6 745 

*6 765 "6 765 
*6 %% "6 So6 

6 S24 6 S35 
6 856 6 SSj 

6 5Sr 6 j59 

6 933 6 976 
7 006 7 022 

7 09s 7 I21 

7 3'3 7 355 
7 44.4 7 $4S 

5 575 6 021 
6 4s7 6 555 
6 5Y3 6 661 
6 691 6 717 
6 739 6 SIS 
6 847 6 go' 
6 952 6 970 
6 99s 7 041 
7 os3 7 131 

7 246 7 294 
7 345 7 36s 
7 465 7 503 
7 52s 7 545 

"7 6 0 2  7 602 
7 737 7 753 
7 798 7 $20 

7 0% 7 923 
7 937 7 953 
S 032 *S 036 

7 164 7 171 
7 213 7 277 

7 505 7 524 

7 145 7 220 

Adoptecl seconds of 
mean N. P. D. 

21 '37 47'31 
39'49 '3'64 

I ,  It 

41.64 51.50 
OSYXI 41 2 6  
54'52 14.70 
21 '15 5u.35 

, 06'04 06.04 
02'53 22.ss 

20'16 53.07 
27'61 40'9s 
4002s 25'23 
I2 '47 42 '37 
o.l.12 q . 1 2  

47'59 47'59 
1S.31 m y 7  
oS.50 IS '30  

59'20 3553 
20'73 17$2 
20'26 07.01 
60'6s 46.72 
56'21 41 .36 
56'55 14'07 
47 '00 4s.45 
35.30 45.9s 
I S 2 S  07 6 2  

IS .6tj 57 .05 
35'26 23'75 
14.63 03.66 
5 0 2 3  rg.j2 
5" '53 37 f)4 
36'7s 4233 

32 '65 36.94 

63 'w 1s 'v5 
08.03 03.S3 
'7 'og 3s.95 
56.3s 37'92 
29'95 29'95 
46'27 50.60 
06'07 37.72 
og'i7 09.56 
47'37 4S.26 

Og'O5 55'2s 

29'23 41'71 

58'57 56.05. 

n 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

X'  

6 
6 
6 
6 
6 
6 

6 
6 
6 
6 
6 
3 

6 
6 
6 
6 
6 
6 
6 

. 6  
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

, 

> 

, 

Incliscrimitiate mean = 3S0 IS' 39"'7S. 

Latitucle. 

$3 IS 55.76 
, 40.40 
40 '59 
40 '01 
41 "9 
39 $9 
3s .43 
39 $S 
40 .s I 
39 '5 1 
39 '6Q 
40 '02 

39 "9 
39 $5 
40 '37 
40 
39 '30 
40.1s 
39 '97 
38 .41 
40 .IS 
39 "3 
35 '73 
3s  .&S 
35 '73 
39 6 3  

40 '03 
. "09 

39 '70 
35 '99 
39 '6.3 
39 '07 
3s '67 
40.02 

39 '57 
39 'S3 
40 '64 
39.44 
40 '67 
39 '55 
39 66 
40 '49 
40.44 
39 3s 

0 I /I 

ZJ 

II 

+ I  'al 
-0 '60 
--@ '59 

--I '39 
-0 'OS 

-11  '37 
-0 'OS 

- t o  "9 
$0 'I I 

t o  6 1  
f 0 ' 2 2  

-0 '57 
-0 6 J  
+0 '50 

-0 '17 
+o '39 

--0 '21 

- -I  '01 

-0 '22  

-0.3s. 

-0 .3s 
fo  '67 
+ I  '07 
-0 '92 
fo 'OS 
+o .IS 
-0 '23 
-0 '29 
$0 ' I0  
-0.19 
+0"7 
$0 '73 

$0 23  

-0 3 4  + o -36 
-0.57 
$0 '25 
+@'14 
-0 '69 
-0 '64 
+o '42 

$.I  '13 
-0 '31 

-0 '02 

- .. . 

Weighted mean = 38 IS 39 .So &o"m6. 

220 observations, 44 pairs. 
P = k d/'n5. 

[Reductioii to geodetic station - o"'25.1 



650 LTNITED STATES COAST AND GEODETIC SURVEY. 

2. ALLEGHENY SERIES-colltinLled. 

( 24) LaLilrrift: ( i f  L'lrai-fatftyi/, I.i'rgiiricz. F. H. Parsons. Transit No. J. hugust . I  1-29, 18S2. 

from observatioiis on 0' Urso Minoris at thisstation 

Pairs of stars. Adopted seconds of 
mean N. P. I). 

I /  

37 '29 
41 60 
41 *so 
03 .s2 
56 *40 

07.50 
22 s o 6  

01 '03 

57 '16 
I 7  '17 
29 .IS 
I O  '09 
16 '27 

46.17 
13 '65 
57 '14 

if' 

4 
3 
6 

5 
6 

-1 
5 
6 
6 
S 

7 
4 
4 
-I 
3 
-I 

:E' 

3 
5 
-I 

-l 

3 
3 
3 
3 
3 
, 
3 
3 
3 
3 
3 
3 

One division of level = f"13. as OtJWrved at the ofice, July, rSS1. 

Indiscriminate mean = 3So 021 00'"gg. 

One turn of micrometer = 4 1 ~  "~4. 

Latitude. 

0 I / I  

3s or 61 '52 

60 '23 
59 '9' 
61 .IJ 

60 '07 

61 '0s 
b 1  '71 

62 * I +  

67 'IS 
60 '83 
60'31 
60 '67 
6 I '30 
62 '13 

60 ' 2 2  

59 'S5 

Weighted ineaii = 3s 02 m '95 &o".IJ. 

79 observations. I6pairs. 
44. c- = i U"' 

[Reduction to dome of university T io'/.aj.] 
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2.  ALLEGHENY SERIES-continued. 

(25) Ldiladc lit Lo)i*c Moroit. I-irgi)iilz.* A. T .  Mosmati. Zenith telescope No. 2 .  October 
One division of level = 1/'.06. from observations at Maryland Heights, October to 

One tnrn of rnicrometrr = 44"*779, from observations upon circutnpolars at this 
16-22, rS75. 
November; rS75. 
station. 

Pairs of stars. 

7 5% 7 412 

7 641 . 7 655 
7 674 7 7m 

7 796 .7 s29 
7 760 7 :YS 

7 843 7 S50 
7 S6S 7 SSr 

7 90' 7 94.3 
7 967 7 971 

7 9s s 059 
S 070 S 077 
S 127 8 173 

S a06 S 223 
S 256 S 261 

s 277 s 300 
s 359 s 370 

169 214 

46 . 51 

225 244 
2s5. 31s 

Adopted seconds of ,11 . w Latitude. mean N. P. .D. 

I /  

35 .24 
57 '37 
54 '05 
Q4 '57 
.26 '07 
58 '67 

40 '00 

54 '3' 
24 6s 
59 '94 
59 '07 
02 .06 
52.60 

49 '72 
03 '65 

29 '53 
41 '70 
55 'm 

04 '34 
0 1  '55 

6 
6 
6 
6 
6 
4 
6 . .  
6 .  
6 
6 
6 
6 

7 
7 
6 
6 
5 
5 
6 

5 .  . 

D I I/ 

6 37 17 29'62 
6 1s 7s 
6 a9 ''9 
6 2s .24 

6 . 27.66 
6 19 '53 
6 2s '94 
6 3 s  .S$ 
6 2s 's; 
6 29 ' 26  

b 28.1s 

6 27'S5, 
4 .  2s '40 
6 29.14 
6 2s '2 j 

6 2s 'S9 
6 2s .sz 
6 2s.93 I 
6 27.60 
6 29 'js 

I' 

-0 '90 
-Q '06 
-0 '57 
+o ..p 
+ I  '06 
-0 'SI 
-G ' 2 2  

-0 '16 
-u 'I I' 

-0 '54 
+o '54 
+o 'S7 
+0 '32 

-0 '42 
+o '49 
-0 .17  

-0 'IO 

- 0 ' 2 1  

+ I  ;12 

-0 r66 

Indiscriminate ruean = 3 7 O  17) zS.";z. 
Weighted mean = 37 17 2 s  '72 t o' / 'q.  

I 19 observations, 20 pairs. 

' 

z = * o'"3 I .  

- [Reduction to geodetic station - 0'/.02.] 
-. 

*Practice ohservatioiis were made at this station by W: B. Fairfield ai1d.D. 5. U'olcott. aids. Their results were: 
Faikfield. q"m f o"'13; Wolcott, aS"'57 f o"'r5. meal1 = ?S"'sO. In view of the .fact that these observers were tlieii 
inesperienced, this result has not been coinbilled with that give11 above. 
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2. ALLEGHENS S E R I ~ ~ S - ~ O l l ~ ~ l l ~ l ~ d .  

(26) LaCi/iril* 17/ EUidrC Zi>toh. J Y j r i t z i f f .  W. B. Fairfield. Zenith telescope No. 6. July IO to 
August 2, rS78. One division of level = 1//.09, deterinineil at 'office April. 1S79. One turn of 
micrometer = 76/'.33, from observations upon Polaris at this station. 

I /  / I  0 I I /  

23'95 43.2s , I 3s q 57.0s 
29'93 37'M'  a 57 '03 
07'01 45.60 6 4 57.29 
41 '30 37'97 7 4 57 '59 
31.09 36.50 7 4 5s .I6 
31.50 55'35 S 5 57 '59 
37'99 22'04 6 4 57 '4.s 
10'72 33.40 7 4 ' 56 ' 2 0  

03'20 46'53 7 4 57 '55 
19'59 gr .4S 6 4 . gs.32 
33%7 20 '10  6 4 56 '63 
07.S5 57.01 7 4 5s .or 
52.33 07'39 6 4 5s .os 

24.S.1 19.89 Y 5 55 '61 
20'47 02.55 7 4 5s 'zp 

21 '67 3 S 5 2  6 4 . 56 '61 

, 2S.14 5 S J I  S 5 j s  '07 

1 12.56 p ' 3 S  6 4 57 'I7 

Pairs of stars. 

35'30 51 '57 6 4 57 3 7  
21'57 . 04'19 6 4 gS '90 

5 033 
5 11.5 

5 JS7 
5 29s 
5 34s 
5 4 I J  

5 496 
5 6x9 
5 666 
5 72s 

5 734 
5 795 
5 ss7 
5 937 
6 021 

6 a5g 
6 159 
6 223 
6 300 
6 355 
6 426 
6 4S2 
6 556 

5 072 
5 153 
5 279 
5 3'9 
5 367 
5 4 b  
5 546 
s 6-14 
5 706 
5 749 
5 757 
5 s2s 
5 s93 
5 967 
6 os6 

6 1% 
6 335 
6 350 
6 392 
6 175 

6 593 

6 122 

6 50.9 

I /  

t o  '43 
+o .4s 
+o '22 
-0 .os 
--o '65 
-0 .os 
+0 '03 
+I .3' 
-0.04 
-0 .SI 
+o ss 
-0 '50 

-0 '54 
---o '56 

+I '90 
-0 '7 1 

t o  '90 
+Q '34 
-0 '09 
+0~6 
-0.36 

-1 '39 
-0 6s 
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3. ALLEGHENS s~~~~s -cont i i iued .  

(27) Lolitraft' a! A k i c y ,  ll.'pst 17iigiriin. A. T. Mostnan. Meridian telescope No. 13. August 21 
One turn of inicrotiieter = ~ ~ " S J S ,  from to September 3. IS%. 

observations on Polaris a t  this station. 
One division of level = ~ ~ I . 6 9 .  

Pairs of stars. 

6 235 6 26s 
6 322 6 350 
6 341 6 372 
6 453 6 453 
6 475 6 497 
6 530 6 547 
6 650 6 646 
6 674 6 723 
6 734 6 758 
6 783 6 Qi. 

6 915 6 956 
(3 383) 7 d 7  
[I St91 7 143, 
7 164 7 241 
7 3 6  7 365 
7 398 13 5751 
7 468 7 474 

6 567 6 S6S 

Adopted seconds of 
meail N. P. D. 

// 

' 9  '59 
17.66 
26 .gY 
46.33 

w 64 
04 '30 
37 '42 

' 22'53 

39 '11 
26 'IO 
26.46 
23 'S7 

57 '65 
07 '62 

54.41 
27 '97 
19 '14 

41 '4.3 

I /  

26 '85 
27 '49 
59.14 
21 '52 

17 5 s  
34 5 6  
23 'S7 
12'93 

51 -84 
26 'gg 
37 '23 
20 '92 

51 '69 
14 '47 
3' '93 
52 ;.76 
47 'IO 
I I  '07 

111 

b 

6 
6 
6 
6 
6 
6 

4 
7 
7 
6 
6 
6 

5 
5 
6 

5 
6 

X' 

5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 
5 
4 
4 
5 
4 
5 

Latitude. 

0 I I /  

.XT 46 23 '49 
24 . I S  

12 '90 
22 '53 

23 '35 
22 '25 

22 '87 
' 23.19 

22 '85 
23 '$3 
24 '31 
24 '36 
22 '70 
22 '32 

24 '36 
22 '70 
23 -36 
23 '61 

Indiscriminate niean = 37O 46/ 23"*16. 
Weighted mean =37 46 2; .26&0"'11. 

105 observations, IS pairs. 
e =  *d'$g. ' 

[Reduction to geodetic station - o'I.75.1 

I/ 

-0 '23 
--o '92 

-+o '36 
+o .76 
-0 'og 
f r  '01 

+o '39 
$0 '07 
$0'41 
-0 '12 

--I 'OS 

-1  ' IO 

f o  5 6  
+o ?Al 

f o  .56 

-0 '35 

-1  'IO 

-0 'IO 



( 3  322) 6 932 

7 0 2 1 .  ( 3  355) 
7 os6 7 140 
7 164 7 171 
7 ISS [ I  S ~ I ]  
7 241 ( 3  49') 
7 301 7 36s ' 

7 355 7 39s 
7 465 7 503 
7 555 7 555 
7 sss 7 623 
7 664 7 700 

' 7 733 7 754 
7 775 7 507 
7 823 7 896 . 

7 9-15 [2 6 4 1  
7 995 8 032 ' 

6 952 6 970 

S 071 S 124 

S 141 S 224 
8 250 S 273 
8 300 ( 4  057) ' 

I/ I/ * o /  II I/ 

58.86 3Ss7S 9 2 35 21 05'9s +d.41 

zS.52 31 '77 3 3 07'26 -0.87 
0 2 . 0 9  03.17 3 3 04.18 + 2 ' 2 1  

26'77 52.09 - 3 3 05 .SI +o.SS 
29.7s 14'36 > 3 ' 07 '79 -I '40 
50.99 09.93 > 3 os '24 -1 .SS 
51% 24.20 . . 3 3 '  04.96 + I  '43 
07 $1 09.05 3 > 05-51 +o.ss 
12.74 43 '24 - 05's- +0'57 

, 12 '92 30.44 2 , 2  96.30 +o.og 

35.05 24'65 I I 06.38 +o.or 
53.46 -14.d I I '  06-33 +om* 

24.75 31 '67 I I 05'73 +0.66 

1 2  'S3 33'57 I I os '44 ' + 0 9 5  
I 0 . S O  50.50 I ' J  . oj-07 -0.68 
59.29 II .SS I , I  08'29 -I 'go 
2773 0 6 . 2 2  I I . 04.54 +I '55 

42-69 32.78 . 1 I '  Oj'.I7 -1.08 
04.79 ,35.7s I , I  07.26 -0.87 
12-57 0 9 . 9  I OS'.21 -1 .s2 

1 7 

47'91 32'oS ' I I oS.30 --I '91 

07'65 --I '26 I . I .  42.71 42.57 

I 
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2.  ALLEGHENY sERIEs--continued. 

Lntitmfc.nt Clrnr/&oir, l r h !  .l.i'igiirin *. C. Schenk. Transit No. 6. August 24-26, rSS3. One 
diviiion of level = P.6. One turn of micrometer = @. 191 from observations upon circumpolars. 

Pairs of stars: d 

2 

I 

2 

3 
I 

3 
3 
3 
9 

3 
3 

3 
3 
2 

3 
3 
3 

2 

2 

2 

ZL' 

5 
3 
5 
6 

3 
6 
6 
6 
5 
6 
6 
6 
6 

5 
3 
6 
6 

5 
5 
3 

i 

/I 

-0 .so 

-0 '44 
-0 .q6 
- t o  '61 

+o '57 
-0.62 
+o '85 
-0 '63 
+o '51 
+ I  -2s 
-0 '14 

-to '55 
f o  '50 
+o 'IO 

-0.49 
t033 
-0 '54 
-1 '20 

-0 '32 

-0 -66 

Indiscriminate 'mean = 3S0 21'/ 07/'.02. 
Weighted mean = 3s 21  ,06 .gS c  IO. 

49 observations, 20 pairs. 
t' = -C O"'54. . 

[Reduction to geodetic station 0'~.0o.] 
___-_.. - 

*Practice observations were made at this station by W. B. Fairfield arid D. S. Wolcott. aids. Their resillts were: 
Fairfield. q"'m * O".IZ; Wolcott. z S " y  * G " , I ~ ,  t i iea~~ = z8"'Sa. In view of the fact that these observers were then 
irrexperieiiced this result has not been coinbined with that given ahove. 



656 UNITED S T A T E S  COAST AND GEODETIC SURVEY. 

3. ALLEGHENY SERIES-continued. 

LnfiCirdr of Cha)-lt-.sfoir, ll.'t*sl 1.i'iS'iiriiz". C. Terry. Transit No. 6. August 29 to September 6, rSS3, 
One turn of niicrotneter = 44"*191 from observations upon circunipolars. One ilisision of level = P 6 .  

Pairs of stars. Adopted seconds of 
meail N. P. D. 

I/ 

32 '09 
14 '36 
09 '93 
24 ' 2 0  

09 '0.5 
43 '24 
30 '44 
24 '65 
14 .as 
3' '67 
32 TIS 

33 '57 
50 '50 
I T  .ss 
06 '22 

42 '57 
32 .7s  

35 .7s  
09'90 
4s '84 
51.96 

i 

I/ 

-0 'S7 
-0.09 

+o.or 
+o '27 
+ I  '42 

+ I  '00 

-0 '3.5 
+ I  '44 
--I ' 2 5  

-0 '13 
+o '25 

-0 '79 
+O '29 
-0 '55 
---0 as4 
-+I .36 
-0 .a0 

+o '72 

+0:52 

-1 ' 2 0  

-0 '22 

Indiscriminate mean = 3S0 21' 06"'Sg. 
Weighted mean =3S 21 06 .90&0".12. 

E = + dI.67. 
r r j  observations, 21 pairs. Weighted mean of 3 series 3s' 21) 06''mS7 ccr"10. 

[Reduction to geodetic station o'!'oo.] 
-. - 

*Practice observations were made at this station by W. B. Fairfield and D. S. Wolcott. aids. Their results were: 
Fairfield. zq''.m + O''.IZ; Wolcott. zW.57 f o".rg. mean = W.h. In  view of the fact that these observers were then 
inexperienced this result has not been cotubined with that given above. 
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. 2. A L L E G H E N Y  SERIES-COl l lpk ted .  

(29) Ldilt(de at PI'iuy, ll.'csl lriixijii(r. A. T. Mosman. Meridian telescope No. 13. August 
30 to September gq ISS~. One division of level = 2/'-69. One turn of niicrometer = 77"'793 from obser- 
vations on Polaris a t  this st 'ion. . 

Pairs of stars. 

6 74s 6 SIO 
6 S24 6 535 
6 S52 6 S6S 
6 S79 6 S95 
6 92s 6 979 

7 ogs 7 107 
7 164 7 171 
7 246 7 27s 
7 345 7 365 
7 462 7 521 
7 547 7 597 
7 676 7 706 
7 733 7 754 
7 778 7 so7 
7 548 7 s93 
7 943 7 967 
7 995 8 039 

6 g y  7 022 

Adopted seconds of 
mean N. P. D. 

00-23 11 7 6  
I/ /I 

30'54 12'12 

0 2 - 4 4  O s s g  
oS.66 13 'Sg 
47.1s '9'74 
49-45 02.33 
56.58 43.43 
30.26 14'42 
2 5 ' s  13.2S 
17-4s og.2S 
25.66 43-22 

OS-65 55'32 
53.66 33.66 
47'92 32.04 

00.40 5s.37 

36.90 53'57 
. 53.14 06-21  

22'S3 33.57 

11.1 

6 .  
6 
6 
6 ,  
6 
S 
7 
7 
6 
7 
7 
6 
5 '5 
5 '5 
6 
6 
6 
6 

Latitude. 

0 / I/ 

38 26 41 -2s 

. 41 -30 

40.93 
41.96 

' 40 7s 
42 'I5 
41 *06 

41 '07 
41 '30. 
40 '77 
41 '72 

41 '22 

41 *50 
41 'I9 

, 41.03 
' 41-87 

41 '51 
41 -36 

Indiscriminate mean = 3S0 26/ 4P.33. 
Weighted mean =jS 26 41 '33 &O"'o6. 

113 observations, IS pairs. ' 

e = * O"'.p. 

[Reduction to geodetic station - 0".44.] 

i 

If 

$. 0 '05 
$0 '03 
+o .40 
-0 '63 
+o '55 
-0 'S2 
+O '27 
+o '26. 

$0 3 6  
-0 '39 
+ O T I  

-0.17 
+0'14 
$0 '30 
-0 '54 
-0 '18 
-0 -03 

+0.03 
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3. OHIO SERIES. 

(30)  Lafifridc nt Gorrld. Ohio. A. T. Mosrnan. Meridian telescope No. 7." August 27 to Septem- 
One turn of micrometer ber 11, 1585. 

= 7W.232 from the latitude observations at  this station. 
One division of level = r"xq from observations at this station. 

Pairs of stars. Adopted secvndsof 91! , ~~, 
iiieaii N. P. D. 

II 

12 '54 
46 '16 
17 '9s 
14.13 
14.49 
34 '75 
22 '05 
I 8  'S7 
5s  '01 

50 '53 
'9 '2s 
25.42 
04 '23 
39 -96 
13 -64 
5s 'sq 
rg -66 

6 1.1: 

6 I 'I 

6 ' -1.1 

7 I '1 

7 1 ' 2  

7 1 '2  

6 I 'I 

7 I '2 

6 I 'I 

6 I 'I 

6 I 'I 

7 1'2 

6 I 'I 

5 . I 'I. 

7 I '2 

4 I 'I 

2 0'9 

Eatiturle. 

0 I II 

3s 3s 30.94 
29'65 
30.4; 

r 29.SI 

3' '05 
, 28-56 

2s '93 
' 30.25 

j o  'S7 
' 2ss5 
' 2s" 

30 .os 
' 33'97 
30 '28 
27 '93 

' 2S-5S 

. 30.43 

Indiscriniinate mean = 3S0 3.S' 29"*97. 
Weiglitecl mean = 3s 3s 29 ,'96 -C 0"-23. 

IOI observations, 17 pairs. 
e' =e o'"S5. 

[Reduction to geodetic station - 2/'-00.] 

/I 

-0 .gs 
+o '3 I 

-0 '17 
$0.15 
--I 'og 
+-I '40 
+I '03 
-@ '29 
-0 '9 1 

+I ''I 

.+I '02 

-4 '01 

-Q '32 
+z '03 
+I -3s 
-0 '47 

-0'12 

, *Instrument defective; object glass loose. 
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. .  

3. OHIO SERIES-COlltillLled. 

(31). Latifndr. al Afittemi,  K ~ v I ~ I L ~ : ~ J  A. T. Mostiian. Zenith telescope No. 6. August 3-13, 
One turn ISS7. 

of micrometer = 76f/'r60 from observations on Polaris at this station. 
One clivision of level = d"SS deriied from the latitude observations at this station. 

Pairs of stars. 

5 840 
5 874 
5990 
6 os2 

6 151 
6 235 
6 395 
6 471 
6 552 
6 589 
6 662 
6 734 
6 799 

6 979 

6 SSj 

7 029 

Adopted .seconds of 
meail N. P. D. 

I/ 

49 '73 
23 :73 
25 '53 
I3 '23 
5 1  '41 
54.96 
52 '16 

59 '16 
14 *6S 
59 '31 
00 '54 
38.19 

24 '37 
54 '65 
05 '44 
w '23 

/ I  

47 '69 
51 '34 
59 '59 
0 2  '55 
0s '93 
og '72. 
29 '07 
44 '65 
13 '32 
3' '03 
I 1  '14 

24'99 * 

IS '67 

40 '90 
36 '27 
27.64 

)I' 

6 
6 
7 
6 
6 
6 
6 
6 
6 
6 

5 
6 
6 
6 
6 

5 

X J  

21 

21 

22 

P I  

21 

21 

21 

21 

21 

21 

20 

21 

21 

21 

21 

20 

Latitude. 

0 I ,  n 

3s 42 30'90 
j o  '26 
31 '39 
31 '3s 
30 '9 I 

30'55 
30'sO 
31 '12 

. 30 '71 

31 '20 

30'73 
31 ' 02  

jO 'S5 
j r  ' IO 

30.36 
30.74 

Indiscriminate mean = 3S0 42' 3of'*SS. 
Weighted mean = 38 42 30 .SS -C of/*o5. 

95 observations, 16 pairs. 
c = +0"*29. 

[Reduction to geodetic station =d/'oo.] 

J 

// 

-0 '02  

+o '62 

-0 -5 I 
-0 '50 
-0.03 
+o '33 
+o .os 
-0.24 

+0'17 

-0 '32 
+0'15 
-0.14 
+O '03 
-0 '22 

+ O W  

+o 'I4 
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j. OHIO SERIES-COlltillUed. 

(32) la ti lad^- ot L'iacinnriti,* Ohio. C. H. Sinchir. Transit No. 4. July 19-27, ISST. One 
One turn of micrometer = division of level = 2"'123, from office 'deterniiiiation of July, 1S8r. 

41":4oo, from observations upon 8 Ursx Minoris a t  this station. 

Pairs of stars. . 

5 922 5 937 
5 978 5 99' 
5 999 ( 2 W )  
6 047 (2  S22) 
6 079 6 106 
6 203 6 235 
6 265 *6 355 

"6 355 6 391 
6404 6 4 %  
6 496 (3 071) 
6 520 6 534 
6 572 6 625 
6 667 6 71s 
6 735 . 6 803 
6 Si7 6 S4g 
6 867 6 go1 
6 96s (3 372) 
7 067 7055 
7 09s 7 146 
7 171 7 204 

(3 484) 7 246 

Adopted seconds of 
mean N.. P. D. 

55.36 36.16 
03-12 29-52 
jo*!6 52.55 
35.73 22'95 
29.S7 10.23 
50.22 1s-19 
25'0s 35'05 
35.05 39'26 
06.gi) 06.51 

33-06 07'79 
59-65 56'45 

I/ I/ 

26.21 1 9 . 9  
12.06 50.53 
29-01 41 '92 
08-96 ~ . 0 2  

16'56 56-27 
15.10 27.6s 

40.19 52-24 
20-46 4.14 
39'74 29-60 
51.15 52'2s 

IC! 

6 

5 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 

5 

:U 

S 
S 

7 
s 
s 
S 

5 
5 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

Latitude. 

0 / /I 

39 os IS.* 
. mso 

20.46 
20 a78 
20 -31 
20.19 

19 '87 
20 'S5 
20 '65 
20 '77 
2 0  '41 

20.42 

2 0  '00 

20 '01 

20 '74 
21 .a 
20 -30 
20 '65 
21 'IO 

2 0  '61 
20 '49 

Indiscriminate mean = 3g0 OS 20".4S. 
Weighted mean =39 0s 20 .5o&d/'oS. 

105 observations, 21  pairs. 
6' = & 0".43. 

[Reduction to  center of dome - d/-96; also to  geodetic station - 1%9.] 

" 

/I 

+I ' j 2  

-0.30 
+o '50 
+o .w 
-0.25 

+0'19 
+o '51 
$0 '63 
-0 '35 
-0.15 

-0.27 
$0 'og 
+o -0s 

$0 '49 
-0 '24 
-1 -1s 
$0 ' 2 0  

-0'15 
-0 -60 

+o '01 

-0'11 

* Astronouiic obserratory on Mouut Lookout. 
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j. OHIO SERIES-COIllpkted. 

(33) Lnfifaa'c at Rcizin, Iidinna. >V. €3. Fairfield. Meridian telescope No. 7. October 10-17, 
One turn of rSSg. 

micrometer = 7S"-4m, from the latitude observations a t  this station. 
One division of .level = d'y, from .the latitude observations at this station. 

Pairs of Stars. 7u Latitude. Adopted seconds of 
nieaii N. P. D. 

II // 0 I // 

.qg'13 10.64 6 6 39 0 2  53-15 
02.sg 45'01 6 6 53 '3' 
45'25 10.43 6 6 54 .A5 
43-61 22.15 6 6 53 '67 
3S.59 15.12 6 6 54 '79 

;g%a 26.21 6 6 52 '91 
3 9 4 s  45 '33 6 6 53 '64 
57'60 0 1  '97 6 6 53 '27 
24.93 32-22 6. 6 54 'IO 
14.30 51 '23 6 .  6 52 '70 
26'04 34.57 6 6 53 '59 
4 . 2 5  3S.63 5 5 ' 53'39 

07S4 51 '71 6 6 53 '41 
47'65 24'11 6 6 53 '31 
32'69 10.47 5 5 54 '44 
31.19 01.20 5 5 53 '24 

47'77 01 .62 6 6 54 2 6  

10'27 57'1s 5 5 52.66 

Indiscriminate mean = 39' 02' 53/'-57. 
Weighted mean = 39 0 2  53 -58 =k dj-10. 

10q observations. IS pairs. 
e = C d'.4 j .  

[Reduction to geodetic station + d'*02.] 

'I 

+o '43 
+o '27 
Y O  'S7 
-0 'og 

-0 '65 

+o '67 
-0.06 

+0'31 
-0 '52 
+o .ss 

+0-19 

-1 '21 

-0 '01 

+o '92 
+ O ' V  

+o '27 
-0 '86 
+o '34 
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4. INDIAN-$ SERIES. 

(34) Latihdc 1 7 t  IIJecd Arfch, Itldinna. J. B. Baylor. Meridian telescope No. 7. August 23-29, 
One turn of micrometer rSSg. 

= 7Stf'365 from observations upon circumpolars at this station. 
One division of level = I " * O ~  as determined at office, June, rSSg. 

Pairs of stars. 

6 oS2 
6 20; 
6 355 
6 466 
6 jSZ 
6 667 
6 74s 
6 S4g 

6 s97 
6 990 
7 067 
7 103 

7 275 
7 36s 
7 542 
7 59s 
7 6Sr 
7 so7 
7 901 
7 945 

Adopted seconds of 
nlean N. P. D. 

II I/ 

q * o j  . 53 '33 
41.82 0 6 y  
09.4s . I I  '62 

n' 

. 5  
5 
6 
5 
5 
5 
6 
5 
5 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Latitude: 

39 og b . 5 9  
60 '14 
60.41 
59 'W 
60 '55 
61 36 
60 '32 

60.95 
61 I% 

60 '65 

60 '22 

0 I 11 

60 -9s 

60 '30 
60 '16 
60 '62 
60-96 
60 *44 
60 -IS 
60.76 
60 '47 

I/ 

-0 *w 

+o '14 
+o '65 

-0 'SI 
$0 '23 
-0 .$ 
-0.51 

--u .qj 

+o -33 
+o '75 

$0 '39 

+Q '41 

0'00 

-0 'IO 

-0'07 

-0.41 
+o 'I I 

+Q '37 
--0'21 

+o .os 

~~ndiscriniinate mean = jga rd m"'55. 
Weighted mean =39 IO oo '55 &0'"06. 

103 observations. 20 pairs. 
* E = 2z O"'55. 

[Reduction to geodetic station o".r.m.] 

* Numher io Ariiiagh Catalogue of 1875. 
- -____ 
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4. INDI9NA SERIES-COlllpleted. 

(35) Ltzfilridt al I.Tim-tvrtres, If~dinir~i. C. H. Sinclair. Transit No. 4. October rg to November 
15, I&. One turn of niicrometer 
= 41".3gg from obscrvatioiis upon Poiaris. But thc objcct glass was found to give a field nhicli was 
not plnne, as indicated by both the xnicronieter observations and the latitude observations. In' 
reducing the latitude observations the value 41II.426 was used for all observations within 5' 3 d  of the 
middle of the field and the value 41'"293 for all other .observations. 

One division of level = 7 I I . 1 2 ,  determined at office July, ISSI. 

/ I  

32 '17 
1.4 '35 
03 '53 
33 .*4 
06 "74 
52 '35 
50.04 

25 '42 
07 '03 

15 '75 
j r  -31 

17 '92 
, 05.17 

25 '70 
52 -72 
51 '00 
24 '6r 
29 '67 
59 '90 
35 '45 
36 '05 

46 '15 
33-11 

35 '99 
26 -43 
47 *96 
33 61 

59 '9s 

I I  '63 

15 '53 
49 -1s 

'01 

I /  

02 '01 

3s .s2 

2s '24 
0 7  7 2  

44 3 
07.76 
35 '40 

4s .35 
40 '90 
I1 '74 
52 -62 
55 .40 
26 '54 
23 -70 
13.14 
15 '72 

26 '53 
56 '65 
25 '73 
50 -93 
30 '91 
45 '93 
3s ' 2 0  

06 '51 
16 SI 
03 TO 

53 '62 
46 5 6  
51 '35 
49 '64 
13 '54 

I1 ' 02  

6 I O  

5 9 
6 I O  

6 IO 

5 . ? 
5 9 
6 7 
5 9 
6 I O  

6 IO 

5 9 
3 S 
6 I O  

6 I O  

6 I O  

4 9 
4 9 
4 9 
4 9 
4 9 
4 9 
5 9 
5 9 
5 9 
5 9 
4 9 
5 9 
5 9 
5 9 
5 9 
5 9 
3 S 

Latitude. 

0 I II 

3s 40 37.22 

36.91 , 

36.64 
36'59 
36 '3 I 
36 '72 
36.7s ' 

35 '94 
37 ' 0 1  

36 65 
36 *6S 

35 '9" 
37'35 

36'16 ' 

,36  '61 
36 -6s 

37.3s 

36 '83 
37 5 5  
36 -7s 
36 '70 
37 '32 
37'73 . 

36'75 
37 '07 
36'24 
36'17 

36.93 
37 '30 
36 '93 
35-61 

36 S i  

v. 

I /  

-0 '45 
4 -14 
f0.13 
+o -1s 
$0 -46 
+O '05 
-0 '01 

+o '83 
-0 '24 
+o 'og 
+o 'og 
+o .s5 
-0 38 
-0 *61 
+o '61 
+0-16 
+a 'og 
-0.06 
-0 .SI 

$0 '07 
-0 '55 
-0.96 
-0 '01 

-0 -30 

+o '53 
+o .60 
-0 -04 
-0 '16 

-0 -or 

-0 '53 
-0.16 
+I '16 

Indiscriminate mean = 3S0 4 d  36II.76. 
Weighted mean = 3s 40 36 -77 &0"'06. 

. . e=  &0'/*36. 
158 observations, 32 pairs. 

[Reduction to geodetic station, Court-house - 0//'45.] 
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5. ILLINOIS SERIES. 

Skltion 'No. 36. A I ~ - ~ c ~ J ~ M I ~ .  Richland County, Illinois. " No. 23, Professional Papers of the 
Corps of Engineers of the United States Army." Report of the Primary Triangulation of the United 
States Lake Survey. Lieat. Col. C. B. Cornstock, United States Army. Washington. rSS2, p!'. 633.634. 
The latitude was observed here by Lieut. P. M. Price, on five nights in August, rS79, with Zrnited 
States Lake Survey Zenith telescope NO. 19, having a focal length of SI centimetres and an aperture 
of 7'6 centimetres. The number of pairs of stars observed was 3s and 126 indiviclual results for latitude 
were obtained; e = k 0"-42. Restilting latitude of . bserring post 3s' 34' 53/"25. and when reduced 
to trigonometric station 3S0 34' 53"*20 & o'"og. 

Reference as above, pp. 632, 633. 
The latitude was observed here by Assistant Engineer G. Y. TVisner, on four nights in May, IS&,, 
with Zenith telescope No. 19, as above. The number of pairs observed was 30 and 115 individual 
results were obtained: e = f d'yz. Resulting latitude of observing post 3S0 51' 41"-23, and whe11 
referred to the trigonometric station 3s' 51' 41"*23 f 0'/.06. 

(3s) LnLi[ide nf Nezutoir, Illinois. F. W. Perkins. Meridian telescope No. 13. October 16-29, 
1583. One division of level = 2"'69, determined a t  office, August, 1S7g. One turn of micrometer 

664 

Slntion No. 37. Olmy~ Wed Bizsr. Jasper County, Illinois. 

7711.722 from the latitude observations at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

3s-39 46'06 
31-21 12-97 
42'16 06-27 

. 23-15 16'7s 
zg'Sz 53-66 
55.40 22.53 
09.16 33'27 
37'94 30'45 
15.60 30'45 
40'72 54'91 
03'53 ?.IS 

23-41 30.91 
54-12 46.6s 
46'6s 06'06 

25 's4 54'63 
50.53 15'20 
18'94 01-00 

IO'S.5 57-19 
07-10 51 '28 

45'93 22-43 
27-41 56-44 

'I 'I 

17'18 38'51 

?if 

5 
5 
5 
6 
5 
5 
6 
2 

6 
6 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 

"W 

9 
9 
9 
5 
9 
9 

4 
7 
3 . 
9 
9 

. 9  
6 
6 
S 
9 
9 
9 
9 
9 
9 

I O  

Latitude. 

0 I I/ 

3s 55 31.15 
30.15 
31 '41 
30 '71 
30 -7s 
30 '65 
30 S S  

30 '3s 
30 '87 
31 -20 

30 '42 
30 '67 
31 '44 
31 '18 
30 '84 
31 *76 
30 '37 
30 '24 
30 -40 
30 'S9 
30 -80 

31 '92 

2 

'I 

-0 2s 
$0'72 

-0 '54 
+o '16 
$0 'og 
+o '22 

+o '49 

-0 '33 
+o '45 
$0 '20 

-0 '57 
-0 '31 

+O '03 

-0 '01 

0.00 

-0 'Yg 

$0 '63 
+0'47 

+o '07 
--I 'OS 

$0 '50 

-0 '02 

Indiscriminate mean = 3So 55/ 3ot'-S7. 
Weighted mean = 38 55 30 '87 & d"07. 

. e = fd'*40. 
IIO observations, 22 pairs. 

[Reduction to geodetic station d/'w.] 
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5. ILLINOIS SERIES-COlllpkted. 

(39) LditidE GI Borzl'i,rS, 1Uhoi.s. G. A. Fairfield. Meridian telescope No. 7. October 10-20. 
One turn of micrometer = 78"'ZgS 1SS2. One division of level = P ' c q  determined at  this station. 

from circuiripolar observations at  this station. 

Pairs of stars. 

6 640 6 654 
6 740 6 799 
6 S79 6 S95 
6 928 6 979 
7 200 7 220 

7 246 7 27s 
7 345' '7  365 
7 474 7 555 
7 595 7 606 
7 676 7 7 6  
7 73: (3 719) 
7 79s 7 855 
7 879 "7 go1 

' 7  sso "7 go1 

C2 05S1 7 958 

8 273 8 300 
(4 057! 

8 052 S roj 

219 229x 
247 254 

Adopted seconds of 
iiiean N. P. D. 

'I I1 

39'42 54'6s 

IS.25 23 .s5 
04.73 OI'jO 

57'70 30.50 
01 '03 q ' 5 S  
3 S . 9  27.00 

31 '70 . 23'66 
40.03 51.14 
24.63 45-1s 
ro*gr 51.13 
01 '35 39'35 
4S.55 26'04. 
56-47 4970 
34.13 49-10 
51 '30 16-47 
05-94 21'51 

20-0 23.12 
05-88 57'47 

06-67 24'80 

55-78 32'57 

33-03 57'06 

111 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
5 
5 
5 
5 

zu Latitnde. iJ 

11 

$0 '64 
+0'41 
+o '02 

+o -0s 

+o '65 
-0 'os 
-0 '26 
0'00 

+o '36 
-0 '09 

+0'19 
+o '53 
-0 '03 

+o '23 
+o ' IO 

+o '22 
--I -07 
-0.41 
-0 y6 

-0 '20 

-0'12 

Indiscriminate mean = 3S0 36' 5d1.70. 
Weighted mean = 38 36 50 '73 & 0'%6. 

103 observations, 21 pairs. 
e = f d/'42. 

[Reduction to geodetic station dl~OO.] 
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6. MISSOURI SERIES. 

(40) Lalifrrdc ab SI. Lordis. IJTissor~ri. 0. H. Tittmann and W. Eimheck. Zenith telescope 
One clivisioii of level = ~"'12, deter- 

One turn of micrometer = 76'%60 from observations upon 
No. 6. 
niined at  Salt Lake City, Utah, in 1s6g. 

Deceniher S-27, 1S6g, and July 3 toNovember 7, rS7o. 

circumpolars a t  this station. 

Pairs of stars. 

146 
219 
330 
502 
,676 
827 

I 219 
I 530 
I 631 
5 084 
5 315 
5 367 
5 502 

5 546 
5 667 
5 523 
5 334 
'5 937 
*5 937 
6 062 
6 06' 
6 129 
6 185 
6 34s 
6 429 
6 623 
6 644 
6 6 9  
6 SgS 
6 937 
7 567 
7 612 
7 YZO 

s 052 

s 747 
s 248 

9s 
235 
2% 

179 
229 
345 
544 
697 
56 I 

I 269 
1 535 
I 663 
5 155 
5 345 
5 459 
5 525  

5 617 
5 73' 
5 Sqr 
5 874 
5 98s 
5 999 

'6 Os2 

*6 Os2 
6 150 
6 241 
6 357 
6 475 
6 674 
6 662 
6 734 
6 S67 
7 027 
7 595 
7 627 
7 914 
S 107 
s ISS 
s 279 

I 26 
256 
330 

Adopted seconds of 
mean N. P. D. 

I/ 

22 'S7 
I2 '00 
21 '69 
03 '42 
36 '77 
55 '63 
21 '37 
4s '$3 
24 '59 
25 '01 

I a '70 
45 ' 2 2  

31 -60 
44 '79 
50 "9 
33 '22 
46 '69 
1'1 '74 
07 -16 
50 'S9 
50 'S9 
'3 '43 
u .41 
34 so 
26 '27 
47 .SS 
os 'IO 

43 '97 
01 '47 
I Y 'Y3 
42 '67 
O S ' I S  

12 -96 
7 3  '69 
03 '06 
2s '79 

45 '56 
07 '69 

IO '00 

a I 

I 

2 

3 
. 4  
4 
4 
3 

3 
2 

I 
2 

I 
I 

- 1  
2 

I 
2 

3 
3 
3 

4 
3 
3 

I 

2 

I 
I 
2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

zu 

1 '3 
I '7 
I '9 
2 'I 

2 'I 

2 'I 

I '9 
I '7 
I '9 
1 '3 
I '7 
1 '3 
I '3 
I '3 
I '7 
I '3 
I '7 
I '3 
I '3 
I '3 
0 '9 

1 '9 
1 '9 
I '7 
I '3 
I '3 
1 '7 
I '3 
I '3 
I '3 
I '3 
I '3 
1 '3 
1 '3 
I '3 
I '3 
I '3 
I '3 

2 'I 

Latitude. 

3s 3s (?o * I 4  

0 I I/ 

03 '97 
03 '74 
04 '02 

n.3 *6S 
03 '65 
I32 ' 2 2  

00 'S4 
03.1s 
04 'S3 
04 rq 
01 '39 
02.31 
01 '55 
02.74 
0; ' IO 

' 02  '25 
03.04 

' 01 '50 
0 2  -44 
0 2  '47 
02 '57 
03 -10 

0 1  '99 
0 2  '64 
02  -* 
03 .06 
q .6S 
03 '30 
03 '57 
01 '93 
04 '49 
01 ' I 5  
02 'S5 
01 -51 
00 3 6  
01 '74 
04.9 
05.06 

I/ 

+z '6; 
- I  '20- 

+O '03 
- I  '25 
-0 -91 
+0'12 

$0 '5.5 
.t 1 '93 
-0.41 
-2 '06 
--I '27 
+I .3s 
+o '46 
+I  '22 

+o '03 
-0 '33 
+o '52 
-0 27 
+ I  '27 
+o '3 I 
$0 '30 
+o ' 2 0  

4 '33 
t o  -7s 

+o '33 
-0 :29 
--I *gr 
-0 '53 
-0 -so 
+o '84 
-I '72 
+I '62 
-0 *os 
+I '26 
4-2 '21 

+ I  '03 
-2 ' ' 3  
-2 .29 

+O 'I3 

Indiscriniinate mean = 3So 3s' 02"*73. 
Weighted mean = 3s 3Y 02 '77 fcr"'13. 

e = C dI.65. 
74 observations, 39 pairs. The first nine pairs were observed in 1869 and the remainder in 1S70. 

[Reduction to spire of Second Presbyterian Church - I"'g7.1 
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6. MISSOURI SERIES-COlltilllled. 

Lntilride at Sf. Lorcis, Afissoiwi. F. H. Parsons. Transit No. 6. September 24 to October IO, 188~. 
One divis io~~ of level = 2//.13, determined at office in July, xS81. One turn of micrometer = 44'/*.16S, 
froni circumpolar observations at this station. 

Adopted seconds of 
iiieaii N. P. D. Pairs of stars. 

/ I  / I  

39.9s 26.45 
IT qo 21 '07 
13.62 41.71 
06.50 4-62 
52.3s 07-72 
49'7-9 35-20 
59.79 4s.29 
21 '20 03,'75 
01 '25 10'37 
15.91 53-41 
50.68 26'53 
23'73 31'60 
05.05 23-71 
26'07 16*00 
52.56 15-10 
25'70 43'44 
34S2 30.91 
51-a G - S I  
31 '03 rg'.o~ 

Indiscriminate mean = 3Sa 38/ 02"-S3. ' 

Weighted mean = 3s 3s 02 'SI f d%g. 

go observations, 19 pairs. 
c = d/76. 

[Reduction to spire of Second Presbyterian Church - 2//.40.] 

?I./ 

5 
5 
5 
5 
5 

, 5  
5 
5 
5 
5 
4 
4 
4 
5 
4 
5 
5 
5 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
5 
4 
5 
.5 
5 
4 

Latitude. 

0 I I /  

38 3s 03 '43 
0 2  '31 
02 '4 
02 '40 
03 '22 

02 '24 
01 .SI 
0 2  '22 

03 '39 
02 '64 
02 '75 
02 .SO 
02 '73 
0 2  -5s 
03 '20 

04 '05 
03 '02 

02 *os 
04 '42 

7.' 

/ I  

-0 '62 
+o '50 
+o '37 
+o *41 
-0 -41 
+o '57 
+I  '00 

$0 '59 
-0 a 5 8  
+0'17 
+o .06 
$0 P I  

+o '09 
+o '23 
-0 '39 
--I -24 
-0 '2 I 

$0 '73 
-I '61 
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6. I\[ISSOURI sE~'r~s-colnp1rted. 

(,41) Latilndc trt-J~L'ljZ.rsn~, IlIisssnri. H. W. Blair. Pllericliaii telescope No. 5. Novemlxr 19-29, 
One turn of inicrometer 1s79. 

= 63~'~soO, froin circunipolar ohservations at this station. 
One division of leve! = 1 W 2 ,  a meail of several rleterrninations. 

Pairs of stars. R' 

4 
5 
5 
5 
5 

8 5  
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
S 
5 
5 
5 

iU 

IO 

I 1  

11 

I1 

6 
11 

11 

I1 

I1 

Ir  

I1 

I1 

7 
7 

I 1  

IO 

I 1  

11 

T T  

I1 

Indiscriminate mean = 3S0 33/ 43'1.99. 
Weighted mean = 38 33 43 '99 & df.07. 

gS observations, 20  pairs. ' 
E = -1- d / - 3 7 .  

[Reduction to geodetic station ~" 'oo . ]  

Z , '  

I, 

{-0 '02 

-1-0 '97 

i-0 3 4  
4.0.11 

+o .32 
+0'13 

-0 '76 
-0.19 
-0 '37 
---0 .gs 
-- 0 *+q 

---0 '03 
---o '5 I 

---0 '09 
-LO '74 

i-0 '47 
- 0 '24 
Lo '29 
-0.31 

--ti '02 
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7. MISSOURI-KANSAS SERIES. 

(42) Ldititdt? o b  U i t i rk i - ,  11Ikoifii-i. F. D. Granger. Meridiaii telescope No. 3. July 26 to August 
One 3, 18%. 

turn of micrometer = 63"'422, from the latitude observations at this station. 
One division of level = 1"7S, determined at  Jefferson City. in 1S7g. by H. W. Blair. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

45-96 33'56 
23 ?so 45 '50 
23'94 47.58 
32'74 24'59 
37'41 19.20 
01 '33 54'52 
32.96 41'6s 
4S.01 47% 
06'20 oS.07 

54.72 oS.07 

05.09 29.60 
57'32 39'2s 
14.10 07.13 
2 2 7 7  52.08 

/I I/ 

32'47 '9'96 
37'42 97'10 
26-40 37'10 
05 '90 54.11 
59'73 52'46 
59'65 16.95 

d . 9 7  47'95 
aS.97 36'54 

56So 42'91 

?I I 

6 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 

5 

5 
5 
6 

5 
5 
6 
6 
5 
5 

:I7 Latitude. i 

I/ 

+o '79 
-0 '73 

' +0.'75 
-0.36 

+o '74 
-I '13 

-0 *4s 
.-0 56 
-0.19 
-0 .58 

-0 '43 
-0 '49 
+I '43 
+o '99 
-0 '57 
-0 '63 

+o '39 
-0 '45 
+o '72 

+o 'ss 
-0 '82 
+0.06 

-0 '22 

Indiscriminate mean = 38' 25' 48/"05. 
Weighted meail = 3s 25 4s '01 O"IO. 

120 observations, 23 pairs. 
e = =!= d'.62. 

[Reduction to geodetic station 0'%0.] 
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7. MISSOURI-KANSAS SERIES-COIltinLled. 

(43) Latitude a/ A'atrsns Ci&, Missow-i. 
One division of lev41 = 2"'12, determined at  office, July, I&. 
from circiirnpolar observations a t  this station. 

C. H. Sinclair. Transit No. 4. Sepgmber 20-26, IS%. 
One turn of micrometer = 41II-333, 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

I/ . /I 

54'71 51-23 
36'75 29.1s 
05 '00  42.79 
og .go 12'36 
07'-01 47.35 
gS.01 04.10 

58 .20  47'77 
35.66 42'00 
17-7s 44'63 
37'92 39-00 
460S7 46.0s 
17 '28 46.4s 
59'95 26'52 
09.92 .2S.94 
IS.14 22-10 

07.30 29.03 
13-33 1g~S2 
w'S6 37-70 
34.3s 09.75 
2s-36 1 1  '54 

?b' 

4 
4 
5 
6 
5 
4 
1 
I 

I 

I 

1 

I 

2 

I 

5 
5 
5 
5 
4 
4 

iu 

7 
7 
7 
7 
7 
7 
7 
4 
1 
4 
4 

6 
4 
7 
7 
7 
7 
7 
7 
7 

4' 

Indiscriminate mean = 3g0 051 50'"g4. 
Weighted mean = 39 05 50 '92 c o".og. 

e = f dI.33. 

Latitude. 

0 I /I 

39 05 51.29 
50.65 
50 -9s 
50 '93 
51 '26 
5o-rj 
51 '69 
51 *4! 
50 -2s 
50 '27 
51 .IS 

51 '84 
51 '30 
5' '63 
51 'I2 

. 50.51 

52 '05 
50 '47 
50 ' IO 

50 '61 
50 '04 

/I 

-0 '37 
+o '24 
-0.06 
-0'01 

-0 .j, 
+o '79 

---0 '52 
$0 '64 
t o  '65 
-0.26 
-0 -92 
-0 '3s 
-0.71 

+0‘41 
-I -13 
+o '45 
$0 'S2 
+0'31 
+o .ss 

-0 '77 

-0 ' 2 0  

72 observations, 21 pairs. 
[Reduction to geodetic station, Second Presbyterian Church + 5"'4I.] 
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7. MISSOURI-KANSAS S E R I E S ~ O l l t i n U e d .  

(4) Lalihi't* af i!fd17rm, Kansas. F. H.. Parsons. Meridian telescope No. 7.' July 7-i9, 18%. 
One turn of One division of level = ?o6, derived from the latitude observations at  this station. 

micrometer = 7W.356, from observations 011 Polaris a t  this station. 

.Indiscriminate mean = 3g0 oz/ 41/1-72. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

/I I/ 

57'so I O S I  

16'61 2536 
zS.84 39'67 
16'41 17.99 
07.63 31.57 
12.9s 13.12 

2Y73 29.13 
54-84 32'63 
09.79 11'SS 
IS '65 ' 2 I '95 
15.55 42.07 
22'46 42.92 
39'54 5 4 . 9  
22'Qo 29.09 
42 .S6 OS .SI 
19.42 57'01 
12'6s 48-54. 
., 37 29-41 
00'55 34'55 
24-99 21 -76 

7? 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

S 
S 

7 
S 

5 
7 
6 
6 

8 

Z' 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 

5 
6 
5 
5 
5 
5 

Latitude. 

0 I I/ 

39 02 41 '43 
41 '65 
42 '16 
4T '63 

I 41.4s 

41 '51 
42 '44 

. 42-50 
41 -62 
41 '75 
41 *4s 
42.27 
41 '79 

I 41-21 

. 41 .Sa 
41 -24 
43 '47 
41 '71 
40 '89 
40 '41 

3 

/I 

+o '29 
+0'07 
-0 -4 
+o .og 
+o '24 
+o .IS 
-0 '72 
-0 '$3 
+0ar0 
-0 '03 
+o '24 
-0 '55 
-0 '07 
$-0 '51 

+o .4s 
--I '75 
+o '01 

+o '83 
+I -31 

-0 'IO 

-. 

Weighted mean = 39 02 41 .j2 &O"*IO. 

129 observations, 2 0  pairs. 
f =  &d"65. ' 

. [Reduction to geodetic station - o'/'o~.] 
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7 .  MISSOLTRI-KANSAS S E R I E S ~ O I l l p k t e d .  

(45) Lntitttdrr nd Salinti Ifist B ~ ~ s c ,  liiiasas. W-. C. Hodgkins. Meridian telescope No. 2. 
One divisioll of level= P663, determined at office November, ~Sgo. July 30 to August IO, 1S96. 

One turn of micrometer = 65'972, from observations on Polaris at this station. 

Pairs of stars. 

5 527 5 643 
5 740 5 765 
5 S2I 5 s40 
5 571 5 927 
5 97s 5 991 
6 073 *6 0g1 

*6 0g1 6 151 
"6 091 6 152 

6 23s 6 255 

6 530 6 571 
6 553 6 $32 

6 615 6662 

(2 SS3) (2  S9S) 

6 300 [I 5561 

"6 6go (3 190) 
"6 6go 6 734 

6 754 (3 233) 

6 sgo 6 970 

*6 6 9  6 730 

6 7Ss 6 S52 

6 ggo 7 022 
[I Srg] 7 126 
7 164 7 233 
7 256 7 27s 

/I 

' 36-36 
22 Tjs 
2s -04 

.. 26-37 
44 -i 1 

'37 
56-31 
56 '31 
33 -91 

'. 45.w 
IO -40 
45 *7s 
04 *94 
02 '73 
31 '67 
31 '67 
31 '67 

' 19'99 
20 'OS 

3s 'IO 
25 -94 
41 -11 
45 -s2 
16 '73 

Adopted seconds of 
mean N. P. D. n/ 

I 

1 
3 
7 
6 
7 
2 

2 

2 

6 
4 
5 
4 
6 
6 
7 
I 

2 

7 
6 
5 
I 

2 

2 

U' 

0 '2 

0 .s 
o .6 
1 '4 
I '2 

0 '7 
0 '2 

0 '2 

0 '4 

0 *s 

0 .s 

I '2 

I '0 

I '2 

0.6 
0 '7 
0 'I 

0 '1 
1 '1 
I -2 

I '0 

0 '2 

0 '1 
0 '4 

Latitude. 

0 I I' 

3s 51 03 '72 
03 '44 
0.4 'I9 
04 '46 
06 '02 

04 '71 
04 '34 
02 -3s 
01 '34 
02 '41 
04 '24 
03 -7s 
02.2s 

03 '27 
02 *IO 

02 -92 
. 03'1s 

01 'IS 
a -65 
03 '02 

01 'StQ 

05 '59 
0.4 'I4 
04 '06 

Z I  

I/ 

-0.15 
$0 '13 
-0 -62 
-0 'sg 
-2 '45 
--I 'I4 
-0 '77 
S I  "9 
+? '23 
+I -16 
-0 '67 
-0 '21 

+I -29 

+o '30 
+I '47 
4-0 '65 
,+o '39 
+2 '39 

+o '55 
+ I  '73 

-0.57 
-0 '49 

-1 'I1 

-2 '02 

Indiscriminate mean = 3So 51' op47. 
Weighted mean 

'gS observations, 24 pairs. 

=3S 51 03 '57+@1S. 
e = 2//*22. 

[Reduction to geodetic station d"00.l 
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8. KANSAS-COLORADO SERIES. 

(46) Latihde nf ECLsworth, itktisczs. E. Smith. Transit No. 4. September 17-25, 1S85. One 
One turn of micrometer = 41II.395. from cir- division of level = ~"'1, determined at  the office in  ISSI. 

cumpolar Observations a t  this station. 

Pairs of stars. Adopted seconds of 
mean N. P. U. 

.61 04.23 
48-66 13'42 
46.51 13'2S 
53.25. 02.16 
35.m 55.40 
56.29 19.45 
oS.96 46.30 
54'68 30'96 
38'61 53'20 
33'76 '9'73 
42'92 31 '20 

oS.40 23-36 
49'32 I I  .78 
21.66 34'67 
07.50 10.50 
10.28 33 54 
51 '95 37 ' 02  

0 2 9 0  11.28 

23.62 . 56.3s 
33'29 53'20 

/I If 

92 

4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
4 
5 
4 

xi Latitude. 

0 I I/ 

3'1 3s 43 48'51 
3 'I 47 '74 
3 'I 46 '16 
3 'I 4s '83 
3 .I 46.46 
3 '1 4s .2s 

2 '9 47 '23 
3 'I 48.48 
2 ' I  qS.04 
3 'I 46 S 2  

3 ' I  47 '24 
3 'I 4s '99 
3 'I 46 '34 
2 '9 47 '22 

2 '9 .46 '62 
2 '9 47 5 6  
2 '9 48 '4' 
3 'I 47 '39 
3 '3 4s .os 
2 'I 47 -61 

V 

If 

-0 '91 
-0 -14 

+ I  '44 
- I  -23 

+I  .I4 
--o '68 

+o '37 
-0% 

-0 '44 
+o '75 
+o '36 
-1 '39 
+I '26 
+o '38 
S O ' g S  
+o .04 
-0 'SI 
+o-zr 
-0 '48 
*'OX 

Indiscriminate mean = 3S0 43' 47?"60. 
Weighted mean = 38 43 47 &I fd/.13. 

76 observations, 20 pairs. 
z = f d f . 5 3 .  

[Reduction to geodetic station d/xx3.] 
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S. KANSAS-COLORADO sER1E.s-continued. 

(47) Lniitvde at Russell S07rlhensr! Base, Kmsas. H. L. Stidham. Meridian telescope No. I. 
One turn of September 21-30, 1Sg3. 

micrometer = 65"'987, from circumpolar observations at  this station. 
One division of level =  go^, determined at  office April, 1893. 

Pairs of stars. 

6 656 6 695 

6 740 6 799 
6 8go 6 932 
6 957 7 062 

[I 8191 7 126 
7 256 7 278 
7 333 7 399 
7 465 7 450 
7 627 7 676 
7 713 7 754 
7 7843  
7850 7 9 0 1  
7 923 7 999 
8 052 8'107 

8 296 8 310 
8 159 8 224 

w Latitude. Adopted seconds of 
mean N. P. D. 

If II 

14'2s 2S.13 
35'60 26'96 
0 7 %  55.00 
45.78 17-76 
17'55 37'54 
57'37 56'40 
5 6 7 9  08.71 
36-17 52'69 
41.55 01.38 
04.36 33'79 
09-og 30.20 
10.36 23.95 
18'3j 15 '87 
33'44 49.17 
10.26 17'93 
26'79 4 - 7 8  

6 16 

6 15 
6 I 8  

5 16 
5 I 4  
6 '9 
5 17 
5 I4 
6 18 
5 I 2  

6 16 
6 16 

6 I9 
5 17 
5 14 
5 I4 

0 / I/ 

38 51 23-16 
22 '31 
22 '23 

23 -01 

. 23 '50 
22 .so 
22 -46 

23 '34 
22 7 6  

23 'I4 
23 '16 
22 '90 
22 '69 
23 .Os 
22 '83' 

22.88 ' 

Indiscriminate mean = 38'/ 51' ~2~ / '89 .  
Weighted mean = 38 51 22 '90 Cd/*c6. 

88 observations. 16 pairs. 
r = fd/*48. . 

[Reduction to geodetic station 0".00.] 

V 

I/ 

-0 '26 

+o '59 
+o '67 
+o '02 

-0 6Q 
$0'10 

$0.44 
-0 '44 
-to 'I4 
-0 '24 
-0 '26 

+0*21 

-0 'I8 

+o '07 

-0.11 

0-00 
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s. KANSAS-COLORADO SERIES-COntinlled. 

(48) Lntiftrde nt IIczlIarf, Kanrrsas. 
level = 2//.1* deterniiiied at office July, 1581. 
tions at  this station. 

E. Smith. Transit No. 4. October 5-14. ISS~. One division of 
One turn of micrometer = 41//-366, from latitude observa- 

Pairs of stars. 

6 662 

6 Ssz 
6 734 

(3 33') 
6 976 
6 9  
7 6 1  

7 146 
7 233 

(3 865) 
8 074 
S 224 
8 310 

S 366 
32 

(4 043) 

zu Latitude. Adopted seconds of RI 
mean N. P. D. 

I /  

I 13 '2s 

52 '61 

15 '85 
5S.16 
25 '54 . 
39 '62 
32 '39 
04 t36 
25 '30 
56 '62 
48 -16 
06 7 I 

47 '4s 
'I a 0 6  

04 *66 

1 55-65 

/ I  

24 *S2 
41 '46 
42 -So 
31 '19 
01 '93 
27 *38 
12'90 

54 s 6  
43 '95 
40 '57 
03 -10 

53 '73 
25.91 
14 '02 

35 '10 

5s 9 

4 
4 
4 
4 
5 
3 
5 
6 
5 
5 
5 
5 
5 
5 
4 
5 

0 / / I  

s 3s 54 44'62 
4 44 S6 
4 45.19 
4 44.=3 
5 44'27 
4 43 '3 1 

5 45 '01 

5 43 '75 
5 44'34 

5 43 36  

5 43 -58 
5 43 -98 
5 46 '03 
5 44.w 
4 44 '79 
5 44 '34 

Indiscriminate mean = 3S0 54' 44'/*39. 
Weighted mean ' = 38 54 44 -3s .+- d / - 1 2 .  

74 observations, 16 pairs. 
e = f d/*66. 

[Reduction to geodetic station 0/%0.] 

I /  

-0 '24 
-0.45 
-0 *SI 
$0.15 

+o 'I I 

+I '07 
-0 '63 
f o  '82 
+o '63 
$0 .04 
+o '50 

-I '65 
+o '34 
-0 -41 
+o *w 

+O '40 



676 UNITED STATES COAST AND GEODETIC SURVEY. 

S. KANSAS-COLORADO S E R I E s - C o n t i n u e d .  

One division of level = o".Sg6, from observations at  this station. 
(49) Laliltdeal Adobe, Colomfo. 0. H. Tittmann. Zenith telescope No. 4. July 2s to August 4, 

One turn of micronieter ISSI. 
= 44/"712, from obsenratio 

Pairs of stars. 

on Polaris a t  this station. 

Adopted seconds of 
mean N. P. D. 

/ I  / I  

31.95 51 '12 

22S6 22'36 
2S%0 36'70 
os60  47'25 
25.44 5S.62 
OS-12 53.62 
57'33 08.07 
34'79 34'79 
59.91 24'61 
55'1s os.44 

02'44 30'34 
z4'4r 16'41 
32'92 09.04 
44-24 15-30 
2s-49 33.41 
Os-25 41 .4r 

20'46 05.43 
44'76 IS'@ 
39'SS 59'34 

11-11 24.55 

ir I 

4 
5 
5 
5 

4 
4 
4 
5 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
3 

ze' 

9 
I O  

10 

IO 

6 
6 

9 
7 
9 
9 
9 
9 
9 
S 
9 
9 
9 
9 
9 
S 

Latitude. 

0 I I /  

3s 40 37 '67 
3s ' 2 0  

36 '57 

37 '56 
37 6s 

.37 '71 
37 -1s 
37 '2s 

37 '95 
3s .04 
36 .gs 
36 '44 
37 '65 
3s '30 
3s '03 
37 '37 
37 '31 
37.65 
37 'Y3 
36 '97 

Indiscriminate mean = 3S0 40/ 37/"j4. 
Weighted mean = 38 40 37 '53 & o"'07. 

S2 observations, 20 pairs. 
e = c 0"-46. 

[Reduction to geodetic station + 0"-01.] 

Z I  

/ I  

--O-xq 
-0 '67 
+o 66 
--o '03 
-0.15 

f o  '35 
$0'25 
-0 '42 
-0 '5 I 

+o '55 
+ I  '09 

-0 '21 

-0'1z 

-0 '77 
-0 '50 
f o  .16 
+o '22 

-0 '15 
-0 '30 
f o  -56 
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. S. KANSAS-COLORADO SERIES-cmtinued. 

( 5 0 )  La/ilvdt* nl E/ Paso Ensl Basc, LMol-ado. 0. H. Tittniann. BIeridian telescope No. 3. 
One division of level = r'"S66, from observations at this station. One September 25 to October 3, 1.379. 

turn of micrometer = 63'/'793, from circumpolar observations a t  this station. 

Pairs of stars. 

6 574 
6 690 
6 731 

[ I  Srg] 
(3  475) 

6 567 
7 012 

7 275 
7 399 
7 45.5 
7 505 
7 733 
7 
7 go1 
7 945 

Adopted seconds of 
mean N. P.D. ic' Latitude. 

53'6s 47'37 4 6 3s 57 16-58 
36-75 07.46 5 7 16.41 
1.9'95 10'53 5 7 17 '42 
36.75 16'49 5 7 1 7 ~  
47'37 ' 23.09 5 7 17 'I2 

07.39 2s.77 5 7 15 '9s 
I r '40 1 2  S5  5 7 I6 -ss 
27.59 2Q.41 5 7 16 '77 
37.17 45.61 5 7 16 '74 
33 '13 15'20 5 7 16 '30 
28.30 45.S7 5 7 17.7s 

5 7 17 ?-i 5s .OS 4 1  '72 
20.44 45'55 5 7 I7  '95 
45 .Os 22'50 5 7 17 '26 
'9'59 20.37 4 6 16 '0s 

lndiscriniinate iiienn = 3S.O 57/ 16"'Sg. 
Weiglited niean = 38 57 16 'go C  IO. 

73 olxervations. 15 pairs. 
L' = & of/. 45. 

[Reduction Lo geodetic station -k d/ .15. ]  . 

$0 '32 
+o '49 
-0 ' 5 1  
-0 'IO 

-0 '22 

+o .g2 
fo '02 

+0 "3 
+o '16 
+o %o 
-0 .SS 
-0 .I4 
--I '05 
-0.36 
+o 'S2 

9. R O C K T  MOUNTAIN SERIES. 

(51 ) Lnlilndd al Co!orndo Spriitgs, Cohrado. E. 'Smith. Meridian telescope No. ' 13. August 
One 30 to Septeiiiber I' I ,  1573. 

turn of micrometer = 77/'*774, from circunq~olar observations at  this station. 
One division of level = 2'"53. determined at office in August. 1S71. 

Pairs of stars. 

6 397 6 463 
6 487 6 50s 
6 520 6 571 
'6 583 6 5s9 
6 623 6 657 
6 690 6 734 
6 755 6 S24 
6 562 6 S6S 
'6 sgo 6 932 
6 943 6 959 
6 ggo 7 022 

7 Ogs 7 749 
7 204 ' 7 253 
7 333 7 399 

Adopted seconds of ?,, 
iiiean N. P. D. Xf Latitude. 

/I /I 0 / It 

29 '30 
og '53 
38 '40 
23 ' 2 0  

55 '14 
J9 '70 
50 '62 
1g.01 
25 '50 
04 'S3' 
39 3s 
56 '24 
15 '75 
4 0  '20 

59 '50 
2s '45 
37 98 
55 '40 
52 SS 
20 '52 

00 '47 

22 '47 
04 '37 
55.04 
04 '33 
33 '54 
06 '50 

44 'sp 

5 5 
5 5 
5 5 
6 5 
5 5 
6 5 
3 5 
3 '  5 
5 5 
5 5 
5 5 
6 5 
4 5 
5 5 

3s 49 59 '46 
59 'S7 
60 -56 
60 '43 
60 '67 
59 *64 
60 '26 

. 59'SO 
59.36 
61 -29 
61.28 
60.so 
59 .Y9 
61 *q 

Indiscriminate mean = 380 5d 00'/*;4. 
Weighted niean = 38 50 00 '34 rc_ 0//*12. 

6s observations. 14 pairs. 
e =  c 0".40. 

[Reduction to geodetic station d"00.] 

V 

/I 

+o ;ss 
t 0 '47 
-0 '52 

-0 'og 
-0 '33 
+o '70 
to .os 
+o '54 
+o PS 
-0 '95 
-0 .M 
-0.46 
+o '35 
-0 '75 
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9. ROCKY MOUNTAIN smms-continued. 

One division of level = z'I.17, determined at office January, 1Sg3. 

4 7s 

(52) Latilwfe al Rkzs PhR, Colorado. R. L. Faris. Zenith telescope No. 6. J ~ l y  19 to August 
One turn of micrometer 4, 1895. 

= 76"204, from observations on Polaris et this station. 

Pairs of stars. 

Indiscriminate mean = 3 8 O  50' 27"'Sg. 
Weighted mean = 38 50 27 'Sg & d'q 

56 observations, 20 pairs. 
e = k o'I.55. 

[Reduction to geodetic station o".oo.] 

Adopted seconds of 
mean N. P. D. 

II 

36 '69 
0060 

j:! .62 
os 2 s  
21  '43 
qS -66 
56 '22 

55 '76 
43 '30 
4s .ss 
48 -3s 
15 '2s 

5s '33 
30 '34 
41 '79 
13 '13 

59.9s 
22 -66 

45 .Y6 
12 S 2  

91) 

I 

I 

2 

2 

3 
4 
5 
6 

5. 
3 
6 

7 
7 
7 
7 
4 
6 

5 
4 

3 

70 

3 
3 
5 
5 
6 

7 
S 
9 
S 
6 

9 
9 
9 
9 
9 
7 
9 
S 
I 
6 

Lati tude. 

0 / ,e 

38 50 26 S 2  

27 .qj  
27 '92 

27 '94 
2s .I I 

2s .54 

27 '79 
25: '22 

z i  .07 
29 '01 

2s '19 
28 '75 

27 '73 
27 '33 
27 '54 
27 '42 
2s .5s 
27.56 
27 '02 

2 j 7 ' y  

" 

/I 

+ I  '07 
$0 '46 
-0 'cr3 

-0 '05 

-0 '65 
+O.I@ 

+o .s2 

-0  '40 
-o $6 
-0'01 

-@ .22 

-0 ..- 35 

- I  'I2 

$0'16 
$0 3'6 
$0 '35 
+o '47 
-0 6 9  

+o '33 
+o '87 
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9. ROCKY MOUNTAIN sERIEs-continued. 

(53) Latitride nf itloiirrl Onrny, Colornh. R. L. Faris. Meridian telescope No. 3. July 7-23, 
One turn of micrometer ISM. 

= 65/”078, from circumpolar observations at  the station. 
One division of level = 1”.1S6, determined at  ofice April, IS%. 

Pairs of stars. 

4 936 4 951 
5 09s 5 T77 
5 24s 5 252 

5 287 5 319 
5 479 5 552 
5 667 5 73‘ 
5 523 5 841 
5 560 5 937 
5 975 6 021 

6 052 6 073 
6 134 6 1S5 
6 245 6 2Sg 
6 395 6 43s 
6 476 6 547 

6 701 6 735 
6 595 6 662 

6 748 6 Sro 
6 856 6 SS3 

6 932 6 952 
7 Ogs 7 107 
.7 146 7 220 

i 246 7 27s 

7t’ 
Adopted seconds of ,,, 

mean N. P. D. Latitude. 

I /  

40 ‘75 
43 ‘73 
55. ‘04 
og .‘I2 

04 ‘21 

55 ‘59 
17 ‘37 
41 ‘41 
og *79 
3s ‘ng 
26 7 2  

35 3 6  
04 ‘34 
23 ‘S7 
44 ‘27 
45 ‘2s 

28 ‘5 I 

33 ‘16 
44 ’63 
44-17 
0 2  ‘70 

59 ‘65 

I /  

32 ‘59 
I O  .Y j 
I2 *IS 
35 ‘77 
39 ’50 
02.7s 
13.66 
12 5 6  
0 2  ‘ I 5  

42.16 

09 ‘02 
16 S r  
22 ‘72 
og.11 

33 ‘23 

30.6s 

22 *64 
42 -66 

5s .s2 

3s .SI 

31 .s4 

2s ‘97 

0 I / I  

I 4 3s 25 17‘50 
I .4 19.42 
2 5 18’54 - 5 ’ 2003s 

3 6 19 ’06 
2 5 . 1.3‘70 
4 6 .  1S.SI 

4 6 19.40 
6 7 IS’Ig 
6 7 IS .36 
6 7 1 S . p  
6 7 . 1S.64 
5 7 IS ‘83 
4 6 17 ‘7.S 
6 7 IS ‘46 
5 7 IS ‘09 
2 5 19 ‘03 
3 6 IS‘oo 
4 6 18.46 
4 6 1s ‘34 
4 . 6  19 ’05 
4 6 15’5o 

Iiidiscriininate mean = 3S0 25/ 1SI.67. 
Weighted mean = 3s 25 IS ‘65 k o//.oS. 

84 observations, 22 pairs. 
E = f o”40. 

[Reduction to geodetic station - o”’66.1 

2’ ’ 

/ I  

+I ‘r5 

-0 ‘77 
fo ‘I I 

-1 -73 
--o -41 
-0 ‘05 
-0.16 
-0 ‘75 
+o .46 
t o  ‘29 
-0 ’25 

+o ‘01 

-0.15 

+o ‘S7 
f0.19 
+o 5 6  
--0 -3s 

+o ‘65 
+o ’I9 
+o ‘31 
-0.40 
-0.15 
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9. XOCIiY MOUNTAIN SERIES-COlltinUed. 

(54) Latitide ai Trciisrtr:v Moidai i i ,  Colarnilo. John Nelson. Meridian telescope No.. 3. 
One turn of micrometer = 63//%72. from cir- September 4-10, 1593. 

cumpolar observations at this station. 
One division of level = r f 1 . ~ .  

AdoDted secolids of Pairs of stars. mhan N. P. D. 

6 238 6 255 
6 348 6 15s 
6 453 6 522 
6 574 6 $33 
6 623 6 674 
6690 (3 190) 
6 722 6 769 
6 92s 6 966 
6 990 7 027 
[I Srg] 7 126 
7 194 (3 4%) 
7 256 7 2 i S  

7 333 7 33j 
7 455 7 465 
t3 597 7 568 
7 5% 7 631 
7 733 7 749 
7 so7 7 $48 
7 932 12 0631 

/ I  

50 '49 
1 0  '57 
24.7s 

44 3 5  
55 7 s  
33 .gs 
0 2  .os 

59 'og 
16 '49 
15 'og 
57 '37 
56 ..b 
56 '4s 
22 '25 

40 '30 
52 '59 
3 2  'S6 
33 '35 

j2;62 

.I 

4 
4 
4 
4 
5 
6 
5 
6 
6 
5 
6 
5 
5 
5 
3 
5 
5 
5 
5 

?E' 

7 - 
I 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
9 

7 
7 
7 
7 

La ti tud e. 

0 / I /  

39 00 4s .6r 

47 '50 
4s '72 
45'14 

47.7s 
47.96 
47 '23 
4s '69 
47.32 

. 4s .36 
4s '62 
47 '99 
46 '95 
4s '02 
46.96 
qS .2r 

47 '73 
4s .os 
4s .35 

Indiscriminate mean = 3g0 od 47/"96. 
Weighted mean = 39 00 4s '01 f d/*oS. 

93 observations, 19 pairs. 
e = *O".jS. ' 

[Reduction to geodetic station + o'/*Ss.'J 

2' 

I /  

-0.60 
+0'5' 
-0 -71 
-0 '13 
+o '33 
+O '05 
$0 -7s 

+a '69 
-0 '35 
-0'61 
+o ' 0 2  

+I *06 

+ 1 '05 
+o -28 
-0 '07 
-0 '57 

-0 '65 

-0 '01 

-0 '20 

t Bonn, Durchmusterung 4go. 
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6 S79 6 S95 
6 52s 6 979 

7 ISS [I S611 

7 345 7 365 
7 4@1 (3 59') 

( 3  353) 7 029 

7 246 7 27s 

7 555 7 5% 
7 59s 7 623 
7 676 7 706 
7 733 7 775 
7 795: 7 s55 

(3 so71 7 95s 
(3 854) s 052 
S 141 S 224 

n /I 0 I II I/ 

.;o.Sg 35 'cg 3 7 3s 32 45'01 -0.15 

0 2 ' 0 s  30'64 3 7 45-08 - 0 ' 2 2  

43'95 59.5s , 7 45-40 -0.54 

54.14 42'94 3 7 44'67 $0'19 
0.5'57 17.36 3 7 4 - 1 9  -0.33 

55'6s 1S.y 3 7 45 ' 02  -0 'I6 

12.94 56.40 5 i 44-24 +0'62. 

51 -96 40.30 3 7 ~ . 3 2  -0.46 
o S q  26-97 3 7 54.30 +0%6 
01 .3s 39'14 3 7 44.61 + u q  
52.59 24'22 2 7 44'63 $0'23 

30.54 03.64 3 7 45.21 -0.35 
42.53 4s.32 3 7 45'13 -0.27 

10.y 53 .a 3 7 45.66 -0% 

26'22 17'93 3 7 43 3 6  SI '30 



6S2 UNITED STATES COAST AND GEODETIC SURVEY. 
a 

9. ROCKS MOUNTAIN SEKIES-COIltiIlLled. 

(56) . Lntittfdr. at ~ ~ i i c i ~ i p n h . ~ p - ~ ? ,  Gdonz~fo. J. Nelson and R. L. Faris. Meridian telescope No. 3. 
One turn Septeiriher 5-11, 1S95. 

of micrometer = 65"'052, from circunipolar observations at this station. 
One division of level = 1~'.1S6, determined at office A4pril. 1854. 

Pairs of stars. Adopted seconds of 
mean N. P. D. r, Latitude. 

0 I I ,  

9 3s 04' IS . .p  
9 16 '63 

I O  I j .16 
I O  16.63 
IO 16 '65 

I O  15 '77 
10 16 '34 

IO 16 '35 
I O  16 '97 
9 16 '39 

IO 15 $1 

I O  16 .S: 
IO 16 'go 
I 1  15 .SS 
I O  :6.31 
IO 15 'S4 

9 16 '65 - I 1  16 *40 

Indiscriininate mean = jS0 04' 16'"jg. 
Weighted mean = jS Q 16 '39 & o"'oS. 

= E =  C d " 4 S .  
SS observations. IS pairs. 

[Reduction to geodetic stition + 0/"29.] 
Bonn, Durchtnusteruug 20'. t Bonn, Durchmusterung 250. 
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9. ROCKY MOUNTAIN SERIES-COllt~llLled. 

(57) Ltditiide of  Giniid Jlrirdioii., Colorado. C. H. Sinclair. Transit No. 4. 'July IS-27, 18S6. 
One division of level = 2 f / ' ~ 2 3 .  deterrniiied at office July, JSSI. One turn of micrometer = 41'1.334, from 
latitude ohscrvatioiis at this statioii. 

Pairs of stars. 

5 122 "5 175 
5 130 "5 17s 
5 234 (2 455) 
5 313 5 32? 
5 345 5 426 
5 918 ( 2  761) 
5 97s 5 99' 
6 079 6 106 
6 203 6 235 
6 268 6 355 
6 395 6 453 
6 520 6 534 
6 574 6 5% 
6 5S2 6 640 
6 667 6 71s 
6 75s 6 S q  
6 s49 6 557 
6 897 6 970 
6 968 (3 372) 
7 022 7 061 

[I Srg] 7 126 
7 140 7 215 

f I  

40 '64 
4s '13 
20.91 
40 'I2 
$3 '23 
09 '39 
~6.88 
33 '73 
44 '99 
16 '22 

33 '67 
35 '37 
I3 '45 
59 '55 
37 '07 
0 1  '33 
57 '65 
16 '24 
20 '94 
28 '26 
40 .gS 
54 '65 

Adopted seconds of 
mean N. P. D. 

I/ 

36 '97 
36 '97 
54.12 
42 '67 
12.80 

36 '39 
39 Thq 
12.50 

I I '1%; 

1g.00 
55 '24 
32 '32 
05 36 
l j  .2s 

12'70 

03.64 
17 '6; 
59 '54 
33 '37 
01  '22 

03 '97 
45 29 

911 

I 

4 
.7 

5 
6 
4 
2 

2 

9 

4 
4 
4 
2 

2 

4 
3 
4 
2 

2 

3 
3 
3 

zu Latitude. 

0 I I/ 

3 39 03 59'74 
7 59'S7 
7 59'24 
12 60.13 
13 59 .J 2 

60 ..- JI J I  

7 59.78 
7 59'59 
7 59 . '9 

I1 59'39 
I1 59'11 
I1 59.21 
7 55.57 
7 59.15 

I1 5s.w 
9 59'75 
I1 58-55 
7 59.55 
7 58.69 
9 59'69 
9 59'93 
9 58.73 

m 

Indiscriniinate mean = 3g0 03' 59'"39. 
Weighted mean = 39 03 59 '39 & dI.07. 

68 observations, 22 pairs. 
e = * d1.43. 

[Reduction to geodetic station o'/-oo. J 

V 

/I 

-0 '35 
-0 '48 
fo 'is 
-0 '74 
-0 '0 j 

-0 '9s 
-0 '39 

+o 20 

+o '28 

+O'IS 

+o '52 
+o '24 
+o '.ti 
-0 '36 
+o .s4 
-0 '19 
+O '70 
-0 '30 
-0 '54 
+o '66 

-0 ' 2 0  

0'00 
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9. ROCKY &IOUNTAIN SERIES~Oll t iXlUed.  

($3) Lntikde lit ~ ~ I Z ~ ~ ~ ~ P I ~ ~ S ,  Co/omdo. P. A. Welker. Yeridia;i telescope No. 3. October 4-9. 
One turn of iiiicrometer = 63'563. from latitude observations at rSgr. One division of level = i"'g4. 

this station. 

Pairs of stars. 

6 623 

6 6 P  
6 TIS 
*6 S6S 
*6 S6S 

6 979 
i 037 

( 3  437) 
7 204 

"7 277 
*7 277 

j 401 

7 453 
7 560 
7 5go 
7 606 
7 733 
7 79s 
7 s55 
7 95s 
7 997 
S 125 
s 177 
8 265 
s 359 

(34) 

Adopted seconds of 
mean N. P. D. 

/I 

57 '43 
os .SI 

34 'CJO 

52 '33 
52 '33 
52 '44 
06 '26 
02 '61 
16 '35: 
OS 5 6  
0s 3 6  
35 .63 
I2 '14 
2s 'I7 

'34 '56 
15 '92 

06 '59 

27 '74 

40 -4s 
26 'IS 
56 '06 
21 '70 

11 '35 
IS *96 

09.60 

37 '07 

I/ 

47 '55 
0s '61 

49.64 
I5 '53 
(15 '91 

37 '57 
0 7  '95 
23 '75 
24 '61 
24.12 
1 I '30 

'67 
15 '49 
59 'OS 

3s 'IO 
js 'IO 
23 '22 

0 1  '44 
55 .s4 
31 "3 
og '57 
05.56 
04 '85 
06 '77 

.38 '41 
09.04 

I ,  ' 

6 
6 

5 
6 
6 
6 
6 

5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

' 6  
6 
6 
6 

Latitude. 

0 / I/ 

39 32 17 '35 
'7 '77 
17 '53 
17 '30 
17 '03 
17 '32 
17.36 
17'51 . 17.32 
'7 '97 

17 '16 

17 '17 
17 '62 

I 4  '93 
17-50 
I7  'S3 

17 '71 

17 '23 

I7 '14 
I7 '25 

I7 '33 
17 '14 
17 '34 
17 '21 

17 -52 
16 -56 

Indiscriminate mean = jgo 32/ 17/"36. 
Weighted mean = 39 32 17 '35 C_ o"'03. 

154 observations, 26 pairs. 
E = f df.32. 

[Reduction to geodetic station - 0"*62.] 

V 

// 

0-00 

-0 '42 

-0.18 

$0 '05 
$0 '32 

$0 '03 
-0 '01 

-0 7 6  
$0 '03 
-0 '62 
-0.36 
+o '19 
$0 'I2 

-to 'IS 
-0 '27 
-to '42 
-0 '15 

-0 .qS 
+0m21 
-/-0 ' IO 

+o '02  

+o '21 

+o '01 

+O 'I4 
-0 '17 
+o '49 
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9. ROCKS MOUNTAIN SERIES+OtltiXlLled. 

(59) Latidtrde at & h m f  Waas, Utah. John Nelson. Meridian telescope No. 3. July 17--27,1593. 
One turn of micrometer = 63/"SS7, from circumpolar observations at  One division of level = ~"-94. 

this station. 

Pairs of stars. 

5 319 
5,399 
5 525 
5 619 
5 731 
5 541 
5 SS6a 
5 931 
5 990 
6 073 
6 162 
6 235 
6 357 
6 475 
6 574 
6 654 
6 735 

6 575 
6 979 

[I 8191 

6 810 

7 029 

Adopted seconds of 
mean N. P. D. 

/I 

5s -9s 
1 2  '33 
05 '65 
3' '9' 
49 '16 
12 '95 
73 '79 
'54 

55 '97 
37 '12 

IS .so 
50 '28 
IO '57 
41 '19 
41 '75 
26 '27 
52 '70 
36 'go 
I1 '00 

02 '09 

55 %s 
23 '85 

// 

24 '89 
42 '25 
37.56 
49 '74 
57 '20 

og '53 
I9 '03 
53 ' 1 2  

I2 '04 
5s '03 

06 '07 

21 '73 
41 '04 
32 '54 
40 -1 I 

15 'I9 
42 -21 

01 '22 

OI.'IO 

30 '64 
IS 'go 
IS '63 

711 

4 
5 
4 
3 
4 
5 
5 
4 
6 
6 
3 
5 
3 
6 
6 
4 
4 
5 
6 

5 
5 
4 

w 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

. 3  
3 
3 

Ltitude. 

0 I /I 

35 32 25.24 

3' '34 
30'55 
3' .a 
30'04 
29-91 
29.35 
25.73 
29 .OS 

29'32 

. 29th  
30.17 
30-10 

29 '30 
29-36 
29 '4 
30'53 
25 *76 
29.55 
29 '22 

29.91 

28 'go 

2, 

I/ 

+ I  '46 
--I -@ 

-0 '55 
-1 .g4 
-0 '34 
-0 '21 

$0 '32 
+o '97 
+o '62 
+o *35 
+o -so 

-0 '47 
-0 -40 
+o yo 

+o '34 
50-46 
-0 'S3 
+o '94 
-0 ' I5  

+o .4s 

--o'II 

-0'21 

Indiscriminate mean = 3S0 32/ 29"'70. 
Weighted mean = 3s 32 29 -70 + ~ " ' I z .  

102 observations, 22 pairs. 
[Reduction to geodetic station 4- d'%.] 

'e = c d'-a. 
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9. ROCKY MOUNTAIN sEmss-continued. 

(60 )  Latitude at Grec.rr h'kw-, z h h .  C. H. Sinclair. Zenith telescope No. 6. July 2s-31. ISgS.' 
One division of level = Z"'Ij'2, deterniincd at office January, 1%. 

from the latitude observations at this station. 

Pairs of stars. .4do~ted seconds of 
mean N. P. D. 

I/ /I 

42-32 40'55 
15-w 40'55 
21 '26 46'27 
23.54 00.24 
02.62 00.24 
22 'So 16'41 

56'51 57'0.1 
39.58 00-24 

50.27 o 1 S 7  
40.39 19-76 
41 '20 00.07 
41 '20 06.03 

49'96 57'74 
49'96 42'57 
4 0 % ~  Os63 
56 %' 34 '64 

?If 

3 
3 
4 
4 
4 

, 4  
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 

"W 

9 
S 
16 
I1  

IO 

13 
9 

16 

16 
I2 

I1 

I1 

I1 

I1 

14 
S 

One turn of micrometer = 76"*227, 

Latitude. 

0 I II 

3s 59 23 '33 
23 '51 

' 24-16 

23 '83 
23 3s 
23 6 6  
24 '77 
23 '92 
24 '29 
24 '20 

24 '04 
23 '79 

. 23 Sg  
24 '01 

23 '42 
23 -4s 

Indiscriminate mean = 3S0 59' 23"'87. 
Weighted mean = 38 59 23 '89 * d/*06. 
61 observations, 16 pairs. ' 

[Reduction to geodetic station 0"-00.] 

e = c d ' ~ 3 .  . 

I/ 

+o 5 6  
+o .38 
-0 '27 
+o '06 

+O '31 
+O '23 
-0 *ss 
-0 '03 
-e -40 
-0 '31 
-0 'I5 
+b 'IO 

0 '00 

-0 'I2 

+o '47 
-b'41 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 687 
9. ROCKY MOUNTAIN sEKIes-coutiuued. 

(61)  Lafilrrde lit P~tttrus Head, Utah. P. A. Welker. Meridian telescope No. 3. September 
One turn of 22 to October 20, rSgo. 

micrometer = 63/"SSS, from the latitude observations at  this station. 
One division of level = 1"'g4, a mean of several determinations. 

Pairs of stars. 

6 589 6 640 
6 656 6 667 

6 690 6 697 
6 714 6 734 
6 754 6 784 
6 852 6 901 
6 928 6 940 

7 027 7 0 6 1  

6 979 (3 372) 

7 067 7 o g ~  
(3 437) 7 I74 
7 204 7 233 

*7 277 7 320 
"7 277 7 336 

7'365 7 411 
' 7 495 7 520 

'7 560 7 568 
"7 560 7 623 

7 659 7 686 
7 733 7 755 

*7 514 7 857 
"7 SI4 7 574 
(3 799) 7 945 
7 997 8 054 
8 125 8 141 
8 211 . 8 224 

-4dopted seconds of 
mean N. P. D. 

I' I' 

12'53 46-43 
34'39 09.30 
15'87 16.15 
43'92 . 00.49 
10.02 41 q 
55.66 25'94 

o i .34  48'73 

53.91 03'39 
14.9s 36.51 
29.71 37% 
22*29 38.22 
22'29 28.56 
26'80 IS-43 
31.99 33'90 
44'49 1.5'17 

44'49 17.1' 
35.17 37'44 
45.31 40'90 
50.55 29-62 
50.55' 25.05 
32'74 47'27 
15-29 28-97 
41.40 25-22 

40'28 16'36 

. 33.65 18.15 

$2'61 14-45 

II' 

7 
1 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 

5 
6 
6 
6 

5 
5 
5 
5 
5 
5 
5 
5 
5 
6 

81 Latitude. 

0 I I' 

13 39 29 57'29 
I 2  56'3' 
'3 57 '40 
13 57-01 
13 . 56'37 
73 57'60 
13 57'00 
13 56.83 
13 56.45 
I .3 . 57'49 
13 57.13 
I3 57'23 
8 56.63 
9 56 :56 

'3 56 :s4 
13 57-63 
S 57-28 
s .  57.10 

I2 57-28 
I 2  57-32 
8 57'54 
S 57-62 

I 2  57'53 
I 2  57'75 
I 2  57'04 
13 57 '55 

7 

' I  

-0*14 
+o .83 
-0 '25 

+0'14 

+o 7 8  

-0 '45 
$0 

+o '32 
+o '67 

-0 '34 
+o '02 

-0 .os 
$ 0 ' 5 2  

+o '59 
$0'31 
-0.45 
-0 'i3 
- to '05 
-0.13 
-0'17 

-0 '39 
-0 '47 
--o 38 
-0 '60 
+ O T I  

-0 '40 

Indiscriminate mean = 3g0 29' 57'"14. 
Weighted mean = 39 29 57 '15 &0°"'06. 

146 observations, 26 pairs. 
c = -c d"32. 

[Reduction to geodetic station - 1//'81.] 
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9. ROCKY MOUNTAIN SERIEs-Continued: 

(62) Latihde af Aforcnt ElZen, LJtnh. P. A. Welker. Meridian telescope No. 3. August 17-24, 
One turn of micrometer = 63//*Sm, from circumpolar ohserva- 1891. One division of level = P . 9 4 .  

tions at  this station. 

Pairs of stars. 

5 so2 

5 S86.11 
5 991 
6 052 
6 122 

6 .is5 
6 243 
6 289 
6 350 
6 453 
6 491 
6 654 
6 7i8 
6 -0 

I 4 
6 Sj6 
6 928 

(3 372) 
7 112 

7 213 
7 336 
7 398 
7 468 

/ I  

55 -2s 

36 '21 
36 '02 

26 'IO 

27 '06 
.2s '93 

03 '41 
40 '34 
21 '39 
24 '10 

50 '22 

35 '17 

43 '04 
01 .05 

5s 
5s '30 
07 '79 
41 '05 
21 '45 
24.12 

3s '67 
I 1  '22 

/ I  

56 .S2 
12 'IO 

4s '64 
55 ' I 4  

04.96 
45 '09 
01 '25 
4-1 .s2 

58 *6S 
33 '50 
35.06 
53 '79 
34 '00 
3; .Si 
0 1  -4.5 

23 '1.5 
37 '57 
49 '23 
34 '83 
I1 '33 
43 %J 
29 '87 

Adopted seconds of 
mean N:P. D. I1 I 

7 .  
7 
6 
6 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
1 
5 
5 
5 

a' 

IO 

10 

10 

10 

IO 

IO 

IO 

IO 

I O  

3 
IO 

IO 

IO 

I,. A" 

IO 

I O  

IO 

IO 

IO 

IO 

IO 

IO 

Latitude. 

ndiscriminate mean = 3S0 07' 24//'63. 
Yeighted mean = 38 07 24 *66 c 0'/*06. 

14 observations, 22 pairs. 
e = c o"'26. 

[Reduction to geodetic station +0//-48.] 

i' 

I /  

+o "3 

+o '24 
-0 '36 

+O '09 
-0 '22 

-0 '67 
$-o '70 
---0 '57 
4-0 .or 
+ I  '02 

$-0 '1 9 
+@ '02 

; G.54 

-0'1j 

+o '"! 
-0 'IO 

$0 '25 

-0 '04 
-t 0.66 
-0'j7 

-0 '93 
+o '23 
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9. ROCKY MOUNTAIN SERIES-continued. 

(63) Lnlitmft. nt ~Fnsatch. Ufoh. P. A. Welker. Meridian telescope No, 3. August 5-19, 1Sg0. 
One turn of micrometer = 63//-7SS, Om dirision of level = I//", a iiieaii of several determinations. 

from the latitude observatioiis at this station. 

Pairs of stars. 

5 S56 5 917 
5 922 5 937 
5 97s 5 991 
6 0 2 1  6 052 
6 079 6 1061. 
6 203 6 235 
6 a51 6 345 
6 404 6 466 
6 520 6 534 
6 574 6 583 
6 5Sg 6 640 
6 667 6 718 
6 779 6 754 
G So2 6 S36 
6 S4g 6 557 

6 962 "7 029 
6 965 "7 '029 
7 061 *7 15s 

7 1-11 7 204 
[I %I] 7 246 

6 s97 6 932 

(3 437) *7 15s 

7 275 (3 523) 

Adopted secoiids of 
n1ea11 N. P. D. 
If I/ 

44 '69 33 'SI 
21'95 01.40 

52.91 34.15 
35'95 13.5s 
40.76 05'4s 
47'SS I S %  
3 5 3 s  27-07 
15'56 11 .36 
50.14 41 '21 
12.53 46'43 
d.99 41'73 
JS.37 41 *04 
'S.55 41'34 
20'12 39'59 
37-9s 26.09 
01.41 53-30 
31.77 53-30 
14'45 34"oI 

2 s . 0 2  , 46'74 

14.9s 34'01 

35.70 52.S5 

57'49 53.00 

45'30 29'7 

N I 

7 
7 
6 

7 
7 
7 
S 
7 
S 
6 

7 
7 
7 
S 
6 
7 
7 
7 
5 
6 

7 
3 
3 

22, 

I' 

I2 

I2 

I2 

I 2  

12 

15 
I2 

I3 
I2 

I2 

12 

I2  

I I3 
I 2  

I2 

S 
S 
7 
S 

12 

7 
9 

Latitude. 

0 I I/ 

39 06 55 '40 

, 54% 
54 '07 

54 '24 
53 '59 
54 '3s 
54.16 
54 '57 
53'93 
54 '07 
54 '70 
54 '3 I 
54.36 
54 '57 
54'@1 
54 '94 
54 '2s 

54 '32 
54 ' 0 2  

53 '57 
' 54'56 

54 'og 
53 '53 

Indiscriminate mean = 3g0 06' 54f%9. 
Weighted mean = 39 06 54 -32 c o"m6. 

150 observations, 23 pairs. 
c = -I- dI-37. 

[Reduction to geodetic station - 3f/'06.] 

18732-No. 4-44 

' I  

I/ 

---I *os 
t .0  '25 

-0 '53 
+o .os 

-I-0 7 3  
-0.06 
+o 76 

+o '39 
to '25 

-0.35 
+o '01 

-0 '04 
-0 '25 

f 0 . 3 1  
-0:62 

$0 '04 

-0 '2 j 

0 '00 

+o '30 
t o  '75 
-0 '24 
-to '23 
$0 '49 
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9. ROCKY MOUNTAIN SERIES-COntilllled. 

(64) Latitnde af  Afonal  iVcbo, U f d .  J. H. Turner. Meridian telescope No. 3. J U ~ Y  25 to 
One turn of micrometer August I, 1SS7. 

= 63//'90, from latitude observations at this station. 
One division of level = 3//*6. deterniinecl at this station. 

Pairs of stars. 

5 3ss 
5 459 
5 496 
5 7.10' 
5 s42 
5 911 
5 951 
6 052 

6 193 
6 357 
6 476 
6 612 
6 656 
6 745 
6 S56 
6 917- 

7 03.3 
7 213 
7 294P 
7 402 
7 495 
7 555 

8 

5 4 32.11 
5 466 
5 523 
5 749 
5 S7I 
5 927 
5 967 
6 I jo  
6 21s 
6 463 
6 571 
6'615 
6 732 
6 771 

6 879 
6 976 
7 1-25 
7 241 
7 j65 

7 453 
7 52s 

7 571 

Aklopted secoiids of 
mean N. P. D. 

// 

06 . j 8  
15 'OS 

53 '59 
3.5 '22 

39 '73 
41 'SO 

jg '61 
j: .IS 
3 7 '5s 
41 '00 
54 '41 
14 . I j  

55 '35 
33 7 2  

39 ' 2 0  

39 '02 

52 '27 
27 '23 

36 '96 
45 .s2 

'9 '39 
29 '62 

/I 

I 7 .S2 

51 '50 

0.3 '97 
40.5s . 
53 -06 

20 . j o  
09 '26 

27 '39 
5s '74 
16 '91 
CQ '49 
20  '91 
05 '44 

2 j  .55 

29.57 
40.12 
59 '32 

IO '63 
I j 7 6  
39.24 
26 'S7 

5s '52 

111. 

5 
S 
6 

7 
S 
7 
S 
7 
7 
7 
7 
5 
7 
c 
5 
7 
7 
6 

7 
7 
6 

7 

:u 

3 
3 
3 
5 
3 
3 
3 
5 
3 
3 
3 
3 
3 
-7 

3 
3 
3 
5 
, 
.) 

3 
3 

Latitude. 

0 / I/ 

4s 33 '52 
32 '2 j 

33 '00 

32 *54 
34 '17 
33 -46 
33 '20 

32 '39 
33 'i7 
>J 33 
31 '33 
j2 '5s 
j 2  '2 j 

3' "ia 

34'16 
j 4 ' 1 j  

31 '71 

3 j '63 
j r  .04 
j2 '25 

3" '90 
j j '46 

I.. 

I/ 

-0.62 
+o '67 

+o 36 
--I '27 
-0 5 6  
-0 '30 
+O '5 I 

-0 'S7 
-0 '43 
$0.47 
+o '32 
4-0 '67 
-+'IS 

-I '26 
.--I '23 

+ I  "9 

-0 '10 

-0 ' 73 
+I '56 
-I- 0 '65 
0'00 

-0 56 

Indiscriminate nieaii = 39O 4s' 3Y"go. 
Weighted mean = jg  4s 32 .go c O"-I~. 

1.17 observations, 22 pairs. 
9'. r' = & 0". 

[Reduction to geodetic station + o"'5g.l 

Station No. 65. 
dredth Meridian. 
Vol. 11, pp. 99-125. 
Marryatt, using the meridian iiistruiiient Wiircleniaiiii NO. 16. 
ture 1% inches. 
og' 25//.62 f o"-05. 

Giinizisorz, Ufah. United States Geographical Surveys IVest of the One hun . 
IVasllington, 1577. 

Observations for latitude were made on S nights in  November, rSp, by 117. \v. 
Focal length 26 inches, clear aper- 

Resulting value for latitude 390 

Lieut. G. 31. Wheeler, United States ,Engineers, in charge. 

Number of individual results for latitude 179. 

[Reduction to geodetic station o'/.oo.] 
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9. ROCKY PIOUNTAIK SERIES-COlltillLl~C~.. 

(66) Latihdt dr! Ogdeten Pctik, UfizR. J. H. Turner. Meridian telescope No. 3. September 
One division of level = 2"'35, determined at the office, July. ISSS. One turn of microm- 23-29, ISSS. 

eter = 63f"90, from latitude ohservations at Mount Nebo, rSS7. 

Pairs oqstars. 

6 623 6 648 
6 754 6 771 
6 S30 6 Sgr 

6 9s3 6 995 
7 194 [I 8611 
7 290 7 320 
7 39s 7 402 
7 462 7 4% 
7 521 7 544 
7 5% 7 605 
7 706 7 749 
i s50  7 915 
7 972 7 9% 
s 153 8 I 6 0  
S 212 S 229 
S 26s S 324 

(43) 79 
109 '53 
17s 244 
267 314 
343 404 
510 566 

Adopted seconds of ,,, 
mean N. P. D. 

If /I 

'16.9s 50'52 
26.65 . 56 '91 
25.44 50.0s 
4679 01 .og 
20'02 ' q . 7 7  
50.34 06'41 
2S.62 30So 

22.1s q . 1 5  

I1 'O j  11 '45 

02.60 37.25 

06'42 0 2 ' 7 2  

02.41 33.96 
gS.45 .12'19 

50'20 44's; 

52.09 07.31 
19x6 52-34 
17.59 03.27 
57.3s 10'73 
06'95 02'06 

dS.63 46.26 
19.14 3072 
S ' 7 0  33'99 

7 
7 

7. 
7 
7 

6 
6 
6 
6 
6 
6 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 

2 

ii' 

9 
9 
9 
9 
9 
6 
9 
9 
9 
9 
9 
9 
S 
9 
9 
9 
9 
9 
9 '  
9 '  
9 
9 .  

Indiscriminate mean =  IO 11' 59"-62. 

Latitude. 

0 f /I II 

41 ' 1  59'50 
5s '65 

59 '26 
5s '77 
59 '91 
60 ..SS 
59 '36 

59 '63 
s9.63 
59 '74 

59 '29 
59 '7s 

60.0s 
59 '93 
59 '10 

. 59.65 

' 59'0s 

59.98 
60 '09 

59 '44 
59 76 
60 *IS 

.- 

Weighted mean = 41 I I 59 .60 & O'"o7. 

131 observations, 22 pairs. 
L' = rC_ d"40. 

[Reduction to geodetic station - d"02:] 

V 

/r 

+o 'IO 

+Q '95 
$0 '34 
$0 's; 
-0.51 

-1  2s 
$0 '34 
-0 '03 
-0 '03 

, -v.14 

-0 .IS 
$0 '52 
-0 .qs 

. $0.50 

-0 .os 
-0 *3s 
-0 '49 

. +o.16 
-0 '16 
-0 -5s 

+O '3 I 

-0 .-. 33 
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9. ROCKY BIOUK'TAIN sERIES-contirlued. 

(67) Lnlilridc nf SnM Lake Cify, Uhh. 
One division of level = I"'12. 

F. H. Agnew. Zenith telescope No. 6. March 23 to 
One turn of iiiicroiiieter = 76'/.126, from circumpolar April 29, 1S69. 

observations at this station. 

Pairs of stars. 

2 379 
2 441 
2 516 
2 576 
2 633 
2 700 
2 7'4 
2 $36 
*2 s1g 
+2 519 

2 999 
3 059 
3 140 
3 "42 
3 51; 
.? 358 
3 46s 
3 533 
j 612 
3 664 
3 '725 
3 $7 
3 s3s 
3 go4 
2 765 
2 S17 
2 gS2 
3 068 
3 I12 
3 173 
3 246 
3 331 
3 496 
3 665 
3 744 
3 SI1 

4 123 
4 ISS 
4 25s 
4 300 

2 464 
3 4% 

. CI 544 
2 617 
2 64s 
2 704 
2 7.51 
2 792 
2 9'7 
2 91s 
3 04s 
3 9 7  
3 204 

3 "5 
3 330 
3 377 
3 505 
3 5Q 
*3 671 
*3 671 
3 751 

S25 
3 S64 
3 9'5 " 799 
2 ss7 
2 .ggI 
3 os5 
3 150 
3 21s 

3 324 
.5 402 
3 534 
3 72s 
3 7s4 
3 S6S 
4 141 
4 23s 
4 2% 

4 351 

Adopted seconrls of 
iiieaii N. I?. D. 

I/ 

'9 30 
55 '30 
1s '00 

51 *4s 
20.7s 

34 '72 
24 50 
37.40 
49 *96 
46 96 

0 2  '45 
22 '77 
39 '17 
34.20 

13.06 
33 '50 
39 '05 
50 '25 
IO '13 
22 .so 
17 '45 
33 '12 
30 'IO 
21  'go 
00'90 
,16 '04 

I2 '50 
20 '25 

21 '95 
26 36 
23 '45 
31 -00 
23 KJ 

4s .SI 
22 '93 
16 '32 

12 '50 

J2 '94 

30 .s4 

15 *3s 

91' 

5 
6 
4 
6 
5 
7 
7 
7 
5 
5 
7 
6 
7 
7 
6 
6 
6 
6 
7 
7 
6 
5 
6 
7 
6 
6 
5 
6 
6 
6 
6 
7 
7 
7 
6 
6 
6. 
6 
6 
6 

;La 

IO 
I! 

IO 
I1 
10 

I1 
I 1  
I1 

7 
7 

I1 
I1 
11 
I1 
I 1  
I1 
I1 
I1 

7 
7 

I 1  

IO 
I1 
I1 
I1 
I1 
IO 
I1 
I1 

I1 

7 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 

Latitude. 

0 / /I I, 

40 46 03 '17 
03 '69 
04 ' 2 0  

0; '45 
03 '92 
03 '74 
04.06 
04.46 
02.96 
03 '99 
0; 'd3 
03 .So 
03 '30 
04 '53 
03 '66 
0; '30 
04 .I4 
04 '41 
0; .54 
03 '64 
03 .ss 
04 '09 
02 '96 
03 '93 
03 '67 
04'11 

04 '56 
03 'S4 
04 '37 
0; 'I1 
02 .so 
03 '93 
03 '21 

04 'I4 
03 .ss 
03 -92 
03 -20 

03 '75 
04 '04 
04 'I3 

Indiscriminate mean = 40° 4W 03".77. 
Weighted mean = 40 46 03 -7s C dI.05. 

244 observations, 40 pairs. 
e =  ~kd"35. ' 

[Reduction to geodetic station d'.oo.] 

,I 

+o .6 I 
+O 'Q9 
-0 '42 
+o '35 
-0'14 

+o '04 
-0.25 
-0 '65 
+o 'S2 

+o '35 

+o .4s 
-0 '75 
+0'12 
+o .48 
-0.36 
-0 '63 
+o '24 
$0 '14 

-0.31 
+o .S2 
-0 'I5 
+o '1 I 
-0 '33 
-0 -7s 
-0.06 
-0 '59 
$0 '67 
+o *gS 
-0 ' I 5  

50'57 
-0 -36 

-0 '14 

+O '03 
-0.26 
-0 '35 

- 0 ' 2 1  

-0 ' 02  

-0 '10 

-0 'IO 

+o -55 
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9. ROCKY MOUNTAIN SERIES-COlltillUd. 

Sflzfioii Arc. 65. @w'cii. Lf i i i fd  Sfizfrs EiigiitLw-s' c l b s ~ ~ ~ ~ ~ ~ ~ c l f o i : ~ ~ ,  Lifiih. From United States 
Geographical Surveys West of the One liunclrcdth Meridian. Lieut. G. IN. Wheeler, United States 
Engineers, i n  charge. Washington, Is77. Vol. 11. pp. 7-54 and 469-471. Observations for latitude 
were niade in 1S73 and 1S74 with the Wurdemann combined transit instrument No. 2s. In 1S73 
Dr. F. I<ampf observed for latitude on 5 nights in October, nuniber of pairs 36. and 140 individual 
results: resulting latitude 41' 13' oS"'65 &d'.oiz. In  1S74 Dr. John H. Clark observed for latitude 
1x1 7 nights in September and OCtober. number of pairs 23, and 117 individual results: resulting 
latitude, qrO i3/os/"47. The reference is to the longi- 
tude pier of the observatory. 

hlean of two results  IO 13' o8'.56 & o'"o3. 

[Reduction to geodetic station 0"'00:] 

(6g) ~ l ? t ~ h f t ~  i z f  1f'hfd~Wp, Uhzh. . 0. R. French. Meridian telescope No. 3.  June 7-19, rSg2. 
One turn of micrometer = 63'/.753? from the latitude observations at One division of level = ~"'94. 

this station. 

Pairs of stars. Adopted seconds of 
niean N. P. D. I f /  

2 

* 

i 

3 
4 
4 
I 

2 

I 

2 

2 

2 

2 

2 

2 

Ti1  

4 
4 
4 
4 
4 
5 
5 
4 

4 
I 

2 

1 
4 
4 
4 
4 

Latitude. 

n I fr 

40 54 22'55 
2 0  .54 
22 '07 
23 -16 

21 '93 
21.96 

. 22.03 

21 '36 
22 60 
22 '20 

22 '65 

20.45 
21 '96 
22 .JI 

22 '59 

23'34 

'I 

-0 ''14 

-t-1 '57 
+o '04 
-I '05 

+o-rS 
+o '15 
+o .os 
+o '75 
-0 '49 
-0 '"9 
-0 .54 
+I 66 
+ O ' I 5  

-0 '30 
-0 .qS 
-1 '25 

Indiscriminate niean = 40' 54) 22'1.1 I. 
Weighted mean 

35 observations, 16 pairs. 

= 40 54 22 *I,; c d / * 1 3 .  
e = & d/.5g. 

[Reduction to geodetic station + 2'/*00.] 
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9. ROCKY IVIOUNTAIN SERIES-COlltillUed. 

(70) Ltililiidt! trd .-liifdopc. L k h .  P. A. Welker. .l\.Iericliaii telescope  NO:^. .October 12-19, rP92. 
Qne turn of micrometer = 65'"S2S, One division of level = 1'"g4, a mean of several determinations. 

from the latitude observations at this station. 

Pairs of stars. 

7 067 [I S19l 
7 164 7 ISZ 
7 213 7 233 
7 253 7 320 
7. 345 7 599 
7 417 7 437 
7 462 7 503 
7 607 7 676 
7 70s 7 733 

( 3  719) 7 777 

*7 523 7 s74 
7 s93 7 902 
7 914 C2 05S1 
7 967 7 975 
s 034 s I24 
5: 163 ( 3  957 
S 227 [z 1501 

*S 296 S 344 
*8 296 S'366 

52 IO0 

120 *165 

"7 S23 7 S57 

I55 ++I65 

.I/' 

5 
5 
5 
5 
6 
5 
6 
6 

5 
6 

5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

iC' 

s 
S 
S 
S 
S 
S 
S 
S 
S 
S 

5 
5 
S 
S 
S 
S 
S 
2 

5 
5 
s 
5 
5 

Latitude. 

0 I I' 

40 57 4p'Qo 
. 40'43 

40 '65 
40 7 s  
39.21 

. 39'94 
41 .54 
40 '34 
39 'S9 
$2 '76 
40 '57 
40 76 
40.46 
40 '26 

40 '5 1 

40 '47 
40 .SI 

. 39-6s 
' 40°39 

40 Y5 
41 '22 

41 '02 

4 1  'og 

. i' 

I' 

+@ '49 
+o '06 
-0.16 
-0 '29 
+ I  .2s 

- to  '55 
-1 .os 

+o '1.5 

+o 63 
-0 '27 

-0 -0s 
-0 '27 
+u '0 3 
+o "3 

+o '02 
-0*;2 

+o.Sr 
+o 'IO 
+o -04 
-0 '73 
-0 '53 
-0 6 J  

-@ 732 

Indiscriminate mean = 40°. 57) 40//*4g. 
Weighted mean = 40 '57 40 '49 & 0"*07. 

119 observations, 23 pairs. 
l' = & O"'35. 

[Reduction to geodetic station + O"'33.1 
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9. ROCKY MOUNTAIN SERIES-continued. 

(71) Lnfifritlr nt Pronsa i~fo~:~ .  ( h h .  P. A. Welker. Meridian telescope No. 3. July 9-14, rS92. 
One turu of One division of level= I".%, an average of several determinations at  various times. 

niicroineter = 6;"'Sa7, from circumpolar observations at  this station. 

Pairs of stars. Aclnpted seconds of 
mean N. P. D. 

/ I  

52 .c6 
31 '01 

40 '50 
43 '43 

,33  '.25 
46 '11 

~ 2s 'S7 
5 j 6s 
53 -6s 
24 '44 
27 '75 
33 '59 
05 '97 
42 :s2 

42 $2 

I-? '40 
27 '99 
Q5 '64 
29 '13 
01 '15 
IO $2 

/ I  

41.09 . 
09 '02 

03 '51 
32.7s 
41 '73. 

32.74 

3s '63 
04 'I5 
33 '05 
I1 '53 
54 6 3  
37 .-I7 
19 '20 

4s .24 
03 .s2 

07 '74 

40 $3 
45 -20 
34 '69 

@4 '0 j 

08"39 

il 

5 
5 
5 
6 
6 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
3. 
5 
5 
5 
5 

:L' 

7 
7 
7 
S 
S 
7 
7 
4 
5 
7 
7 
7 
7 
5 
5 
7 
7 
7 
7 
7 
7 

Latitude. 

0 I I f  

41 I7 47.91 
4s '35 
49.36 
4s '79 

49 
4s ' IO 

4s '41 
47 '27 
47 3 7  
4s '37 
4s OS2 

4s '23 
47 90 
4s '14 
4s '20 

47 6 3  
, 4S.62 

47 '93 
47 -so 
4s '73 
47 '73 

Indiscriminate mean = 4r0 1 7 ~  4W.23. 
Weighted mean = 41 17 48 -2s & o//mS. 

103 observations. 21 pairs. 
e = & 0'/'27. 

[Reduction to geodetic station + 0.//01.] 

21 

/ I  

+o '37 
-0 '07 
-1 *os 
-0.51 
-0 os4 
+0'18 

+1'01 
$0.91 
-0 '09 

-0 '54 
+O '05 
+o .38 

+o 'I4 
+O.& 

+0.60 

-0 '34 

+o '35 
+o .48 
-0 '45 
+o '55 

-0'16 
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9. BOCKT RIOUNTAIN S E R I E S ~ o l l t i l l L l e c ~ .  

(72) hf i fr (o"-  nd Dcst?rs.t, Uflih. P. 9. Welker. Meridian telescope No. j. September S-13, 
One turn of 1S9z. 

micrometer = 63'/'74S, from circumpolar olxervations at  this station. 
One division of level = I"W, a mea11 of several determinations at various times. 

Pairs of stars. :c' Latitude. Adopted secoiids of 
mean N. P. D. 

5 S 
5. s 
5 6 
5 s 

- 5  5: 
5 S 
4 7 
5 S 
5 s 
5 S 

5 5 
5 '  5 
5 S 
5 Y 
5 S 
5 S 
5 S 
5 S 

' 5  S 
4 7 
5 S '  
5 S 

I/ 

+c '03 

+o -47 
-0 '97 
+O .62 
-0 '45 
+o 'S3 
$0.62 
+o 'IO 

-0 '65 
-0 '63 
-0 '62 

-Q -46 

-0 '01 

t u  .y6 

+ O ' j S  

-0 '59 

$0.14 

-0 '04 
+o '45 
+0*1g 

-0 .'3 5- 

-0". 55 

Indiscriminate niean = 40° 27' 3 1 ~ ~ ~ 9 4 .  
Weighted niean = 40 27 31 -93 c d/*oS. 

roS observations, 2 2  pairs. 
t.- = * p 4 s .  

[Reduction to geodetic station + 0'31.1 

SfRiioii No. 73. Btxzvr-, Ukzh. United States Geographical Surreys West of the One hundredth 
Meridian. Lieut. G. ivI. Wheeler, United States Engineers, in charge. Washington, 1S77. Vol. 11, PP.. 
54-71. Observations for latitude were made on 7 nights in  August, 1S72, by John H. Clark, using 
the meridian instrument, Wurdemann No. 16. Focal length 26 inches, clear aperture  IS^ inches. 
Though 30 pairs were used oiily 94 individual results for latitude were obtained 011 accoutlt of the 
unfavorable weather. Resuiting value for latitude, 3S0 16' 23"'zS C d'*o6. 
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9. ROCKS Y O U K T A I N  SERIES-COnlpkted. 

(74) Lnlihde: frl @cuis, L h h .  Freniont Morse. Zenith telescope No. 6. August 25-31, 189s. 
One turn of micrometer = 7611'240, One division of level = 2/"17, deterniiiied at  office January, 189;. 

from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

I1 

36 'IS 
12 '5s 

0; 'SZ 

I9 'I3 
oj' *3s 
0 2  '97 
25 .so 
2J '42 

01 '79 
39 '6r 
24 '"5 
00 'S5 
43 '93 
45 '31 
50 '37 
I S - I g  

55 '97 
2s '59 
48.15 
35 '99 
42.12 

06 '89 
'5 '69 
'9 '03 
47 'S9 
40 '05 
33 ' 2 0  

0 2  '24 
4s '27 

47 '30 

49 .ss 
05 '71 
42 '19 
0s *76 

11 

04 '92 

47 '52 

59 '91 
01 '7' 
29 -22 

4j '01 

I7 '35 
24 '41 
50 '26 

5s 36 
24 "9 
19 '65 
36 '59 
36 '59 
03 '22 

07 '74 
20 '69 

54 'og 
2s '59 
32 '62 

35 '99 
42-12 

5s '30 
5s '30 
5s '30 

33 '96 
52 *6S 

05 36 
0.5 3 6  
19 '59 
15 '36 

55 *4s 
og '82 

I7  *36 

11.1 

2 

2 

2 

2 

3 
3 
3 
2 

2 

2 

4 
4 
2 

I 

2 

2 

2 

5 
4 

4 
4 
3 

I 

2 

I 

4 
4 
4 
4 
3 
I 

I 

I 

I 

W 

4 
4 
4 
4 
6 
6 
5 
,l - 
2 

4 
7 
S 
3 
I 

4 
4 
5 
S 
S 
2 

5 
7 
0 '2 

2 

I 

7 
7 
4 
4 
4 
2 

2 

2 

2 

1 

/ I  

$1 '35 
-0.33 
-0 s4 
$0 Q'l 
-0 '37 
-0 .rS 
-0 3 6  

+o .45 
-0 '29 

-0.51 
+o 'S9 
$0'01 

+O '2 5 

$0 '55 
-0.17 

--I '"5 

+o '34. 
-I -15 

$0 3 4  
+o .9s 
fo 61 
-2 '13 
-0 r 6  
+o *os 
+o '22 

+o -76 
-0'19 

-0.75 

-0'01 

-Q '34 

-0 'I2 

-0'01 

-0'27 
-0 '36 

Indiscriminate mean = 39O 17' 35/"55. 
Weighted mean = 39 17 35 -47 ko".oS. 

S7 observations, 34 pairs. 
e = -C 01%6. 

[Reduction to geodetic station o"mo.] 
-- - -- 

t Weise. S I r .  
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1.8. NEVADA SERIES. 

(75) Lcrlilirrl's l i d  Zbclpirh. U h h .  E. P. Austin. Meridian telescope No. 3. August 30 to Septem- 
One ber 5, ISS~. 

turn of micrometer = 63"'959. from circuinpular observations at this station. 
One division of level = P g q ,  a mean of several determinations at various times. 

Pairs of stars. Adopted seconds of ,,/ 
mean N. P. D. io Latitude. 

/I 

47 '87 
IS '63 

, 25'25 
06 '69 
04 '07 
12 '45 
50.10 

02 '03 
0 1  .4s 
57 '22 
57.9s 
35 '55 
20 '34 
44 '2i 
14 '23 
29 '26 
23 '64 
0 1  '03 
02 '57 

! 

0s '79 
0s '79 
I5 '79 
35 '69 
20 *62 
20 '62 

/I 

00.45 
56.6s 
41.31 
07 '29 
43 '50 
45 'I7 
2Q '14 
I5 '79 
47'65 
29 '99 
1s '35 
46 'SI 
IO a3 
-0 .5i 
L" 

59 'S9 
25 '13 

53 '30 
31 '71 
26 'Sg 
41 .4r 
33 7s 
42 '96 
01 '15 
37 '94 
17 '93 

0 / I/ 

2 3 39 49 3q.15 
I 2 '  40 '2 I 
3 4 39 '05 
5 7 -  39 *56 
6 S 39 'S4 
5 6 40 '09 
5 6 3s 'SO 
s 7 3s '16 
5 7 39 '72 
5 7 39 '24 
5 6 40 '03 
4 5 3s '02 
5 7 39 '95 
G b: 35, '31 
6 Y 39 -46 
6 S 39 "3 
6 7 39 '07 
5 7 39 '65 
3 4 39 '24 
5 5 39 '54 
4 4 39 '07 
5 . 6  . 3s34 
.5 7 39 '51 
5 4 39 '55 , 
5 4 .  39 '73 

Indiscriminate mean = 3g0 49' 39/"36. 
Weighted 'mean = 39 49 39 -35 & 0"*07. 

117 observations, 25 pairs. 
e= f d%o. 

[Reduction to geodetic station .- f'.22] 

V 

I/ 

+o ' 2 0  

-0 '86 
fo '30 

-0.49 
-0 '74 
+o '55 
+ I  '19 
-0 '37 
$0 'I I 

-0 '65 
+I '33 
-0.60 

t o  .04 

-0'21 

-0 *I I 

$022 

+o '2s 

-0 '30 
+o*rr 
-0.19 
+o '29 

+0*51 
-0.16 
-0 '20 

-0 '$3 
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.I 0. NEVADA sERIEs--continued. 

(76) Ladifit& nl Pihd Pmk, f \ ' m 7 l h 7 .  E. P. Austin. Meridian telescope No. 3. July I 1-16, rSSg. 
One division of level = r"'g4, a mean of several determinations at various times. One turn of microin- 
eter = 6:,"'959, froin circunipolar observations at  Ibeph. 

Pairs of stars. Adopted seconds of 
menn N. P. D. 

I/ N 

24-35 29-72 
33-03 57-3s 
41 '15 09-64 
oS.61 59'47 
01 '$3 10'93 
1326 17-32 
32.72 05-32 
36'25 10.55 
23.48 54'01 
34'77 47'S7 
25-46 41 'go 
06'69 36.46 . 

07 '29 25 '95 
25'47 43.51 
52'1s 48.6s 
10.42 2962 
16'02 28.55 
15-79 10.69 
53.14 34-04 
OS.69 Og.77 
33S5 02-72 

01 '30 IS-67 
16'37 55'94' 

$1' , 

3 

4 
I 

3 

4 
3 
5 

5 
5 
4 
5 
5 
5 
4 

: 5 :  
5 
4 
1 
5 
4 
5 

5 
. 5  

it! 

2 

I 

3 

, 
r )  

3 
3 
3 
2 

3 
3 
3 

3 
3 
3 
3 
3 
3 
3 ,  
3 
3 
3 

Latitude. 

0 I If 

41 or 07-56 
08 '63 
os '40 
07 ?is 
07 '92 
OS *6S 
07-51 
09.46 
oS.16 

07 *54 
09 '41 
09 -02 

. 07'47 
08 *06 
07 '37 

' os29 
07 '55 
0s .96 
os '45 

os.77 
09.07 

. 07'95 
0s *76 

Indiscriminate mean.= 41O ox) oS'/*25. 
Weighted mean ' = 41 or 08 '26 +dd"og. 

gS observations, 23 pairs. . 
e.='f.r/'*21. ' 

[Reduction to  geodetic station + dI.05.l 

i' 

I/ 

+0.70 

-0 .I4 
+o '5s 

fa '34 
-0 .-$2 

+o '75 

f0.10 
+o '72 
-I '15 
-0 a76 

$0 '79 
+o ' 2 0  

+o 'S9 
-0 Tl3 

f o  '7 I 
-0 70 

-0.19 
-0 '5 I 
-0'51 
t o  '3 I 
-0 '50 

-0 '37 

-0 ' 2 0  
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I@. NEVADA S r i R I E S - C O l l ~ ~ l l L l ~ C ~ .  

(77) Lczfifntfr. crt Piozhc. Ncardtr. G. F. Bird. Meridian telescope No. 3.  Septeniber 13-21~ 
One turn of micrometer rRS;. One division of level = PS96, froin observatioiis at this station. 

. = 63'/'75.;., from circumpolar observations at this station. 

Pairs o f  stars. Adopted seconds of ,!, 
mean N. P. I). 

5 
5 '  

5 
5 
5 
5 
4 
6 
5 
6 
6 
6 
6 

5 
5 
5 
5 
5 
4 
5 
5 
5 

Lat i t wle. 

0 I I ,  

6 57 59 07'08 
6 05 '55 
6 .  07.52 
6 06'19 
6 06 .SI 
6 07 61 

6 05 '65 
6 07.31 
6 06.76 

6 07 '65 
6 0 7  *m 
3 07 -S3 

6 07 '59 

5 0 7  'jj 

6 07'12 

6 07 '27 
6 06 '2s 
6 07 '2s 

5 07 -54 
6 06.65 

4 07 '33 
4 0 7  '14 

Indiscriminate mean = j7O 59' 07'"01. 
Weighted mean = 37 59 06 -gS f d%g. 

I 13 observations, 22 pairs. 
t' = & O"'50. 

[Reduction to geodetic station - d'*?S.] 

I' 

' I  

-0'10 

+ I  :43 
-0 -54 
+o '79 
+0'17 
-0 '63 
-0 '3.5 
+I '33 
-0 '33 
+o '22 

-0 '67 
-0 '02 

-0 $5 
-0 .41 
-0.14 

-0 '29 
+O '70 
-0 '30 
-0 -56 
$0 '30 
-0 '35 
-0 '16 
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IO. NEVADA SEfiIEs-contitrnecl. 

stlr.tioir. NO. 7s. ~ i o r l r ~ ,  N t - m r ~ l r .  United States ~eograp~i ica l  Surveys West of tlie  ne 111111- 

Washington. IS7 j .  

Observations for latitude were irlacle by W. W. Marryatt on h nights in Octdher, 1Q72, 
Focal length 26 inches, clear aperture I !4' inches. 

(79) Ltrtiti~dc nl f)inr~rorrd Pt77k. Rezvifu. R. A. Narr. Meridian telescope No. 3. October 1-5, 
One turn of micrometer = 63/"Sr5. from circumpolar ob&%- 

dredth Meridian. 
Vol. 11, pp. 75-96. 
using the ineridiin instrument, Wiirdeinaiin No. 16. 
Number of individual results for latitude rgj. 

1%. One division of level = I"%. 
tioiis a t  this statioii. 

Lieut. G. M. Wheeler, United qStates Engineers, in charge. 

Resulting value for latitude 37' 55' 26//-07 f d"0i. 

Pairs of stars. 

6 397 6 410 
6 491 "6 520 

*6 520 6 553 
6 623 6 637 
6 656 6 667 
6 714. 6 734 
6 745 (3 363) 
6 S52 6 go1 

"6 92s 6 940 
"6 92s 6 943 

6 979 (3 372) 
7 037 7 065 
7 Os6 7 143 

7 3@4 7 233 
7 "77 7 320 

(3'555) 7 414 
7 462 7 544 
7 733 7 755 
7 S23 7 SSr 

(3 799) 7 945 
7 972 ( 3  S4I) 
7 997 s 054 
S 125 S 141 
S 162 S 227 

Adopted seconds of 
mean N. P. D. 
I /  I /  

59'55 40.56 
21 '92 59.68 
59'6s 06'2s 
02.75 53.91 
35 '30 12.06 
54'21 14'7.2 
rSmg j5"61 
21 '72 56'27 
O s 3 2  51.42 
0$$.52 41 '53 
41-16 276s 
0 2 ' 0 2  ' 0 5 ' s  
50.59 02 '02  

29.60 36'27 
25 '71 44'94 
07'6s 1 2 S j  

59'75 57'79 
22.95 20'39 
46'35 12'10 

19'46 3 6 S 2  
, X I  '79 26.41 

39-19 21-69 
13-14 31-02 

Ott.07 23 '16 

18' 

2 

3 
3 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 

. 3  

i(' 

6 

5 
5 
S 
S 
S 
S 
S 
6 
6 
S 
S 
s 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
7 

t.' 

+0'3' 
-0 .go 
--i, '10 
-0 .2g 

-0 '57 
+O .9i 
Sn '53 
+o '07 
-0 :71 
-0 '61 
-0 .41 
+o .20 

-0.52. 
+o '16 

$0 '54 
+@ "3 
-0 '46 
-0 '35 

$0 .45 
+o '25 

+o '55 
-0 '91 
+o '35 
t077 

$0 '77, 

-0 .51  

Indiscriminate mean = 39O 35' o4'/*16. 
Weighted niean = 39 35 04 -13 + 0"-07. 

112 observations, 26 pairs. 
P = f 0"'jg. 

[Reduction to geodetic station - 0"2Y.] 



702 UNITED STATES COAST -4ND GEODETIC SURVEY. 

IO. NEVADA SERIES-COXltiIlUed. 

(So) LtrfiZidc nf MOIIIZL G?//ahtuz, fvt*:wtfn. R. A. Marr. Meridian telescope.No. 3. JUIY 29 to 
One turn of micrometer=6jN*S66, from circumplar Aucust 2. I-SSI. One division of level = I".%. - .  

observatiop at this station. 

Pairs of stars. Adopted seconds of 
'mean N. P. D. 

21'72 51 '62 
09.20 20.57 
22.65 5y.05 

47.20 56.12 
00.66 c S q  
15.27 31 '11 

22'55 07$7 
03 '30 05 .S5 
52.5s 11 .So 
21.37 16.87 
9.45 34'39 
o1Tir 33'20 
I .  us 55 '513 

52.09 41.81 
21 '92 59'6s 

52 '74 26.62 

31 -92 56.73 
09.70 14.5s 
35.46 28.49 

" 'I 

50.10 06.99 

- _  .-- 

02.j5 55 .20  

54-21 14.37 

2 

5 
5 
5 
5 
5 
5 
5 

5 
4 
5 
1 
5 
5 
4 
5 
4 
5 
3 
5 
5 
5 

2CJ 

5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

Latitude. 

0 I I' 

39 41 31.6s 
32 '94 
32 -74 
32 '95 
32 '75 
32.26 
31 '00 
33 '37 
32 '43 
32 '62 
32.76 
32 
32 .69 
31 .68 
31 $6 
33 
31 -32 
32.2s 

31 -68 
32 '77 
32 *40 

9 '49 

Iiidiscriiiiinate mean = 3go 42' 3a'fm32. 
Weighted mean = 39 42 32 -32 i d/-aS. 

102 observations, 22 pairs. 
e = 5 o"*40. 

[Reduction to geodetic station - d/'41.] 

2' 

I/ 

+o .64 
-0.62 
-0-42 

-0 '63 
-0 -41 
+o '06 
+I '32 
-0 '05 

-0 '30 
-0 -4 
+0-j2 

t o  .Q 

$0 .46 

+I '00 ' 

$0.04 

+o .64 
-0 '15 
'-0 'OS 

-0.17 

-0 'I I 

-0 '37 

--I 'IO ' 
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IO. NEVADA SERIES-COIltitlLled. 

(SI) Lntilrcde nl Ta[vabe DOIJLC, Nc-Jndn. W. Eimbeck and R. A. Man. 
One division of level = 1jj.04, from oh.servatioiis a t  this station. 

Meridian telescope 
One No. 7. September 20-27, ISSO. 

turn of micrometer = 7S"pg, from circunipolar observations at this station. 

Pairs of stars. 

6 553 6 5s9 

6690 (3  190) 
6 740 6 799 

(3 335) 6 976 
(3  378) (3 391) 
[I  SI^] 7 126 
7 194 (3 4So) 
7 256 7 27.3 

(3 519) 7 3'0 
(3 530) 7 345 
7 363 7.405 
7 465 7 4% 

(3 602) 7 565 
7 5s5 7 631 
7 712 7 754 

"7 532 *7 S57 
"7 S57 "7 S6S 

"7 S74 "7 S6S 

6 61.5 6 662 

6 S!33 6 92s 

"7 532 "7.574 

Adopted seconds of 
~xieqi N. P. D. 

41 '34 13.65 
45'34 59'62 
29.39 59.23 
20.45 19.31 
49'90 19.02 
50'55 57 '05 
56.36 16'S6 
55 '25 17.9' 
03.69 35'44 
53 '15 54'57 
11.2s  4S.r; 
46.00 m.39 
57'14 12'11 

59'49 17.62 
1 5 7 2  56.40 

50.0s 25 '39 
03.20  33'29 
3.3'29 07'93 
~ 3 . 2 0  29'24 
29'24 07'93 

/I /I 

1.5 '67 . 00.53 

111 

5 
4 
5 
5 
5 
1 
5 
4 
5 
4 
5 
3 
5 
5 
5 
3 
4 
4 
5 
I 

I 

re' Latitude. 

0 I I/ 

5 3s 49 s4.33 
4 53 7 2  

5 .  . 51 '2 1 

5 54 '49 
5 54 '73 
4 55 'SI 
5 53 '26 
4 .  54 '23 

5 55 '3s 
4 54 '5s 

3 56 -32 

5 55 66 
5 ' 54'49 
3 55 . I  I 

4 54.95 
2 53 '65 
2 54.4s 
I 53 '34 
I 53.3s 

5 54 '52 

5 55 'IO 

V 

I/ 

+o '22 

+o 'S3 

t-0.34 
fo .a6 
-0.15 
t o  '74 
+ I  '29 

-0 'S3 
-0 '03 

$0 '03 
--I '67 
-0 '55 

+o '06 
-0 5 6  
-0 .a0 

+O '90 

+ I  '21 

+I '17 

+0'32 

-1  '11 

fo '07 

Indiscriminate mean = 3S0 49 54//'46. 
Weighted tileail = 3s dg 54 -55 & o'I-1 I. 

S: observations, 21 pairs. 
e = & d"S2. 

[Reduction to geodetic station - 0"%9.] 
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IO. NEVADA sE~~Es-cositillued. 

(52) Lnlilrile 111 Clzrsoiz Siizk, Nrzmrkz. W. Einibecli. Meridian telescope No. 7. July 29 to 
One August 2, rSSo. One division of level = 1~I.04, determined at  Toij-abe Dome. September, ISSO. 

turn of micrometer = 78!#'274, from circumpolar observations at this station. 

Pairs of stars. ? I f  

5 
4 
4 
5 
4 
4 
2 

3 
4 
4 
3 
4 

4 
3 
4 
4 
4 
0 

5 
4 
4 
4 
3 
3 
4 
3 
3 

iu Latitude. 

o /  r/  

7 39 34 5s.50 
6 5s -96 
6 5s -04 
7 57 ' 22  

6 5s .43 
6 57 5s 
4 . 57'30 
5 57-32 
6 5s "9 
6 58 '49 
5 5s '07 
6 57 'I3 
6 59 '22 

5s 5 9  5 .. 
4 5s '63 
6 57 'S7 
6 5s 'IO 

4 57 '55 
5 57 '70 
6 5s '01 

4 . 5 S . P  
4 5s "3 
5 5s '31 
5 57 *46 
6 59 '24 
5 5s '95 
5 5s 'IO 

21 

I/ 

-0 '35 
-0 .SI 
+o 'I I 

+o '93 
-0 '28 

t-0 '57 
+o 'S5 
$0 '83 
-0.04 
-0 '34 
+o v3.3 
+l '02 

-1 '07 
-0 '74 

+o .2S 

+O '05 
+o *60 
3-0 -45 
+0m14 
-0 '75 
$0 '02 

-0 .r6 ' 
3-0 -69 
--I 'og 
-0 -so 

3.0 '05 

-0 

Indiscriminate mean = 39O 34' 58"'16. 
Weighted mean '39 94 5s '15fd'*oS. 

98 observations, 27 pairs. 
e = cd%S. 

[Reduction to geodetic station -d/'47.] 
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IO. NEVADA S E R I E S ~ O l l t i l l l l ~ d .  

(83) Lntitwfe nt Conon Gib. Nt?zwdn. C. H. Sinclair. Meridian telescope No. 2. July 17-20, 
One turn of micronieter 18S9. 

= 65'/'856, from several determinations at  various stations. 
One division of level = dl .91~ determined at  ofice March-April, ISSS. 

Pairs of stars. 

6 114 

"6 203 

6 251 

6 466 

( 2  883 

6 355 

6 520 
6 574 
6 589 
6 69s 
6 754 
6 817 

"15 %9 
6.597 
6 962 
6 965 
7 067 
7 I12 

Adopted seconds of . 
mean N. P. D. I t  ' ?e' Latitude. i 

I' I/ 0 / 'I 

I 22'94 29'90 1 3 39 og 48.06 
35'14 41 '74 4 2 46 60 
41 '74 06%6 4 2 . 45.96 
49'42 21 '22 4 3 46 '24 
09'47 43'59 4 3 47 28 
31'32 21'26 4 3 47 '49 
20.45 14'57 4 3 4s *.I4 
56-14 47'27. 1 3 47 '16 
18.S9 5 2 ' 0 0  4 3 47 '62 

IS.13 49'33 4 3 45 36 

29'30 49'39, 4 .  2 46 '95 
47.56 36'59 4 3 47 '16 
12-40 04.66 4 2 47 '97 
42 31 q.66 4 2 4S.64 . 

05.83 17.08 3 2 47 '51 

58.22 0 2 2 5  4 3 46 'S5 

57'34 29-30 4 . 2  46 '00 

13.32 14'40 4 3 4807 . 

Indiscriniinate mean = 39O og' 47II.18. 
Weighted mean =39 og 47 '19ikd/'13. 

71 observations, 18 pairs. 
e= id"95.  

[Reduction to dome of capitol -d/%g.] 

'I 

-0 'S7 

+o '59 
+I '23 

+o '95 
-0 '09 
-0 '30 
-0 '95 
+o '03 
-0 -43 
+o '34 
+ I  '63 
+ I  "9 
-k 0'24 
+O '03 
-0.78 
-1 '45 
-0-32 

-0 -8s 

18732-No. 4-45 



5 560 (2  732) , 

5 922 5 937 
5 967 *(2 W) ' 

6 005 "(2 -1 
6 047 *(2 Y22) 

6 0qS *(2 Szz) 
6 114 6 l o r  

( 2  SS3) *6 203 
(2  88s) "6 203 
6 251 6 34.8 

(2 952) ( 2  9901 
(3 031) *6 456 
"6 456 6 473 

9 6 39 og 47'61 -0.01 37'65 39'57 
30.72 og'7S 2 6 47.91 -0.31 

* 46.72 +o*SS 
31 '63 I I  '70 2 4. 47'37 $0'23 

' 55'66 34% 2 4 47'61 -O-OI 

26.06 34'SS 2 4 47'32 $0.25 
24.05 30.53 ' 3 7 4s.33 -0.7- ,.I 

35'01 I I  '70 4 

34'44 37.56 3 5 4s '03 -0'.43 
rS.66 37.56 3 5 47'73 -0.13 
43'69 1o~S7 2 6 47'63 -0.03 
35'93 16-06 3 7 47'53 +0'07 
4s.35 43'24 3 5 4s.14 -0"54 
43'24 03 '29 3 5 47.71 - O X I  

6 572 6 625 
(3 145) 6 656 
6 670 6 702 

. 6 So2 6 S36 
6 549. 6 557 

6 722 6 769 

(3 309) (3 322) 
6 9x8 6 940 
6 990 7 027 

(3 451) (3 457) 
7 ogs 7 146 

16'29 05 '03 2 6 45.79 -1.19 
52.76 14'2s 3 7 46'72 +o*SS 

3 7 47'97 -0.37 04.1s IO'Oq 

50'72 16So 3 . 7  ' 45.14 -0-54 
. 5r.w . 11.03 3 7 47S7 -0.27 

2s-40 IS '05 3 7 47'45 +O'I5  

04.04 46.74 3 7 47'30 $0'30 
59.09 58.54 3 7 4s.10 -0'50 

03.20 52'62 3 7 46.57 $0'73 

33.98 OJ '64 3 7 . 48-17 -0.57 

56'20 15.18 3 '  7 47'19 +0'4I 
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1 0  NEVADA sERIEs-continued. 

IS4I  Lditztde c7t Pkrdi, N c : J ~ ~ .  G.  Dariclson. Zenith telescope No. I.  July 12-rg, rS72. One 
~ . . 

division of level = I//TO. 
station. 

Pairs of stars. 

5 210 

5 259 
5 3'3 
5 426 
5 497 
5 549 
5 618 
5 659 

*5 647 
*5 647 
"5 740 
5 740 
"5 745 
5 765 
5 563 
5 9 0 0  
5 986 
6 056 
6 237 
6.357 
6 43s 
6 516 
6 520' 
6 574 
6 623 
6 656 
6 6 9  
'6 714 
*6 714 
6 754 
6 772 
6 Sig 
6 852 
*6 92s 
*6 92.5 
6 937 
6 9s3 
*6 996 
*i5 996 
7 d l 1  

7 122 
7' 204 
7 i60 
7 401 

s 244 
5 271 
5 399 
5 459 
5 534 
5 624 

"5 705 
'5 705 
"5 740 
'5 745 

5 753 
5 757 
"5 757 
5 S23 
5 Y7r 
5 91s 
6 036 
6 147 
6 255 
6 39' 
6 496 
6 534 
6 553 
6 601 
6 637 
6 667 
6 697 
6 730 
.6 734 
6 7% 
6soS 
4 534 
.6 901 
6 940 
6 943 
6 963 
7 029 
7 0 0 1  
7 008 
7 ror 
7 1% 
7 233 
7 3'3 
7 437 

One turn of micrometer = ~5'/%4. from circumpolar observations at this 

.4rlopted seconds of 
niean N. P. D. 

/I 

04 '34 
$3 76 
16 ' 2 0  

or 70 
gs 'SO, 
14 '75 
34 .SI 
49 '36 
47 '00 
47 '00 

10 '93 
1 0  '93 

52.40 
55 '84 
32 '30 
43 '15 
'3 '15 
02 '20. 
3s '20 
37 '74 
45 -36 
44 '34 
34.38 
0 1  '50 
36-16 
27 '12 
03 '20 

03 '20 
40 '29 
4s .96 
'9 '50 
46 '50 
44 '30 
44 '30 
08 '03 
40.6 I 
57 '08 
57 .os 
44 '70 
00 '34 
29 -00 
00 '0; 

22 ?+€I 

58'17 

/I 

ISYlO 
21 .JO 

02 '70 
$3.40 . 
24 '54 

22 '00 

02 '00 
02 '00 
10 '93 

39 '37 
47 '15 
47 '15 
39 '70 
57'71 
25 '24 
34 '15 
17'So 
32 56 
10 '92 
15 '50 
43 '40 
55 '65 
55 '02 
53 '39 
'5 '50 
31 60 
51 '50 
29'12 
07 '90 
32.66 

27 . I  I 

26 '34 
'5 '30 
29 '73 
17 '90 
44 *54 
57 '56 
17 '23 
30.60 
35 :00 
42 '57 
26'15 

58.17 

12'10 

111 

5 
5 
3 
1 
5 
5 

6 
I 

I 
I 
6 

5 
6 
7 
5 
5 
5 
4 
5 
5 

4 
6 
5 
6 
6 
5 
5 

4 
5 
5 

3 

4 

I 

I 

I 

I 

I 

I 
I 

5 
5 
5 
5 
I 

it' 

6 
6 
5 
6 
6 
6 

4 
2 

2 
2 

3 

3 
6 
6 
6 
6 
6 
6 
6 
6 
3 
6 
6 
6 
6 
6 

4 
3 
6 

' 6  
' 6  

3 
3 
6 

2 

,4  

,I 

2 
2 

6 
6 
6 

. 6  
3 

Latitude. 

Indiscriminate mean := 3g0 31' w"'6S. 
Weighted mean = 39 31 oj '70 C o"'07. 

175 observations, 4 pairs. 
= c cF.42. 

[Reduction to geodetic station 04~00.] 

. 1' 

/I 

+o '47 
-0 '29 
-0 '26 
-0 '33 

-1"0g 

+o '25 
$0 '20 
+0'12 
-0.96 
$0 '24 
+o '69 
--I -03 

-0 '49 
+o '47 
+o '79 
+o 'I I 
$0 '29 
$0 'IO 

-0 '93 
+ I  '30 
+0'42 

- l%o 

--I '20 

-0 '20 
-0 '02 
---0 '19 
+o '14 
+ I  'I2 
+ I  '26 
$0'52 . 0'00 

+o '94 
-0 '03 
+ I  '07 
+o '41 
--I '29 
-0 '43 
-0 '57 
-0 '05 
-0 '05 
-0 '26 
$0 'og 
+I ' 1 0  

-0 .# 
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10. NEVADA SERIES-COlltillU€!d. 

' (85) Latihide at Lake ZIAOP Sarillzeast. CaL~hmzi(7. C. H. Sinclair. Zenith telescope No. 6. 
One turn of  August 16-20, 1893. 

micrometer = 76'/'172. from circumpolar Observations at  this station. 
One division of level = 2"'172. determined at  ofice January, xS93. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

26.55 jS.88 
31.63 11.72 
47'66 24'06 
3 7 . k  43.55 
18.69 50.38' 

57'35 07'43 
57'35 52.18 

56'74 25'91 
56'74 57'19 
57.59, 13% 
32.65 17-93 
07'60 32-58 
22.02 29'62 
 IS 10'04 

43'33 24'35 
31.40 16-40 
59-01 33-06 
5.3 '94 09.16 
34-52 34'66 
44'70 03'36 
d . 5 S  39'33 
56'24 55'13 I 

I/ /I 

I1 

4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 

Z, 

I 2  

'3 
13 
13 
'3 
9 
9 
9 
9 
6 

I3 
I3 
13 
13 

'3 
'3 
'3 
'3 

I 2  

I 1  

'3 
13 

Latitude. 

a I /I 

38 57 19'SS 
20  -7 I 

19 '92 
19'31 
'9 '35 
19 '82 

19'77 
.19.46 
19'76 
20 -76 
20 '07 

19.41 
19-97 
'9 '97 
19% 
19-10 
19 '38 

19.7s 
19 -61 

'9 '44 

'9 '59 

20 ' 2 0  

Z' 

I/ 

-0'12 

-0 '95 
-0.16 
-to '45 
+0.41 
-0.06 
-0'01 

+O '30 
0'00 

- 1 ' 0 0  

-0.3' 

+o '35 
-0'21 

-0 ' 2  I 

-0 '04 
+o -66 
+o -35 
-0 '02 

+O 'I5 
+0'32 
-0 '44 
+0'17 

Indiscriminate mean = 38O 57' 19"-78. 
Weighted mean = 38 57 19 -76 & df.06. 

. e = kO"'35. 
10s observations, 22 pairs. 

[Reduction to geodetic station d/*oo.] 
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I@. NEVADA SERIES-continued. . 
(56) Lhhi ' e  nt ilforrrrt CO~IIICSS. Cnl$or-irin. 

August 13 to Septeniber 5, ~Sgo. 
One turn of micrometer = 47"'52, from circumpolar observations at  this station. 

F. Morse, J. J. Gilbert, and I. Winston. Zenith 
One divisioii of level = o''.gz, determined at  Sari telescope No. I .  

Francisco, ~Sgr .  

Pairs 3f stars. Adopted seconds of 
mean N. P. D. 

I/ 

23 O S 0  

0s '74 
54 .SI 
23 '52 

26 '91 
oy '22 

44 '34 
51 '77 
25 '94 
32 *22 

14'57 

06 '26 

54 Q6 
3s '22 

2s as2 

40 '32 
4 *49 
12 '95 
29 '33 
57 . I 8  

Q 5  -94 
45'17 
50 '05 
47 'I9 
26 '55 
26 7 6  
0 1  ' 02  

57 '0.5 
os '4s 

05 '53 
13 '53 

I, 

0 1  '42 
34 76  
25 .5' 
16 .93 
36 '37 
16'15 
41 ' 02  

n; .26 
01 96 
07 *40 
14 '44 
17 '74 

26.3s 
26.3s 

44 '30 
37 '65 
57 '14 

56 '2 I 

$3 '92 
4s .4s 
os '72 
12 70 

42 '43 
32 .rS 
23 

37 'S4 

35 7s 
32 '75 
IS'S0 
30'12 

56 '32 

111 

6 
4 
6 

7 
7 
7 
5 
S 

7 
7 
6 

9 
9 
9 
9 
S 
S 
S 
S 
S 
7 
S 
7 
S 

7 
7 
S 
S 
S 
6 
8 

:I/ 

9 
7 
9 
9 
9 
9 
S 

1 0  

9 
9 
9 

I O  

I O  

7 
7 

IO 

IO 

IO 

I O  

IO 

'9 

9 

IO 

IO 

9 
9 

IO 

IO 

TO 

9 
IO 

Latitude. 

Q I I/  

37 57 57.14 
55 '17 
56'11 
56 .?I 

55 'S9 
56 '07 
56 '30 
56 ' 2 0  

56 '47 
56 '55 
57 "9 
56 *OS 

56 '27 
57 '39 
57 . I 4  

56 '44 
56 '39 
56 36  
56.11 
56 '07 
56 '61 

56 -93 
56-16 
56 '24 
56.36 
55 '77 
56.38 

. 56'41 
56.Q 

57 '30 
56 'S7 

Indiscriminate mean =.37O 57' 5W-44. 
Weighted mean = 37 57 56 '44 c db6. 

22s observations. 31 pairs. 
f?=-cd'.gr. 

[Reduction to geodetic station + 3''.34.] 

v 

'I 

-0 .70  
+ I  '27 

+o '33 

+o '55 
t o  '37 
+u '14 

f o  '24 
-0 '03 

+o '23 

--O'II 

I -0 '75 

+o *36 
+ O ' V  

-0 '95 
--o 70 

-to '05 
0'00 

-0.12 

+o '33 
to '37 
-0.17 
--0 '49 
+o -2s 

+ 0 ' 2 0  

fo -08 

+o '67 
+o .06 

f o  '03 
-0 a40 
-0 '56 
-0 '43 
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. IO. NEVADA SERIas-continued. 

(S7) Lnbibtd?'(zI Rotord Top. Gzlgorrtin. B. A. Colonna. Zenith telescope No. I. August 23- 
29. xS7g. One division of level = o".gJ. One turii of micrometer = 47".52 I ,  from circumpolar observa- 
tions at this'station. 

Pairs of stars. I t  

6 
5 
6 
6 
6 
6 
6 
6 

5 
6 
6 

5 
6 
6 
6 
6 
6 
6 

5 
6 
6 
6 
6 
6 

X I  

6 
6 
4 
6 

1 
6 
4 
6 
6 
6 
6 
6 
6 
6 
6 

4 
6 
6 
6 
6 
6 
6 
6 
6 

Latitude. 

0 I II 

. 3s 39 47.49 
47 '50 
46 .Os 
46 '32 
45 '79 
46 '24 
46 '07 
47 '03 
47 '27 
46 '63 
46 'Sg 

47 3 6  
47 -0s 
47 5s 
47 'I2 
qS '06 

46 '98 
46 .OS 
46 '86 
47.3s 
46 .p$ 
46 '31 
46 .SS 
46 3 2  

Indiscriminate mean = 3S0 3q 46/'.S7. 
Weighted mean -- $3 39 46 'Sg & O"T& 

140 observations, 24 pairs. 
c=*o'/.51. 

[Reduction to geodetic station -f 0".01.] 

i' 

I /  

-0~60 
-0 6 1  

f o  .SI 

+0'j7 
+ I  ' I 1  

+o '65 
fo s 2  

-0 '33 
-0 '14 

+o .26 

-0 '67 
-0.19 
-0 '69 
-0 '23 

-I '17 
-0 '09 
+o .SI 
+o '0; 

-0 '49 
+o 'I I 

+o -55 
fo .OI 

+O '07 

0'00 



4 847 4 574 
4 930 955 
5 026 5 076 
5 131 5 I77 
5 '49 5 2s4 
5 319 5 33s 

5 497 5 534 
5 440 5 461 

5 56s s 604 
s 647 5 740 

( 2  717) 5 s74 
5 9C.J 5 91s 
6 02: 6 052 

( 2  SS3) 6 203 

6 237 6 255 
6 300 6 36s 
6 392 6 404 
6 497 6 520 

6 574 6 6 0 1  

6 635 6 657 
6 6go 6 723 
6 754 6 754 
6 852 6 SgS 

6 91; 6 952 
6 gS3 7 029 

It I/ 0 / II I/ 

44'12 Is.74 2 5 39 25 57'3s S0.62 
14.63 ~ 6 . 6 5  6 4 5S'rj  -0 .13  
52.16 OS.77 6 9 .  58.69 --c?'69 
53.67 10.7s 7 I O  57'55 +"'-I5 
34.20 32.63 7 10 57'64 +0.36 
50.20 49.79 6 9 .  57 '93 + 0 . 0 2  

gS.60 rS.S2 6 9 5 7 S 1  . $ 0 . 1 9  
g S . S 6  34.41 4 7 58.79 -0.79 
27.44 37.50 6 9 $3 '35 --o 'jj 

34'04 49.04. 6 9 5S.77 --0'77 
56 '93 -{-I '07 49 'gj 2L'OO ' 7  TO . 

53.Sr 47 .S6 6 9 57.96 +o'N 
27'4r 23 '00 7 IO j j .39 + O . I I  

, 36.80 52.06 6 9 $3.03 -0'05 

51 .ss 19.91 7 I O  5 Y . 2 1  -0'21 

47.4j 5S.12 5 S jS.60 --o&J 

' 3  '92 14.33 7 10 js .75 -0'75 
22.42 10.10 7 10 57'39 $0.61 

53'93 12.12 b 9 57'57 ' $0'13 

jj '09 17 '57 7 I O  5s '00 0'00 

36.75 21 .14 7 1 0  57'62 fo.3S 
41 .06 10.S7 6 9 5 i  '66 t0.34 
40$5 07'6s 7 1 0  5 7 ' s  fo.12 

25'50 I T  '75 7 1 0  5S. jr  -0.51 
25.16 59.10 7 IO si's7 + o . I ~  
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IO. NEVADA SERIES-COlltinUed. 

(89) LnlilzcnL. cz l  Mocho, Cnl(fofor-forth7. P. A. Welker. Meridian telescope No. 16. September 
One turn of micrometer = 67II-317, IS-26. 1SS7. 

from circoinpolar observations at this station. 
One division of level = 2".58, determined in 1SS2. 

Pairs of stars. 

7 493 7 547 
7 567 7 582 
7 641 7 65s 

*7 664 7 699 
* 7  664 7 707 
7 721 * 7  770 
7 737 "7 770 
7 79s 7 845 
7 %3 (3 799) 
7 967 7 971 

S 106 S 127 
S 141 S 237 
S 299 S 310 
(4 02s)  (4 038)  
(4 052) 7 

26 46 
102 (66) 
I 36 142 
164 189 
213 22s 

267 330 
395 4s7 
499 51s 
55s 577 
62s 691 

s 039 s 051 

706 7'0 

Indiscriniinate mean = 37O 2s' 36II.94. 
Weighted niean = 37 2s 36 -94 & o'/.o5. 

rSS observations, 27 pairs. 
c.' = * dI.44. 

[Reduction to geodetic station o"*oo.] 

Adopted secoiids of 
mean N. P. D. 

/I 

07.24 
04 '9' 
36 '16 
16'41 
16 '41 
46 '21 

IS '67 
44 '57 
37 .gs 

33 .s I 

59 '55 
41 .-XI 

24 '26 
26 '33 
14.65 
31 '00 
41 .o-! 
47 60 
31 '36 
07 '23 
33 '49 
os '14 

4s 'SO 
55 '71 
45 '37 
47 '00 
31 '41 

I/ 

03 '93 
17 *46 
44.96 
47 '95 
56 'IO 
23 '25 

23 '25 
17 '09 
2s '65 
56 '60 
03 '05 
07.74 
30 '39 
45 -s7 
07 -7s 
25 '03 
41 .I4 
49 '1 2 

01 '23 
37 'SI 
04 '71 
39 '77 
40.78 
04 '53 
41 'og 
00 '71 
46.33 

.forI./ 

7 
7 
7 
7 
7 
7 
7 
7 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 7' 

7 
7 
7 
7 
7 

Latitude. 

a I II 

37 2s 36 '97 
36.31 
36 '69 
36 '91 
37 '16 
36 '72 
36 'Sq 
37 '42 
36 '90 
36 '69 
36 56 
36 '39 
37.4s 
36 '44 
36 *66 

36 .SS 

37 '27 
37 '36 
37 'I7 
37 '61 
37 '37 
36 '75 
37 '26 
36 '77 
37 '40 

36 '73 

36 '70 

5' 

/I 

-0 -03 
+o '63 
+o '25 
$0 '03 
-0 '22 

+o '22, 

+O.IO 

-0 *4s 
$0 .w 
$0 '25 

+o .3s 
+o '55 
-0 '54 
$0 '50 
+o -2s 

+o .06 

-0 '33 
-0 '42 
-0 '23 
-0 '67 
-0 '43 
+0.19 
-0 '32 
$0'17 

+O '24 

-0 '46 
$0 '21 
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IO. NEVADA sERIEs-continued. 

7 I 3 

(9) Lnlilvde of ~Ihzq~sviUc, CniQh-uin. C. H. Sinclair. Meridian telescope No. I. May 2Y 

One division of level = ~ " y r ,  deterniined at  office April, I&,.. One turn of to June 2, IS$. 
Inicronieter = 66'029, from the latitucle observations at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

/I 

IS '32 
os '35 
01  '74 
12 '03 

25 '55 
25 '55 

50 ' j S  

10 '95 
46 '34 
I:! '05 
15 '02 

05 'I9 
33 '55 

50.7s 

H I  

5 
5 
5 

5 
4 
4 
4 
4 
> 

3 
5 
4 

5 
5 

, Latitude. 

0 / I/ 

39 OS 12.71 
I2 '9' 
12'24 
12.1s 

12.72 

12 '45 
12'31 

I2 '04 
I2  '34 
12'22 

I3 '07 
12 '22  

12.36 
12.3s 

Indiscriminate iiieaii = 35O oY 12"*44. 
Weighted niem = 39 0s I 2 '4s -I- o'"06. 

61 observations. 14 pairs. 
E = * dj.44. 

[Reduction to court-house + 10'/'05.] 

i' 

/I 

-0 -23 

-0 '44 
+o .24 

+o '50 
-Q '24 
+o '03 
$0 "7 
+o '44 
$0 "4 
+o '26 
-0 '59 
+o '26 
+0'12 
+o .IO 
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IO. NEVADA SERIES-Colltinuec~. 

(91) L17li.hd&' 1x6 Afoarriil Hn.rrriLforr,t cczh)ioriiin. C. H. Siiiclair. Meridian telescope No. 2.  

Orle November 21-2s. iSS8. 
turn of inicroiiieter = 65"'S56. a inea!i of several deterrninations. 

One division of level = 0"*91, deterniinerl at office Mal-ch-April, ISSM. 

Pairs of stars, 

s 224 

(4 os71 
(43) 

2S5 
*349 
"349 
453 

*561 
*56r 
62s 
707 
744 

*(3SI)  
"(3SI) 

967 

*8 256 

I21 

I WO 

I v7 I 

I '39 
I 203 

* r  293 
*I 293 

I 363 
I 445 
"( 772 1 
I 549. 

*S 256 

Adopter1 seconds of 
iiieaii N. P. D. il I 

2 

2 - 
1 

2 
I 

I 

I 

I 

3 
I 

> 

4 
3 
4 
4 
5 
4 

3 

4 
4 
4 
4 
4 
2 

2 

37'57 , 3 

a? 

o .6 
o .6 
0 '9 
0 '5 
0 '9 

0 '4 
I> .J 
0 'j 
0 .y 
0 '4 
1 '3  
I '5 

0 'j 

J '3 
1 '0 

I '0 

I '7 
1 '5 
1 'j 

I 'j 
1 'j 

1 '0 
1 '0 

I '5 
o '6 
o .6 
1 'j 

Latitude. 

0 I I/ 

37 20 2s.72 

28.56 
2s '69 
30 '34 
~7 64 
27 '34 
2.i '99 
26 .JJ 

jo '91 
30 '51 
30 '90 
30'41 

29.10 

j l  ' 31  

30 '93 
29'1' 

3s '30 

2s .3s 

3Q '0s 

29'14 
2s '75 
29'10 
2 9  .3 3 

2 s  .# 

27 .6fj 
32 'ji 

27 'So 

v 

/I 

$0 'jS 
f o  .74 
$0 '41 

- I  '24 
+ I  .46 
+ I  .76 
$3 . I  1 

$2 66 
- 1  'SI 
--I .41 

- I  '31 
$0 '72 

- 1  

0'00 
- 2  ' I  I 

-1,s; 

+o 'SO 

-0.9s 

-0.q 
+ r i  ' j r  
0'00 

- 0 . 2 2  

-0 '02 

$-I  '44 
-3 '27 
+0.66 
t I '30 

+The United States Coast and Geodetic Survey latitude station on the iiioiiiit is f"5r north and 10"36 east of the 
'rraiisit Hoiise (or nieridiaii I of the Lick Ohservatory. The iiislriinieiit \vas roiiiiil to he i i i  a very defective coiidilioii. 
and it is liopcrl the latitiide will be reobserved. 

Addition lo foot note. July 16, 19: Voluine I V  of the pvblications of tlic Lick Ob+er\-ntory (Sncraineirto, Cal.. IF) 

caiiie to liniid as this paper was passiiig through the pres .  R. H.Tiicker. astroi!oiiier at the obsrivatory. gives the 
followiiig results for latitude of the Meridiaii Circle iiiade during the years i%j-q.l-g5-g6: 

37u 2-, ,  . From .vi stars a1 U. C. J 49 
Froiii 41 stars at I.. C. '49 
From 32 slars at both culminations '52 

Froin SX5 eqiiatorial stars '65 
From 22 zenithal stars '77 

The resirltiiig iioriiial latiliide p. as corrected for rariatioiis of pole (aiisweriiig to the epoch i*s-gj) and derived 
fixmi ahoiit I coo ohserwtionsof j j  uuliiiiiiatioiisof 45 circuiripolar stars and froiii aboiit r 400 observatious of $6 equatorial 
stars is given as 37O m' 25'"57 * o'"02 (p .  30: ). 

To coiiipare this resiilt with that ohtained by the Coast arid Geodetic Survey we have the geodetically determined 
difference o f  latitude betweeii the Survey statioii and the Lick Transit House or of the Meridian Circle, derived from 
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I O .  NEVADA SERIES-COlltillLled. 

(92) Ldl.i.drrdc ad J b k  Bixst! Soaf/!rrcisf, ~rlifor-iria. J. J. Gilhert. Zenith telescope No. I .  , Jnl? 
Chit. 24-30? IS,%. 

turn of uiicrometer = 47II.416. from circumpolar observations at this station 
One division of level = o"'94, determined a t  Mount Lola. California, July. 1879. 

Pairs of stars: Adopted seconds of 
iiieaii N. P. D. 11' 

6 
I - 
I 

I 

I 

I 

I 

I 

I 

I 

- - 
- 

- 
7 
7 
I 

I 

I 

i 

7 
- 
I 

I 

I 

I 
- 
i 
5 
I 

I 
I 

7 

- 0  't .  

5 
3 

7 
I 

7 
I 

I 

I 

- 

7 
I 

I 

I 

4 
I 

I 

I 

7 
i 
I 

7 
7 
I 

7 
7 
7 
7 

Indiscriiiiinate niemi = jSo  31' 3~'"56. 
Weighted inearl = jS j I j q  '5s & o".oj. 

ISI olxervatioiis, 26 pairs. 
c = & 0".3 I .  

[Reduction to geodetic station - 0"'45.] 

nieasiires by Assistant R. A. Marr in ISSS. vis: .?'si. the Lick Ohsc-rvatnry reference point being wiith of tlic Si~rrcy 
station. Helm we have- 

'p Coast aiid Geodetic Survey stalion, I%% j 7 O  20' ?1)"'10 + o"'ii. 
Same when corrected for variations of pole 29 I% 

AP - j '51 

'po Lick Observatory Meridian Circle 57 M 25 'jj 

showing a very close agreement. notwithstanding that the two stations are about 400 nirtres apart, with I surface 
depressiori Iwtweerr them arid a possible differential deflection. 

In the al~ove results the reductioii to .sea level ( -o".zI) is xaf included. c. A. s. 
tG roonlbridge. 



7 16 U N I T E D  S T A T E S  COAST AND GEODETIC SURVEY. 

IO.  NET7An.4 SERIES-COlllpkted. 

(93) Latititiit- nd lbh Basc Ar@rl/r:c.c?csl, Cn@o9wia. E. F. Dickins. Zenith telescope No. I. 

One division of level = o"'g4. from observations at  Mount Lola July, August $3 to Septerriber 3* iS80. 
ISig. One turn of micrometer = 47"'424, from circumpolar observations at this station. 

Pairs of stars. 111 

4 
7 
7 
7 
7 
i 
7 
7 
7 
-. 
I 

7 
7 
i 
7 
i 
7 
7 
7 
7 
7 
7 
7 
i 
7 
7 
7 

XI Latitude. 21 

I/ 

+o '73 
-0 .os 
-0 '33 
-0 '77 
-0.14 
$0 '9 
+ I  ' 02  

-0.04 
-0.62 

$ 0 2 2  

-0 '66 
-0.15 
-0 '55 
t o  .26 
-0 '49 
-0 70 
-0 -06 
+o '92 
+o 'I I 

-0 '0 j 

fo '63 
$0 -56 
+o '39 
-0 '37 
+ O ' I Z  

$0 '74 
-0 -36 

Indiscriminate mean = 3S' 4d 37"'26. 
Weighted niearr = 3s  40 37 -29 & dJ.07. 

CI = _c dJ.43. 
rS6 observations, z j  pairs. . 

[Reduction to geodetic station - 0'/*13.] 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 7 I 7 
11. WESTERN OR COAST RANGE SERIES. 

(94) Lnfitidc nf fiZoitni Dinblo, Ciil$binin. W. .Einibeck. Zenith telescope No. I .  July 27 
One to August 6. 1576. 

turn of micrometer = 45/'-S20, from circunipolar observations at this station. 
One division of level = d'-g33, determined at Sail Francisco March, 1877. 

Pairs of stars. Adopted seconds of 
mean N. P. D. ' 

I/ /'e 

59.13 47.89 
3 0 . ~ 3  40.82 

~7.~67 3r .66 
45'75 9.71 

14.64 22 '21  

49'73 24'53 
55'33 56.32 

47'34 34.M 

i9.55 19'97 

J5.33 21 .36 

27.35 58'35 

10'05 j O ' j 7  

2S.07 13.36 
05 *64 0 1  '47 
07'49 36'1.5 
33'32 06.01 

47-5s m'it 

25.40 54'34 
21 '74 29.66 
4.3 '65 04.75 
oS'g2 32'56 
2s.39 09.95 

H ' 

5 
5 
5 
6 
6 
6 
6 
5 
5 
4 
5 
6 
6 
5 
5 
6 
6 
6 
6 
5 
5 
6 

W 

11 

I1 

I 1. 
.I c 

I 1  

9 
11 

1 1  

11 

IO 

I 1  

11 

I1 

I1 

I1 

I1 

I1 

I I. 

I1 

I1 

XI 

11 

Latitude. 

0 I n 

37 52 50'03 
49.46 
49 '52 
4s '99 
50 '50 
50 'IO 
49 'nj 
50 '52 

49 '4i 
49 '02 
49 '27 
39 '39 

. 49.3s 
49 26 
49 '83 

49.96 
49 46 
49 'SI 
49.2s 
49 '13 

49 '39 

50.1s 

/I 

-0 '30 
+,>.I7 
.+@ 'I I 

4-0 .Q 
-0.87 
- 0 y j  

+O . jS 
-c, $9 
4-0 '16 
-0 '29 
f o  36 
4-n '24 
+O '25 
i-0 '37 

-0 '55 
.--o '33 
-to 'I 7 
-0 '24 

3-0 '35 
+o .SO 

$0 '24 

-c '20 

Itidiscriminate mean = 37O 52' 49"'63. 
Weighted mean = 37 52 dg .63 C o"'o6. 

120 observations, 22 pairs. 
e = -C 0~~37. 

[Reduction to geodetic station + o"'03.1 
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I I .  WESTERN OR COAST RANGE S E R I E S ~ O l l t i l l U e C ~ .  

(95) Lt7fitdc ~ z l  Fffaz, CWYoi-izi(. 'J. S. Lawson. Zenith telescope NO.'r. November 4-1 I ,  

One turn of microm- IS&. 
eter = 47//'456, froin circumpolar observations at this station. 

One c1iv:sion of level = o"342, determined at Mount Lola, July. Is79. 

Pairs of stars. 

i 664 
7 733 
i 77s 
7 s25 
7. 902 

7 937 
7 967 
S 032 
S 071 
s 147 
s 177 
s 2s2 

S 316 

S 
55 

63 

13s 

t4 25s 

I o 0  

166 
223 

374 
413 
450 
509 
5 1.5 

* S a  
*566 
614 
675 
744 

iw 

Adopted seconds of 
mean N. P. D. 11) 

7 
7 
i 
6 
r 

I 

7 
7 
7 
r 
I 

7 
7 
7 
4 

7 
7 
7 
7 
6 
7 
7 
i 
7 
I 

i 
7 
I 

7 
.i 
7 
I 

7 

:U 

9 
9 
9 
9 
9 
Y 
9 
9 
9 
9 
9 
9 
9 
9 
9 
6 
6 
9 
9 
9 
9 
9 
9 
9 
9 
6 
6 
6 
6 
9 
9 
9 

Latitude. 

0 I / I  

3s 22 23.60 
23 '67 
23.94 
22 '96 
23 '73 
23 '75 
23.76 
22.76 
23 '99 
23 ' I 1  

23 '77 
23 '41 
23 '42 

23 '6s 
23 '39 
23 '53 
22.66 
23 6s 
23 '95 
23 "4 
23 '44 
24 '40 
23 '71 
23 ''9 
22.45 
22 .qS 
23.22 
22 'SI 
23 ' IS 
23.3s 
22 '72 

24 '2 j 

Indiscriminate mean.= jSa 22' 23'"41. 
Weighted mean = 3s 22 23 '43 & 0%6. 

221 observations, 32 pairs. 
r' = c 0//'15. 

[Reduction to geodetic station + dI.37.1 

d 

I /  

-0.17 
-0 *24 

-0 '53 
+o '47 
-0 '30 
-0 '32 
--0 '33 
$0 '67 
-0 -56 
+o '32 
-0 '34 
$0 '02 

+o '01 

-0 .s2 

-0 '25 

+o *w 
+o 'IO 
+o '77 
-0 -25 
-0 3 2  

+o '29 
-0 '03 
-0 '97 
-0.25 

+o '24 
+o -95 
$0 '95 
+0'21 

$0 '62 

-to '05 

+o .71 

-k 0 '25 

- -_._ - 
t Number 6 25s of Radcliffe Catalogue of 1 % ~ .  
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I I .  WESTERN OK COAST RANGE SEKIES-COntillLled'. 

(96) Lnlihde 17f M m f i c d h ,  C ~ Z ~ O I - I I ~ L ~ .  J. S. Lawson. Zenith telescoge No. I. October 3-19, 
One turn of lnicroineter ISSO. 

= 47/"396. from circunipolar observations at this station. ' ' 

One division of level = G"y42, deterniined at Mount Lola, July, 1S79. 

Pairs of stars. I/ 

5 
4 
7 
6 

7 
6 

7 
7 
7 
6 
6 - 
I 

7 
S 
7 
6 

7 
7 
5 
6 

7 
6 

7 
7 
7 
7 
.'j 

S 

. .  

0 

3 

3 
2 

?&I 

4 
4 
4 
4 
4 
4 
-I 
4 
4 
4 
4 
4 
4 
J 
4 
4 
4 
4 
4 
-I 
J 
4 
4 
4 

4 
4 
3 
3 
3 
3 
3 

Latitude. ' 

a I /  

3s 39 45 '93 
45 '23 

. 47'52 
, 4 6 . S ~  

46 '40 

44 '79 
i 6  *36 

46 '37 
45 

.SI 
. 36.33 

46 '09 
45 '21 

47 '27 

47 'OS 

45 '99 
47 '52 

. 47 '4s 
46 6 7  
46.96 
45 '9' 
46 '30 
46'39 
47 '35 
47 '17 
46.18 

46 '57 
46 '8s 
45 '55 
46 50 

46 '47 
Indiscritninate meaii -- 3S0 39/ 46//'46., 
Weighted mean = 3.5 35 46 '46 c 0"*09. 

195 observations, 31 pairs. ' 

c = & 0 ~ ~ ~ 6 3 .  

[Reduction to geodetiestation - d/.31. 

21 

/ I  

+o '53 
+ I  '23 
- - I  '06 
-0 '35 

4-1 '67 
$ 0 ' 1 0  

$0 .og 
t o  '60 
+o '65 
+0'13 

+0 '37 
-1- I '25 
-0 .SI 

....o .fj2 

.-to '4 j 
- I  '36 

-to '06 

- 1  '02 

-0 '2 I 

-0 30 

+0.16 
-0 '53 
-0 'S9 
-0.71 
+o .2s 
-0 '5 I 

-0 '39 
+0'91 
-0 '14 

+o :55 

-0 '01 
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I I .  WESTERN OR COAST RANGE sERIEs-+onthiued. 

(97) L1ztiftt.d~ nl lfizshiifglon Sqrmrc, .Sa91 F~-arfr~ko, Calgomia. \Ir. Einlbeck. bIeridian 
(This level teinporarily used on this telescope No. I .  July I .  1S73. 

instrunlent.) 
One division of level =6".42. 

One turn of iiiicronieter = 64"'37. 

Pairs of stars. 

4 9 h  4 99' 

5 273 5 313 
5 345 5 392' 
5 417 5 484 

5 067 j 116 

Adopted seconds of 
mean N. P. D. :ti Latitude. 

I /  / I  0 f I1 I f  

27.w 3s.54 I 0 '5  37 47 53'72 +3'25 
34-43 07-39 I 0 'j 55.96 +I  '01 

55 '50 . 26.61 I 0 '5 5s ' 2 0  -1 '23 

42 3 6  13-06 1 0 '5 59'33 -2.36 
56S7 10.07 I 0 '5 57.65 -0.68 

Indiscriminate incan 
Weighted mean '37 47 56 '97 *of' 
Probable error of a single result froin a single pair = c xf/*jS. 
5 observations, 5 pairs. 

= 37' 47' 5W"9i. 

[Reduction to geodetic station of'*OO.] 

.66. 

(98) Lczfitiut'c at Lc[foyctf< A r k .  Scin Frairc-iscr), Calvoiwicz. G. Davidsnn. Zenith telescope 
No. I. January 6 to February 24, ISSY. One division of level =on.91 2, from observatiolls a t  this'station. 
One turn of niicronictcr = 47"'50. from circumpolar observations at  this station. 

Pairs of stars. 

569 557 
632 646 

707 733 
761 ($1) 

827 872 
g@ gS6 

I 023 1 035 
*I 087 I 1x1 

*I 087 I 133 
I 192 I 214 
I 274 I 318 
I 362 I 382 

*I 496 t g  261 

I 554 1 572 
I 625 I 642 

*I 705 I 726 

I 39s ' 1 452 

*I 496 I 53s 

*I 705 I 734 
I 777 I 852 
I 867 *I SS7 
I 576 *I 887 
I 92s I' 952 

Adopted seconds of 
mean N. P. D. 

01 -96 05 *S6 
07-7s j5-6i  
02 -69 55 'S3. 
46% 43'08 
45 '45 od.01 

05 .so 51 '02 

52'02 so'.% 

33'93 48.00 

IS'S4 50'35 
4S.37 01 '70 

31'90 45-44 

21 ' 2 0  31 '34 
o s . 2 1  0 1  '73 

. q . g S  56.9s 
33 's5 2 4 d  
33'SS 25.90 
50.30 40-08 
40%; 23'00 
4 . 2 2  23*00 

13-49 39'67 

,I I/ 

05 '10  18'49 

52'02 54.97 

21'20 19'30 

If' 

S 
S 
S 
S 

' S  
5; 
S 
S 
S 
7 
S 
S 

.s  

s 
s 
S 
9 
9 
9 
6 
S 
S 

I 

it' 

17 
17 

17 
'3 
I7 
17 
17 
I1 

11  

16 
I7 
17 
I5 

2 

I 1  

17 
15 
I2 

I2  

IS 
IO 

I1 

17 

Latitude. 

0 f I/ 

37 47 2s .61 

2s .42 

27 '73 

27 '61 
2s '09 

27.95 
2s '02 

2s '27 
2s '24 

27 'S9 
27.96 
27.'37 
2s '28 
27 *SI 
27 '7s 
27 '87 
28 3 6  

27 '9' 
27 '99 
27 -82 

2i.45 
27 '70 
2s '05 

P 

If 

-0 '53 
$0 '35 
-0'34 
+o .47 

$ 0 ' 1 2  

+o .06 
-0 '19 
-0'16 
f0.19 
f0.12 

-0'01 

+O '71 
-0 ' 2 0  

+O '27 
+o '30 
+o ' 2  I 

-0 qs 
+0"7 
$0 '09 
+o '26 
+o '63 
$0.38 
4-0 '0.3 
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. 11. WESTERN OR COAST RANGE sERIEs-coiitinued. 

(9s) Latifiidd af L1~iz3vtte Park, Sari Fraiicisco,. Cal+riiin, cfc.-Completed. 

Pairs of stars. . 

I gsg 2 020 

2 ogo 2 107 

2 249 2 265 
2 300 2 313 
2 330 2 376 

2 555 2 616 
2 650 2 744 
2 776 2 S16 

2 942 2 gS2 
3 033 3 059 
3 069 "3 150 
3 oSS '3 150 

2 143 2 230 

(I  2SO) 2 493 . 

2 s42 2 sg7 

Adopted seconds of 
mean N. r. D. 

41-49 53.14 
04.29 5s.49 
5j'S5 32'40 
45.2s 07.19 
32 '05 44-31 
2S.71 44S9 
22'09 22.40 

02.Sg 07'97 
02-13 54.31 
31-22 07.40 
2 6 . S ~  21 .gS 

05.27 10.77 
33'69 2S'oo 

25.06 00.34 
3.2 '75 00 '34 

/ I  I f  

91 

S 
S 
S 
S 
S 

s 
S 
9 
9 

I1 

I2  

9 

6 
I1 

IO 

25, 

I7  
I7  
I7  
9 

I7 
I7  
I7 
IS 
IS 
IS 

J9 
IS 
IS 
I O  

I 2  

Latitude. 

0 f / I  

37 47 28.60 
27 '01 

2s '01 

27 '95 
2s .6S 
2s '00 

2 S . I j  

2s '31 
2s .a3 

2s .gs 
2s '2 I 

2s '15 
2s '26 
2s .47 
2s -34 

d 

I /  

-G '52 

+I 0 7  
+o '07 
+o '13 
-0.60 

fo .os 
-0 'O j  

-0 .9- -3 

-0 '34 
-0 '50 
-0 '13 
-0 '05 
-0 .IS 
-0 ' j g  
-0 '26 

Incliscriminate nieaii = 37O 47/ 2S'/*07. 
Weightecl mean = 37 47 2s *OS f O"*OJ. 

310 observations. jS  pairs. 
t- = f df.37. 

[Reduction to geodetic station o"~00.1 

Sfatioa No. 9.5'. Salt Fiatrcisco, Laj;yvtfe R7rk 06scmaiory, C17/r$~riiia. George Davidsou, 
observer. This is one of 
tlic latitude variation stations ; the results are published in detail in Coast and Geodetic Survey Report 
for 1 Sg3, part 2, Appendix No. I I, pp. 441-509. The number of individual observations and results for 
latitude at  this station is not less than 6 76s. The value p = 37O 47' 2 Y . 3 3  as given on page 504 
is aclopteil. 

G. Daviilson and J. Rockwell. 
Zenitli telescope No. 3. One turn of 

BIay, rSgr, to August, 1S92. Instruments, zenith telescopes Nos. I and 3. 

(gg) Lalifridc at Snn Finircisco, ccd~orriin, Pwsidio, ohf staliow. 
January 2s to February IO, 1S52. One division of level = I"'o;L. 

iiiicronieter A 46".63. 

Pairs of stars. , 

SOS 
9 4  
9s3 
993 

I 034 
I 040 
I 092 

*I 132 

1S732- 

I 10: 

Sr6 

*I 017 
*I 017 

1 065 
1 0.59 
I 127 

*I I32 

I 139 

967 

-NO. 4- 

iU Adopted seconds of ,, 
mean N. P. D. 

If 

52 -78 

13.7s 
54.76 

I1 ' 2 0  

23 '74 
37 '72 
4s '63 
32 a 2 5  

49 'S4 

-46 

/I 

46.15 . 2 5 
26 '50 5 S 
22 .os J 5 
32 .os 5 5 
55 '32 4 7 
29 '2s 5 S 
og '63 4 7 
19 *s4 5 5 
37.'01 6 b 

Latitude. 

37 47 35'26 

35 6 3  

0 I I/ 

36.36 

3j.21 

' 3h.jg 
. 3 6  

35.76 
36 5 6  
36 'S5 
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I I .  WESTERN OR COAST RANGE s E R I E s - C o t l t i n u e d .  

(99) Lnfidiidc 17f Scrrr Fraat-isro. CiiiiJor-ir:in, Presidb. old stcrliarr, c/c. -continued. 

Pairs of stairs. 

I J.14 I 174 
I I92 I 214 

I 203 I 275 
I 237 1 272 
I 305 I 349 
I 313 I 32s 
I 362 I 3S2 

1 371 I 425 

1 434 1 470 
1 445 1 475 
I 490 *I 534 
I 492 *I 534 

*I 526 I 547 

I 603 r 663 

I 6og 1 649 
I 705 I 726 

*I 777 I s52 

*I 777 I 562 
I 77s I so4 
I Szr I s4g 
1 ss7 I 959 
1 900 1 942. 
I 970 2 024 
I gsg *2 020 

2 009 *2 020 

2 09 2 107 

*I 536 I 546 

1 5 5 4  I 5 7 2  

2 005 *2 020 

*2 111 3 175 
*2 111 2 IS7 
*2 111 2 220 

' 12  143 2 1% 

*2 143 2 255 
z 261 2 340 

*z 330 2 369 
*2 330 *2 376 
12  376 2 4S6 

2 451 2 527 
2 501 2 519 

Adopted seconds of 
iiieaii N. P. D. 

1'' 

16 '32 

1s '79 
05 '35 
43 '10 
41 'PI 

23.66 

jo .96 
26 -56 

5s '32 

'9 *76 

07 '65 
5s '3s 
5s *3s 

1s ' G i  
46.72 
31 .s4 
27.16 
TS'IP 

IS 'I 3 

2s .os 
25 ' 2 0  

54 '73 
11 '72 
26 *46 
24 '94 
33 '75 
57.6s 
56.96 

47 '00 

51 '66 
51 .66 
51.66 
27 '50 
27 '50 
IO $1 

I5 3 6  
15 -56 
11 .62 
10 '97 

I /  

57 '51 
19 '23 

52 '59 
35 .44 
00.0s 
0 2  :so 

16.7s 
16 '91 

36 .s4 
05 'S7 
05 '87 
29 'IS 
30 
LaG ' S i  
q '%I 

01 ' j t  

05 '65 
14 '6j 
31 -64 
13 'IS 

41 '93 
10 '45 
47 '54 
35 -56 
14 '92 
21  '25 
21 '25 

21  '25 

44 '37 
49 *ss 
5s 'OS 

3s '03 
19 OS2 

02 -17 
5s '72 
X I  '62 

00 '01 

I - .  
33 79 
53 '33 

Og.20 35'01 

111 

4 
5 
4 
5 
5 
5 
5 
5 
5 

5 
4 
5 
5 

5 
5 
5 
5 

5 
5 
4 
5 
5 
5 
5 
5 
6 

5 
6 
6 

5 
6 
6 
5 
6 
5 
5 
6 
5 
6 

ZC' 

7 
S 
7 
S 
S 
s 
S 
S 
S 
S 

5 
5 
zi 
5 
S 
s 
S 
S 

5 
5 
S 
S 
S 
S 
S 
4 

# 4  
4 
S 

4 
4 
4 
5 
6 
S 
5 
4 
5 
S 

I 3 

Latitude. 

0 I .'/ 
37 47 35'46 

35 .43 
34 '21 

35.76 
35 '90 
35 '53 
35 '63 
35 'S7 

36.49 

36 .:4 

36 ' 02  

35 %6 
36 '57 
36.3s. 
j6.h 
36 'jg 
35 '44 
35 'S4 
35 '5" 
35.33 
35 '35 
35 '54 
35 '54 
35 'S4 
36 '55 
36 '57 
36 '54 
36 '07 
35 '77 
36 '64 
36 'I I 

35.94 
36 "4 
35 '04 
36 '32 

35 'SI 
35 '69 
36 .;'I 
35 2s 

36 .- - 33 

J 

II 

$0 '52 
+Q '55 
+I  '77 
+o '22 
+o 'OS 
1-0 '46 

+o '35 
+o 'I 1 

-0 '16 
-0 '5 I 

+ O ' I 2  

- 0 '40 
--J $2 

-0.4r 

+n '54 
+o .I4 
$0 '-I.. 

+o '65 
+o '63 

-to '44 
+o .44 
+o '14 
-0 '57 
-0 'sg 
-5 5 6  
-0 '09 
fo '2 I 

--o .66 
-0 '1.3 

-0 '35 
+o .04 
-0.16 
$0 9 4  

-0 

-0 '59 

-0 '34 
+CO'I7 
+o '29 
-0.36 
$0 '70 
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I I .  WESTERN OK COAST RANGE S E R I E S ~ O l l t i l l L l e C ~ .  

(59) Latitide l i t  Saii Ihiicisco. Caii#wiiia, Presidio, old stizfion, di-.--Completed. 

pairs of stairs. 

2 532 3 551 
2 555 2 616 
2 64s 2 720 

2 664 2 704 
2 731 * a  776 

*2 776 2 816 
2 732 2 799 
2 867 *2 SS4 

*2 ssq 2 95s 
2 876 2 697 
2 942 2 gs2 

2 gSg 3 016 
2 959 3 059 
3 135 3 171 

3 221 3 250 
3 255 3 341 
3 292 3 35s 
3 390 3 453 

3 169 3 246 

Adopted seconds of 
nican N. P. D. 

' 17 '94 06.40 
0 0 ' 0 2  44.9s 
jo.h:! 56'39 
26 'so 27 'IO 

10.50 q . 1 4  
04.14 I 1  '54 
35'43 47.30 
10.52 39.11 
j g  . I  1. og '74 
q 5 ' 5 4  or '43 
31 '54 20.S7 

30'0s 05.29 
56'62 12 36 

07'94 56.40 

43'32 32'39 
14 .S2 50-27. 
49.13 0 3 . S ~  

I /  / I  

35.84 49'30 

42'73 51'16 

I t  I 

5 
5 
5 
6 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

io 

S 
S 
s 
S 
5 
5 
S 

5 
5 
s 
S 
S 
8 
S 
S 
S 
S 
S 
S 

Illdiscriminate mean = 37O 47/ 35'/-99. 
Weighted niean = 3 j 47 35 '$3 & ~''-04. 

336 observations, 6s pairs. 
E = f o'I.47. 

[Reduction to geodetic station - dI'24.1 

i 

I /  

+o '79 
-0.14 

+0.16 

-0 '45 
-0 'Sj 
+O'IO 

-0.66 
-0 '25 

+O '07 
-0 '30 
+o TI6 
-0 '32 
-0 .gs 

+0'41 
+o '57 
+o .IS 
-0 '97 . 
-0 '35 
-0 '49 



724 UNITED STATES COAST AND GEODETIC SURVEY. 

I I .  WESTERN OR COAST RANGE SERIES-COlltillUed. 

( 100) Lnlilim'c. nf Scin Fraacisio, A-m'dio IICZ:  s/nfioti', G ~ l ~ o i - i i i n .  0. B. French. Zenith tele- 
scope KO. 3. November 5-15, 1Sg6. One clivisioii of level =(::E :!$::},.determined at  this sta- 

tion. One turn of micrometer = 47"*636, from circumpolar ohservatioiis a t  this station. 

Pairs uf stars. 

991 993 
I 045 +I 065 
I 053 *I 065 
I os7 I I T I  

I 73s (5S6) 
(600) I 203 

I 262 I 2S7 
I 302 I 313 

1 425 1 449 
I $3 I $2 

I 496 1 53s 
1 354 1 572 
I 602 .I 66; 
I 705 I 726 
1 7.19~. 1 751 

I S67 *I SS7 
I S2I I s4g 

I Si6 *I SS7 
I 52s I 552 
I gsg *:! 0 2 0  

2 CQy *2 020 

2 145 2 ajo 
2 249 2 265 
2 300 2 313 
2 330 *2 369 
2 36-1 *2 369 

2 0 9  2 107 

Adopted seconds of 
uieaii N. F. D. 

I/ 'I 

51 '36 oo':,S 
4S.10 2S.QI 
56'74 . 2S.S1 
11 '6; 14.53 

.29'51 30.21 

05.25 58.92 
50.96 I S . ~ S  
35.J.5 43'75 
17'35 56'2s 

. 40.9s 34.16 
31 ?3j 45 -13 
27.11 21.45 

20'64 44'12 
10.0s 00'33 
d . 7 7  33'54 
07.14 oS.62 
31 *49 17 '20 

36.56 17-20 
11.09 41'41 
45'71 o 1 . S ~  
29'90 01-82 
20'19 16.49 

I S . ~ S  42.40 
. 13-56 25.9s 

12-66 17.59 
53'25 17-59 

16.99 03'39 

a' 

6 

5 
6 
6 
6 
6 
6 
6 
6 
5 

5 
6 

5 
6 
6 
6 
6 

5 
6 
6 

5 
6 
6 
6 

5 
6 
6 

TC' Latitude. 

Q 1 /I 

14 37 47 4s.37 
. g  49 '1s 
I O  4s 'SZ 

14 4s '61 
14 4s '00 

14 47 '89 
14 , 4s '22 

14 $3 '00 

14 4s '34 
I4 $3 'I2 

14 . 4s '14 
14 4s 'I I 

14 4s 'I9 
14 . qY '16 
14 4s 'IS 
14 47 '62 
I O  47 .SI 
9 47 '94 

14 47 ;90 
I O  4s '99 
9 49 '00 
14 ' 47 '91 
14 4s '47 
S 47 *96 

14 4s *05 
IO 4s '22 

IO 4s -58 

I/ 

-0 '15 
-0.96 
-0 -60 
-0 '39 
+o '22 

+O '53 

$0 '22 

+o ' IO 

+o os 
+ O T I  

+o -0; 

$0 -06 
+O '04 
+o 60 
+o -4: 
+0.25 
+o '32 

-0 '77 
-0.75 
+o '31 
-0 '25 

+c: '26 
+o 'I? 

-G '36 

0 '00 

-0'12 

0'00 

Indiscriminate mean = 3 7 O  47' 4 S " q .  
Weighted mean = 37 47 4s -22 c d'-og. 

155 observations. 27 pairs. 
[Reduction to geodetic station o''.oo.] 

d = c d"22. 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 725 

I I .  WESTERN OR COAST RANGE SERIES-COlltil1W.d. 

i 101) Latitride or! Tniitalpais, Cldr$om&r. J. F. Pratt.' Zenith telescope No. I. ' September 12-26, 
 IS^. One turn of micrometer = 47"'4SO, 
froiii circumpolar observations at this station. 

One division of level = o'j.91, determined at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

I/ 

47 '23 
22 '23 

I3 '52 

30 '99 
52 '72 

O j  .S6 
30 *% 
57 *48 
40 '57 
40.6s 
31 '91 
26 '63 
49-31 
16 -46 
25 '63 
42 '70 
I9 '5 I 

50 -66 
06 36 
46 'Sg 
24 '63 
36 '36 
43 '70 
45 '15 
4s '61 
21 '77 
11 '65 
07 'I9 

I/ 

5s '25 
4s .6S 
1s '75 
50 *06 

09 '55 
47 36 
2s q 

22 .4s 
30 *SI 
36 '69 
27.66 
2s .96 
42 'S5 
4s '65 
46 '12 

w '35 
0 2  .SI 
0 2  '71 
17 '22 

24 '63 
21 '53 
0 2  '72 
5s 'OS 

34 'S9 
I9 '45 
24 '16 
01 '49 

49 'IO 

d 

6 
7 
6 
6 
7 
7 
6 
6 
6 
7 
7 
6 

7 
7 
7 
7 
7 
7 
7 
7 
.7 
7 
7 
7 
7 
7 
7 
7 

.XI 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
5 
5 
5 

Latitude. 

0 I /I 

37 55 19.72 
IS '42 
IS '91 
IS .62 
IS '34 
IS $7 
20.06 
20 '24 

I9 '32 
19'51 
19 '67 
IS '41 
1s '97 
IS .s2 

IS -38 
. IS'59 

IS '21 

I9 '33 
19 '00 
IS .os 
19'11 
I9 '3' 
20 -2.5 

, IS*Ss 
1s '45 

I9 '69 
IS r83 

20 '20 

Indiscriminate mean = 37O 55/ I ~ % S .  
Weighted mean = 37 55 19 .OS & d%S. 

189 observations, 2s pairs. 
e = & 0"-56. 

[Reduction to geodetic station = d'*04.] 

1 

I/ 

-0 *64 
+o .66 
+0'17 
4-0 y 6  
+0'74 
+o '21 

-0 .gs 
-I '16 
-0 '24 
-0 '43 
-0 '59 
+o '67 
+ o m  
+o '26 

$0 '70 
f o  '49 
$0 'S7 
-0 '25 
$0 -0s 

+I '00 

-0 -03 
-0 '23 
- I '17 
$0 '20 

, +0*63 
-1 'I2 

-0 *61 
$0 '25 



-26 1 UNITED STATES COAST A4ND GEODETIC SURVEY. 

I I ,  WESTERN OR COAST RANGE SERIES4Oll t i l lUeC~.  

(102) Lnfit?/de nf /I;Toant U~h2a. Cafi~o~ai~. W. Einibecli. Zenith telescope No. I. November 
One turii of 7-20, 1576. 

micrometer = 45/"795, from circumpolar observations at this station. 
One division of level =o'"g33, determined at San Francisco March, 1577. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

' Q f l  

46'13 05'55 
00.35 32'52 
57'92 42.03 
45'69 49.22 
og-26 2s-53 
01'62 27'73 
17-15 5s.49 
5 0 y  10.56 
09.04 04'22 

57'93 57'32 
OS'37 20'05 
1460 54'10 
35'75 10'05 

57'5' 55 '67 
50.71 51.44 
03 '16. 53 '32 . 
03.16 34'69 
04-45 40.06 
46'65 24.29 
34'14 55-75 
51.24 09.20 
46-40 59'15 
43'74 27'11 

111 

5 
6 
5 
5 
5 
6 
4 
4 
6 

5 
6 
6 
6 

5 
6 
6 
6 
6 
4 
5 
5 
6 

5 

ZL' 

S 
9 
S 
S 
S 
9 
S 
S 
9 
S 
9 
5 
9 
S 
7 
6 
6 

9 
S 
S 
S 
7 
S 

Latitude. 

0 I I 

38 40 00.76 
01 '03 
00 -31 

00.94 
00 *ss 
01 '55 
01 '47 

01 '-34 

00 '57 
01 '57 
0 2  '09 
01 -06 
00 -ss 

01 ..a 

03 'IO 

00.60 
00.66 
00 '54 
01 -65 
00 3s 
00 -25 
00 'S5 
01 -os 

Indiscriminate mean = 3S0 40' 01"*06. 
Weighted mean 

123 observations, 23 pairs. 

=3S 40 01 '05 Cd/'o7. 
e = z!= d/-42. 

[Reduction to geodetic station + d/-gg.] 

V 

I? 

40 '29 
+o -02 

+o '74 
+o.rr 
.+o.r7 
-0 -50 
-0 '$2 

-0.17 
--0 '29 

-0 ' 52  

-1  'a 

f-0.17 
-1 '05 

+b '4 
+o '39 
$0'51 
-0 '63 ' 
$-o '17 
+o -so 
+o '20 

-0 '03 

$0 '4s 

-0 .OI 



I 006 I 017 
*I 025 I 035 
+I n q  I 059 

I 13s I 142 
I 219 I 26s 

I 323 I 364 

I 462 *I 477 

I 546 *I 56s 
1 547 *I 565 

I 676 I 737 
I 767 *I 797 

*I 797 1 835 
.I 851 . I  574 
I 8% I 925 
1 932 I 942 
1 953 I 992 

*2 024 2 028 

*2 024 2 063 
*2 024 2 ~ 6 4  

2 &4 * Z  I14 

2 OgO *2 I14 
2 173 2 192 
2 209 2 216 
2 239 *2 270 

2 241 *2 270 

2 2% *2 312 

2 285 *2 312 
2 341 .2  364 
2 397 2 39s 
2 459 2 493 

*2 540 2 606 
*2 540 2 609 

577 658 
676 . 69s 
766 fbfi 

I &3 I 097 

1 444 *I 477 

I 530 1 534 

I 613 I 665 

I/ . I/ 0 r /I /I 

34'37 32'78 7 g 38 30 10.06 -0.06 
43'00 28.90 7 6 09.1s +os2  

43 '00 45 '50 6 6 09.75 fn.25 

SO'S0 39'57 7 9 10.70 -0'70 

54'45 37'99 S 9 10.89 -0.sg 
zj *46 50'94 6 S og.11 +o%g 

00'57 21.14 S 6 09'45 +0'55 

16'85 15'63 7 .  9 10.n3 -0.03 

35'77 21.14 r) 6 09.83 +0'17 

33.25 1S.20 S 9 "9.59 +0'4I 
4;-40 47'75 7 6 09'92 t o . 0 8  

43'37 47'75 7 6 '  09-66 +0:34 

21 *s2 47'30 6 S 09.51 +0'49 

53'67 01 '66 7 6 09.42 +0.58 
32.54 24'0s 7 9 r o q  -0-q 
I S S ~  243g S 9 09.97 t o . 0 3  

41-31 44.14 9 I O  09.48 +0'52 

57.10 37.71 S 9 10.14 -0.14 

46'32 53'67 7 '  6 09.64 -tO*36 

30'32 33'74 7 9 10.14 -0-14 

23'0s 45'00 7 5 09-85 +o'15 
23.0s 06'53 8 5 . 09'94 +0'06 
23mS 56.67 7 5 11-14 -1.14 
23'95 33'34 9 6 10.27 -0.27 

11 '54 33'34 9 6 10.66 -0'66 
01.50 28'23 S 9 10.44 - 0 . 4  

22-22 52.98 9 I O  0 9 . 4  , +03g 
29'75 35.40 9 6 10.59 -0.59 
40.96 35.40 9 6 10.13 -0.13 
14'36 35'59 8 6 09'46 + o x  
50.91 35'59 9 6 10'10 -0'10 

35.64 32.35 S 9 10.51 -0.51 
40.20 38-20 8 9 09.61 +0'39 
35.40 48.00 8 9 cg.SI +07g 
52.43 22-50 9 6 og'S7 +o'13 

. 52'43 36-31 9 6 09.61 +0'39 
9 40'62 03*S7 9 I O  10.51 -0.51 

35.71 08'20 9 I O  10'89 -0.89 
14'57 oS.76 9 I O  10.38 -0.3s 



72s UNITED STATES COAST AND GEODETIC SURVEY. 

I I .  WESTERN OR COAST RAXGE SERIES-continued. 

(IO; j Latihi& at Ross f l fminfd iu ,  Culifoi%Lz, rlc.-Couipleted. 

Pairs of stars. 

*S66 575 
"566 ssg 
921 94s 
9 9  995, 

I 025 I 024 
I 05s I 096 
I 119 I 204 

I 254 *I 262 
*I 262 I SOI 

1 313 1 350 
1 424 1 453 
1 460 1 474 

*I 501 I 551 
*I 501 I 571 

Adopted seconds of 
mean N. P. D. 

I/ 

54 3s 
54 -3s 
19 'I7 
25 '21 

4.3 '00 
06 '00 
I9 '45 
59 '00 
50 .so 
09 '55 
27 '34 
05 '00 

2t 'OS 

21'0s 

/I 

52 -Ss 
49 -40 
51 -44 
07.06 
os '50 
45 '00 

50  .so 
I1 'sg 
11 '69 
4s .66 
04 'S2 
49 'I7 
0; '43 

21 'I2 

i I  f 

I O  

I O  

IO 

TO 

I O  

I O  

IO 

I O  

I O  

S 
S 
9 
S 
S 

7 
7 

IO 

I O  

I O  

IO 

I O  

7 
7 
9 
9 

6 
6 

I O  

Latitude. 

a I I/ 

3s 30 c19.54 
IO .qj  

09 *9s 
03 '47 
og '29 
IO '7s 

og '26 
09 '54 
IO '03 

10.16 
IO '16 
I O  'og 

I O  '4Q 

I O  '22 

2, 

I/ 

$0.46 
-0 '43 
$0 -02 

1-0 '53 

-0.75 
-0 '40 
$0 '74 

$0.71: 

+o '46 
-0 '03 
-0 '22 

-0 '16 
-0 '16 
-0 'og 

Indiscriminate mean = :Sa 30' 0g"'gS. 
Weiglit+ mean 

437 observations, 53 pairs. 

= 3s 313 IO '00 k o%$. 
c = & d'32. 

[Reduction to geodetic station 0'%0.] 

(Io4j Lnlilirtlc. nl SuIJhtu; Gzlifoiwin. G. Davideon. Zenith telescope No. 5. September SzS,  
One turn of micrometer = 46"*540, from circumpolar observations 1859. One division of level = I//.XO. 

at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

6 073 "6 ogr 
*6 c y  6 151 
6.  IS^ 6 241 
6 265 6 365 
6 $7 6 477 
6 601 6 67s 
6 640 6 652 

*6 6 9  6 730 
*6 6 9  6 734 
6 740 6 799 
6 561 6 S6S 
6 91s 6 944 
6 963 6 99s 
7 os4 'i IO1 

7 I 1 2  7 131 
7 164 7 23; 

I/ I/ 

29'3s 34'99 
34 '99' 14 '29 
15.27 01.11 

0 2 7 0  42.25 
oS.;g, 2gS7 
13-71 jo;oo 
Ij'SS Tj.04 
01.99 33- 
01 '99 rq'zo 
og.66 21 .g4 
5s-05 59'72 
49-56 23'20 

49-07 21.77 
14'20 24'24 
19-10 04.62 
32.16 26'4s 

R I 

5 

S 
2 

I1 

7 
7 
6 
3 
4 

I 2  

7 
7 
7 

I1 

7 
7 

. Latitude. 

0 I /I 

3s 45 45 '11 

43 '55 
44 '2.5 
44 '77 
44 '57 
44 '41 
43 '67 
44.4s 
44 '03 
44 '21 

44 'I5 
45 '07 

,44 -08 
. 45-16 
44 '72' 
44 '62 

V 

I/ 

-0 '54 
$I '02 

t0.32 
-0 '20 

0.00 

50.16 
$0 '90 
+o 'og 
+o '54 
+o *36 
+o '42 
-0 '50 

$0 '49 
-0 '59 
-0 'I5 
-0 -0s 



TR-4NSCONTINENTAL TRI.4NGULATION-PART IV-L.4TITUDES. 729 

'I I. WESTERN OR COAST RANGE SERIES-colltinued. 

I q )  Lntitrr.de i z l  ~ r t ~ ~ r n r ,  ~ 7 l i f b r 7 n i 1 ,  elc.-Completed. 

Pairs of stars. 

7 256 7 275 
7 297 7 336 
7 361 7 4001 
7 465 7 4% 
7 494 7 520 

7 52s 7 552 
7 621 7 641 
7 654 .7 6% 
7 707 7 742 
7 796 7 8x3 
7 s33 . 7 S76 
7 go1 7 9'5 
7 953 7 997 

S 125 S 133 
S 156 S 261 
s 159 s 224 
6 456 6 493 
6 520 6 571 

*6 623 6 674 
"6 623 6 676 
6 6gS 6 72s 
6S63 6901 

s 'W3 8 039 

6 943 6 959 
7 0 0 1  700s 
7 144 7 222 

7 363 7 40.5 
7 444 7 489 
7 519 7 597 
7 627 7 676 

"7 712 7 775 
"7 712 7 7.32 

Adopted seconds of 
mean N. P. D. 

/I I/ 

35'90 41-79 
52'73 30.17 
37-56 35.01 
23-75 47'62 
13'S9 5 1  '35 
07'SS 55'95 
44'53 29.50 
52'63 43'77 
05-62 og.22 

13.45 IS73 
22'70 56.55 
57 '44. 3.5 '92 
35.1s 10.59 
2430 01.27 
51 '50. 14.10 

36'53 44'47 
20-72 19.78 
07.36 45-16 
47 '32. 5s '34 
25.49 04.41 
25G9 09.Q 
41 'IO 2Q.50 

15.92 37'5s 
32-27 33'50 
os.50 22.7s 
07.25 23%1 
55.66 27'34 
49-07 04.36 
46.56 33-30 
12-34 47'55 
56-14 30'50 
56.14 56.02 

H' 

I 2  

I2 

7 
6 
6 
6 

s 
5 
5 
9 
9 
S 
9 
9 
S 
S 
S 
7 

S 
3 
7 
7 
6 
6 

7 
7 
6 
6 
6 
6 
6 

IO 

Latitude. 

0 I I! 

3s 45 44-45 
4 '57 
44 '94 
44 '90 
44 '50 
44 '97 
-15 '29 
44 '37 
44 '26 
44 '27 
44 -3s 
44 '72 

4s '01 
44 'SI 
44 'IO 

44 '03 
44 '90 
44 .49 
44 '53 
44 '41 
45 .5r 
44 '21 
45 '02 

44'90 
44 '84 
44 '50 

. 44.86 
. 44'53 

44 6 2  

44 '59 
44 'OS 

44 '24 

d 

I/ 

+ 0 7 2  

-0 '37 
-0 '33 
+O '07 
-0 '40 
-0 7 2  

+o '20 

+o '3 I 

+o '30 
+0-19 
-0 ' I 5  

-0 '44 
-0 '24 
+o '47 
+o '54 
-0 '33 
$0 '08 

50.w 
+o 'I3 
-0 '94 
+o *36 
-0 '45 
-0 '33 
-0 '27 

+O '07 
-0 '29 
+o '04 
-0 '05 

O'CO 

-0 '02 

+o '49 
+o '33 

Incliscriminate mean= 3S0 4' 44'/'56. 
Weighted mean -3s 44 57&0'/'04. 

341 observations. 4s pairs. 
[Reduction to geodetic station 0'%0.] 

e= c d'.jo. 



730  UNITED STATES COAST AND GEODETIC SURVEY. 

I I. WESTERN OR COAST RANGE S E R I E S ~ O l l t i l l t l e d . .  

(105) Lnlitiia'd nf l%i i i / t ,  Gzl(tbriiia. C. H. Sinclair. Meridian telescope No. I .  November IO-  
One turn of niicrometer 14, rSg7. 

= 66//'073, cleterrnined from the'latitude observations at this station. 
One divisioii of level = ~'f'go~, deteriniiied at office April, 1Sg3. 

Pairs of stars. 

7 757 
7 79s 
3 S4Y 
7 
7 915 
7 9 6 1  
(3 S43) 
s 074 
S 127 
s 212 
s 224 
s 2s4 

S 

(25) 

(43) 
I 26 

*2OI 

215 

Adopted secoiicls of ~ 

rnean N. P. D. Latitude. 

I /  I/ 0 I / I  

O s ' I 7  07'17 4 12 39 08 54'S5 
oS.17 1s-46 4 I2 54 '42 
20.50 43'66 4 19 54 '27 
00.56 56'19 5 19 53 'S7 
09.30 , 45.36 5 21 54 'S3 
3-19 36.93 5 21 54 '29 
4.95 53'12 5 20 54 '62 
04-97 09-95 5 21 54 '55 
49'53 50.90 5 21 54 -50 
46% 53'66 " 21 53 'S3 
57'53 0 0 . 0 2  5 '9 54 'IO 
55'5' 5 7 Y  5 21 54 '54 
02'96 3s-32 5 21 54 '35 
04.12 $3.97 5 19 54 '73 
30.23 17-54 3 73 54.23 
28.25 12.31 5 21 54 '91 
06.62 32.55 5 I1 53 '90 

' 32'55 35'53 5 I4 54 '25 

c 

Indiscriminate mean = 3g0 0s' 54"'39. 
Weighted mean = 39 OS 54 *40 &.0~''05. 

Sg obscrvations, 18 pairs. 
e = -C 0''-34~ 

[Reduction to court-house + f'42.1 

V 

I/ 

-0 '45 
-0 '02 

$ 0  -13 
Jro '53 
-0 '43 
+o 'I I 

-0'15 

$0 '57 

-0 '14 

t-0 '05 
-0 '33 
+0.r2 
-0.51 

$0 '50 
+o 'I5 

-0 '22 

- 0 ' 1 0  

+ o y  , 
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I I. WESTERN OR COAST RANGE S E R I E S ~ O n t i l l L l d .  

(106) Lniifrrdc al Poitrl ];)PIvs, &L!ifomia. G. Davidson. Zenith telescope No. 3. Fehruary 6- 
8, 1S53. One division of level = zN'60. One turn of micrometer = 46jj.63. 

Pairs of stars. 

2 os4 2 107 

*2 163 2 1S7 
(2 163 2 220 

"2 163 2 175 

2 294 "2 330 
"2 330 2 349 
*2 407 2 423 
"2 407 2 457 

2 4S6 2 495 
2 555 2 606 
2 6S3 2 732 
2 776 2 SIO 
2 S42 *2 567 

+2 567 2 876 
' 3 026 3 075 
"3 129 3 I35 
3 129 3 172 

Adopted seconds of ic, , Latitude. mean N. P. D. 

I/ /I 

15.10 46'42 
47'73. 52.2s 

47'73 OO.60 

47'73 03'55 
16'So 2 0 S 1  

20.81 27-90 
51.77 59.09 
51.77 10'59 
41.11 4 2 2 2  

23'20 20'40 

44'49 45 '40 
14'So 32'00 
34-47 21.65 
21:6S 37-36 
54-00 . 57'16 
22 'Sg II  -46 
22-sg 54'14 

a I /I 

I 0 ' 7  37 59 33'52 
I 0 '3 33.14 
I u '3 33 '04 
I 0 '3 34 '27 
I 0.4  34.63 
I 0'4 33 '96 
3 I '3 3; .IS 
3 1 . 3 .  32 '55 
I 0.7 34 ' I 4  
I 0 '7 34 '22 

2 I '3 34 '02 

I 0 '7 32 .SI 
2 0 '9 35 23s 
2 0 '9 32 '69 
I 0 '7 32.66 
I 0'4 34 '24 
I 0'4 33 7s 

/I 

$0'10 

+o .4s 
+o 5 s  
--o '65 

-0 '34 
$0 .-I4 
+ I  '07 
-0 '52 
-0 '60 
-0.40 
+o .SI 
- 2  '26 
fo '93 
+o .96 

-1 'OX 

--0.'62 
-0 '16 

Indiscriminate mean = 3 7 O  59/ 33II.69. 
Weighted mean = 37 59 33 '62 c o".r3. 

24 ohservations, 17 pairs. 
e = c 1'/.24. 

[Reduction to geodetic station 0"m.l 

(107) Lnfitirdc nf Bodega, Grliyool-trin. G. Davidson. Zenith telescope No. 3. July 9, 1853. 
One division of level = 2//.60. One turn of micrometer = 46/'.63. 

Pairs of stars. 

6 475 

6 657 
6 730 
6 734 
6 So6 
6 813 
6 937 
6 967 
7 027 
7 I49 
7 246 

6 $31 
6 4% 
6 599 
6 687 

"6 762 
"6 762 
6 849 
6 860 

"6 996 
"6 996 

7 073 
7 220 

7 294 

Adopted seconds of 
iiieaii N. P. D. 

/I /I 

43 '00 03 '90 
15*% 32.10 
56.06 38-50 
20-95 46.20 
02 '50  46'20 
27'25 04-90 
10.95 05 '03 
26'30 26.60 
29-OO 26.60 
31-00 59'22 
13-27 52.25 

I 02-30 26-77 

111 zu 

I 2 

I 2 

I 2 
I I 
I I 
I 2 

I 2 

I I 
I I 
I 2 
I 2 

I 2 

Latitude. 

0 I /I 

3s I8 IS.31 
20 '64 
20 7 2  

19.95 
19.24 
19'76 
22 '23 
19.7s 
20 7 2  

19.45 
21 '24 
19 -58 

II 

I/ 

+ I  '90 
-0 '43 
-0'51 
+o .26 
+o '97 
$0 '45 
-2;02 

i o  '43 
-0 '5 I 
+o '73 
-I -03 
+o '33 

Indiscriminate mean =3Sa IS' 20/~'16. 

Prohable error of result from a single pair = f 0~l.69. 
12 observations, 12 pairs. 

Weighted mean =3s IS 20  '21 -I-O".21. 

[Reduction to geodetic station 0//.00.] 
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I I. WESTERN OR COAST KANGE SERIES-Completed. 
(10s) Lalilirrle crl fJh=?frlocino. City, Cnliforitin. G. Davidson. Zenith telescope No. 3. July. 11, 

ISj3. One division of level = 11/.04. One turn of micrometer = 46/"63. 

5 874 
5 972 ' 

6 129 ' ' 

6 241 

6 365 . 

6 453 

6 615 
6 657 
6.741 

6 571 

Pairs of stars. 

15.21 45.76 I 3 ' 3s 55 09.53 +0'81 
24'47 5 7 2 4  I 3 09'67 $0'67 
I I  '50 26.66 1 3 lo-gI -0'57 
05 '75 44'41 I 3 .  09.24 f I . 1 0  

43'49 os.75 I 3 o9.Q $-0'70 
30.00 q . 4 7  I 3 .  11.7s -1.44 

20.75 47'44 I '  3 10.72 -0'3s 
54'12 55'07 I 3 11.02 -0'62 

'06.71 36So I 3 ' IL.34 ' -1 '00 

17'55 56-55 I 3 09'54 ' +O'So  

6 os7 6 129 

6 323 '6 36s 
6 341 *6 36s 

6 43s 6 477 

6 I S j  6 223 

6 392 6 404 

6 497 6 5 2 0 ,  

6 547 6 566 
6 5Sg 6 601 
6 690 "6 723 
6 691 '6 723 
6 765 6 Si7 
6 S66 6 924 
6 959 , 6  973 
6 997 *7 041 
7006 "7041 
7 126 7 I53 

Adopted seconds of 
mean N. P. D, 

I/ f/ 

41-20 26'00 

25-55 42'01 

22 '20  rS.50 
36% Is.50 

45'34 49'39 
45'32 56'71 
24.64 16'76 
57.5s I j S O  

4 5 . h  35'53 
27-06 35'53 
33'10 1g.00 
45.s2 57'97 
37'50 02'41 

27-90 2 6 3  
40.27 26.54 
4 S S  20'54 

57'30 50'59 

I ' 4  
I 4 

I 3 
I 3 
I 4 
I 4 
I 4 
I 4 
I 4 
I 3 
I 3 

. I  4 
I 4 
I 4 
I 3 
I 3 
I 4 

Latitude. 

0 I I/ 

39 IS 06-32 
O4 '77 
.06 'sg 
06 '07 
04 -04 
05 '03 
05 '57 
04 '7s 
06 'og 
05 .so 
05 '33 

06 60 

06 '03 
05  '22 

05 '33 

O j  '25 

05 5 3  

V i  

// 

-0 -76 

-1 '33 
-0.51 
+I '53 

+o '53 

+o '78 
-0 '53 
-0 '24 

4-0 '23 
$0'31 
-1 *q 
-0 -27 
-0 '17 
+o '34 
$0 '23 

+o '79 

-0 '01 

Indiscriminate mean 
Weighted mean ' =39 IS 05 '56&0'"12. 
Probable error of result from a single pair = &0"'49. 
17 observations. 17 pairs. 

' = 390 1 s  05"'5S. 

[Reduction to geodetic station 0//-00.1 

(109) Lczbitid~- nr! Poigit Arenn, California. G. Davidson. Meridian telescope No. 1. May 26, 
1S70. One division of level = ~//*oo. One turn of micrometer = 65//.3S. 

Pairs of stars. w Latitude. .Adopted seconds of ,11 
mean N. P. D. V 
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F. REDUCTION OF THE ORSERVED LATITUDES TO THE SEA LEVEL. 

In consequence of the earth's rotation, the vertical liue at a place is slightly curved 
and is concave to the pole. The observed latitude being the angle which the tangent 
to this curve makes with the plane of the equator, needs, therefore, to be referred to the 
foot point a t  the sea level. This correctiou is always negative, aucl is given by :::- 

i =  0~000 471h siu 2 9  

where h = elevation of station in metres, ip= the latitude, and i= the curvature correc- 
tion in seconds. For latitude 39" we have i= 0'000 167h very nearly. This correction 
reaches up to ot1-7 for our highest stations, aiicl is therefore inan\; times greater than 
the probable error assigned to the resulting latitude and can not be.neglected. 

, 
1 .  

G .  CORRECTIONS TO OBSERVED LATITUDES, AZIMUTHS, AND LONGI- 
TUDES FOR VARIATION OF POLE OF ROTATION. 

When the, change of. latitude is compared wit!i the probable error of obser&ioii 
resulthg from accurate measures, it is seen that the effect of the systeniatic variation in 
the position of the pole of rotation as determilied by. Dr. Seth C. Chandler may be 
several tinies larger than tlie mere observing error. ' Hence the correction for variation 
of 'pole can not lie ignored in any refined cleductioiis from latitude observations. A 
similar remark applies also to the corrections to aziiiluths, with this difference. however, 
that here the probable obsci.zi~rg error 'generally esceecls tlie effect clue to change of 
pole, thus rendering the correction for shift of pole of less consequence. The correctior 
to differences of longitude due to the same cause is quite small, and may generally lie 
neglected as covered by the error of observation. 

Dr. Chandler's latest espressions are contained in No. 446 of Go~ild's Astroiioniical 
Journal, October, IY~S. t His coordinates II' and -v of the average or noriiial position 
of tlie pole with reference to the psition of the itistantaneons pole of rotation are 
given by- . 

x = 
y = r, cos ( t  - T,,) 0 + o - 1 1 0  cos (0  - f j  

where T, = 3 +12 646 + 427'0 E - o'oY E" 
H = oC-S43 + 0.000 316 E 

' 

sin i t  - T,) H + o"*ogg sin (0  - psi') 

and rX = o"'125 + o'"05 sin (2 414 363 - t j  x o;"o~g . 

Here t and T are expressed in Julia11 dates; t is the epoch of observation, E is tlie 
period, and 0 the sun's longitude. 

The corrections for latitude, azimuth, and longitude are given by the espressioiis- 

Aip = ip - ip<, = x sin h -31 cos h 
An = n - no = ( x  c0s.h +y sin A )  sec ip 
Ah = h - ho = - (rr cos h +?I sin h> tan y 

~~ ~ 

*Clarke's Geodesy (Oxford. ISSO). p. 102; also Helmert's Hohere Geodisie (Leipxig, IS%), Vol. 11. y. KJ. 
$See also ibid. Nos. jq. hiovember, I.%: 360, December. 13s; jqz, January. 1Sg7, atid 406, JUIIC. IS~T. 
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where = observed latitude, CY = observed azimuth, h = observed longitude of place 
counted westward from Green~vich, and q~~~ a,' A. the corresponding corrected values. 

For stations occupied between the years 18go.o and 1897.5 the coordinates x andy 
were taken froin Dr. Albrecht's report of 189s. :k For this intervaI a convenient table 
is given by him of tlir .quantity rp - 'p, for various longitudes, which can also be 
employed for the azimuthal correction. In this system the coordinates are those of the 
instantaneous pole of rotation with reference to the average position of the pole [of 
figure), and the corrections to latitude, azimuth, and lpngitude are found by- 

UNITED STATES COAST AND GEODETIC SURVEY. 

q~ - qo = .I- cos A +-I' sin 1 
cy - 
X - h0 = ( ,x  sin h -2' cos hj tan Q/ 

= (,- .c sin X +-v cos A:) sec q~ 

For the interval I S ~ C - I S ~ ~ F  the resulting corrections are quite reliable, as they 
depend directly upon observed variations, but for otlier years the general forniuk as 
given above must be made, use of. 

For the greater part of the statio& these corrections were computed bj7 Mr. D. I,. 
Hazard., 

H. SYNOPSIS OF RESULTS FOR LATITUDE OF STATIONS DETERMINED 
ASTRONOMICALLY. 

Appro$- Reduc- Correc- Final 
 stat^. \'ear. Olwerved Probable matealti- tion 

latitude. No. Naiiie of station. ' error. . tudeof tosea 
station. level. 

tion lor seconds 
variation of 
of pole. latitwle. 

I 

3 
4 
5 
6 

I 

S 

9 
10 

I1 

Ia 

I3 

14 

CapeMay ' 

Cape %ray 
Adapted value of nstrori~niic station 
Cape Heillopen 
Dover ................................. 
Principio 
Pwle Island 
Calvert 
Taylor 
Marriott .............................. 
Marriott 
Adopted value 
Webb 
Hill 
Soper. ................................. 
Seaton, Washington 
Coast arid Geodetic Siirvep Ofice. 

Coast and Geodetic Snrvcy Oflice, 

Coast and Geodetic Siirvey Office, 

Adopted value 

United States Naval Observatory, old 

Washington. stathn in yard 

WashingtrJn. station in  yard 

Washiiigtoii. station iu yard 

site, dome. Washington 

United State, lava1 Observatory. old 
site, dome, Wash~ngton 

K. J. 
N. 5. 

Uel. 
Del. 
Md. 
Md. 
Ma. 
Md. 
Md. 

.... 

mi. 
.... 
Md. 
Md. 
Md. 

D. C .  
D. C. 

12. c. 

D. c. 

D. C. 

9. C. 

.... .... 

*fi. I 

IC! 0 

10 0 

.... .... 
2a r, 

30(?! - m  
12 0 

0 - '*I 

- 91  - '@I 

- '@I 

.... 
- '01 - '01 - '02 

0 

0 

0 

0 

.... 
- '01 

- '01 

J 

+O 'Q5 
-0.17 

+o '07 

-0.15 

-0 .os 
0 'a0 

-0'16 

.... 

0 'Go 

-@ -07 
-0.06 

+@ 'I5 
to .cd  
-0.6 

-ov8  
-0.13 

-0'16 

.... 

+0'05 

.... 

.... 

.... 

44.7; 
4.1 '60 

4.1 '6; 
40 '07 
'3 '47 

17 '52 
31 '71 

31 '75 

46 '07 
2.1 '65 
25 '05 
25 u5 
2s '35 
52 '36 
10'61 

25'12 

07 '38 

07 '30 

07 '36 

07 '35 

.... 

.... 
~- - 

* Brriclit liber den Stand der Erforschong der Brelten-Transtion. Central-Bureau der Iuteniatiosale~i Ed-' 
trrcssung. Berlin, ISIS. 
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H. SYNOPSIS OF RESULTS FOR LATITUDE OF STA4TI@NS, ETC.--Cont'd. 
I .  

No. 

15 

I6 
17 

IS 

19 
a0 

21 

22 

2.7 

24 

25 
2.5 

. 27 
as 

29 
30 
31 
32 

s3 
34 
3s 
36 
37 
3s 
39 

40 

41 
43 
43 
44 
45 
46 
47 
4s 

49 
SQ 

Approsi- Rednc- Correc- Fi:ial 
State. Tear. Observed Probable mate alti- tion tion for seconds 

station. level. of pole. laliludr. 
latitude. error. tude of to sea variation of Name of station. 

I'nited States Naval Observatory, olc! 
site. dome, Washington 

United States Naval Observatory, old 

Adopted value 

11iiite-d States Naval Ol>sen.atorr., new 
site. Georgetown Heights. clock 
room 

site. dome. Washington 

United States Naval Observatory. new 
site, Georgetown Heights, clock 
room . 

Adopted value 
Caxsteii 
Georgetown College, observatory 

dome 

Rockville 

Sugar Loaf 
Maryland Heighls 
131111 Kiln 
St rarlwrg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clark Mountain 
~harlottesvil le,  University. transit 
Long MOlIllt 
Elliott Knob 
Keriiey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Charleston 
Piney 
Goiild 
Minerra 
Cincinnati. Mount Lookout OhserwI- 

tory. dome 
Reizin 
Weed Patch 
Vincennea 
Parkersbiirg. A statio11 
Olney West Base A statio11 . , 
Newton 
Bording 

, . . . . . . . . . 

St. Louis. Washington University 

St. Louis. Washington University 
Adopted value referred to Second 

Jefferson 
Hiinter 
Kansas City 
Adarns 
Salina West Base .. .............. ... . 
Ellsworth 
RiiS%ell Southeast 
Wallace 
Adobe 

Presbyterian Church 

D. C. 

D. C. 

. .. . 
D. C. 

D. C. 

.... 
D. c. 
D. C. 

Md. 

Md. 
Md. 
Va. 
Va. 
Ba. 
Va. 
Va. 
Va. 

W. Va. 
W. Va. 
W. \la. 
Ohio 
Iiy. 
Ohio 

Ind. 
Illd. 
Ind. 
Ill. 
Ill. 
111. 
Ill. 

Mo. 

Mo. 
.... 

Mo. 

Mo. 
Iians. 
Pans. 
Kans. 
Iians. 
Kans. 
Colo. 

mi. 

0 I II 

Isg3 3s 'so 

.... 3s '75, 

38 13'70 
IW 

1sg7 13'93 

111. 

30 

30 

.... 
8s 

ss 

.... 
11s 

60 

152 

390 
444 
420 

335 
xm 
43s 

I 363 

IS5 
330 

?ixI 

I 200 

I ,  

- .Ol 

- '01 
.... 

- '01 

- '01 

.... 
i '03 - '01 
- '0: 
- '07 
- '07 
- '07 
- '03 
- .06 
- Y-.; 

- '33 

- '03 
- ',yj 

- '07 

- '-33 

El kaso East Base ..... .............. . Colo. 1879 3s 57 1 6 9 ~  &o.lo - .34 

I, 

.... 

.... 

.... 

.... 

-0'16 

.... 
-0.14 
.... 

.... 
-0.10 

fQ.16 
0 

+o.m 
-0'14 

+0'17 
+O'IQ 

+o.or 
+0'11 

-0 '10 

f G . 1 3  

-0 '13 
+ O W 3  

+075 

+o '33 
+079 
+o '05 

+o 'os 
+0'25 

+6 '23 

-0.12 

'03 

+a 'I I 

.... 

- -0'01 

+0'02 

+0'2.l 

+o '14 

+Q'OI 

-0 '03 
-0 'os 
+o '3 
+0'15 
-0 .c6 



UNITED STATES COAST AND GEODETIC SURVEY. 

H. SYNOPSIS OF RESULTS FOK LATITUDE OF STATIONS, ETC.-Cont'cl. 

736 

No. Name of station. State. 

:olorario Springs 
Pikes Peak 
Hount Ouray 
rreasury Mountain.. .. . . , . , . . . . . . . . . . 
;uunison 
:lucompahgre 
Drand Junction 
rawputs 
Mouut Waas ..... .................... . 
;reen River 
Patnos Head 
Nount Slleit 
Wasatch ' 

nlollnt hTeh . .. .. .. .. .. .. .. .. .. .. .. . . . 
Gunnison 
Ogden Peak 
Salt Lake City 

Qgdeu Observatory, United States En- 
gineers 

Waddoup.. . . . . . . . . . . . . . . . . . . . , . . . . . . . . 
Antclopc 
ProvlOlltOry 
Drseret 
Beaver 
Oasis.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
[Repah 
Pilot Peak 
Piache 
Dioche. Dnited states Engineer Ststion 
Diamond Pqak. .. .. .. .... .. . . .. .. .. .. . 
Mount Callahan 
Toiyabe Dottie 
Carson Sink 
Observatory. Carson City 
Observatory. Carson City . . . . . . . . . . . . . 
Adopted value 
Verdi 
Lake Tahoe Southeast 
Mount Coiiness 
Round Top.. . . . . . . . .. . . .. . . .. . . .. .. . . . 
Mount Lola 
MLhchb 
Mnrysville 
Mount Hamilton, Lick Observatory, 

Coast and Geodetic Survey Station 
Yolu Southeast Base... .. .. .... .. .. .. . 
Polo Northwest Base 
Mount Diablo 
VaCa 
Monticello . 
Sail Francisco, Wasliington square.. . 
Sau Francisco, Lafayette Park 

Sau Fraucisco, Lafayette Park 

Sau Francisco, Presidio, old station 

Colo. 
Colo. 
Colo. 
Colo. 
COlO. 
Colo. 
COlO. 

COlO. 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 

Utah 

Utah 
Utxh 
Utah 
Utah 
Utah 
Utah 
Utah 
Nev. 
Nev. 
Nev. 
A&\,. 
Nev. 
NW. 
Nee 
NW. 
Nev. 

Ne\,. 
Cal. 
Cal. 
Cal. 
Cal. 
Oal. 
Cal. 
Cal. 

Cal. 
Cal. 
Cal. 
Cal. 
Cal. 
Cal. 
Cal. 

Cal. 

Cal. 

.... 

Apprmi- Redllc- Correc- Final 
Tear. Ohserved Probable mate alti- tion tion for seconds 

level. of pole. latitude. 
latitude. error. tude of to sea variation of 

station. 
It 

- '31 
- '," 
- 7 1  
- '69 
- '59 
.- '73 
- '24 
- '45 
- '65 
- .21 

- 'SI 
-'$. 
- '57 
- '61 
- .16 

- 3 0  
.- ' 22  

- '23 

- '22 
- '3 - .$$ 

- 'S i  - '3" 
-. '24 
- 6 2  

- 56 
- .&< 
- .3o 
- '55 
- '53 - .60 

- '45 
-.q 
- '24 
- '25 
- .32 - '&f 

- '53 
- '47 
- '?I 

0 

- '?I 

.... 

0 

- '01 
- '30 

- -12 

- '16 

0 

- '02 

- '02 
- .02 

,I 

-0 '05 
+o.11 

+u 'c-5 
-0'07 
-0 'os 
+a Ts 

+O% 

-0 '07 

+o '23 

+0%9 
+O'& 

+a '02 

+O'IO 

i-0'12 

-0'20 

0 w 

-0.11 

-Q '05 

-0 '16 

-0'17 
-0.11 

-0 'OS 

+O .& 
+0'24 

+ox3  
+0'?7 

+o '03 
+o 'a7 
+0'13 

-0 '0.f 

-0 '0.j 

Ca.16, 
-0 '0 j 

-0'16 

+o 'IS 
-0 'og 
-0.16 

-0 D2 
-O'"-I 

+Q 'GI 

.... 
-0 '07 

-0 '04 

-0 a3 
-0 '03 
+0'17 
-Q.W 
-0.W 

-0.6 

- 0 '07 

.... 
0 
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SYNOPSIS OF RESULTS FOR LATITUDE OF STATIONS, ETC.-Compl'td. 

Name of statioii. 

San Francisco. Presidio, new statioii 
Mount Tatnalpais.. ................... 
Mount Helena 

Ross Mountain 

Sulphur Peak 
Ukiah 
Point Reyes., ......................... 
Bodega 
Mendocitlo City 
Point Arena 

18732-No. 4-47 

State. 

Cal. 
Cal. 
Cal. 

Cal. 

cai. 
Cal. 
Cal. 
Cal. 
Cal. 
Cal. 

Ayproxi- Reduc- 
OhsenTed Prohnlile inate alti- tion 
latitude. error. tude of to sea 

. Correc- Final 
tioii for secoiids 

variation of 
of pole. latitude. 

i . 3 ' l j  qs':* 
+ O " j  19.1s 

+ O ' X  01 'OS 

+ o q  09.96 

+"'03 44'42 
+0'23 ."SQ 
+O'O,i 33.62 
- 0 ' I d  m'I1 

-0.06 0s.p 
-0.18 10'16 
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V. THE RESULTS OF THE ASTRONOMIC DETERMINA- 
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TIONS OF AZIMUTH. 

I .. , 
Direction theodolite 2 FauthkCo.  1536 1:) j c  77 6'2 3 S - i  

72 Meridian telescope . . . . E. Iiiihel rS76 .... 80 7 

Meridian telescope . . . . 1x7. Wiirdeinann IS70 .. . 05 5 . 2  43 
Meridian telescope . . . . W. Wiirdeniann 1s:' ... . 66 5.5 70 

Meridian telescope ... 1%'. Wiirdemarin ISjQ ... . 66 5 3567 

A. INTRODUCTION. 

The azimuth, like the latitude determinations. anteclate the time of the conception 
of the Traiiscoiitinental Triangulation, but they differ from them in the variety of instru- 
ments and inethocls used. This might have heen anticipated from the fact that the 
proper selection of the method depends largely upon the kind of instrument the observer 
has at his disposal, as well as upon the seasoii atid time of day at which the obser- 
vations are to be made. The relative aclvantages and clisadoai~tages, or adaptability, 
of various methods and their respective instrumetital requirements. together witli 
forniulaz- and esamples, are set fortli in Appenclis No. 14, Coast and Geodetic Survey 
Report for ISSO, pp. 263 to 2S6.* Uncler'tlie title "On the cleteriniiiatiou of an azimuth 
from micrometric observations of a close circumpolar star near elonpation by ineatis of 
a iiieridian transit or by means of a theodolite with eyepiece micrometer, " Appeiiclis 
No. 2, Part 11, of tlic Coast and Geodetic Survey Report for 1891, pp. 15-19, contains 
an accouiit of a method capable of great accuracy, which was first published as Bulletin 
No. 21 in December, ~Sgo. In the great majority of cases the aziiiiuth at a station was 
determined during its occupatio11 for the measures of horizontal directions aiid the same 
iiistruiiieiit was used for both purposes. The followiiig table gives the principal 
dinieiisioiis of the various itistrunieiits used : 

Diam- 
When of Focal Clear Mamni- Coast and t NuKiher ~ ~ ~ ! . $ ~  Eind of instrument. of micro- Name of inaker. tnade, III~~ ilper- f\.ifig 

ture. power. scopes. 
number. circle. 

i l l , .  

Directiori theodolite 3 Troughtoii S: Sittitus 1330 7s 
Directiou theodolite 3 Troughtoil is17 60 
Directiou theodolite 3 Oertliug 1573 5'1 
Direction theodolite j Lingke S: Co. 1876 so 

Direction theodolite 3 Liugke h Co. IS76 50 

Directiou theodolite 3 Lingke 8 Co. 1876 50 

Direction tlieadolite \V. Wiirdemann (?) rS74 . jg 62 5'6 36 
1 ;  L: 
1. .:. 

Lake Survey 
16 

32 
'IS 

'35 

Direction theodolite 3 Troughton 8 Siinuis ' is71 35 60 5 (?I 
Repeating themlolite . . . . Gaiubey IS*(?) 33 75 5'3 4s 

. !56 4'7 25 
5'3 2$fi Repeating theodolite . . . . Gainbey 

Direction theodolite Fnuth 8 Co. I S ~ S  30 5s 6 25-5s 

Direction theodolite I&(?)  30 49 6 5  * 

( I )  30 
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For each azimuth station the following abstracts contain the individual results a i d  
all information needed to judge of the value of the determination. The apparent places 
of the stars used are taken directly from the American Bplienieris or derived from the 
second edition of nr .  B. A. Gould's Standard Places of Fundamental Stars (Washington. 
1666'), unless a statement is made to the contrary. The colunin headed "Position" in 
the suiiiniaries of results refers to the different positions of the horizontal circle of the 
theodolite during the observations. so distributed as to eliminate so far as possible systeiii- 
atic errors of graduation. The probable error of a resulting azimuth is determined from 
the differences between the resulting azimuth and the individual i-esults from which it is 
derived, but no account has been taken of the probable error of the star's place, which is 
usually niuch smaller than tlie observing error. At a majority of the stations the effect of 
an uncertainty in the star's place as well as  in the latitude has been practically eliminated 
by observing at hour angles about twelve hours apart. For stations at high altitudes 
(west of the Salina Base). where the azimuth iliark was at a triangulation station, a 
correction for reduction to sea level has been applied, just as in the abstract of horizontal 
directions. Where the azimuth mark was usecl simply to connect the azimuth with the 
horizontal direction measures. 110 such correction n7as needed. A correction has been 
app!ied to the azimuths for variation of latitude and is given in the summary of results;' 
for explanation and remarks see a similar correction to the latitude results in preceding 
part. At each station the azimuth of the inark is referred to a line of the triangulation 
for convenience in comparing with the corresponding geodetic azimuth. The stations 
are arranged in the order of Innpitucle beginning with tlie easternmost. 

E. ABSTRACT O F  RESULTING AZIMUTHS. 

I .  EASTERN SHORE SERIES. 

( I  ,) CAPE HENLOPEX LIGHT-HOUSE, SUSSES COUWTY, DELAWARE. 

qj = 38' 46"j. X = 75' 05"v West of Greenwicli. 

Resiilfs j iw (~sinzi t fh f j ~ v i i  ubse~~i~tzfiuiis t ? i  tx L . h z  ..V~iiui-is aird h Lbsc  JIiiioris crt 
zlni.iims huui- aiigIcs.-The 30-centimetre direction theodolite No. I 35 was niountecl on a 
brick pier, about 15. metres north of the light-house tower. Brandywiiie Shoal Light- 
House was used as azimuth mark, but the light, which was usnally observed upon, was 
large and unsteady. A single result for azimuth is derived froin a set of observations 
consisting of pointing on mark, pointing on star, reversal of instrument, pointing on star 
and pointing on mark:, with noting of time and level. readings for the star observations. 
The observations and field coniputatioii were macle by 0. B. French: the office computa- 
tion by D. L. Hazard and C. C. Uates. The probable error of a single result for azimuth 
was found to be f. 1'"76 for (Y Ursa? Minoris and f o'"g7 for h Ursce Minoris. 



Date- Position. 
Is97. 

a Urse  Minoris. 

I 

I1 

111 

I V  

1' 

VI 

VI1 

VI11 

IS 

S 

S I  

S I 1  

SI11 

S I V  

Mean 

n 

+o 76 
+ @ ' I 1  

+3  '40 
+J 'I I 

- G ' 9  

- I '93 
+2'17 
+.i '26 
+z %2 

+ 2 ' 2 5  

+ I  '4 
- I  .13 
+ I  '25 

+@ ' C 4  

J I 1  
- 1  '51 

_. .- 

+0 '2@ 

-0 '12  

+2 '45 
+@ 'S8 
-3.06 

-5 '2.4 

- - I  '44 
-3 '3' 

- 3 ' s  
+0'17 
-1 .22  

+G' .4 j  

-2 ' G s  

- 

A tirsre Minoris. 

Date* position. series 
I%-/. 

Sept. 9 

10 

IO 

10 
I 

10 

10 

1 1  

I 1  

11 

I 1  

11 

Meau 

Mark 
W. of N. A 

+o .82 

- 1  ' 52  

+@ '05 
+ I  .QF, 

-@ .27 
- 1  '.j6 
+@ '"3 
+?'36 

+@ .g5 
- 1  '60 
-I '6s 
-3 '@I 

--I '35 

-CO'?I 

-0 '?@ 

-Q .G3 

- 

There is not sufficient evicleiice of position errors to warrant a conibination of the 
resiilts by positions. The nienii of the separate results for the two stars, weighted accord- 
ing to their probable errors, is 6O 14' 22''.$3 f o"'IQ: the indiscriminate mean of the 49 
values, 6' 14' 22""77. The true value probably lies between these two. say their mean, 
6' 14' 22"'62   to"'?^, of which the probable error is obtained from the differences 
hetween it and the iticliviclual results. Applying the correction for diurnal aberration 
-0'"32, we have inark west of north 6'j 14' -12".jo f o"'21, and azimuth of Brandywine 
Shoal Light-House from eccentric statioii- 

0 / /I /I 

173 45 37'7O-C0'21 

17s 45 17 '33 f o '21 

Reduction to center of light-honse - 2 0  'j7 
Azimuth, Cape Henlopen Light-House to Brariclyaine Shoal Light-House 

( 2 )  PRINCIPIO. iWXRSLA1\TD. 

tp = 3go 35/06. A = 7 6 O  Od-3  West of Greenwich. 

Rcszilfs far nziiiiiitlr -porn ob?ciwiioiis @ (Y UJW Minoris ~ t f i i i '  Eirsieix Elozga- 
fitvi.-Tlie 60-centimetre direction theodolite KO. z was mounted over the triangulation 
station. The mark was at  Carpenters Point, about 3% iiiiles south of the station, and 
consisted of the usual lamp, of which the light showed through an aperture in its 
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protecting box. A single result for azimuth is derived from a set of observations con- 
sisting of 3 pointings on the mark, reversal of instrument, 3 pointings 011 the mark, 
4 to 6 pointings on the star, reversal of the instrument. followed by the same operations 
in the reverse order, with the necessary time and level readings. The observations were 
made by R. I). Cutts; computation by J. Main. Probable error of a single result f 1'"75. 

UNITED STATES COAST AND GECIDETIC SURVEY. 

Date. 
IYJC;. 

Aug. 27 

29 

31 
Sept. I 

4 
4 
5 
5 
6 
6 

Meati, Mark West of South 
Diurnal aberration 
Azimuth of Mark 
Angle betweeii Turkey Point and %!ark 
Azimuth of Turkey Point 

0 I 'I I ,  . 
v 3 05 oS'35 + I  '15 
v 10'02 +?'Si? 
v OS.93 + r . i j  
I 05'21 - I '9 
I 02 '90 -4'30 
I 10'13 +2'93 
T OS'4S + I ' S  

I [q gS.511 Rejected. 
I 07'06 -0'14 
I I I U S  +j%s 

. 0 1  II I/ 

j 05 07*20-~0-40 
f 0 '32 

3 Q5 07'52 
I j0 24'01 

1 33 43 '51 

( 3 )  CALVERT. MARYLAND. 

cp=jSo 21'6 A = 7 6 O  23/'6 West of Greenwich. 

Resdfs  f i r  oziiii.itfh fiviii ~4sei~~trfioirs of' CY L k s s  Miiiiwis utwr Etrsfem Ehiignfion.- 
The pcentimetre Gambey theodolite No. 16 was mounted on a yellow pine block over 
the triangulation station. The .mark was across the bajr at  Meekins Neck, about 6 miles 
distant. A single result for azimuth is derived from a set of observations consisting of 
13 repetitions of the angle between the mark and the star, 6 with telescope direct and 6 
with telescope reversed, the star being observed alternately direct and reflected in 
mercury. Observer, A. T. Mosman; computer, Jaiiies Main. Probable error of 'a single 
result + 0'' '7 I. 

Date. 
ISjl. 

Aug. 25 
25 

25 
' 25 

SI 
31 
31 
31 

Sept I 

J 

,I 

+o '69 
-1 '35 
-0.19 
--I '07 
4-0 '14 
-1'15 

+0'13 
+.o '83 
+ I  .os 

Date, 
1SiI. 

sept. I 

I 

2 

3 
5 
3 

Mean 72 06 OR-61 f o x 7  

Azimuth of Meekins Neck 252 06 GS '93 & o '17 
Diurnal aberration . t0.32 



TRANSCONTINENTAL TRIANGULATION-PART V-AZIMUTHS. 747 

(4) MARRIOTT, bIARTLAND. 

q~ = 3s" 52/04 A = 76O 36I.6 West of Greenwich. 

Results for- uzinizifh j h r i  efise~rwfiom 4 N ,  8. nrid 1 U r s ~  Jfirzoiis I I F ~ ~ '  Ensfn-i? 
Eloiigniioa, and a, /3, 8, urd 6 L7m-z AIi7ioris arid N L7r.s~ Alnjoris, 7iccrr l.C.;'simz EZorzgo- 
timz.-The 60-centiiiietre direction theodolite No. 2 was mounted over the triangulation 
station. Observers, A. I). Bache and J. Hewston, jr.: G. Daviclsoii and J. Main, com- 
puters. A single result for azimuth is derived from a set of observations consisting of 
aboat a dozen pointiiigs on the star, one-half with telescope direct and the other half 
with telescope reversed, and corresponding pointings on the mark. Probable error of a 
single result f 1".g2. 

Sti~i~~~iitriiy qt'rm0fshv- azkirnth at iVai.riotf, AImylii~td. 

Date, 
IQ9. 

Jiine 4 
4 
5 
5 
5 
s 
8 
IO 

Stars near Eastern E:longatioii. 

Star. Position. 

Mean 

6 Urs.bTin. IV 
A Urs.Miii. I11 
6 LWs. Mill. I1 
A Urs. Mill. I 
a Urs. Min. S I  
6 Urs. Min. I S  
A Urs.Min. S 
a Urs. Min. 1'111 ' 

Mark 
W.of N. A 

Mean. Mark West of North 
Mark West of South 

Date, 
'S49. 

June 5 
IO 
I1 

11 

16 
I 6  
18 
18 

Stars near Western Elongation. 

star. Posit ion. 

d e a u  
0 5s 2S'5i t o ' 7 1  

Correction for diurnal aberration fG.31 
Azimuth of Mark 179 or 32.34 
Angle between Hill and Mark 
Azimuth of Hill 

s2 23 . I Y q Y  
96 37 -15 '36 

( 5 )  WEBB, MARSLAND. 

cp = 390 051.4. .A = 76O 40~'s West of Greenwich. 

Resirits-for aaiwiufh -from obsrrmfiorzs of n Z 7 r m  Afilr0i.i.~ ~it-ar- Etisitr H mid 11 hie iw 
E/or~giltio~zs.-The 7s-ceiitiinetre direction theodolite NO. I was niountecl over the tri- 
angulation station. Observers, -4. D. Baclie and 
G.  W. Dean; computer, J. Main. A single result for azimuth is clerivecl from a set of 
observations consisting of 6 pointiiigs on the mark., half with telescope direct and half 
with telescope reversed, 1 2  pointings on the star, half of these being direct and half 
reversed; finally 6 more'pointings on the mark. Probable error of a single result f o"'67. 

The mark was about a mile distant. 
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a Ursnt Minoris near Eastern 
Elongation. 

a LIrsze Minoris near Western 
Elongation. 

0 I I ,  

oct. 29 I 6 07 U.46 
Nov. I I1 46 '62  

45 '?7 
44 7.5 
44 '.:I 

Mean 6 O i  45'41 

,I 

-kO'OJ OCt. -? 
+ ~ ' m  Nor. 

+o '55 13 
-0'b7 14 
-1 '11  1% I 
*o '25 Meau 

Mean, Mark E. of N. 6O 07' 45'"56 or W. of S. 
Diurnal aberration 
Azimuth of Mark 
Angle between Soper and Mark 
Aziniutli of Soper 

.2. ALLEGHENP SERIES. 

( 6 )  HILL, MARYLAND. 

cp = 390 53f.9. I = 76O sa'$ West uf Greenwich. 

Resiilts -for ~ i m i t h  -front aEsemntioiis I$ N Clnm Miirioris 7 1 ~ 7 ~ 7 1 '  Eidcrn 0 7 2 0 '  LFcsfun 
Ehiiga f ims  a i d  A LT1x~5. J f im- is  i tmi-  Lppci- Cii/tiiiiiufioii .-The 75-centiinetre direction 
theodolite was muuntecl over the triangulation station. The mark was in line to station 
Webb. A single result fur 
azimuth is derived from a set of observations consisting of 6 poiiitings on the mark, half 
with telescope direct atid half with telescope reversed, IO pointings on the star, half direct 
and half reversed, atid finally 6 more pointiiigs on the mark. Probable error of a single 
result = 'it o'"S3. The results from 1 Ursa? Minoris are considered inferior and are 
therefore not used. 

Observers, A.D. Bache and G. W. Dean; computer, J. Main. 

Stiiiiiitm:~ qf i.rsirffs f i w  c i i i i i i fh o f  Hill ,  Aimyfo?d. 

,I Ursc Minoris near Eastern tz Ursce Minoris near \Vestern A Ur& nrinoris near 
Elongation. Elongation. u. c. 

position. Mark E. of N. 

I 0 I I, 

-0'19 59 '35 
63 'g6 

These results not used. - 1 '27 

-*'lo - 
Mean Nean j g  C 57 ' i i  fo '31 

0 I I/ 

Mean 3go 46' 57"'30 E. of N., or 
Mean corrected for diurnal aberration 

Aziimith of Webb 

219 46 57.317 W. of S. 
219 46 57 '62 L- o"'26. 

215 46 57 'S5. 
Angle between Mark and Webb 0 0 3  00 ' 2 7 .  
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A Urs. Min. E. E. 111 178 19 3S.03 -0.19 Jnly 11 

6 Urs. Min. W. E. 111 SS'Z:, +o.or i y  
a Urs. Min. I.. C. I11 $ 3 8  + o . j  23 
a Urs. Min. I,. C. 111 37'62 -0'60 ' 25 

n Urs. Min. I.. C. IF 3 j . q  --O's2 29 

.Date, 
ISjO. 

J W  4 
4 
5 
S 
IO 

n ITrs, Min. L. C. I\' 175 19 57'00 --I.?? 

a Urs. Mill. L. C. T. 39'01 +Q'i9 
a Urs. Min. I.. C. P 40'10 + I ' S  

a Urs. Min. I,. C. I 4029  f2.07 
a Urs.=Min. L. C. I1 35'96 -2 '26  

(7 )  SOPER. iUARYLAXD. 

lp = 390 05"2. A = j 6 O  5 j f  '0 West of Greenwich. 

RCsidk ~ b r -  ~ ~ i ~ ~ r t ( t / l  j k 1 1 ) ~  O ~ S C I Y W ~ ~ G > Z S  ef (1' UTSE Jfimwis I I ~ W I -  L 0 i ~ t . 1 -  Cd~) t i l tn t io~t .  
h Ursc flf imris I I E ~ W  Etisto7z Ehgation , t zml  6 Ursa- Afimii-is izcn I -  IPkfcriz Ek17zg11- 
fioii. -The 75-centiinetre direction theodolite No. I was mounted over the triangulation 
station. .The mark was 442 inetres to the south of the station. Obserser,.A. D. Bache; 
computer, J .  Main. A single result for azimuth is derived from a set of observations 
consisting of 6 pointings on the mark, IO pointings on the star, half with telescope direct 
and half with telescope reversed, 6 pointings on the mark, taken just before c~~lmitiation, 
follo~ed by similar operations inin~ecliately after culmination. For the stars at 
elongation the operations are not repeated. Probable error of a single result = f o"*gi. 

star. Position. n 
0 I I ,  I #  

(s) SEATON. DISTRICT OF COLUMBIA. 

@=' 380 531.4. 1 = 7 j o  oo'm West of Greenwich. 

ResnZfs f o r  nzi1nuf4 from obs~ivatioiis of (Y Urse Afimris at mi-iozis honi- angles.- 
The 75-centimetre direction theodolite was mounted over the triangiilation station. 
.The mark was on the tower of the Soldiers' Home, about 3% miles distant. Observer, 
C. 0. Boutelle; computer, James Main. A single result for azimuth is derived from a 
set of observations consisting of S pointings on the mark and S pointings on the star, 
one-half of these with telescope direct and one-half in the reversed position. The star 
was observed alternately direct and reflected in mercury. Probable error of a single 
result = f o"'72. 
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Sit~ri~rior:~ oj rs-sirlfs/bi- nziuiitth nf .!+1ztori. Dishid of Cohrribia.. 

750 

0 I II 

I IO R I  1 5 ' s  

' 3  '9 
3 1.7 '50 
4. 15'05 
I .I2 '4* 

Date. 

1S68. 
Dec. 17 

17 
'7 
17 

IS 
IS 
18 
IS 
IS 
' 9  
'9 
'9 
21 

21 

21 

21 

21 

21 

21 

1%S. 0 II ,I ,I 

I 10 01 14'65 
13 '50 
'3 '30 

14'40 +0'6j  2: \'I 4 14'10 

q VI 5 14.70 u'os +o*ga 

Position. 

. 2  1%. 

Jan. 5 V I 1  I 15 "15 

5 PIT 3 14 '-5 
I 5 \'I1 4 13 '45 
2 5 VI1 5 '3'45 

3 1: 'XI 

4 '3 '55 
5 

3 13 '90 6 1  I '4 '05 
14 '55 . 6  I 14'25 

3 .  14'15 
I 15.10 

13% 1 5 . 3  -0'44 
4 .  
5 

11 .95 
r:,.zo 5 13.70 

5 VI1 14 $5 

I I  '40 

3 13 '2s 

I1 
I1 
I1 
I1 
1x1 
I11 
111 
111 
111 
IV 
I V  
I v 
I v 
I V  
v 
\' 
1' 
v 
B 

14'37 +0'64 

14'25 +0'52 

4 IO '7" 
I j ' s o  5 12.5s . - I  15 

May 9 

14 
I2 

I 30 52 60'7s +0'16 May 26 V g 52 57'41 -ISS 
I\' 5S.q -1.22 I1 59'25 -1.37 31 

111 61.Q +I'ZZ Jhne I11 b . 4 4  +1'15 

4 11 3 ' 2 7  --0'02 

7 I 61'27 +I .*  
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( I O )  SUGAR LOAF, MARYLAND. 

q~ = 39' I5"7. A = 77' 23f.6 West of Greenwich. 

Rcszdts f e r  nsiillzrth frmi obsci-,lntiem if N U n r r  Afiiioris I I ~  mzi-ioiis h o w  ang/cs.- 
The so-centinletre direction theodolite No. I I 3 was niouuted over the triangdation 
station. The mark was near the railroad station at Barnesville, 3's miles distaxit. 
Observers. C. 0. Boutelle and F. D. Granger ; 'computer, Janies Main. A single result 
for azimuth is derived from a set of observatioik consisting of a pointing on the mark 
followed by pointings ou the star and its image reflected in mercury, reversal of instru- 
ment, pointings on the star and its reflected image. concluding with a pointing on the 
mark. Probable error of a single result = f I'"o~. 

Sept. 19 
19 
'9 
4 
24 

25 

ClCt. 14 

14 

14 
14 
14 

14 
14 
14 
14 

Oct. 16 
16 

I 
I 
I 
I1 
I1 
I1 
1x1 
111 
111 
IV 
IV 
IV 
V 
V 
V 
VI 
VI 

0 I I ,  

I 167 01 60'45 
2 5s '38 
3 61 .76 
1 62 '50 
2 61 '00 

. 3  57'51 
I ss '50 

59 '42 

3 57 '47 
I 59.16 
a 56 '62 

3 59 '36 
I 60 '51 
2 5s .ss 
3 -59 '3 
I 57 '5s 
2 61 '25 

Mean 
Diurnal aberration 
Azimuth of Mark 

Oct. 16 
+0.24 16 

16 
16 

+o .39 16 
16 
16 

-1 ..w 31 

31 
31 

-0 '91 Nov. p 

. B  
9 

-0 '40  P 
9 
s 

-0.38 

VI 
VI1 
VI1 
VI1 
VI11 
VI11 
VI11 
I S  
I S  
1s 
x. 
S 
S 
SI 
S I  
SI 

60 '23 

59 '69 

59 '23 

61 '58 

61 '65 

Angle between Mark and Bull Run 
Azimuth of Bull Run 

45 27 1 6 . 5 1  
32 29 16-79 
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(11) MARYLAND HEIGHTS, M.4RTLAND. 

ql= 390 20f.4. A = 77' 4j'.0 \Vrst.of Greenwich. 

Reszdfs J h r  ciziii2.2ith f>oni obsrirwtions qf Pokir-is cr f .rni-ims' hozrr- aiigZcs. - The 
75-ceiitiiiietre direction theodolite No. I was mounted over the triaugulatioii station. 
The azimuth mark was on a hill back of Knoxville. about s;;& miles distant. Observer, 
C. 0. Boutelle; computer, James Main. A single result for azimuth is derived froni a 
set of observations consisting of a pointing on the inark. poiiitings 011 the star and its 
image reflected from mercury, reversal of instrument, poiiitings 011 the star and its 
reflected image, poiiiting on the mark. 

S I I I ~ I ~ I I ~ ~ I ~ I  of t-t-stilfs.f;v- ~i~iuitrt lr  nt nli ir:eln~~d Nciylfs, nh:dlr1td. 

Probable error of a single result = I"*IO. 

E. of K, pnsitioIl. L :!;E; positioii. series. Ma'' 'Iea'lof E. of N. position. :$:; Position. Series. Mar' M e a ~ ~ o f  

0 I I ,  

111 I I d  I4 4 1 ' 5  

I11 42'67 
I11 41 S 
111 4 44 ..ss 
I11 5 4.1 '75 
v I 45 .?Z 

43 3 4  
v 3 44 '43 
\' 4 4 2 '67 

V 5 42 '75 

VI 40 '39 

V I  4 44 '70 

1: . ., 

V I  I 41 '9 

VI 40 5 4  

VI 5 44 s9 
VI1 1 43 '63 
VI1 42 '4s 
VI1 43 '67 

Mean 
From all'values 
Atid from positions 
Diurnal aberration 
Azimuth of Mark 

Oct. 16 
16 

21 

-0 .:?5 21 

21 

21 

21 

+0'36 22 

22 

22 

22 

22 

.- I mi 23 
23 

.23 
23 
23 

+o '3s 

0 I I '  

VI1 J 10s 1.) 4553 
VI1 5 43'3' 

I 45 '45 

I 45 '65 
I 4' '55 

I 5 46 '37 
I1 I 42.W 
I1 41 '41 

I1 3 4 2  '90 

1 

I 45 '7 I 

4 

I1 4 42 '45 

I1 5 43 'sb 
IV I 41 '9; 
I V  2 41.45 
I V  45 '32 
I\' 4 45'9.5 

I V  5 43 .$% 

3 I r/ r/ 

roS 14 43'46 
f 0 ' l S  

. C_O'24 '  

4- o '32 
2 s  14 43 '7s c 0 'IS 

A 

+ I  +9 

-0 '91 

-0 '13 

Angle between Mark and Bull Run 
Azimuth of Bull Run 

70 2s 23 'IO 
35s 43 06 .SS 

(12)  BULL RUN, VIRGINIA. 

q = 3S0 p"g. A = 77=' 42'2 West of Greenwich. 

Residfs for nzimzrth .frairz obscir~nfioizs of Polnl-is nf zlai-iozis hozu nngles.-'I'he 
75-centimetre directioii theodolite No. was mounted over the triangulation station. 
The aziinuth mark was 011 High Point Mountain about I ;$ miles distant. Observer. 
C. 0. Boutelle; computer, James Main. A single result for aziniuth is derived from a 
set of observations consisting of a pointing on the mark, pointings 011 the star, and its 
image reflected in mercury, reversal of instrument, poiiitings on the star, and its reflected 
image, and finally a pointing ou the mark. Probable error of a single result = f 1'"2o. 



y$ Position. Series. :$ Position. series Mark Mean of 
W. of N. position. 

Mark Mean of 
W. of X. position. A 

I I 

I 

I 3 
I 4 
I 5 
I1 I 

I1 
I1 3 
I1 4 
I1 5 
I11 I 

I11 

I11 3 
I11 4 

I11 5 
117 I 

117 

IV 

Wean 
From all valiies 
And froni positions 
l\leaii corrected for diurnal aberratiou 
Azimuth of Mark 
411gle between Mark and Peach Grove 
.4zimuth of Beach Grove 

I v 4 
IV 5 
v I 

1' 
1' 3 
B 4 
F 5 

VI I 

VI 

VI 3 
VI 4 
VI 5 
VI1 I 

PI1 

VI1 3 
1711 . 4 

VI1 5 

0 I /I 

158 36 ag *gS 
e 0.20 

' e 0 . 3 6  
15s 36 2 9 6 6  z k 0 . 2 0  

242 29 57'SI 
21 '3 p . 3 4  

263 53 z S x 5  

(15)  CLARE, VIRGINIA. 

py:=,;So iS"7 A = 7Sa c d . 2  West of Greenwich. 

Resdts  f . r  nzimtcth f i ~ n i  obscivafioiis of Pohris at z!ar-ic~us hozw anglcs.-The 75- 
ceiitiiiietre direction theodolite No. I was iiioiinted o17er the triangulation station. The 
azimuth mark mas at Rapidan railroad station, nearly 5 540 metres distant. Observer, 
C. 0. Boutelle; computer, James Main. A single result for azimnth is derivkd froni a 
set of observations consisting of a pointing ou the mark, pintings on the star and its 
image reflected from mercury, reversal of instrument, pointings on the star, and its 
reflected image, ani1 finally a pointing on the mark. . Probable error of a single residt 
= fr'"o5. 



dug. 7 I11 
I O  I11 
10 I11 
10 111 
10 . I11 
I 1  I V  
I 1  IV 
I1 I V  
11 IV 
I1 IV 
1.1 V 
14 v 
'4 v 
14 v 
14 v 

' 5  VI 
15 V I  

15 VI 

Series. 

I 

3 
4 
5 
I 

2 

3 
4 
5 
I 

3 
4 
5 
I 

3 

Yark >Tea11 of 
w. OF N. position. * 
0 I I ,  I 

S5 30 57% 
57 '79 
$.&3 5.5'53 -1.11 
6 0 ' 1 2  

5y '20 

5s 'S9 

Ss.Q 

62 '73 
63 '53 
57 '44 
62 '3 j 
63.46 Q'46 +o.S2 

59 ',?4 

59.27 
5s '43 
58 'SI 

3 . 7 0  59.28 -0'36 

61'35 61'03 +I'jg 

Mean 
From all values 
And from positions 
Diurnal aberration 
Aziniutli of Mark . 
Angle between Mark and I3ull Run 
Azimuth of Bull Run 

VI. 4 

VI 5 
VI1 I 

VI1 

VI1 3 
VI1 4 
VI1 5 ,  
I I 

I 
I 3 
I 4 
I 5 
I1 I 

I1 0 

' I1 3 
I1 4 
I1 5 

u I I I  . I /  

5:s 30 59'64 
& O T S  
f o  .q 

94 29 00.65: &o.IY 
-0 ' 5 2  

IO7 50 2 7 ' 9  
202 rg 2777 

( 14') LONG ~UOIJNT, \'IKGINIA. 

q 3 = 3 7 O  17l.4. 1 = 79c of.2 West of Greenwich. 

Rtslilts f t 3 ) -  c181.'111ILfh -fT@J1L obsc.)7mfi#~ls of PcdOl.iS at v17.rimts ?wur miglcs.-The 35- 
centimetre direction theodolite NO. IO was mounted over the triangulation station. 
The mark was in the belfry of the court-house at Lynchburg, about IO miles distant. 
Observer, A. T. Mosman; computer, James Main. A single result for azimuth is 
derived from a set of observations consisting of one reading of the marl;, readings of 
the star, and its image reflected from mercury, reversal of the instrument, readings of 
the star, and its reflected image, and fiually a reading of the mark. Probable error o f  
a single result = =t 1'"54. - 



I 
I 
I1 
XI 
111 

I V  . 
I11 . 

' IV 
v 
V 
VI 
VI 
VI1 
VI1 
17111 
1'111 
I S  
I S  
S 
S 
S I  
S I  

S I 1  
S I 1  

Series. 

1 

I 

I 

I 

2 

I 

2 

1 .  

I 

2 

I 

I 

I 

2 

I 

I 

2 

Mark Mean of 
W. of N. position. 

Mean 
From all values 
And from positions 
Diurnal aherratinn 
Azimuth of Mark 

c 
Nov. IS 

Angle between Mark and Spear 
Azimuth of Spear 

SI11 
.SI11 
SIB 
S I V  
s v  
S V  
SVI 
s VI 

XVII 
s i 7 1 1  

SVIII  
SVIII  
SIX 
XI9 
SS 
SS 
S S I  
S S I  
S S I I  
SSII 
S S I I I  
S S I I I  

O I  

Series. 

I 

I 

1 

I 

I 

I 

1 

1 

2 

I 

I 
a 

I 

I/ 

2 0  qS 1 3 . 1 1  

?vIark Mean of 
W. of N. position. 
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n 
w 

- 2  '33 

il 'CLS 

+o '01 

+ I ' l 4  , 

- 2 . q  

-1  'SO 

--I 'IS 

-0 '65 

f 0  ?I 

+o 'ss 
-2 '73 

( 1s)  ELLIOTT KNOB. VIRGINIA. 

rp=3S0 rd*o. = 79' rS'.g West of Greenwich. 

jicszilts lor aairniifh .fi.oiii rvhrwrtioizs nf Pokzris t r t  zvariozis hozw n?ig/e.s.--The 
so-centimetre direction theoclolite No. I 14 was mounted over the triangulation station. 
A.colliniator mounted on a brick pier 29 feet distant was used as a mark. Observer, 
A. T. Mosman; computer, James Main. A single result for azimuth is derived from a 
set of observations consisting of a pointing 011 the mark. pointings on the star and its' 
image reflected from mercury, then 'reversal of iiistruments, followed by similar obser- 
vations of star and mark. Probable error of a singie result = f 1 ~ ~ ' 5 0 .  



~~~~ Position. Series. E. 'lark of N.  position Mean Of 

Aog. 2 

2 

3 
3 

3 

3 
3 
3 
3 

0 I ,I 

I 1 I 41 36.1 

I 3.3 '1 

I 3 35 '4 
I1 I 37 'S 
JI 2 &j '6 
I1 32'1  

T I 1  1 35 '4 
I11 2 35 '5 
111 3 31 ' 4  
I 1r I 2s '9 

I\' 3 3 '3 
1' 1 34'1 
v 2 36 '0  

v 3 3s.r 

11' j.9 ' a  

I ,  

:4 'S 

34 '5 

34 'I 

37 '5 

36.1 

I ,  

.4Ilg. 3 

+0'4  3 
3 
3 

0 '0 3 
3 
4 

-0 '4 4 
4 
4 

+j'Q 4 
4 
4 

+I '6 4 
4 

Mean 
From all Yalnes 
Froin positions . 
Diurnal aherratiori 
Azimuth of Mark (collimator) 
Angle between Mark and Humpback 
Azimuth of Humpback 

1: I 
VI 
VI 
VI1 
VI1 
VI1 
VI11 
17111 
YIII 
I S  
I S  
I S  
s 
S 
S 

0 

1 . ,  

0 I ,I 

I 1 41 N ' Z  

37 'I 

5 35 '2 

I 34 '2 

32 '4 
5 31 '0 

1 33 '5 

34 '3 
3 32 '6 
I 30 'I 

32 '4 
3 N '3 
I 32 '6 

30 '8 
S I  '4 

I /I /I 

41 3452 
f o '27 
_L 0.36 

0 -32 

I 

35 'S 

32 '5 

3s .6 

.w '6 

31 '6 

A 

+ I  '3 

- 2 ' 0  

-0 '0 

+Q'l 

- 2 ' 9  

(, 16) KEENEY, WEST VIRGINIA. 

p= 37' &'*.I. A = Soo 42/'3 West of Greenwich. 

Three separate cleteriiiinatioiis of azimuth mere iiiade at this station hy A. T. MIOS- 
niaii in September, ISSO. 

(I j Rcszilis-fiv- tzziiizrifh fiviir oEstxdioizs of Pdai-is 17f wi- iozrs hour 1z.ii~lcs alifhkz onc 
bozo- qfEcrsfo I Z  E~oirgahir.-Tlie pceiitimetre clirectioii theodolite No. I 14 was mounted 
over the triaugnlation station. The mark was on Little Sewall Mouiitaiii, about 9.56 
iiiiles distant. A 
single result for azimuth is derived froni a .set of observations consisting of three point- 
iiigs on the mark, three poiiitings on the' star, folloyed by reversal of instrunleiit and 
similar pointiiigs 011 star and mark. 

Observer, A. T. Mosmaii; computers, A. S. Christie and A. Ziwet. 

The probable error of a single result = + I" .I+  

( I  ~ i t i i i i i i ~ 7 i : i ~  ~ f l - ~ ~ ~ ~ l r t s '  g j i s t  r ~ ~ t r . ~ ~ n i i r a ~ i a i i .  ' 

Date. 
ISSO. 

Sept. IO 
IO 

'3 
13 
'3 
14 
1.l 

Position. 

VI11 
VI1 
I S  
S 
S I  

' I  
rr 

m r l c  
E.of N. 

I 41 45.77 
45 '07 
47 '95 
47'9' 
4 i  'Y I 

49 '60 
46.62 

0 I I ,  

Position. E. of N.  A 

I ,  

-* "5 
+n '5 
+1'93 
--I '93 
+3 Ym . +Q '67 
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(: 2:)  Re*s1[?fsfil. t d Z l h  I l f A  (l.@lll. l l l . ~ L T i l J l t 7 f l ~ ~ ~ ~  lJl.CtlSlll'L'S t?f fhr: tl?lkrlt' ht'fXVClL fht' rllfl?*h iWd 

Puhris t r f  f%.sfuli ~?~~II~~zfiiri.-~11strnnielit and Inarb as in the first deterniination. il 
shorter telescope carrying an eyepiece micrometer was substituted for the one ordinarily 
used. 

.(:si Meridian telescope No. 13 was moutited at a clistance of 23'16s metres froin the 
triangulation station and exactly in line to the azimuth mark. One turn of eyepiece 
micrometer = 77.S4s. Observer, A. T. Mosinan; computers, 4 .  S. Christie atid A. 
Ziwet. A single result for azimuth is derived froti1 a set of observations consisting of 
three bisections of the mark. with the niicrometer threacl, three bisections of the star, 
follo~ved b~7 reversal of the telescope and similar readings of the star aiicl mark. The 
probable error .of such a set \\:as found to be f o"'gY for theodolite No. I 14 a i d  f o'"7~ 
for meridian telescope No. 13. 

One turn of eyepiece micrometer = 77'"65. 

'Date. 
' ISSO. 

Sept. 16 

16 

16 
I 6  
16 
I6 
IS 
IS 
IS 
18 
IS 
I S  

Mean I .)I 49'10 4" I 7  i O " ' 2 2  

0 

( I )  Mark. East of North I 

(2)  Mark, East of North 
( 3 )  Mark, East of North 

Mean, Mark East of North I 

Diurnal aberration 
Azimuth of Mark IS1 
Angle between Mark and Bald Knob 75 
Azimuth of Bald Knob 257 

- 
41 4 s . y  f O . 2 1  

41 49-22 f 0 ' 2 t  

22 46'72 
04 35'94 

+ 0 '52 
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( 17) PINSY, WEST .BIRGINIA. 

lp = #0  26"7 A = Szo 03'5 West of Greenwich. 

R C S Z i h  &i- nZiiJZ7lfh .t>OJlZ OhSCJTUfk?)lS qf pid7.l.iS iZf Z W J - h t S  h0ZW iZ7Z.glc'S ?Z.t'CW EnSft.9Jt 
EloJzsctrfioio,z.-The 50-centiiiietre direction theodolite No. I I 4  was mounted at the triangu- 
lation station. The azimuth mark was at station Gebhardt, about 13 niiles distant. 
Clbservers, A. T. Mosrnaii aud W. B. Fairfield; computer, I;. A. Bauer. A single 
result for azimiith is derived froni a set of observatioiis consisting of j paintings on the 
mark, 3 pointiiigs on the star. followed by reversal of instrument and similar poititings 
on star and mark. The observations of 
September 19 are given only onehalf weight on account of the extremely unfavorable 
conditions of the weather. 

Prolxible error of a single result'= f o'"g4. 

I 
I 
I1 
I1 
I1 
111 
111 
11' 
IV 
1' 
v 
1' I 
VI 

VI1 
T'II 
VI11 
17111 

1 s  
I S  
IS 
S 
S 
S 
SI 
S I  

0 I II 

Mark Meail of 
W. of N. position. A 

+*.y; 

- 2 '55 

- 2 '6s 

-0.14 

W:ighted position mean 

Aziniuth of Gebhardt 

Ea 55 78 '79 j, o '26 

r rg  q 3;  '53 -co.76 
Dinriial aberration -0 ' 3 2  

3. OHIO SERIES. 

( I S )  I;OULI), OHIO. 

lp = AS0 3 w 5 .  A -- S2' 49"9 West of Greeiiwicli. 

RCSZr l fS -  f O l *  178i l I l  Ztfh-fi?pJU JJziCJi3lJtCfJ.i~: JlZi'iZS?O-CS qf fhe' &'?Z~le bt'kPt'r'JZ POklliS IZt?cZJ'E~sfc~~~ 
EhzgntioJz O J Z ~  RJZ t - lmpfioJz mr~sf..-hferidian telescope No. 7 .was mounted 011 a wooden 
hlock 61 '65' iiietres froni the triangulation station. but accurately in line with the mark, 
which was about 2 niiles distant. Observer, A. T. MOSIII~TI: computer, I,. A. Bauer. 

tioiis of the marl; with the niovahle thread of the eyepiece micrometer, followed by 5 
bisections of the star; then reversal of the telescope and 5 more lhections of star :tiit'. 

mark. 

A single result for aziniuth is derived froni a set of observations consisting of 5 1 '  J15ec - 

Proballle error of the result from one uight = -+: 0'" j S .  
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Sitiiri~riir:i~ t ? j  rtmtffs-jor i r y i i i t l t fh  i r f  Gottl~t', Ohio. 

Date, 
ISSS. 

Seyt. rq 
14 
14 

. 14 
15 
7 5  

15 

15 
' 5  
16 

16 
16 
16 
16 

Mark Bltnii of 
&of N. night. 

Date. 
i: 1Sbg. 

Sept. 17 

17 

17 

+0'7' '7 
IS 
IS 
1s 

18 

+ I  ' I 1  IS 

-0'45 

Mean 
Diurnal aherratioii 
Reduction to triarigulatioii station 
Azimuth of Mark 
Angle between Howlalid and Mark 
Azimuth of Howlalid 

Mark Meanof ' 
E.af N. night. 
a I I! 

1 39 57% 
57 '6 
57 '50 
5s '23 
57 '69 
57 '33 
57 'su 
56 '47 
56 '00 

(Lg) MINERVA. KENTUCKY. 

w = 3S0 42"s. I = S:ro 5 s r * 1  West of Greeiiwich. 

Rcsrdis f o r  nzz'iitrith fiviii obscircztioizs cf P1dii-i~ tit  .iwi.iorrs h i r ~  iiirgh-s.--The 
30-centimetre direction theodolite No. I I S  was inuuntecl over the triangulation statjon. 
The azimuth mark was on the tower of the court-house at Georgetown, about 13 niiles 
distant. Observer, A. T. Mosniaii ; computer, I,. .A. Bauer. A single result for 
azimuth is derived froiii n set of ohservatioiis consisting of 2 pointings on the mark, I 

pointing 011 the star. and I on its iiiiage reflected from niercury, reversal of the instru- 
ment followed by siriiilar pointings 011 the star atid mark. Probable error of a sirigle 
result = I'I.54. 



:$;; ~osition. Series. 

I 
I 
I1 
I1 
I11 
I11 
111 
I11 
I 1' 
I V  
IV 
v 
v 
V 
VI 
VI 
VI 
VI1 
1711 
VI11 
VI11 

I 

1 

2 

I 

2 

3' 
1 
I 

1 

3 
I 

2 

3 
1 

a 

3 
I 

3 

I 

nmrk Meanof 
E. of N. position. 

14 '8 

I6 '9 

21 '4 

I7 '4 

19.4 

IS'I 

16.2 

16 '0 

I S  
I S  
I S  
S 
S 
S I  
s I 
SI1 
SI1 
SI11 
SI11 
S I V  
S I V  
S I V  
sv 
S V  
S B I  
S V I  
SBII 
SVII 

Seri.S. 

I 

2 

I 

I 

a 
I 

I 

2 

I 

3 
I 

1 

I 

Rfark Uean of 
E. of N. position. 
0 I I' 

4 6 13.4 
I j ' O  

IS '0 

17 '9 
1s .I 

16.2 

I7 '5 
15'7 
I6 .S 
IS '2 
19 '0 

13 '9 
15'6 
rg 'I 
10.6 
16 'S 
16 ' 2  

17'1 
IS '2 
17'7 

14 'S 

IS'O 

16.9 

t6.3 

IS '6 

15.5 

IS 'I 

16 '7 

IS '0 

A 
,I 

-2 ' 5  

+o '7 

-0 '4 

-1.0 

+I '3 

-1'5 

+o '9 

-0 '6 

+o '7 

0 '  / I /  I /  

Mean, of,all values qo 06' 17//*44, and from positions 
Mean by ymitiotis corrected for diornal aberration 
.Jziniuth of Mark 
Angle between Mark and Ash Ridge 

4 06 IT '26 z!= o 4 
J 6 17 '5: 

rSq 06 17-57 &to& 

26 qS 24.90 
210 54 42 -47 Azimuth of Ash Ridge 

4.. INDIANA SERIES. 

( 2 0 )  REIZIN, IXDIhNA. 

Q = 3go 02"g. ,I = 8 5 O  oS"4 West of Greenwich. 

Rmrlis .for asillruth ~fi-onz ol5srirmtiotz.s qf Polnris at z~tzrioiis hozir-niiglcs.-'l'he so- 
centimetre direction theodolite No. I 14 was mountecl I O * ~ I  metres from the triangulation 
station and accurately in line to station Tanner. The azimuth mark was at Tanner 
42'6 kilometres distant. A single 
result for azimuth is derived from a set of observations, consisting of I pointing on the 
mark, pointings on the star, and its image reflected from mercury, reversal of instrument, 
followed by similar observations of star and mark. Probable error of a single result 
= =I= 0".90. 

Observer, ,4. T. Mosnian: computer, I,. A. Bauer. 
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.Sitnrn~ar:v of i-csi~lts for a=inirifh ai Reizin, I~idiano. 

::z position. Series: 

oct. 4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
7 
7 

7 
7 
7 

I 

I I 
I 
I 3 
I 4 
I1 I 

I1 
I1 3 
111 ' I 
111 2 

I11 : 
IV 1 
I V  2 

V I 
V 

IV 3 

V 3 

0 I I ,  * 56 45'6 
46.6 
46 :s 
45 '5 
45.8 
44 '9 
4.5 '9 
4.5 'I 
4s '5 
46 '9 
4s '7 
47'1 
47 '4 
44 '5 
4.3 '0 

44 '6 

,I I ,  

46.2 +o.; 

45'5 -0'4 

46'5 +0'3 

4'7 + O ' S  

44'0 -1 '9 

oct. 7 
7 
9 
S 
S 
S 
S 
S 
S 
S 
s 
S 
3 
9 
9 
R 
0, 
3 

0 I I t .  

171 I ~6 56 55'6 
VI 
V I  
VI1 
VI1 
VI1 
VI11 
VI11 
VI11 
I S  
IS 
IS 
S 
S 
S 
S I  
S i  
SI 

2 

3 
I 

3 
I 
2 

3 
I 

3 
I 

3 
I 

0 / / I  

1 

4 '6 

47 ' 2  

44 '5 

45 '7 

44 '7 

46 '6 

A 

1 

+O '7 

+1'3 

-1'4 

-0 '2 

-1 '2  

+o '9 

Mean. of all values 45/"90q and from positions 96 56 ~5 *SS 
Diurnal aberration + O ' j 2  

Correction for eccentricity of. station '- 0 '27 
Azimuth of Mark (Tanner) 276 56 45-93 k 0 . 2 2  

o -?z 

(?I) WKED PATCH. INDIANA., 

q =  390 lO"0. ,l= S 6 O  13/m West of Greenwich. 

Rcsiilts j i b -  C Z Z ~ I J I  u fh  f k w z  obst-ir~ufioirs of' P17/17l.iS t 7 f  . iwfot is  hoici- ir?igk.s.-~he 
30-centimetre direction theodolite No. 1.17 mas mounted 01-er the triangulation station. 
The azimuth inark was at Monroe, a State survey station. 13.5 kilometres distant. 
Observer, G .  A. Fairfield; computer, L. A. Bauer. A single result for azimuth is 
derived from a set of observations consisting of 2 pointiiigs on the mark, paintings on 
the star and its image reflected from mercury. reversal of the instrurnent, followed by 
similar observations of star and mark. Probable error of a single result = f i"'17. 

Sept. 11 
IS 
11 
I1 
I1 
12 

12 

I2 
I2 

19 
13 

I 
I 
I1 
1x1 
IV 
V 
VI 
VI1 

VI11 
IS 

~ 7 1 x 1  

0 I I ,  

95 2.3 53'5 
4?'4 51'4 +3'S 
45'0 4.5.0 -2'6 
4S.8 4S'S +1'2  

4-45 44'5 -3'1 
45.1 45'1 -2'5 
4S.6 4S.6 +I'O 
4S.2 4S.2 +0'6 
51 ' 2  

46'5 4S'S +I '1 

49.7 49.7 +I ' I  

S 
S 
S I  
S I 1  
SI11 
SI11 
SIT '  
sv 
sv 

S V I  
SVII  
SBII 

A 

-3'6 
+o '6 
+o '2 

-4'4 
--p .^ 

+4 'I 
-2'3 

+5 '3 

Mean, of all values 4;'!'S6, and from positions 

Azimuth of Mark 
Angle between Mark and Fountain 
Azimuth of Fountain 

95 23 4; -56 k o  -51 

275 23 47% S _ O - ~ I  

Diurnal aberration t o  '32 

92 09 jj '26 ' 
7 33 21..rq 
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. ( 2 1 )  OSBORN, INDIANA. 

q = 3S0 51"~. A =  S 6 O  ~ " ' 6  West of Greenwich. 

h'fsdfs f b v .  azitttiifh -j%v?z pbsc~~w. t i l~~i~  d Pohris af z~arrl-iolts hoilr ciiigIcs.-The so- 
ceiitimetre direction theodolite No. 147 was mounted over the triangulation station. 
The azimuth marl; was in an open fielcl, about j miles ,distant. Observer, G. A. 
Fairfield; computer. I,. A. Bauer. A single result for azimuth is derived from a set of 
observations consisting of two paintings on the marl;, pointings on the star and its 
iiiiage reflected from mercury, reversal of iiistruineiit, followed by similar pointings on 
star and mark. The probable error of a single result = f ~'"oo.  

Sio)inrai:v of i-esiilts$x- mi~i i i i ih .  a f  OssBorn, I~d imi~ i .  

June 23 
. 23 

26 
July I 

Julie 6 
6 
25 
26 

27 

27 

I 
I1 
111 
111 
I V  
V 
v I 

i VII 
VI11 
IS 

49'" -1 '9 
4S.8 -2 '1  

51 'I +o.a 
50.5 -0'4 
50.0 -0.5 

53'5 +?'6 
5') 'I -0 ' S  

June 27 

July I 

Juue 27 

2s 
2s 

zs 
2s 

27 1 S 
S I  
S I  
S I 1  
SI11 
S I B  
I Y 
s \' 1 

SVII  
S V I I  

.w '2 

53 ' 2  

52 '0 

40 '9 
51 ' 2  

51 '0 

52 '0  

z '7 

A 
I ,  

-0 .7 

+2 '3 
+ I  'I 

+o '5  
+*'I 

+ I 2  

--I '0 

- 2 ' 2  

Weighted mean, of all values 5of"S5, and from positions 4 14 50 *go c o -24 
I h r n a l  aberratioii -0 '3.2 
lziiiiutli of Mark I75 45 og '42 -c 0 -24 
Angle between Mark and Calvary 16 j~ &'q 
Azimuth of Calvary 192 16 17-71 

5 .  ILLINOIS SERIES. 

(23) PARKERSBURG, ILLINOIS. 

lp = jSQ jJ'.S. 1 = SSo DI"S West of Greenwich. 

Resirltsfbt- a.ziJnztth ~ J - O I J ~  obsc.irvrfio~is q- 51 Ccjhci and a, 8, livid h Urse Mimri;.- 
This azimuth was deterinitled by A. R. Flint, of the United States Lake Survey, and a 
full account of it is giveii in " Professional Papers of the Corps of Engineers, No. 24," 
pages 673-656. The 35-centimetre Troughton and Sininis theodolite was mounted aver 
the triangulation station. For night observations the 
iiiark was about 1 niiles distant in a westerly direction. For daylight observations a 
mark about I I iniles to the eastward was used. A single result for azimuth is derived 
from a set of observations consisting of pointings on mark, $ar, star and mark, reversal 
of iiistrument and again poiiitiiigs on mark, star, star and mark; then the saine opera- 
tions in the reverse order, making in all 16 poiiitinFs on the mark and the same number 
ou the star. The star's places were taken from the American Ephemeris, but the 
azimuth results were corrected for the clifferellce between the Anierican Ephemeris and 
ALIWIPIS' declinations. In two cases where the number of poiiitings were .oonly half the 
usual number, the results are given only half weight. 

Two azimuth' marks were used. 



Date, 
1879. 

Aug. g 
:0 

I1 

I2 

1.1 

16 
Xov. 23 

Aug. 9 
I 1  

I? 

1: 

16 

17 
Nov. 20 

24 

25 

' 29 

Ua te. 
1879. 

Aog. 1 I 

17 
17 

I2 

Star. 

Polaris near I,. C. xja 06 d 156 -.I '26 Xov. 20 

2s.02 -0'90 :I: 

2Q.27 -0'65 23 
30'9.S t r . 0 6  24 

25 

Polaris near E. E. 

Polari; near \V. E. 
51 Cephei near E. E. 

Star. 

, t!rs. Min. near 1%'. E. 

Urs. Miti. uear W. E. 

3 I / I  / I  

Weighted mean 111 33 33.75 & o . I ~  

(24) NEWTON, ILLINOIS. 

cp = 3S@ 5 5 ' 5 .  h = SSO ag"S West of Greenwich. 

Resztlts- for amhilfh -fj.oiiz obsci-z~a fioizs of Pohzris nt z~tri-ih~s hino- tali&-s i zcm-  Etisfci-ii 

Ehgaf'.tioi~.-The 30-centimetre direction theodolite No. I 35 was iiiouritecl over the 
triaiigulation station. The azimuth iiiarli was at station Claremont, 23% kiloiiietres 
distant. Observer. G. A. Fairfield; computer. I,. A. Bauer. A single result for , 

azimiith is derived froiii a set of observations consisting of two poiiitings on the mark, 
poiiitings 011 the star and its image i'eflrcted from mercury, followed by reversal of 
instrument and similar poiiitings 011 star arid mark. Probable error of a single result 
= f 1"*12. 
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Date, 
ISS.4. 

Oct. 30 
30 
31 
31 

Nov. I 

I 

1 

I 

I 
I1 
I11 
I v 
v 
VI 

V I 1  
VI11 

0 I I ,  

141 rg 07'3 
02  '3 
04 '3 
07 '5  
01 '9 
ry '6 

os '7 
. q .!: 

,I 

+I'j 
-2  '6 
-0'6 
4-2'6 
- 2 ' 0  

- . U ' j  

-0 'I 

-0'1 

Mean 
Diuriial aberration 
Azimuth of Claremnnt 

A 

+ I  'I 

-0 '3 
-3'3 
+ I 3  

+ I  '6 
+ I  'I 

--I 'S 

- 0 ' 1  

+Q 's 

( 25 ) BORDIAG, ILLINOIS. 

y = 3S0 3W.S A = Sgo 2d.4 West r.if Grwiiwi+=_h. 

Acsiilfs j b r  miiiiafh ji.onr chcrrlafiorrs qf Pokzris cr f nri%iits Iroui- niigles.-The 
pcentimetre dii-ection tlieoclolite No. 135 was inountecl over the triangulation station. 
The mark was at station Geoffrey, I I ?4 kilometres distant. Observer, G. A. Fairfield; 
cornputer, I,. A. Bauer. A single result for azimuth is derived froin a set of observations 
consisting of two pointings on the mark, paintings on the star and its image reflected 
froin mercury, followed by reversal of instrunlent and similar pointiiigs on star aiid 
mark. Probable error of a single result = f 1'"25. 

.Siiirininiy qf irstilfs j b r -  crzirrriifh 17f Etirifiric, .7lllinois. 
Date. 
1852. 

uct. 29 

Nor. 3 

3 
3 
3 
6 
6 

h) 

Position. 

I1 
I11 
IV 
v 
v I 
VI1 
VI11 
I S  

Mark 
w. of N. 

I26 34 go.86 
51 'IS 
50 'OS 

53 '39 
55 2s 
55 '4+ 
5 @ ' G i  

53 '57 

Mean 
Diurnal aberration 
Azimuth of Geoffrer 

A 

-2 '05 
-0 '56 
-0'1. 

+@e! 
+j '43 
+ I  '05 
+1'22 

-0 '45 

6. MISSOURI SERIES. 

( 26) KLE1NSCHMII)T. MISSOURI. 

lp = 3 s o  j C P $  A = yo 19"5 West of Greenwich. 

h'cszilfs j h i -  nziriiiifh j j m i z  obsei..iwntioas Pokri-is t r t  .zczr-ioiis hoiw aizgZes.-The 30- 
centitnetre repeating theodolite No. 32 was mounted over the triangulation station. The 
a z i i i ~ ~ t h  mark was about I 5; miles distant. Observer, William Eiinbecli; computer, 
James Main. A single result for azimuth is derived froin a set of observations consisting 
of 6 repetitions of the angle between the mark and the star, one-half with telescope direct 
and one-half with telescope reversed. The first set consisted of I 3 repetitions, one-half 
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Probable error of of the observations being on the star's image reflected from mercury. 

a single result = f 3'I.o. 

Date. 
1871. 

xov. 50 

nec. 4 

4 
6 
6 
c; 
6 

Mean 

fl 

--,J'S 

-0.7 

+3'1 
-4 '6 
-3 'I 

-3.4 
-3 'j 

Date. 
1S71. 

liec. 6 
8 

11 

11 

I 1  

I1 
11 

Azimuth of Mark. corrected for diclrnal aberration 200 41 29 '77 & 0 '79 

Azimuth Gf Insane As?;~uTI~ 300 og j r  .62 
Angle between Iiisaiic X,sylum and Mark 0 31 SS'IS 

(27) BERGER. MISSOURI. 

q3 = 3.0 35'9  ;I = 910 17/-5 West of Greenwicli. 

Rmilfs jij? naimnth -f>07n obscr'vnfiom of' Polaris nccw Easfcrn Elo)zgu.fioir.-,The 
jg-ceiitimetre direction theodolite was iiiountrcl over the triangulation station. The iiiark 
was a little iiiore than a iiiile distant. Observer, H. W. Blair; computer, Janies Main. 
A single result for azimuth is clerived froiii a set of observations consisting of a pointing 
on the mark, pointiiigs on the star, and its image reflected from mercury, folloived by 
reversal of the iiistruiiieiit aiicl siiiiilar poiutiugs on star aud mark. Probable error of a 
single result = f I ~ ~ * ~ I .  

:&!: position 

Sept. 16 
16 
16 
16 
16 

16 
IS 
IS 
IS 
I8 
IS 
1s 

19 
'9 
19 

19 

19 

I 
I 
I1 
I1 
111 
111 
X W  
IV' 
1' 
v 
V I  
VI 
VI1 
VII 
VI11 
VI11 
I S  

A 

Sept. 19 

'9 
' 9  
20 

20 

20 

20 

' "I 

"I 

21 

31 

21 

21 

25 
25 

25 

25 

Mean 
Diurnal aberration 
Azimuth of Mark 
Angle between Mark and Winter 
Azimuth of Wiritrr 

c I ,I 

I S  I+s IU :j'j+ 

S ?.I '02 

S 26 '37 
S I  6 '59 
S I  23 '67 
SI1 27 '63 
SI1 2.5 '69 
SI11 29 '24 
SI11 , 25 '29 
SIV . 25'13 

SI\' 26:al 
sv 26 .gs 

SF'I 26 '3s 
s v r  35 '53 
XVII 2s '% 
SBII  2.5 '37 

sv 26 '74 

0 I /I I/ 
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(23) JEFFERSON CITY, MISSOURI. 

q ~ =  3S0 331.7. 1 = yzo q / * S  West of Greenwich. 

RcsuZts for azsim~fh -fiiwt obsciwtiom Polaris ai various hoicr nngles.-The 35- 
centirnetre clirection theodolite NO. I O  was mounted over the triaagulation station in 
Jefferson City. The azimuth mark was at station Cedar, about 2.9 miles distant across 
the Missouri River. Observer, H. W. Blair; computers, A. Christie and A. Ziwet. A 
single result for aziinuth is derived from a set of observations consisting of a pointitlg 011 

the mark, pointings on the star and on its image reflected from mercury, followed by 
reversal of instrument and similar pointings 011 image, star, and mark. Probable error 
of a single result = f 1'"g7. 

Date. Position. zt{s, Of position. a 

I 
I 
I1 
I1 
I11 
111 
IV 
IV 
V 
V 

v 1 
VI 
VI1 
VI1 
VI11 
1'111 
IS 

Mean 
Diurnal aberration 
Azimuth of Cedar 

Date. Position. 

I S  
S 
S 
S I  
S I  
S I 1  
SI1 
XI11 
SI11 
S I V  
S I V  
s V 
s v 
S V I  
s 1'1 
SVII 
SVII 

/ I  

Mark Meanof 
E. of N. position. A 

I' 

+a 'SI 

-2.20 

-0 .g6 

+3 'SI 

+ 2 ' I l  

- 1  '2s 

1 '45 

+4 '77 

+3 '47 

( 2 9 )  HUNTER. nmsocmi. 

q = j S 0  25/-S. 1 = 92' 46'-4 West of Greenwich. 

ResztZfs fer nsiinzrth . fkwi olwrratioirs qf Polaris crt iiai.ieits hazit- nq+s.-The 35- 
centinietre direction theodolite No. IO was mounted over the triangulation st a t" ion. 
The iiiark was' a t  North Base, 7'6 kilometres distant. Observer, F. D. Granger; 
computers. A. S. Christie and A. Ziwet. A single result for azimuth is obtained from 
a set of observations consisting of a pointing on the mark, poiutings on the star, and its 
image reflected from mercury, then reversal of instrument and similar pointiugs on 
star, reflected image and mark. Probable error of a single result = f r"'S3. 
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Siiiirmrry qf i-t?sidfs]iw lzziiii~ifh. at Hiinici; Mi.wwi*i. 

Date. Positiou. 
ISPO. 

Aug.  6 
6 
6 
6 
12 

13 

6 
6 

7 
7 
7 
7 
a 
9 
9 
9 
0 
0 

I 
I 
I1 
IT ' 

11 
I1 
I11 
I11 
I v 
IV 
v 
V 

V I  
V I  
VI1 
VI1 
VIII  
1'111 

Mark Mean of w. of N. position. 
/ I  

24 '70 

'9'9.1 

2.5 54 

2.5 '39 

29.39 

23.62 

'?'I@ 

'1'73 

Mesn hy positions 
Diurnal aberration 
Aziiii~itll of Kark 

n 
I/ 

+o d@ 

-4.16 

+ I  '44 

+ I  '29 

+5 '29 

-0 '4s 

-2.00 

- 2 '37 

Date. Positiou 
18%. 

I S  

1 1  S I  
I 1  SI1 
IT S I 1  
I 1  SI11 
I1 S I 1 1  
12 SI\' 
I2 S I V  
I 2  sv 
I 2  SV 
13 SVI 
I2 S V I  
12 svn 
I2 S V I I  

O I  

22 w] 

Mark Meanof 
W. of N. position. 

Angle bet\veeii Mark arid Christian 63 57  44-40 
Azimuth of Christian 2 z r  4s 20.63 

7.  fiIISSOUWI-KANSAS SERIES.  

( 30) ADAMS, KANSAS., 

9 = 3ga u " 7 .  A = a'--+ West of Greenwich. 

Rcszills for aziimitli. ~ j h i i 8  06sci-~nfioizs o j  Pvh.ri.s at  zw.iYozis h o w  nnglcs.-The 3- 
centinietre direction theodolite No. IO was niomited over the triangulation statiou. The 
azimuth mark was at Buffalo Mound, about P kilometres distant. Observer. F. D. 
Granger; computer. L. A. Banrr. A single result for azimrrth is d e r i d  from 3 set of 
observations consisting of a pointing on the mark. pointings on the star, nncl its image 
reflected from mercury, then reversal of the instr~iment and similar pcljiitiiigs on star, 
reflected iniage and mark. Probaljle error of a single result =  SO. 
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I y S  j6 m.4 +1'6 Aug.4 
I 19'9 + I ' I  4 
I1 20'3 i-2 '5 4 
XI 19'5 +1'7 6 
111 16'8 -1'0 4 ., 5 -0.; 4 SIX .-. 
rv: 1S.7 +o'g 6 
I v IS.* +0'2 6 
V '  17'2 -0.6 
V IS'? + O ' 9  

U N X E D  STATES COAST AND GEODETIC. SURVEY. 

VI1 y S  56 14'4 
VI1 16'1 
VI11 IS .e 
VI11 . 16.6 
I S  16 '9 
I S  14 '9 
I S  19'1 
I S  I6 .S 

4 s  15 '9 
S ij '6 

I 
I1 
I1 
I11 
I11 
111 
I B  
137 
1- 
T 
VI 
1.1 
VI1 
VI1 
1-111 
VI11 

Mean by positions 
Diurnal aberration 
Azimath of Xlark 

July IO 
- 0 ' 5  20 

21 

0 .* 21 

21 

21 

+o '6 21 

-1 'S 21 

-*'3 22 

+I ' I  21 

+@ '3 22 

40 '5 2: 

?I 

21 

2: 

21 

22 

22 

0 I I ,  

I S  0 I1 2S'I 
I S  
S 
S 
S I  
S I  
SI1 
SI1 
SI11 
SI11 
SI\' 
SIV 
SB 
S V  
S V I  
S V I  
SVII 
S V I I  

0 I II 

2s '0 

29 '6 
IS .2 
.,- .s 
27 '9 
26 .s 
2; 'D 

29 '0 
25 ' S  

27 '9 
'4 

27.6 
2s 'S 
29 '7 
6'6 ' 
27 '9 

- I  

, ' S  

/I 

A 
,I 

J '0 

+o 'S 

1 0 . 2  

-1 '2 

-0 '7 

-1 '2 

+O '4 

+I'I 

+o 'I 

Angle betweell Mark and Clark ' 191 57 39 '67 
.kitnu th of  Clark I 1  46 1 1 y j  

( 3  J) P.%LINA WEST RASE, KANSAS. 

q = : , S "  gP.1 .  A = 97O 36"2 West.of Greenwich. 

lPEsdfs j b r .  l ~ ~ i ~ ~ i ~ l f h  - ~ > O I I L  l l l , S c l ~ d i o m  4 P0h1-i~ l z f  w.riozrs ~ O Z W  a ~ ~ g r ~ ~  7zcc1r E~s~CI-IZ 
E?oirgl~fim.--Tlie pcentiiiirtre c!irectio:i theoc!olite Xo. I IS was mounted ob-er the 
triangulation station at the west end of the Saliiia Base. The mark was at Saliiia East 
Base, distant 6-5 kilomrtres. Observer, F. D. Granger: computer, C. H. Kuniniell. 
A single result for azimutli is derived from a .set of observations consisting of a pointing 
on the mark, poiiitings on the star, and its image reflected from inercury, then reversal 
of instrument and similar pointings on star, reflected image and mark. Probable error 
of.a single result = fr '"oS. 

S t r ~ n ~ t t a r ~  qf'rzsrrlts jbr ~ z i ~ ~ i i r t h  17f SfdiJI17 lI.>st Bose, hFt7~ts,zs. 
' .  

Date. 
1896. 

Aug. 3 
5 
5 
5 
3 
5 
3 
5 
5 
3 
4 
4 

n 

-5 '4 
--I '7 
+I '0 

-o '9 
- 2 . 0  

f1.j 

-1 '9 

-1'9 
+2 '0 

-1.2 

--I '0 

-0 '2 
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8. KANSAS-COLORADO SERIES. 

( 3 1 )  RUSSELL SOUTHEAST. KANSAS. 

q. = 3YO SI'.J. L = gSo 47'.2 West of Greenwich. 

Rcsidfs -/b (I ~i i i i i i fh  f > m i  obsc~~?~tr/~@~is />cdcrris nf ~ w i . i @ z d s  honr (I)Z&S mf jhr.fi-onr 
Etrsf~wi E/oii~(1ti011. -The 3.5 -centipietre direction theodolite No. 13 was mountecl ooer 
the triangulation station. The mark was a t  Russell Northwest. about 3.3 iiiiles distant. 
Observers, F. D. Granger and H. I,. Stidham; computer, D. I,. Hazard. A single result 
for azimut~i is derisec~ fron1.a set of observations consisting of B pointing on the mark. 
paintings on the star, and its image reflected from mercury, reversal of instrutiient, 
followed by poiiitings on star. .image, and mark. Probable error of a single result 
= f 0'"Sg.  

Sit 111 11111 iy resit rfsf+r t7ziiii it th 111 Ri(ssd/ Soiilhemt. h n  iislrs. 

Oct. 2 

I 

3 
3 

A 

E 
4 
4 
4 
4 

I 
I 

I 1  
11 
111 
111 

I v 
I\' 
v 
v .  
1' I 
v I 

VI1 
VI I 
VI11 
VI11 
IS 

Meail of , 
position. 

Mean, Mark West of North 
Diuriial aberration 

oct. :.I 
4 4 /  

. 4  

5 
5 
5 

6 
0 

c. 

0 

6 

:I s 
S I  

Mean of 
position. n 

-0 '15  

-* 'I?  

-t.n Y l l  

+ 2 ' 1 <  

Azimuth of Russell Northwest I ~ U  42 59.69 & g > . l j  

( 3 3 )  w m r , . m i ) .  COI.OH.~DO.  

p'= .?go C d . 3 .  A 1 o 3 O  09"8 West of Greenwich. 

Rcsidfs jiw a a i m  zrth ji.oni o b s a ~ ~ i r f i o ~ z s  q- 8 [.'.is@ ~~f i i io i - i s  nf L$+fli.r Czr/iiidin/ibn. 51 
Ctphci nt  Loze1e.r Cul~izi~zufion czii i i  1 L ~ J X Z -  Miiior-is at .L.?P~-F Ciil ini~il~fio)~ .-Meridiaii 
telescope No. 5 was 11ioi1ntec1 on a wooden pier 4.44 metres north of the triangulation 
station and exactly in line with the azimuth mark, which was about 3 mile distant. 
The' angle between mark aiicl star at culmination was measured by means of the epe- 
piece micrometer. A single result 
for azimuth is derived frdni a set of observations consistiiig generally of 20 readings of 
the mark., with reversal of the telescope in the middle, followed by I I readings of the 
star. In observiiig A Ursz  Minoris the telescope was reversed also during the star 
observations and the mark readings n7ere repeated a t  the close of the set. Probable 
error of a single result = =t 1".26. 

rS7jz-No. 4-49 

Observer. 0. H. Tittmann; computer, L. A. Bauer. 



Date. 
Star. Phase. ,,$&, 1.W. 

8 Urs. Mill. U . C .  5'6; + 0 ' 4 j  Sept. 19 
51 Cephei L . C .  < ' I ;  +2'9.1 ' 5  
h L1r.s. M i l l .  u. c .  I'SS -j"p 21 

51 Cephei L. c .  . 3.67 - 1 y 5  31 

h Urs. Miii. I ' . C .  6':s +1.1; 21 

II 

6 Urs. Min. u. C. 5'9s +o '75 
51 Cephei I.. C. 6'69 + I  '46 
6 Urs. Mill. . U. C. 3'17 -2  '06 
51 Cephei I.. c. 4'97 -0.26 

A Urs. Wi i i .  u. c. 5 7 s  I-0 '55 

(34) 'Er. PASO EAST RASE! COLORADO. 

p= $0  57/03. ,I = 1 0 4 O  Z i ' . ?  \Vest of Greenwich. 

Rmdfs -for aziiizafh )mii  obseirw fioizs (y- h C7r.w Miizoi-is m t ?  (Y Lri-scz Afi?ilv-is ai 
L.&!w- Czdnzizofi~w mid 6 L.Ti:w iVini1ris (7 f Lower Cisliiziiiafi~~iz. -Meridian telescope 
No. 3 was mounted 4'76.11ietres .south of the East eiid of the El Paso Base Line in the 
prolongation of tlie line to the mark. The aziniutli mark was ahout j niiles distant. 
Observer, 0. H. Tittiiiaiiii; computers, -4. S. Christie and J. G. Porter. Tlic aiiglr 
1x.tw.ren inark hncl star was iiieasurecl by iiieaiis of the eyepiece micrometer. A single 
result for azirnnth is c1erii-ecl from n set of obseriaiions consisting of IO r i ad i i i s  of the 
Inark, IO  bisections of tlie star taken at equal intervals of time, reversal of telescope, IO 

iiiore bisectiom of star, and i u  iiiore reaikigs of ninrk. Probable error of a single result 
at Upper Culiiiiiiatioii = f o"'S3. On account of the sniall number of olxervatioiis t he  
single result for Lower Culmination is retained. but is given less weight. 

- - ... . 

Sitiiiiiioi:v c!t' rtmiIfs.t~w uziiiiiifh ( i f  El A7so &7sf BR.SF. Ch/t.v-ado. 

Date. 
1S79. 

ClCt. 5 
t i  

s 
10 

I 1  

'3 
16 

Star. 

I 

A Frs. Mill .  G. C. 2 . Q  

A Urr. Mio.  1:. c.' 4 '51 
6 Urs. Min. I.. C. 9'76 
a Crs. M i n .  LI. C. 2 ' 2 ~  

a Urs. Mill. U. C. 0'53 
a tirs. Min. U. C. I '65 
a Urs. Miii. U. C. I '75 

Weighted mean 
Diuriial aberration 
Azimuth of Mark 
Angle between Mark aii.1 El Paso West Base 
Aziniuth of El Paso \Vest Base 

a 
I , .  

+o 'a3 
+ I  '70 
+ 7 ' V  w=% 
-0 .41  

-2'0s; 

-0 '96 
-0% 

0 / I/ I/ 

2.61 &0*59 
+o '32 

Is0 00 02'93 *3'59 
2s2 Q 01 *@ 
IOZ 48 q .41 

* 
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9. KOCKY I\IOUNTAIN SERIES. 

(35) PIKES PEAK, COLORADO. 

= 3S0 S G " ~ .  A = :oso o2"7 West of Greenwich. 

Rcsnlts / h  tzziitmfh fi-oii~ ' t h * m d o n s  Pt?/ni-is tr f :~taii~zcs hoztr mg-les. -The 50- 
ceiitinietre clirection theodolite No. ,s was mountecl -3 1$ inches south of the triangulation 
station. The mark was at Mount Rosa, 12.72 kiloiiietres distant. Observer, R. L. 
Faris; computer, D. L,. Hazard. A single result for azimuth is derivecl from a set of 
o1)servations consisting of 3 pointings on the mark, 2 piut ings on the star, reversal of 
instrument, 2 pointings on the star, 2 pointings on the mark. Probable error of a single 
result = fo'"51. 

.Sii i i i i i i l i i~v ii.sirltsjni. c~zitirnfk nl Pikes Pt.irk, Coltmnio. 

noiir aiiglr of .star 7" to loll. Hour arlgle of star l j l l  to 171'. 

Date. 
ISQS. 

oct. I 

4 
4 
1; 

6 
6 
7 
1 
i 
S 
s 

I 
1x1 
1 1 7  

I S  
s 
SI 

S I 1  
' X I I I  
SI\' 
I1 
I v 

>leal1 

i ict. 6 
li 
h 

'' 
S 

S 

Position. 

Y 
1' I 
VI1 
VIII 
sv 
S V J  

s i 7 1 1  

I 

3lcaii 

Memi of groups 
Uiunial aberration . to  '32 

I jy 5.; j g  '3s :LO .22 

Reduction to center of station 
jzimuth of Mark 
Angle between Mark and Mount Ouray 
Aziiiiuth of Mount Ouray 

+o f4 

107 11 36 '41 
66 05 16-75 

31s 53 qG'j4 f O . 2 2  

(36 )  X~OUNT OUKAY. COLORADO. 

q= 3.s* 2 y . j .  A = 1 0 6 O  r3"6 West of Greenwich. 

Reszdts lo?- azimzlfh ,&mi absc~~z~af i~ i z s  01- Polni-is of  zm-ious hozw amgks.-The 50- 
centimetre clirectioii theoclolite No. 5 was mouiited cver the triangulation statiori. The 
azimuth Inark was about 5 miles distant. Observer. W. Eirnbeck; computer, D. I,. 
Hazard. A single result €or azimuth is derivecl from-a set of observations consisting of 
-7 poiritings on the mark, P pointings on the star, reversal of instrumeat, 2 pointing on 
the star, -1 poiiitings on the iiiark. Probable error of a single result = -k0"'61 for star 
near Upper Culmination and + 0"- jS near Lower Culrnination. 

' 
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I'osilioii. 

S I V  
S\' 

S V I  
SI1  
SI11 
S V I f  

111 
I\' 
Y 

Mean 

Oct. 4 

1 

5 
5 
S 
5 
6 
6 
6 

I 
I1 
v 1 

VI1 
VIII 

' IS 
SI\' 
S 1 7  

S\'I 

Meail 

Oct. 5 

h 

6 
f. 

6 

I 

I 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 
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(3s) TREASUKT M\lOUNfAIN. COLORADO. 

p= 390 00"s. . I = 107" 06"o West of Greenwich. 

Rt:siilfs @I- aziiriit f h  jjvip h t v w i t i ( i i i s  t?' P0l~7i-i.c t i  f zw-ibits hoiii. (iiiglcs.-The 50- 
centinletre c1i.rection theodolite No. 5 mas iiioiuited over the triangulation station. The 
azimuth iiiark was I '7 miles distant. Observer. W. Eimheck;. computer, D. L. Hazai-d. 

siiigle result for aziiiiutli is derived from a set of observations consisting o f  2 pointings 
1)11  the innrk, i! pointings on the star, reversal of instrument, 2 poiiitings on the star. 2 

poiritinga on the mark. Probable error of a single result = j= o'"5y. 

.. . 
Angle between Mount Waas and Mark 46 15 53 'j? 
Axiinuth of Mount Waas 74 JS ai 6i 

(39) UNCOI\IPAHGRE, COI.O&I)O. 

cp = 330 o4'.3. 

Rcsulfs .for miiizztfh. j w i i  o b s ~ ~ i - ~ t i f i ~ w s  if Polcli.is c i f  zwi-iorrs &WJ. aiigkcs.--?'!ie 
50-centimetre direction theodolite' No. 5 was mounted over the triangulation station. 
The azimuth mark was 2's miles distant. Ohserver, W. Einibeck: computer. D. L. 
Hazarcl. A single result for azimuth is derived from a set of observations consisting of 
2 poiiitings on the mark, -1 pointings on the star, reversal of instrument, 2 pointings on 
the star, 2 pointings on the mark. 

A = 107' 27"s West of Greenwich. 

Probable error of a single result = f o"'77. 



774 

Hour angle of star 51' tu Sll. 

Date. 
1595. 

Sept. :. 

4 
4 
4 
5 
5 
5 
6 

Positioii . 

SI 
S I 1  

S V I I  
I 
I1 
VI 
VI11 . 
IS 
SI11 

Meail 105 SO 59% 

Mean of groups 
Diurnal aberration 
Azimuth of  Mark 

Date, 
1% 

5ept. I 

a 

.I 
J 
4 
5 

, 5  
5 
6 
6 

- Position. 'Iark W. of N. 

1v 
VI1 
SI11 
S I V  
S V  
I11 
IV 
v 
S 

S V I  

105 50 6Q.62 Meaii 

0 1 I, ,I 

10s 50' 60 2 3  c o .IS 

74 og 00 -09 _C o -IS 
- 0 ' 3 2  

Angle between Mark and Treasury Mountain 122 33 5.5'75 
Azimuth of Treasury RIountain 15% 42 55 'S1 

(40) GRAND JUNCTION, CDS.OR.4DO. 

C p  = 390 O'f.0.  A = IOSO 531.9 West of Greenwich. 

Results f o r  17zinl nfh ~ f>om. obssorw fioics q i  Pdcrr-is nf mia-ioifs l iorw a q - k s .  --The 50- 
ceiitimetre direction theodolite No. 5 was li~ouritecl over the triangulation station. The 
illark was at 'Chiyuita, 19'6 kilometres distant. Observer, John Nelson; computer. 
D. L. Hazard. A single result for azimuth is derived from a set of observations con- 
sisting of 3 pointiiigs on the mark, 2 poiiitiiigs on the star, reversal of instrunlent, 
2 pointings 011 the star, -3 pointiiigs on the mark. Probable error of a single result 
= =k r"'S3. 

Sir n r  n i i z1 :v  ijf rt-srrlts.fhr- lrziiiiirfh at Gni~idJirmzti~n, Colorado. ' 

:<our angle of star i(h to I l h .  

Position 

I1 
111 
I v 
V 

VI11 
IX 

bf eaii 

'5 
Mark 

W. of N. 

Hour angle of star 211, to :Sh. 

Date. 
1-5. 

J\ l I lC j 

4 
5 -  
5 
6 
f. 

. /  

I 

Mean of all 
Diurnal aberration 
Azimuth of Cliiquita 

A 

- 2 '33 
+2 '37 
-4 '35 

+ I ' W  

-0'79 
+o '46 
- 1  '42 

+Q '6+ 



TRANSCONTINENTAL TRIANGULATION-PART .V-AZIMUTHS. 775 

( 41 ) T.i\'AP'ZITS, C O U ~ I R A ~ ~ l : l .  

q = 390 32'.3. 1 = 109" d . 4  \\'est o f  Greenwirti. 

R t ' S l l / f S  Jbi- O Z i J I Z t l f h  -fj.OIJZ i h t 7 9 ' . i ? 7 f i c ~ ? t S  i!f POlr7J . iS  17f ZX7J.iOZlS /101[ .J .  rr~iS/L'S.-The 50- 
centimetre clirection theodolite No. 5 was itiountecl over the triangulation stztion. The 
inark was about 3 miles distant. A 
single result for azimutli is cleriyecl from a set of olxervations consistiiig of 3 pointings 
on the mark, 2 pointings on the star, reversal of instrurneilt and similar pointings. on 
star am1 mark. 

Ohserwr, \V. Eimbeck; computer, D. I,. Hazard. 

Probable error of a single resiilt = =t O'"S+ 

Date. 
1 S y .  

OCt. I 2  

12 

12 

13 

13 
13 
I 4  
14 

1.1 

16 
16 
16 
16 

Near Eastern Eloiigatioii. 

Meail of groups 
Diurnal aherratiuii 
A.zimiith of Mark 

- 

-1'79' 
-0 '8s 
+0 '32 

- I . $ .  

- - I  '-V 

-0.61 

f l . 3 '  
+ O ' l I  

+o .&'I 
+0 '12  

- 0 . j 2  

+1 '4?  

+o Y? 

Angle between Fatinos Head and Mark 113 21 29 64 
Aiiiniith of Fatinos Head SS 17 40.5s 

( 4 2 )  MClUNT \VAAS, UTAH. , 

q = 3 P  32"s. A = mgO 1 3 I . i  West of Greenwich. 

R C S Z l f f S  - f O l .  OZiJJt?lL% -/j.OHl. O b S t - ) 7 W f i O I Z S  P t I f i l J ~ i S  O f  ZWJ.iOtlS hOIlJ-  a~t~r/t-s.-Th~: 50- 
ceiitinietre direction theodolite No. 5 was mounted over the triangulation station. Tlie 
azimuth inark was about 7 .  I miles distant: Observers, 1x7. Eimbeck and J. Nelson; 
computer, D. I,. Hazard, A single result for azimuth is derived froni a set of observa- 
tions consisting of 2 pointings on the mark, 7 pointings on the star, reversal of instru- 
ment, 2 pointings on. the star, 2 pointings on the mark. Probqhle error of a single 
result = f o".go. 



I 
I1 

I11 
I v 
1: 

v I 
VI1 

VI11 
I S  
S 

S I 1  
SI11 

Wenil 

. .  

( 4 3 )  1JATUi.lJ HRAU. UTAH. 

q=& 3g"g. A = I 10" ig'm West of Greenwich. 

Rcszrlfs for t 7 7 i m ~ f h  j m n  obse)rcrtioirs (~ f  Polm-is 17f Z1171.i021S hm1- criig-lts.--The so- 
centimetre direction tlieoilolite No. j was ino~inted over the triangulation station. The 
aziniiith mark was abcmt a mile distant. Observer! W. Einibeck:. computer. D. L. 
Hazard. A single result for azimitth is derived from a set of observations coiisisting of 
2 pointings 1111 the mark, 2 pointings 011 the star, reversal of instrument, 2 pointiiigs on 
the star, 2 poiiitings on the mark. Probable error of a single result = f o'"71. 

. .~Mii i i i i17i~l i  qf rcsidts~~iw ~ r = i r r r i r f l r  af Arfiiios Hc.cnf. UfliR. 

Date. 
lS?Cl. 

CJCt. 1.5 

I6 
IF,  

I6 
16 
17 
17' 
17 
17 
IS 
I S  

18 
IS 
'51 

Before Lower Culminatioii. 

u I I ,  

S I 1  I I  14 28.77 
I Y, $5 

I1 30'21 
111 2s 'sq 
1 1' 2s '9 

S S I I  - I  .5 
S S I I I  3" 'S 1 

1'1 I 2s '27 

VI11 27 '87 
S VI 2;" 

S V I I  27 'i9 
S V I I I  2s '44 
SIS % ' 9 i  

arcail I I  14 :s'.w 

Mean of groups 
Diurnal aberration 
Aziiuutli of Mark 

>- .'; 

' S S I  -'i '44 

After Lower Ciilmiiiation. 

Angle lxtween Wasatcli and Mark IO? 04 13 ' 1 3  

Azimuth of Wasatch 66 41 1 S . 6 S  
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Rtxilfs /iv- uziiizafh )aiiz obsc*iwficvrs (!f A?ltri.is o f  :wi-iou.q hoz11- ~ iq - l c s . -  The 50- 
ceiitimetre directinn theodolite No. 5 'was mounted over the triangulation. station. The 
mark n7as about -7 iiiiles distant. Observer, W. Eiiiibeck: coniputer, D. I,. Hazard. 
A single result for azimuth is derived frvni a set of observations consisting of 2 paintings 
on the mark, 2 poiiitings .yi th: star. reversal of instrument, 3 pointiiigs on the star, -1 

p o h n g s  on the mark. Probable error of a single I-esult = f 0".6.+1 

k k a n  of all 
Diiirnal aberration 
Azimuth of Mark 

l'osi t i o i l .  

1'11 
v i 1 1  

. I S  
s 
S I  
SI1 
SS 

VI11 
S S I  
S S I I  
S S I I I  
XIS 
ss 
I1 

0 ,  

Aiigle hetween Patnios Head ant1 Mark . 146 41 os *&I 

Aziiiiuth of Patnios Head ' 195 3s 57'61 



7 7s UNITED. STITES, 

lp =3q orj'.q. 

COAST .AND GEODETIC SLJRVEY. 

+5) \VASATCH, UTAH. 

? '  = I I 1' ?7"2 West of Greenwich. 

RcsiiIts -fbi. ~7ziii i iffh.  .fiuiii obsri-cvrticvzs c?' Pdaris Z W I - ~ L W S  . hotli. n?igCt*s.-The 50- 
cciitiiiietre direction theodolite No. 5 wa5 mounted over tlie triangulation .station. The 
nziniuth inark was at Balcly Peak, about -1. miles distant. Obseryer, W. Eirnbeck;. co~ll- 
pntrr, D. I,. Hazard. A single result for azi~nuth is derived from a set of observations 
consisting of 2 pointinps on the mark, 3 pointings on ,the star, reversal of instrument, 2 

pointings 011 the star, 2 pointings 011 the mark. Probable error of a single result 
- .  

Hniir angle ?I! to 5''. 

Mean of grc~iips 
' Diurnal aherratioii 

Aziniutli of Mark 

Q f  

Rt:sii/ts .ti>;- trziini(th - twi i i  oiwirwticws qr. Po/nris i z m r  L ~ / W .  niiti LO;CW- Clilr.viiin- 
fiorJs.-The jo-cetitinietre direction theoclolite No. 5 was iiiouiited over the triangulation 
station. 'The azimuth mark was about 5 miles distant. Observer, W. Eiiiibeck; 
computer, D. I,. Hazard. A siiigle result for azimuth is.clerived from a set of observations 
consisting of 3 pointings on ' the  mark. 2 'pointings on the star, reversal of instrument, 
-? pointings on .the star, 3 poiiitings on the niarb. Probable error of a single result 
= + o"'46. 



Date, 
1887. 

July 20 

20 

20 

20 

-33 

21 

21 

? I  

21 

21 

21 

22 
-3  

-1 

-- -- 

Near Upper Ciiliiiinitioil 

pozitioo. E. of N. 
0 I I ,  

I11 5 2s 43.24 
I 1' 45 'P 

' v 4 2  '47 
Y' .+I '9.3 
VI1 ' 41'77 
SI. ' 42.41 

S I 1  43 '97 
SIII, 41 '55 
SI\' 41 '63 
sv 42.73 
S V I  J4 'OS 
SSI 42 'os 
SSII 42'87, 
SSIII + ? ' I 1  

Mean j 2s 4 2 . 2  

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

A 

+O 'N 
+'I '00 
-0 .OJ 

-0 '73 
- 0 . 9  

+o '47 
- SI) '95 
.-0 '$7 

. . +o .2s 

+ I  '5s 
-0 '42 

+o '47 
-0 'J9 

-0,'57 

Xcar Lower Culmination. 

Date, I,ositioll, Mark . 
1857. E. of h-. 

Angle between Mark and Tushar 
Aziniutli of Tusliar 

rg-+ 36 40 '39 
23 0s 23 "I 

(47)  SALT LAKE CITT. UTAH. 

9 = 40' 46"~. A =  IIIO 53"s West o f  Greenwich. 

Rcsiilts ]>Y mimiifh .t;Viii 14+.xwfioii.c if Y~dtiris e f  7;nr-(ozis hoiir l i~gh . -T l i e  5t:B- 
centimetre theodolite No. 5 mas mounted over the triaiigulation station in' Teiiiple 
Block, Salt Lake City. Tlie azimuth iiiark was at City Creek station, about 4.3  kilu- 
metres, distant. A single result fo: 
nzimiith is derived froiii a set of dxervatioiis consisting of 2 poiiitings on tlie iiiai-k, z 
poiiitirigs on the star, reversal of instrument. 2 poiiitiiigs oil tlie star. 2 poiiitiiigs oil 
the mark. 

Observer. W. Eimbeck: computer, D. I.. Hazard. 

Probable error of a single result = f of'%-+. 

Siiiii.iiiu.i~s C$ i ~ s i i l t s . j i ~ -  t izi i~ii ifh 171 Sidf Liikt. c-i(s, l;firh. 
Hour angleof star =I]& t o  q 1 1 .  Hour angle o f  star $ 1  to 1111 .  . .  

Date, 
1%. 

Jii~ie  2 

3 
' 3  
4 
4 
5 
5 
5 
6 
6 
6 
7 
1 

I 
I 
I1 
V 
VI 
S 
SI 
SI1 
SVII 
S V I I I  
X I S  
SSIII 
SI11 

Mean 

Julie j 
. : 

4. ' 
4 
4 
5 
5 
5 
5 
6 
6 
6 

0 I I/ /I 

Mean of groups 
Diurnal aberration $0 '32  

I2 0 2  50'37 k0.13 

192 oz so -69. + o '13 Azimuth of Mark (City Creek) 



UKITED S T A T E S  COXST .SND GEODETIC SUR\:EY. 

(4s ) \VAIJDO~JI', UTAH. 

y = 400 54'.4. .L = I L I' 5 : " ~ .  \Vest i,f Greenwich. 

h?sit/f.q -/in- l~.~iiiz.ztfh. j i w z  o&rmfimzs . .  Pi1hi-i.c df .z~cribits hie. t r i z g / ~ ' ~ .  -The 50- 
ccntimetre direction tlieodolite \vas ~nountecl over tlie triangulation station. Observer. 
W. Eimbeck: computer, D. I,. Hazard. A single result for azimuth is derived from a 
set of observations cniisistiiig of , 2  poiiitings on the mark, 3 poiiitings on the star, 
reversal of instrument, 3 pointings 011 the star, -? pointings ou tlie mark. Probable 
error of a single result = rf: o'"gS. 

.<itiiiimii;i~ t!f i x w I f . v  j w  ttzii~ziith 1 7 i  1I h ' h i i j ,  /Ifah. 

S c t r  ti1ip:r i i i l n ~ i i i a t i o r i .  Wc-si- I,nwer Ciiliiiiiiatioii. 

(49) OI;LIEN l~IB.L;HK\'ATORS, LIT.$H. 

tp = 4 1 ~  i3'.i. I = I I I" 5y"7 \Vest of Greenwich. 

Rrszrlts j v -  trziiiiicth j - o i i i  d)sc*irltafioiis t?f P ~ h i ~ i s  of :uzj-iozis hozii- n11.g-i~;~. -The 50- 
ce1itin;etre direction theodolite WAS niountecl over the triangulation station, about 4 iiirtres 
south of the longitucle pier in tlie United States Engineers' Observatory at Ogcl-clen. The 
azimuth mark was at North 0,gden Peak. about IO miles distant. Observer, W. Eim- 
beck : coniputgrv D. L. Hazard. -4 single result for azimuth is derived from a set of 
observations consisting of 2 pointings on the mark, 2 poiiitiiigs 011 the star, reversal of 
instrument, 2 pointings on the star. 2 poiiitings on themark. Probable error.of a single 
result = =t ~~"'45. 



May 27 

50 
35 
50 

June 4 

4 

4 
5 
5 
5 
6 
7 
7 
7 

1 .  
I '  
I1  

I l l  
\'I1 
VI11 
IS 
SI11 ' 
S 1 V  
S V  
XIS 
SS 
S S I  
S S I I  

Meon 10 a j  56'92 

Mean of groups 
Diurnal aberration 
Aziiiiuth of Mark 
Angle ixtweeti Mark and Ogrlen Peak 
Atitiiutli of Ogdcii Peak 

I\' 
v 
B I 
S 
SI 
SIT 
S V I  

S \ ' I I  
S V l I I  
S S I I l  
XSIII 
I S  

Meail 10 05 57'01 

(50) OGDliN PEhIE. U T A H .  

q= 410 I2'.0. A = I I I O  53/'0 West af Greeiiwicli. 

Rmilfs -for m i m i f h  f j . 0 1 ) ~  obsr~.i.~cl.tio~zs of Po(C7ris m ~ r  Ensftwz a d  TI..>sfr?-n E f o ~ z p -  
fioiis.-The go-ceiitimetre direction theodolite No. 5 was iiiduhtecl over the triangulation 
station. The mark n7as at North Opcleii Peak. about I O ,  miles distant. Obscrver. 
W. Eiriibeck: computer. D. L. Hazard. A single result for aziiiiutli is derived from a set 
of observntions coiisistiiig of z pointings 011 the mark, 3 paintings 0x1 the star, reversal 
of instrument, 2 pointings on the star, 2 pointings on the mark. Probable error of R 

siiigle result = f o"'73. 
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NearEasterti Elongation. Near Western Elongation. 

Sept. 30 
Oct. 2 

4 
5 
5 
5. 
5 
5 
6 
6 
6 

L 3ct. 3 

3 
5 

5 
5 
5 
5 
5 

i 
R 

1 \' 
1' 
\'I 
\'I1 
SI\' 
S v 
S v I 

S V I I  
S \ ~ l I l  
S S I I  
S S I l  
S X I I I  

-@ '67 
Rejected 

-0 .,s6 
--h '54 

+ I  '01 

--is 'yifj 

- 1 . 7 6  

- 1 '73 

-0 '.yl 

-0 'Q2 

-Q '?O 

-0.40 

(51  ) AXTEI.0PE. UTAH. 

~p = 40' 57" j .  A = I 12' 13"o \Vest of  Greenwich. 

Rcsrrlts -for asiiiirifh ~ ~ w i r r  ~~bs~-i ' iyf ioirs  (?f Polaris d :wi.it>zrs Aorrr- angIcs.-The so- 
centimetre direction theoclolite No. 5 was ~i~oiiiitrcl over the triangulation station. The 
azimuth mark was about Y.kiloni,ctres clistant. Observer. P. A. Welker; computer, D. 
I,. Hazard. A single result for nzimutli is drrivecl from a set of observations romist- 
iiig of 2 pointings on the mark. -? poiiitiiigs 011 the star, reversal of iiistru~iietit, P poiiit- 
ings 011 the star, 2 poiiitings 011 tlie mark. Probable error of a single result .= =t o"'65. 



A 

-1 '6s 
T O  'OS 

- 0 $5 
-0.1s 

-0'Q 

- I  ' I q  

.- 1 ' 1 1  

-0'27 

+o 'dr 

+0'17 
- 1  '51 

+ I ! I J  

Date. 
1 9 2 .  

oct. 24 
24 

21 
25 

25 

25 

36 
26 

26 
77 - I  

A 

IV 
B 
17 I' 

SI 
S I 1  
S V I  ' 

S V I I  
SVIII  
S S I I  

S 

Date. 
1492. 

JUIY I I 
1 1  

I 1  

I 1  

I 2  

I2 

12 

I2 

13 
'3 
13 
I3 

IS 
S 

S I 1  
S\'I ' 

S V I I  
SIX 

' S S I I I  
S S I I I  

1 
I1  ' 

I I 1  

Meail  

s I, 

Mean of groups 
Diurnal aberration 

0 I I ,  

S I 1 1  3y 09 15.1s 
Si\' 16'42 
S V  ' !:'i9 
SS 13.61 

. S S I  I j  '75 

I V  16 'io 
V 14 '55 
\'I 17 '5s 

VI11 16 'J.I 

S S I I  ' I.5'75 

VI1  15 '56 

S S I I I  15 '49 

Azitiiutli of Mark 140 50 4 . 7 1  f o . 1 6  
Angle between Mark a:id Ogdert Peak 142 33 17  '33 

2s: 24 02.54 Azimuth of Ogcleii P ~ n k  
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(53) DRSERET. UTAH. 

Q = 400 271.5. L = I 11' 3 j"6 \Vest of Greenwich. 

Rt?.w/fs &I- dzz'Jniif/l'.fim?z tdm-rrmfions cy' p th i - i s  t i  f i 'tlJ'~07lS honr n?zg/cs.-The 50- 
centimetre direction theodolite No. 5 was mounted over the triangulation. station. The 
aziniutli mark mas 15.92 kilonietres distant. Observer. W. Eimbeck; computer, D. L. 
Hazard. A single result for azimuth i s  derived from a srt of observations coiisistin,b of -7 

pointinys 011 the inark, 9 pointings on' the star, riiersal of instrument, 2 pointings 011 

tlir star, z' pointings on the mark. Probable error of :I single result = f o"'S6. 

. Sit iri nitzi;v rmilt.c.fi)i. 12ziirr ii f h  11 1 L )cstwt I Ufdi . 
Hour iiiigle of star I.$ to 16h. 

VI11 
S 
s I 

S I 1  
S V I  
XVII  

Mean of groups 

Azitriutli of Mark 
Atigle betwecii Mark and Mouiit Neb11 
Azitriiith of Mount Neb0 

3 23 q . ? S  c o . 1 7  

IS: 23  ag 60 & o '17 
1 3 0  50 5 1  '51 
31.1 1.1 01  '11 

Diurnal alirrration to.>-. 

(54)  IBEPAH. UT.AH. 

q= 390 49"7. I = I 1 3 ~  5 5 " ~  West o f  Greenwich. 

Rcszilfs .#;w a.siiizzffh ) - O J J Z  ohscrriflfz'@)is of PtdflJfs ai  ZliZJ?@l(S hozfr- RJZg/CS.-The 50- 
ceiitinietrc direction theorlolite No. 5 was niounted over the trianguhtion station. The 
azimuth, mark was at North Ibepali Peak, I '9  miles distant. Observers, W. Einibeck 
aiicl P. A. Welkcr; computer, D. L. Hazard. A single result for azimuth is derived 
from a set of observations consisting of 2 pointings CJI1 the mark, -? pointings 011 the star, 
reversal of itistrument, 2 pointings on the star, and 2 pointings on the niark. Probable 
error of a single set = f o'"70. 



Date, 
l!?+l. 

Sept. 6 
6 
6 

I 

S 
S 
S 
8 
9 

Hour niigle of star 411 to 6h 

Position. 

1 

I1  
I11 
VI1 
1'111 
IS 

SI11 
S I V  
S V  
SIS 
ss 

iweaii 22 11 55'53 

Meail of groups 
Diurnal aherration 
Azimuth of Mark 

Sept. 6 

7 
i 
7 
S 
S 
S 
P 
9 
9 
IO 

10 

I 
IV 
v 
V I  
S 
S I  

S I 1  
S V I  
SVII 
S I 1  

S V I I I  
VI 

Yeaii 22 11 53'01 

0 I II I, 

22 I1 5j.27 *o.rg  
+ 0 '32 

202 I1 53'59 zk0.15 
Angle between Diamimcl Peak and Mark 121 oi) as 'I; 

Azimuth uf Diamond Peak SI I I  2S.46 

IO. NEVADA SERIES. 

( 5 5 )  I'IOCHE. NBV.ATIA. 

'P  = 370 59" I. I = I I ~ O  03". West of Greenwich. 

Rcwlfs  &J- 1iziiiz.itfh j h i z  olwr-,wfiorrs i f  Adiri.is t r f  miYiws h w i -  nirglt-s.--?'he 50- 
ceiitiiiietre clirection throdolite No. 5 \vas ~iiounted over the triangulation station. The 

I aziinuth iiinrk was about a mile atid a half distant. , 0bserver.W. Eiiiibeck: coniputers, 
A. S. Christie and E. Smith. A single result for azimnth is clrrived froiii a set of 
olxervaticms consisting of 3 poiiitings on the tiiark,, 2 poi~itings on tlir star, reversal of 
iiistrumrnt, 2 poiiitiiigs 011 the star, 2 pointing 011 the mark. Probable error of a single 
restilt = + o"'66. 

rS732-N~). 4-50 
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I 
I1 

VII. 
V I 1 1  
I S  
S I  

S V I  
SVII 

S V I I I  
XIX 

S S I V  
SSV 
IV 

>real; 

Mean of two groups 
1)iuriial nl.ierratioii 
Aziniuth of Marl: 

Xear \\'estern Eloiigatioii. 

Rrslr/fs j i r  c~zii~i I I  fh . / ivrii  abscir '(I f ioiis izf ' Poll r ris ti f i '(7 rioirs ~ L V I  I -  ~iig/cs .  ---T he ,SO- 
centimetre clirection theodolite Ncl. ,S was; iiiounted over the triangulation station. The 
aziiiiutli mark mas I !.; iiiiles distant. Observer. IV. Eimheck ; computer, D. L. 
Hazard. ' A sin& result for azimuth is derived froin a set of observations ccinsisting of 
2 poiiitiiigs 011 the lilarl;, 3 poiiitings ciii the star, reversal of iiistrun~ent, 1 poiiitiiigs OII ' 

star; 2 paintings 01; the mark. 

.Si t i i iml:v qt' rlwtrts,tiv- liziiiiittli l i l t  P h f  l + l ~ k ,  ! V m r l r i r .  

Probable error of ,i single result = f o".SI. 

Near Upper Ciiliiiiiiatim. Sear 1,ower Cultninntimi. 

Date. 
:SF.::. 

July 15 
I8 
IS 
IS 
lY 
' 8  
19 

'9 
20 

20 

20 

Pusilioii. 

111 
I v 
v 

17111 
IS 
s 
S I  

SVII 
I 

V I  

Xfeaii 

1 7  I 

kwitimi. 

I 
I1 

VI11 
S I 1  

SI11 
S I V  
s v 

S V I  

1711 . 

Mean 

O I  
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(57') DIAMOND P E A R ,  NI~V.UJ.A. 

rp ' 3 g 0  35/'1.  1 .= I 15" 4 g I . 1  West of Greenwich., 

RtsuZts fin: aai~rmfh jiarrt . obsc.~ v n t i ~ ~ i i s  qf Pdaris )imr En.stcni tind Ii.>sft-i-u f!?~O)Zg17- 
fioizs.-The 50-centinletre direction theodolite No. 5 was nlouiited over the' triaiigulatioii 
station. Observer, W. Eimbeck; coni- 
.puters, A. S. Christie and E: Smith.. . A  single result for azimuth .is derived from a set 
of .observations consistiilg of a pointitigs on the'niark. 2 poiiitings on thc'star, reversal of 
iiistruilient, 2 pointings on the star, 2 poii~tiugs on the mark. Probabje error of a single 
result near Eastern' Elongation = ~ , 0 ' " 5 4 ,  and ii'ear Western Elongation = 

The azimuth mark was about 5 miles distant. 

o " .~ I .  .. 

Sitiiiiiiui:il q- i-csirltsfoi- iiziiiiitth i z f  Diu iiioizii P h k ,  Ncz~adii. . .  
Near Eastern Elcmgation. 

Date, Position. 
IS%. 

IS 
S 
SI 
S I 1  
S.111 
S I V  
x v 

S S I I I  
S S I V  

111 ' 
I B 
v 
v I 

VI1 

Mean . 

'L: Mark 
w. of N. 

0 I ,I 

2 45 32'14 +0'02 

51 '47 - o '65 
33 '57 + I  '45 
32 '$5 +n '73 

32'14 +0 '02 

33'17 , : +1'05 

3' '45 +o '33 

? I S  ' -0.26 

31.77 . -0'35 

. 52.31 +Q'lg'  
3 ' 9 3  . --o'rg 
52 '01 -0'11 

. j O ' ? ?  --I 'go 
.3' '77 -n '35 

2 45 j 2 ' 1 2  ' +o'ln 
- 

Mcnii of  two groups 
Diurnal aherration, ' 
Azimuth of Mark 

Near Western Elongntion. 

.2 Date 'I'osition. ' ?&ark ISSI..) w. of 1'1. 

S S I I  
s s v  

.r 
11' ' 

vir1 
S B I  
SIS 
ss 
S S I  

S V I I I  
SVII 

Yeall . 

-0'41 
,-1'13 

+p '35 
-0 '02 

-0 '3 j 
+ I  '05 

-0 '34 
+.?'IO 

-0'1.~ 

+o ' i9  

+O .22 

2 45 $J'+ 

0 I I f  I f  

2 45 31 '55 c ' o . r j  
- 0 '3' 

177 14 2s '77 z!z 0 ' I 3  

+ 0 ' 1 2  

Angle between Mount Callahan and Mark 
.4zimuth of RInunt Callaliaii 

j S  4 j  '14 'SI 
gS 37 13-96 

(5s) M01!NT,C~I.I..AHAN. NEVADA. 

ql= 390 4Y.5. ,I = r J 6 O  5 f . 1  West of Gruenwich. 

RcsziZts jbr-  cr.zirriiitli - j - o r i i  obseio~.f i iv is  if Polnr-is )iciir Li$pri- iiiid Loicw- Culiiti~ilr- 
/ioiis.-The 50-centimetre direction theodolite No. 5 was mounted over the triaiigulatioii 
station. Observer, W. Eimbeck; 
coniputers, A. S .  Christit and A. Ziwet. A single result for aziiiluth is derived from a 
set of observations consisting of z poiiitiiigs on the mark, 2 pointings on the star, reversal 
of instrument, 3 pointings on the star, I pointings on the mark. Prbbaljle errrr of a 
single result = f o'"79 for Upper Culiiiination and f o"'60 for Lower Culmimtion. 

The mark was a little more than 6 miles distant. 
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July ?I  S V I I I  
?I S I S  
21 ss 
22 SSIV 
22 S S V  
.7 I 

4 ' S  

25 S I  
25 SI1 
27 SI11 
27 . SIV 
27 sv 
as S B I  
as SVII 
2s SVIII 

nTeat1 

z;: Position. 

July ?I SSI 
21 I SSII 
31 S S I I I  
22 I1 
22 111 
22  IV 
23 VI11 
'3 I S  
2s SIS 
2.3 . xs 
2s SSI 

Mea11 

A .  

-0'13 
+0'51 
-0'51 
+o '73 
+O '40 
+0'15 
+o '37 
+o 74 
-1.76 
-1 '42 
+o '91 

*0'18 

- 

Mean of two groufis 
+o...? Diurilal aberration 3' 

Azimuth of Mark 202 jg .  59 *gs 
Angle hetyeen'Carson Sink and Mark 
Azimuth of Carson Sink ' 83 09 34.94 

29 .?g 59'26 f o - 1 6  

126 30 24 '64 

(59j TOIPABE DOME, NEVADA. 

= $0  49"9: 1 = 117O ?I'.z West of Greenwich. 

Rcszrlfsfhi. nzilrizr f h  ~ > - o i r i  obsscrr~dio~~s t!fPolm-is i z c c w  Elrsfer-i~ niid 1.l.kh-m Elo?igatitirzs 
t i  r~d  6 1 TI-SW .illiiz~-is ~ e n r  L LXC vr Cn Jin iii il tioil.. --The 5 0- cent imetre direction theodolite 
No. 5 was niountecl over .the triangulation station. The azimuth mark, callecl Ophir, 
was about 7 miles clistant. Observer, W. Eimbeck ; computers, A. S. Christie atid 
A. Ziwet. A single restilt for aziinuth is clerived from a set of obsenmtions coiisistiiig 
of 3 pointings 011 the inark, 3 pointings on the star, then reversal of instrument followed 
by similar pointings on star and mark. Probal>le' error of a single result = f oif '62. 

I 
SVIII 

I1 

IV 
c 
VI 
VI1 
VI1 
VI11 
I S  

111. 

0 I I ,  

a U. >I. 'w. 4. I j  ?I 52'07 
s u .  M. I.. c. 51 '37 
a U. M. W.E. 52.1s 
a U. M. W. E. 50 '82 
'S LI. bl. I.. c. 57 '93 
a U. 51. W. E. 50 '45 
a U. M. W. E: 51 '73 
s 11. M. I.. c. ' 50.14 

.6 11. M. I,. c. ' 9 ' 2 1  

a U .  M. W. E. 52 ' 3 i  
a U. &I. ,E. E. 4s.71 

Mean 
Diurnal aberration 
Azimuth of Mark 

+G '93 
+0'23 
+l'al 
-0 '32, 
+0 'S5 
-0 '69 
+0 3 9  
-1 '00 
- G ' 5 j  

+ I  '23 
-2 '43 

Sept. 1+ 

2.5 
26 
26 
2s 

2s 

xr 
=9 
30 
30 

0 I I ,  

S ' a U . M .  E.E. 13 21 51'51 
SSIII a IT. M. E.E. 50 'ss 

S I  6 U. M. L.C. 51 'IO 
SI1 a U . M .  W.E. 50 .5? 

SI11 a U .  M. B.E. ' ' 5I .Q 
' SIV n U. Y. T.V.E. 51 '76 
SV a U .  M. . W.E. .P 'op 

SVII a U . M .  W.E. 52 '37 

SI11 aV. M. 8. E. . s'jy 

S V I  a u . n l .  . W.E.  51 ',70 

Q / I / . .  / I  

13 21 51 '14 &o-I;  

193 PI 51.46 Co-13 
+0'32 

L\ 

+0'37 
- 0 2 5  
-0 .q 

f I  . 

-0 ',55 
-0'35. 
+0'51 
+o'ia 
-1 '0j 

+Q '56 
+1'23 

Angle betweeii Mount Grant and Mark 116 01 02 .16 
Azimuth of Mount Grant 77 30 49',7Q 
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(60) CARSON SINK, NEVADA. 

.p'= 39' 35"O. A,..= I I S O  rq"2 West of Greenwich. 
,- . - _ .  - - -'? 

Reszdts. jbi- nziiitzr f h  firnz. obs~-i-rmtioizs cf Pd/nr-{s )?tizi.  r/pPci- and Lower Cdiizim- 
fims.-The 5o-,centimetre direction theodolite No. 5 was mounted over the triangulation 
station. Observer, W. Einibeck;. computers, 
A. S. Christie and A. Ziwet. A single result for azimuth is clerived from a set of obser- 
vations consisting of 2 pointings on 'the mark follow& by 3 pointings oii the star, then 
reversal of instrument, and siiiiilar pointings 011 star and mark. Probable error of a 
Single result near Upper ~ii1niination = 

Tile mark was about 6.4 miles distant. 

o".gg,.  near Lower ~ulniiiiation = fo'"37. 

~ i t . i i i m z i y  qt. i-esittfs j o r  azirnit/h at firr-soii. SiirR; Neziadn. 

Polaris near Upper Culmination. 
Date, 
ISSO. 

JlllY 19' 

? 
?o 
20 

?I 

21 

21 

22 

22 

22 

a3 
24 . 
26 

2 6 .  
26 

Position. 

'SVIII 
X I S  
SSI 
SSII 
ssv 
I 
I1 ' 
IV 
V 
VI 
IS 
SI11 
S U I  
SSIII 
VI1 

, Mean 

Mark . L\ 
w. of N. 
0 I I I  I ,  

0 .54 3.97, +0'67 
' 33.02 +u72 

30'7a .-I.$ 

20'99 - I  '32 
34.26 +I.* 
33'05 +0'75. 
32'47 +0'17 

299'9 -2'34 
33'50 f I . 2 0  

33'74 +I'44 
32'25 . +o?J5 
33'6s +I% 
32'26 -0.04 
30'4 -1.46 
2p.76 -2'54 .- - 

o 54 32'311 "0 '25  

Polaris near Lower Culmination. 

Mean of .two groups 
Diurnal aberration. 
Azimuth of Mark . 
Angle between 'Mark and MOLIII~ C:rllahan 
Aziniuth of Mount Callahan 

SIV 

SVI 
SVII 

S F' 

ss 
SSI 

S S I I I  
S S I V  
SSV 
I11 
I11 
VI 

VII 
VI11 
.s. 
SI 
SI1 

Meail 

O I  

Mark 
W.Of N. 

0 .v 3 2 ' S S  

33 '25 

34 '01 
32 '67 
'J"% 

33 '6s 
32 '31 

32'15 
52 '39 
31 '% 
33 '41 
33 '3 
32 '65 
32 '5" 
32 '55 

. 32.93 
32 '69 

0 I I #  

A 

0 '00 

+Q '40 
+ I  '16 
-0.15 
+ O ' U l  

+o 'SO 

-0 '54 
-0'70 

-u '46 
-0'q1 
+O'$  

,+0'49 

+0'05 

-0 '30 
+o 'OS 

-0'16 

-0 '20  

t O  '3 
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( 6 1 )  iWOUNT CONNESS, CALIFC?RNIA. 

qJ = 350 57j.9. A = IIQO i9'3 West of Greenwich. 

Rt-szt/ts .fbi- naiiiizifh )ti.iiz obswxztioizs (f Pld1zi-i~ i z f  ?mi-iozis Irozrl- nh&:s.-The go- 
centimetre direction theodolite was liiountecl over the triangnlation station. T1:e 
aziniiith iiiark was on Mount Hoffniann, about IS,:,; miles distant. Observer, G. D3- 
vidsoii; computer, D. L. Hazard. A single result for azimutli is derived from a set of 
observations 'consisting of 4 poiiitings on the mark, 6 pointings on 'the star, reversal of 
instrument, 6 pciintings on the star, 4 pointings 011 the mark. Probable error of a single 
result.= f I"-OI. 

.%lM#UQr]3 1?f W S l f / f S s / h l ~  ~ ~ Z ~ l l l l d h  l l f  l?1Olf I l f  ~'nl~l?.%S, Cll / i fOJXii l .  

Date, 
1890. 

Aug. 13 

14 
14 

15 
. 16 

16 
17 
17 
IS 
IS 
IS 
19 
19 
19 
20 

Meail 
Diurnal aberration 
Azimuth of Mark 

a Date, 
IS?. 

-0'9 ilug. 20 

--O'.+O ?I 

-0.95 ?I 

-0 '67 ?I 

+ I  '93 2.2 

-0 '41  22 

-- 2 '31 2s 

+0'S '3 
-0.14 23 
+r.Sr Y 
+ I  'Sd 2.4 

--I '00 -3 

+I 'I6 25 

+.?'I9 26 
+o. ia  26 

..- 

, 50 22 55.57 C O . 1 9  
Angle between Mark and Round Top 92 16 31 'S3 
Aziniuth of Round Top . 142 39 19.20 

A 

+2'29  

fo '03 
-0 '15 

- 1 3% 
-3 ' i 9  
+o 3s 
-2'63 
+ I  -21 

+0'21 
+? '30 
-0.67 
-0 '60 
+o '65 
-0.06 
-1.22 

(62) LAKE TAHOE. SOUTHEASTERN EXD. CALIFORNIA. 

cp = $30 57"j. A = I 19" 56'-7 West of Greenwich. 

. RtsziZfs j $ 9 .  i~sii izuth ~ f i i w i  obst'ir~irfiiriis 01- B. .4. c. 4r65 iztni' ~ k ~ f c i - i z  h%izgnfio?i 
&zd &/17i.iS IZCW Elzsfcriz EZ~wzgdmr.-Tl ir  go-centimetre direction theodolite No. I I 5 
was lllouutrd 011 a brick and stone pier near the California-KevacIa boundary line. on 
the southeaster11 shore of Lake Tahoe. "lie azimuth inark was near the Tallac House, 
nearly 6 miles distant across the lake. Observer. G .  Davidson; computer, D. L. 
Hazard: A single result for azimuth i s  derived from a set of observations.consisting of 
5 pointiligs 011 the mark, 6 poititirigs on the star, reversal of instrument, 6 poilititlgs 011 

the star, 5 pointings on the mark. Probable error of a single result ,from B. A. C. 
4165 ='+0''.2g. and for Polaris (rejecting the first set.) = +0'"3g. The apparent 
cleclinations of B:A. C. 4165 given in the Connaissaiice des Temps were diminished by 
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o'"2, in accordance with a redetenniiiatioii of the iiieaIi decliiiatioii from all available 
catalogues. 

,Firrriiri lrr:i~ t!f r-t-sisrrflsfbi. trzirrrriih (7lf LcrkL. l X w i  Ct7fijorrril~. 

R.'A. C. JIG?. , Polaris. 

71 33'59's  

I 

-0'14 

-@ 'US 

+@ '56 
+o '$5 
+ O ' l i 3  

+0'51 

+ I  '01 

+* '27 
-0.31 

A 

I 

Rejected 
f O ' 1 7  

-0 '53 
-Q '2s  

+Q '02 

--I '54 
-0'17 

+n .2.3 

' -.O'll 

0 I If / I  

Mean of two' stars 

Azimuth of Mark 
Aiigle.between Mark a i d  'Folsorn Peak 
i u i i i i i i t l i  of ~o~sc l in  peak 

. 71 33' 59.36 _c o 'IO 

71. j 3  55'65 & O ' I O  

Oiuriial 'aberration + O ' j Z  . 

106 PZ' 19 '4 
177 56 19'1 

( 6 3 )  ~ C J U N D  TOP, C.ALIFORN1.A. 

qJ = 380 39°K ' k = 1 2 0 ~  OO"I West of Greenwich. 

Rcsdfs  for ozinrztth fi iwi.  cj~~scrri~lfio,rs,qf' B .  ,-I. C : q b ~  tit-ai- Il.>sfcsir.r-ii Eloiq-ofion and 
Polui-is z c x r  Eusfcwi Ehpf im. -The  50-centinietre direction theodolite No. I 15 was 
iiioiiiite~ over ' the triangulation statioi!. Observer, 
G .  Daviclsoii: compntcrs. James Mail; aiicl A. Zitvet. A single result .for aziinuth is 
derived,from a set of observations consisting of 5 or 6 pointiiigs on the mark, followed 
by 6 poiiitiiigs'on the star, then reversal of instruiiient and similar pint ings on star and 
mark. Probable error o;f a single result-for B. A. C: 4165 = f o"',is and for Polaris. 
= f o'"5'5. The apparent places of Polaris were taken from the American Ephemeris, 
and ,of B. A. C. 4165 from the Coiinaissance .des Temps. A' redetermination of the 
c1eclination of the latter star froiil all available catalogues gave a value o'"32 smaller 
than the oiie given in the Connaisance des Teinps. The resulting .azimuth has been 
corrected accordingly. 

The iiiark was 5.9 miles distant. 
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Aug. ss 
24 
25 

d 
' 2 s  

50 
31 

Sept. I 

3 
4 
5 

V 
I1 

VI1 
I S  
S I  
S V I  

XVIII 
I 

S S I l  
XIS 
I1 
S 

. +0'05 

+o '09 
. +o '52 

-0.16 
+O .$ 
- I  '26 
-3.25 

+ O ' l l  

+o .so 
-0 '31 
-0.1s 

-0'OX 

-_ __ 
Meam 27 33 23.05 * O ' I O  

/ I  

Corrected for change in 8,  23'36 
' Mean of two stars 
,Diurnal aberi+ion . 

Date, 
1s79. 

Aug. so 
2.. 

25 

25 

2s 

29 
30 
31 

Sept. I 

3 
4 
5 

? 

2 

.Polaris. 

Posit ion. 

IV 
VI 
I11 

VI11 
s 

S I 1  
SIV 
S V  

S V I I  
S S I I I  
S S I  
SX 

. IV 
VI 

Mean 

o /  

27 33 23'90 +O'og 
- 0.32 

A 

+o '59 
-0 '30 
-0 Y q  

- 1  'I1 

+o 

,I 

+ I  .'lS 
-1'57 

-0'69 

+I 'IO 

+o.+s 
70.16 

+o '45 

+OTS 

-0'11 

-0'21 

-- 

Azirnuth of Mark 
Angle between Mount Helena and IVIark 

152 26 37'42 + o * q  
61 27 43 '65 

Azimuth of Moulit Helena go 58 53'77 

.(64) MOUNT LOLA. CALIFORNIA. 

q = 3 g o  2W.o. A = 120' 31'.'g West of Gree;iwich. 

Rcsiilfsfii- m i i i z ~ i f h ~ f i i ~ z  obsrrrmti~ws qf Poltrris IZW. Etisftm Elolzpfion am? B. A. C. 
4165 ) m i -  I r.>.&iz E/o~zglific~ii. -The $centiiurtre direction theodolite No. I I 5 was 
mounted ovrr the triangulation. station. .The azimuth niark was on the 'stmiinit of 
Webber Hill, 5'3 miles distant. Observer, G. Davidsoni coiiiputers, Japies Main' and 
A. Ziwet. ' -4 single result for azimuth.is derived fron1.a set of obs~rvations consisting 
of 4 to 6pointings 011 the mark followed by 6 or 7 pcintings 011 the star. then reversal 
of instrument and similar poiritings on star and, mark. Probable error of a single 
result for B. A. C .  4165 = f o '"~I .  and for Polaris = f o ' " p  The apparent places 
for Polaris were taken from the American Ephemeris. those of B. A. C. 4165 from the 
Connaissance des Temps. A redetermination of the declination of B. A. C. 4165 from 
all available catalogues gave a Vd11e o".j2 smaller than the one given in Conriaissance 
des Temps. The resulting azimuth has been corrected accordingly. 
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B. A: C. 4165. 

a I I ,  

S I S  52 44 59'S3 
X X I  b.9 
SSII 60'17 
SSIII 61 '15 

S I  ' 61'06 
IV 58 36 
sv 62 .os 

S V I I  60 '39 
SI11 -3 '97 

. S  63'10 
VI11 61 '17 
VI 62.26 

0 ,  

Correction for change iii, 6 + o .41 
52 44 61 -42 g O . 2 0  

Mean of two.stars 
Diurnal aberratioii 
Aziniuth of Mark 

Polaris, 

Position. ,;yFN. 
0 I I /  

S V I I I  52 4.i 61 '00 

XY 59 '51 
I 60 '31 
I1 ' 62 '37 
111 61 ..p5 
v ' 62 

S I V  60 's5 
ST'I 62 'y 
SI1 6 3  '77 
I S  ' 61.19 
V I 1  , 62'69 
S I X ,  . 63'14 
SSII 62 '3 
Mean 52 '44 61 '51 
0 , .!I I /  

A 

-0 '52 
1 

-2  '@I 
-1 21 

4-G '$5 
-0 '06 
+d.54 
-0 '67 
+-0 '52 

-0.75 
-0 '3.3 
t.1'17 
t.! '6.. 
+0.52 -- 
&O '19 

Angle between Mount Helena atid Mark 59 5.2 56 '45 
Azimuth of Mount Helena 67 22 02.40 . 

(65) MOCHO. CALIFORNIA. 

q = . j 7 O  28'6 . I = 121'' ;.j/'4 West of Greenwich. 

Rcsiilfs f o r  ngimufh j m z .  obsriarrti~ws Poluris ncm- Etrs1t-i-n Ehiqm'iiwz om1 6 [ r i w  
Mimris IZMJ- T.€/e=Ftcr)z E/mptiou.-Tlie' 50-centiiiietre direction theodolite No. I 15 was 

' momited over the triangulation station. The azimuth iiihrk. was at Liverinore Mouii- 
taiii, about g miles distant. Observer, J. S. Lawson; computer,. D. I,. Hazard. ' A 
single result for azimuth is derived from a set of observations coiisisting o f  5 poiiitiiigs 
on the mark, 6 poiiitings on the star, followed by reversal of instrument and then the 
same nuni1)er of poi.iitings on star aiicl inark iii.'tlie reverse order., ProbaHe.error of a 
single result = f I"*o+ 

. .  

i'osition. 1857. 

Sept. 7 
8 
9 

10 

I1 
I2 

13 
14 
15 
16 
IS 
19 

VI 
VI1 
VI11 
S 
S I  
SI1 
I S  

S I V  
SI11 
S V I  
S I S  
xx 

0 I I ,  

Polaris 20 '40 47 IS 

4 i  '63 
40.26 
50.25 
44 '95 
50 '% 
4s '54 
47 ' S i  
4s '% 
49 '6 
46 :M 
49 '65 

Mean 
Diurnal aberration 
Azimuth of Mark 

+o '50 
- 0 . 3  

+ I  '59 
+2'59 ' 

-2'72 

+3  '22 

+o 'S7 
-0.50 

'+1'41 

-0 '73 
+I'gs 

+Q'42 

S S I  Polaris 
SSII 
SSIII 

I 
I1 

I V  ' 

V I Urs. Min. 

I11 ; 

SVII Polaris 
S V I I I .  

S V  
V I  ' 

0 I .  / I  / I '  

20 40 67-67 CO'PI 

159 19' 12 6 5 . .  C o '21 
- 0 '3.2 

Angle'between Mount'Diablo and Mark 
Azimuth of Mount Diahln 

14 21 36 '89 
144 57 35 76 
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(66j SOtITHEAST S O W  RASE. CALIFOKN1.i .  

p = .;so 3 I'%. $1 = J Z I ~  4.5'~ West o f  Greenwich. . 
. .  

RcsiiZfsJv- ci  ziiniifh j w i <  obsc.i ~wiioii. .~ ot. H. .-I. C. 4 / 6 5  ?zt-izi- 11.7stci-ii E(oizgaii&  lid 
;Polaris 11c~a1-.&7slt.~~ii E/l,ii.~'j..of~oii.-The go-crntinietre clirection theocloli te No. I I 5 [vas 
mountecl over the triaiigulatio!i station at the southeast elid cri the ,J7010 I%-& Tl1e 
illark was at the other end of the base, nearly I I miles distant. Observer, G. Davids(-~sun; 
computers, A. S. Christie aiic1.A. Zi,&. A single result for azimuth is derived froni a 
set of observations consisting of 5 paintings 01.1 the inark followed by 6 paintings on the 
star. theii reversal of instruiiient and siniilar poiiitinys on star and .mark. Probable 
eri-or of a siiigle result for B. A, C. 4r65 = =t o"'79 a i d  fur Polaris = f o'"75. The 
apparent places of Polaris were taka< froin the American Ephemeris and of B. A. C. 
4165 from the Cbnnaissance des Temps. A ~-edeteriili~iation of the dec~ination of the 
latter star from all available catalogues gave a value o"*3; siqaller than the one give11 
i l l  the Coi~naissance des Temps. The resulting azimuth has ljeeii corrected accorclingly. 

. 

' Meall I@ 52 47.52 -Cc,._.g 

rb'  jz' 47" '9; Corrected for .change in d 

I\leaii of two stars . 
Diiirrial aberration 

* 0'2.2 

Aziniuth of  N. W. Solo Base 163 0 7  13 '25 Co.16 

( 6 7 )  NORTHWEST YOLO BkE,. CALIFORNIA! 

q=.;Yo 4d.6. . 81  ='IZIO 51"j West o f  Greenwich. 

Rcszdfsfir- t7ziiifiith. f r v i l i  obscirnfimI,r;s qf 8. -4. c. p 6 5  J ~ R I I '  I I . h f f r i z  E/o?ignfio?z nnn 
p&ii-is J Z t V 7 r  Emkc'l-ii. E/o1tp7tio)t. The go-centimetre direction theodolite NO. I I 5 was 
lllouiitecl cwer the triangulation station a t  the northwest end of the Yo10 Base. '.. The 
axiniuth. mark was a t  the other eiicl of the base. nearly 'I I miles distant. . Observer, 
G. Davidsoii: con!puters, 'A..S. Christie aucl A; Ziwrt. 4 single result for azimuth is 
derived from a .set of obserkations consisting of 5 paintings on tile liiark followed, by 6 
l&iitiiigs on the star,"theii .reversal of instrument and similar. paintings on star' and 

. 
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mark. Piobable-error .of n siiigle result from B. A. C. i 1 6 5  = =i= ~ ' " 6 6  aiid from 
Polaris = f o"'6;. The apparent places of Polaris are taken froin the Anierican 
Ephemeris; those of B. A. C. 4165 frytii the Coiinaissalice cles Temps. A recl&ermina- 
tion of the cleclinatibn of the latter star from all available catalopirs gave a'valiit!. of 
d"33 smaller thaii the one given in tlie Connaissance des Temps. The r&ulting 
azimuth has been correctecl accordingly. 

1lositinii. Mark E. of N. 

Corrected for change in 13. 16j0 05/ 

Mean of two stars 

Date, 
ISW.. 

Aug.19 
20 

21 

> 7 .  _- 
a?. . 
24 

26 

li 
.2s 

-9 
,30 

1- -3 

..Polaris. 

I1 ' 

v 
VI1 
IS 
S I  
XI11 ' 

S 1: 
S V I  

SVIII: 
S S I  

S S I I I  
VI1 

Meail 

O I " ' 2 j  

Diurnal aberration ' + 0 '32 
Aziniuth of S. E. Yo10 Rase ' j q j  05 oz '16 c o '15 

. .  
11. WESTERN OK CQAST RANGE SERIES. 

(6s) MOUNT DIABLO, CALIF&KNI.i. 

w = 370 52°K A = 1213 'y West of Greenwich. 

Rcsztlts:fbi- aziiitlifll f r m z  obsciy!titiorss of Pdciris nctir Etisfini. Elonpfiik mid B.'j4 .. C. 
+;65 n.ct7.i. I 4 ~ ~ k s f w ~  E/migtific)ii .-The 50-ceiitimetre direction thebclolite No; 5 'was 
niounted over the triangdgtion . .  ,station. The azimuth 11iarli u7as 63; . miles distant: 
Observer, G. Davidson; computers, James Main and A. Ziwet. A shgle  result for 
aziniutli is derived from a set of olxervitions consisting of. 1 pointiiigs on the niarfi, 
4 pointings 011 the star, then. reversal of instrument and 4 nlore pointings on tlie star. 
concl~iding with 4 pointings 011 the mark. Probable error of a single result for B. A.,C. 
4165 = f o'"5g aiicl for' Polaris = =k 0" '35. ' The apparent places €or 'Polaris inrere taken 
from the American Eplieiiieris as usual. 'For B. A. C. 4165 recourse was had to the 
Connaissance cles Temps. Subsequently the' mean cleclinatioii of the latter star WIS 

deterniinecl from all aoailahle catalogiies and a result obtained which, was 0" -29  smaller 
than that given in the Connaissance cles Temps. A correction correspdnding to this 
difference was applied to the azimuth clecliicecl froin the observations on B. A. C. 4165. 

. .  
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July 2s 

.j 

4 
5 
j 

. s  
9 

.4Ug. I 

10 

I 1  

12 

' 5  
15 

B. A. C.41hj war Western Elongation. 

SI 
I 
IV 

SSI  
V 

SI11 
S I X  

:I 
S I V  
s 

SSIII 
SVII 
S V I  

?vfeaii 

Corr+on for change i l l  8 4- o '43 
9 42 26'75 

Mean of two stars 
Diurnal aberration 
.4zirnuth o f  Mark 

Polaris near Eastern ~longatiion. 

J ~ l g  27 IS ' 

' 2s S I  
hog. I I 

\.' 

+ S S I I  
. 5  v I 

j. .\'I1 
S SS 

a 111 

10 , SI1 

. . .  . .> 

I 1  VI11 
. I 3  S V I I I  

15 sv 
Meall 

O I  

g 42 26 '4 & a 'IO 

- 0 '52 
170 17 33 S S  

* O ' l O  

Angle between Mo~unt Helena and Mark 
Azimuth of Mount Helena 

.q 4Q IS '02 

144 2 s  15.S6 

I,bg) BACA. CALIFORNLA. 

@T,=>5" 2Y.4. 1 = 122: a f : ~  West of Greenwich. , 

Rmiltsjiv- tr . .~ri l lzz i t / l  jioiii. obsciriatitizs i?/- 6 ULT ~ i ; i o i - i s  m a r  FI.,'t.stci-it ~loiigatioii mid 
51 Ccjhci m 7 l '  Emttwz E/twgufioiz.. --The 50-centimetre direction theodolite No. 15 was 
niounted over the triangulation station. ' The azimuth iiiark was at Southeast.Yolo Base, 
about I S %  miles distant. .Observer, G. Davidsoti; computers, A. S .  Christie and A.  
Ziwet. A single result' for azimuth is derived from a 'set of observations consisting of 5 
poititings on. the mark, G'pointings ,011 the star, reversal of .instrument, G paintings on 
the star, j paintings 011 the mark. Probable error. of a .  single result = f: ['"37 for 6 
.Ursz Minoris and f 1"*35 for 5 1  Cephei. 
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~ f 1 1 1 J ~ ~ ~ 1 7 1 ~ 1 i  cf I-EsrtftsJv- 17zi~nt~th 171 1 h - 1 7 .  hfQiiritiir.. . 

S Ursa. Minons. 51 Cephei. 

A 

+2 

+0'32 

-0 'Q 
-1 '41 

- 0 %  

+o '42 
. -0'30 

3 0.; 

+r.r6 
-0 '42 
+o 'ij 

+4 '61 
-1" 

-c0 :3s 

_.. , 

- 

'( 70) .  YONT1CEJ.L~. CALIFORNIA. ' . 

,rl..=~m~ I I'-J West of  Greenwich. 
-,7., . -. . 

. . E $ ,  
. .  'p= 3so 39''s. 

. Rcstrlts $0)- nainzvth .-from .obsovafiorzs' qf 6 I/i-scr ~l l imw's  m a r  11 ;=Ftcrii El~~l ighf ion 
nri.d.gr Cc-hei .?ietw- Ensfel I; Eloitgntim.-The 'g?-ccntimetre direction theodolite No. 1 15 
was iiiounted over. tlie triangulation station. The iiiark was at ~ ' I C I L I I I ~  Helena, about 
24 miles clistant. A 
siiigle resiilt for azimuth is dqi&d from a set of .observations Coiisisting of 5 pointiiigs 
011 tlie mark, 6-pointiiigs oii the star. reversal of .instrLiment; 6 paintings on tlie star, 5 
pointiiigs oii the mark. Probable error of R single result = f I".-? I for 4 UrsE Miiloris 
and =t o'"77 for 51 Cephei. 

Observer. G. Davidson : computers, A. S. Christie and A. Ziwet. 

Datc, 
ISSO. 

Sept.. 27 
?S 
29 

30 
oct. I 

3 
S 
6 
S 
5, 
IO 

12 

.A 
,I 

+Q'I5 
-0 -2s 
-0 '47 
+o .€s 
+G '9.5 
-0 '37 
+a .rh 

+o '55 
-0.q2 

-2 '31 
+Q'P 
-0 's6 

- +0'?2 

- 
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(71) MOUNT TAMALPAIS, ~.+.IFOKNIA. 

' q> = 370 5f.3. A = x?z0 35"s West ?f Greenwich. 

R E S i ' d t S  J b l -  t 7 Z i l l t l i f h ~  flVll2 0bSl.l V17fi(?l lS B. -4. c-. 4165 ?tt'cll* \.l.'kf&J% E/tTJlgflfiO?Z nl2.d 
~t>/trJ.is 7t201- 'Eciste'ru ~ / ~ ~ ) l ~ ~ f i ~ > J l . - T l i e .  50-ceitiinetre direction theodolite NO. I 15 was 
iiiounted over the triangulation station. The inark was at Mount. DiabIo, 37.3 miles 
distant. Observer, G. Daviclsori : computers, A. S. Christie and' A: Ziwet. A single 
result for azimuth is derived fron! a set of observations consisting of 5 pointings on tlie 
mark, 6 pointings on the star, reversal of instrument. 6 pointiiigs on the. star, 5 poiiitings 
on the mark. Probable errqr of a single result = fo"'61 for B. A. C. 4165 and ~ t o ' ' ' 5 6  
for Polaris. The apparelit places of Polaris were taken from tlic American Ephenieris 
,and of B. A. C. ,4165 from the Connaissaiice cles Temps. ,A redeterii1ination of the 
. decliiiation of the latter star from all available catalogues gave a Val& ol'.- j j  smaller 
than the one given iri the Coiinaisance des .Temps.' The resulting azimuth has been 
corrected accordingly. 

Date. 
ISS2. 

Sept. j 

6 
I ?  

13 
I p 
3) 

21 

71 _- , *  
oct. .I 

7 
s 

' Polaris. ' 

n IJatP. ' I,ositioll. Mart 
1 s z .  E. of N. 

-0 '51. 7 
-0'05 S 

SI1 , 

SVIII 
SIV 
SS 
S S I  
s v 

SXIII 

1.v 
s 

-VI1 
111 
IV 

Mean 

N 

Corrected for change in 6 14 '25 
Mean of two'stars 94 15 i 4 . Q  "0.15 
Diurnal aberration ' + o '32 
dziniuth of Mount Dial310 274 15 15 .14 

!72) 3IOUNT HELENA, CALIFORNIA. 

9 = 3so Lp"0. ,I = I Z ~ "  ~ S ' . O  West of Greenwich. 

. Rcsztlts for t r s ~ i m i f ~ f ~ a i ~ z  ohscsL'rotaficiis qf 6 UIW? J1i)awis I Z C C ~ J -  I.F>stfr~t Elmzpfic>n m n  
,5r CL$/I~-~ 12cflr Emfcrit El'c?irgwfiO~:.-The 50-centiiiietre direction theodolite' No. j was 
!iioiinted ov5r the triangulation station. .  lie aziiiiutli niark was a1iou.t 7>.3 i d e s  distant 
in tlie direction of Midclleton. The Hassler telescope was also nioniitecl as a collimator 

. for, esperinieiital pLkposrs, but it did not give-results as satisfactory as the ordinaty 
mark. A single result 

.for azimuth is derived from a set of observations consisting of 4 to 6 poiiitings on the 
mark, 4 poiiitiiigs 011 the star, then reversal of instrument fallowed by siniilar pointings 

dbserver, G. Davidion; computers, James Main and A. Ziwet. 
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on star aiid mark. Probable error of a sirigle result from 6 Ursz Minoris = f ot1'5 I 

and from 51 Cepliei = f o"'6S. The apparent places of the stars were taken froni the 
American Ephemeris, with corrections to the right ascetisions and with a correction to 
the declinatioti of 5 I Cephei clerivecl from a redeterniiiiatioii from the best available 
catalogues. . 

.5itiiiiiiai~s 01- r m i l f s ~  for  ~iziiiiiifh 'it IlZoiiir f HckIl~7, GiZitbi-itiii. 

6 Urszc EiIiiioris near Western Elongatioii. 

Date, 
1576. 

OCt. I 2  

'3 
. 14 

18 

22 

23 
29 

3'. 
NOV. I 

a 

5 
6 

Position. Mark E. of N. 

Mean of two .stars 
Diuriinl ahm-atiori -: 
Azin:i:th'of Mark 

51 Cephei iiear Eostrrii Eloiigatioii. 

bate. 
1876. 

OCt. I.% 

14 
18 
22 

'3 
'9 
3' 

No\-. 1 

5 
6 

Angle between Mark and MbaIit Diahlo 
. Aziiii&h uf Nuuiit Dialdo 

Posit io11 . 
, .  

S I V  
SI 

SVII  
SSII  

I .  
IS 

VI1 . , 
v 
1x1 
ss 
SIS 

Memi 

Q ' I 

Mark 
E. of N. * 

[ 73) PASTON. CALIFORNI.4. 

cp = 390 OY '0. A = 1 2 3 ~  1S.S \Vest of Greenwich. 

&xzdfs fbi -  nzz'iifztth $vin obsciruif~o~zs .f Pohii-zk nf xirz'orts h i t i .  niig?es:-The 50- 
centinietre cliiectibn tlieoclolite 'NO. I 15 was niountecl over the triangulation station. 
?'he iiiark, was"k l~out  12.;: miles distant. ' Observer, C. H. Siiiclair: computer, D. I,. 
Hazard; A single result for azimuth is derived from a set of observations consisting of 
2 poiiitings 011 tlir mark. j poiiitings on the star:reversal of instrunletit, j poiiitings on 
the star; 2 pointiiigs on 'the mark. Probable error of 'a single result = f o"'79. ' . 
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I 

2 

. -  ., 
4. 

5 
6 

7 
8 '  

:, 
io 
T I  

~2 

13 

Date, ' Mark 
I s q .  \v. of .N. 

Cai>e'Heriloperi L. H. . 
Priiicipio 

Marriott . 
Wehh 
Hill 
Soper ' 

Seatoil . 
Causteu 
Sugar Loaf 
Marylarid Heights , 

Ru!l Run . 
Clark Mount 

Calvert 

NO\.. 3 
s 

OCt. 2s 

2s 

Nov. 3 
5 

Gct. 2s ' 

'S ' 

Nov. 5 
5 

oct. 3 
29 ,* 
'9 
29 

-3 
30 
30 
30 
30 

16 

17 
iS  

15 
m 
21 

0 I ,I 

I ' 37 47 09's 
I 10.5 

I1 ' lo '3 
11 I 0  '5 
I1 14 .b 

111 , 10'7 

I1 I 1  ' 2  

111 12'2 

I11 io .6 
111 . 12% 

IV 10'2 

I v 10 '4 
V ' 11.3 

v I1 .6 
VI og '4 
1 7  I 10'9 

VI1 08 '5 
VI1 os .f3 
VI11 og '3 
VI11 w '3 

Mean 
Diurnal aberration 
Azimuth of Mark 

Iieeney 
Piney 
Gould ' 

Reiziri . 
Weed Patch 

'Minerva 

I ,  ' 

oct. 3" 
0 '0  ,30 

.I1 

3' 
31 

+I ' 5  3: 
3' 
31 

N9v. I 
+I '3 I 

. I  

+ O . I  , I 

+1'8 I 

Nov. 3 
0 '0 3 

3 
.. I .6 . 3 

I 

- 0.9 

0 I I ,  

I S  57 47 10'1 

I S  
S 
S 
S I  
S I  
SI1 
S I 1  
SI11 
SI11 
S I V  
S I V  
s v  
sv 
S V I  
S V I  
S V I I  
S B I I  

10.2 

IO '7 
cs '5 
10 'S 
10 '4 
os ' S  

oy '7 
'7 

09'' 
11 '5 
12.6 
11 '0  

og '9 
og '3 
cn, '2 

0s '5 
op '3 

0 I I1 

I 

10 '2 

og '6 

io '6 

09 ' 2  

os:y 

12'0 

10'4 

og 2 

d '0 

/I 

37 47 IO '17 -c o .IS 

142 IZ 50'15'&0*1S 
- 0'32 

A. 
1 

0 '0 

-0 '0 

+o '4 

- 1  '0 

- 1 '3 

+ I  '8 

+ 0 ' 2  

- I '0 

-1'3 

Angle between Mark and hT,ount Sanhedrin 
Azimuth of Mowit Sanhedrin 

61 34 15 '65 ' 

203 47 05 So 

(C') SYNOPSIS OF . RESULTS O F  ASTRONOMIC DETERMINATIONS OF 

No. Station occupied. State. 

Del. 
Mil. 
Md. 
Md. 
Md. 
Md. 
Md. 
D. C .  
D. C. 
Md 
Md. 
Va . 
Va. 
Va. 
Va . 
1%'. Va. 
W. \la. 
Ohio 
Ky. 
Ind. 
1nd. ' 

. AZIMUTH. 

Year. Statio11 rcferretl to. 

18gj Hraiidy\vine Shoal'L. H. 
1266 Turkey Point 
1371 Meekin Neck 
1549 Hill 
155o Soper 
 IS^ Webb ' 

ISSO Webb 

iSjr  Soper 
1 A p  Bull Ruo 
18jn  nil11 Run 
is71 Peach Grove 
1871 BU~I .RI I~ I ,  
1875 Spear 
187s Hiimphack 
18% Bald Knob ' 

1S3 Gehhardt 
i s 5  Howland ' 

AsCRidge 
I S S ~  Tariner 
IS% Fouiitaiii 

iSk5-W Hill 

~ - 
*This does not incluile the prolxihle error of t he  angle connecting the ailitnnth mark with'the triangulatiorl station. 



No. 

22 

23 
'4 

25 
26 
27 

2s 

20 
30 
3' 
32 
33 

'3 .1  
5.5 

. 36 
37 

. 38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4s 
49 
.w 
51 
52 

54 
SS 
s6 
57 
58 
.w 
G@ 
61 
62 

. 63 
ry 
65 
66 
61 
68 
69 

53 

. i c  

71 
7: 
72 

TKANSCONTINEN~I'AL TRIANGULATION-PART V-.$ZIMUTHS. SOI 
(C j SYNOPSIS OF RESULTS. ETC.-Continued. 

Station occupied. 

Isborn 
Parkersbiirg 
Veewton 
3ording 
Eleiiischitiidt 
Berger 
refferson City 
Hunter , 

Idanis 
3aliiia West Base 
Russell Southeast 
3verlaiid 
E1 Paso East Base 
Pikes Peak . 
Moiiii t  Oumy 
SunnisoIi 
I'reasiiry Mountain 
Uiicoiiipahgre. 
Grand J 1ii:ctioii 
ravapiits 
Mount Waas . . 
Pa tn i s  Head 
Mount i3Ilei1 . 
Wasatch 
Moi!iit Nelm 
Salt Lake City , 

Waddoiip 
Ogden Observatory 
Ogdeii Peak 
Antelope, 
Promontory 
Dcscrut. , 

Ibepnh 
Pioclie . 
Pilot Peak 
Diaiiioiid Peak ' ' 

Moiiiit Callahan 
'l%iyahe Dome 
Carson Siiik 
Mount Coiiness 
Lake +ahor Southeast. 
Roiiiid Top 
Moiiiit Lola 
Mocho ,. 

Soiitheast.Tolo Base 
Northwest Tolo Base 
Mount Dinblo 
Vaca 
Moilticello ' . 
Mount Tnmnlpais 
Mount Helena 
Paxtoii 

state. 

Ind. 
Ill. 
Ill. 
Ill. 
MO. 
Mo: 
Mo. 
Mo. 
Kans. 
Kaiis. 
Iiaiis. 
Colo. 
Colo. 
COlO. 
Colo. 
Colo. 
COlO. 
COlO. 
Colo. 
COlO. 

Utah 
;Otali:' 
Utah 
Utah 
IXah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utnli 
Utah 
Ne\.. 
Nev., 
Nev. 
Nev. 
Nev. 
Ner. 
Cal. 
Cal. 
Cal. 
Cal. 
Gal. 
Cal: . 
Cal. 
Cal. 
Cal. 
Cal. 
Ca! . 
Cal.. 
Cal. 

18732-No. 4-51 

Year. Station referred to. 

iS.7 Calvary 
1879 Denver 
1F3 Claremoiit 
rS8z Geoffrey 

Insane Asylunr 
Winter 
Cedar 
Christiaii 
Clark 
Salina East Base 
Kiksell Northwest 
Eureka 
EI Paso \!:est nsse' 
Mount Oiiray 
Uiicompahgrc 
Uiicoiiipahgre ' 

Mount Waas 
Treasury Mountain 
Chiqiiita 
Patinos Head 
Mouiit Elleii 
Wasatch - '  

Patinos Head 
Mount Nelw, 
Tushar 
City Creek 
Ogdeii Peak 
Ogdeii Peak 
Moiiiit Nebo 
Deserqt 
Ogdeii Peak , 

3Ioiiiit Ncho 
Diaiiioiid Peak 
' l h h a r  
Moiiiit N e b  
Mount Callaliaii 
Carmi Sink 
Mount Grant 
Mount Callahan 

Folsom Peak 
Mount Helena 
Moiiiit Helena 
nm.lliit Diahlo 

-No-fihwest.Yolo Base 
Southeast Yolo Base 
Moiiiit Helena 
Soiitheast Yolo Base 
Mount Helena . 
Mount Diablo 
Mount Diahlo 
Mount Saiihedriii 

X O W I  'rop ' 

,I 

-0'12 

+ O ' I l  

+O'I?  

-0.07 

f0.19 

f a y  
+o .25 

-0'13 
+o '01 

+ 0 ' 4 l  

+0.10 

+o.zr 
-0 '05 
LO'& 

-1-0 '07 

+o '07 

-0 '05 
+o .27 

+o '02 

+o '2s 

+0'25 

-0'15 

-0:1g 

-0'13 
+a '07 

+O .26 

+O'IO 

-0'11 

0 '00 

-Q '05 

- 0 ' 1 2  

+O '27 
+O '03 
C0'14 
+0'14 
-0'14 

-0 '10  

- 0'01 

--0'15 

+O'a6 

+o '@3 
+ O ' l 2  

-0 'q 
-0 '05 
-0 '14 

-@ '09 
fo.1; 

+o I 1  

+o 'oa 
. -o'Ia 
-0.10 

- 0 . g  
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VI. THE RESLJLTS OF THE ASTRONOMIC DETERMI- 
NATIONS OF LONGITUDE. 

. A. INTRODUCTION, 

. The results of the telegraphic loiigitucle determinations at. stations distributed over 
cir near tlie parallel of jgo and geodetically connected with the tratiscontinental triangw 
lation are given ill the following pages. 

Tlie longitudes of the .stations in coiiiiectioii with the nieasurement of the arc of tlie. 
parallel clepeiid wliolly upoil ' the results of. the' adjustment of the 'general longitude 
system of the United States, a full account of which is contained in,Appelidis No. 3, 
Report of the Goa$ a&l Geodetic Suriiey for. tlie fiscal'year eiid.ing June 30. 1Sg7;* 
Sever21 of tlir stations 'are coiiiiiioii to both systems, aiicl the abstracts of individual 
values for difference of longitude for these stations will t e  found in tlie above Appendis. 

A few of the arc stations,are connected with more than one fisecl longituclr station. 
For- these tlie results of the simple adjustnient are given.+ 

.For particulars respecting methods of arrangeinetits in the field.. of instrunietits, 
ol~serving .and cleclucing inclivicl.ua1 a i d  filial. results tlie reader may consult Appendis 
No. 14, Coast and Geocletic Survey Report for ISSO, pages ZSI-L+I ::$ also'( for reduction) 
Appenclik No. S, Coast e!kl Geocletic Siirvey Report for rSS9, pages XJ~-.'IZ, and (for 
latest iiistruinentsj Appendis No. 9, saiiie report, pages 213-216. , 

. 

' 

B. ~BSTRACTS OF RESULTS AT TELEGRA'PHIC LONGITUDE STATIONS. 
['Tlie 1nl;iila;. results are given in chmnologicsl order of the eseciition of the wort.] 

Cbitlen is, d i ~ c i - m . c  hmp? t d c -  [~~-hmi-- 
No. Dale. 

I .  Parkershirg. Illifiois, and Detroit. Michigan (Lake Survey) ., ' IS79 
2. Strasbury. Virginia, and !VaSliingtoii, District of Collunlsia . IS81 
.;. Viiiceiiiies, Indiana. and Nashville, Tennessee 

5. Clinrlottesville, Virginia, and Washington. District of Coluiiibia . . . . . ' . ISS? 
6. Louisville, Geiitucky. and Charleston, West Virginia 1s; 

7. Ellswprth. Kansas. and Kansas City. Missouri . IS85 
S. Wallace. Karisas, and Ellsworth, Kaiisas 18Sg 
9: 'lolorado Springs: Colorado, and Wallace. Kansas ' ISQS 

I S 1  
ISSI 4. St. Lonis. MisPonri, and ViiictmieG, Indialla 

IO. Gunn'isoii, Colorado, and Colc~rado'Spriii& Colorado . . . . . . . . ' 1.S86 
.- ~ - -  - 

' *An abstract of this paper appeared iii No. 41.' (September 14. 1%;) of chi ld's  Astronomical journal. 
t N o  use was made of any longitude work hy the United States Engineers within the region of the arc unless I he 

olx.erverrj exchanged places ior.the purpose of eliiiii!iatiiig persona! eqiiatioii. 
A revision of this appendix w i s  pnhlished as +ppei?dir Xo. 7, C .  C G: S.. Report. 1%37-9% 

' 

.I;oj.. 



808 UNITED STATES c o A s r  AND' GEODETIC SURVHP, 

.Caiikiil.r, di@rciicz of 1ott.yilzide beiyeen- 
No. 
I I .  Grand Junction, Colorado, and Colorado Springs, Coldrado 
I 2. Sail Francisco (Lafayette Park and Washington square), California. 
15. San Francisco (Lafayette Park) arid Mount Hamilton (,Lick Observatory). California 
14. Point Arena, California. and San Francisco (Lafayette Park), .,California 

16. Marysville, California, and Sacramento. California 
17. Sacramento, California. and Verdi. Nevada ._ 
IS. Verdi, Nevada, and Carson City., Nevada 
rg. Carson City, Nevada, and Virginia City;Nevada 
20. Genoa.'Nevada. and Carson City. Nqvada . . . . . . . . . . 
21. Cztrson City. Nevada. arid .&istiti. Nevada 
zz. &ustin, Nevada. and Eureka, Nevada ' 

2.;. Eureka, Nevada. arid Salt Lake City. Utah 
24. Lake Tahoe, California. and Carsoii.City. Nevada 
25. Sail Francisco (Presidio and Lafayrtte Park), California . . . . . . , . . . 
26. Washington. District of Coluxnbia, and Dover. Delaware 
27. bkiah, Ca:lifornia. arid Sk'Francisco (Presidio j, California 
zS. Salt Lake City, Utah, and Green Ri.ver, Utah 
29; ,Oasis, Utah. and Salt Lake City; Utah 

15. Point Arena, California, and Sacramento. California. . . . . .  

, .  

Date. ' 

I SS6 
1SS7 
ISSS 
IS9 
1889 
IS% 
I S 9  

.1SSg 
1859' 
'869 
1589 
1SSg 

IS93 

JS97 
rs97 
IS98 
IW 

.rSSg 

rSg6 

( I  ) DIHFERENCF, O F  LONGITUDE BETWEEN PARKERSBIJKG. ILI,INOIS, 'AND DETROIT. 3IICHIGAN. . 

For particulars see Professioupl Papers Xo. 24 o i  the Corps of 

. .  
[Determined by the iriiited States Lake Survey. 

Engiiieeis of ths United States A r i y .  Washington. ISSZ': ppr725-7~7.] 

From From , Meanof 
Observer at- Western or Eass;rnpr, W.-E. 

Oliiey 
West and Personal eqliatioll, of longitude 7,. 

Date, 
1s79. Olney. Detroit. sigiials. signnls. sigiinls. . Ah. . 

Jaly d 1 

Transmission time = &.roo c a"q .  
Personal equation tockwootl-Price, = + b'x~o3 C 01.036 fronidirect olxervations on z days before 

Buff and Berger transit, No. z of the Lake Survey, was mounted on the East pier in the Lake 
By direct measurement in 1Sgi this pier was'found to hq d.366 west 

Wurdeniann transit, No. I of the Lake Snrvey. was inounted at '  Olney, about IO miles north of 
By a local triairgulation the transit post was found to be 

' 

and z days after the longitude work. ' 

Survey Observatory at Detroit. 
of the Coast and Geodetic Survey station. 

the trigonotqetrical station Parkersburg. 
13'0461 west,.of Parkersburg. 

. 

, AA Parkersburg A - Detroit .( TI,,,) = d 19" 55.390 f cf'oqa 



TRANSCONTINENTAL TRIANGULATION-PART VI-LONGITUDES. ,809 
( 2 )  DIFFERENCE OF 'LONGITUDE BETWEEN STRASBURG. VIRGINIA. AND WASHING.TON, DISTRICT 

OF COLUMBIA. 

Observer at- ~~~ F?mi 'Fldm' ' 

Date,. 
. ISSl. 

Juoe 14 

' IS 
16 

Westerri'or . Eastern or 
Stras- Wash- Stmsburg Washiu ton w.-E. 
p r g .  . .ington. . signals. signafs. 

nt. s. 
5 14'252 

EL Smith G. W. Dean "74 - 

14 '014 

. .  Transmission time = d'oo6 f a"oor.  . . . 

Ill.  s. ' . S. 
.5 14'1kq 2 + '005, 

,126 2 f '023 . .  
' . '033 , 5 -- " 0  

. . .  
'Personal equation D.-Sni. = - d'rqg _ C ~ ' O I O ;  same from weighted nlearis = - d . 1 4 2 .  
A t  Strasburg, transit No. 4 was niounted on ,a brick pier within the old earthworks to the north 

. .  . .  
of tlie town. 

United States Naval C)bservatory. old site, now the Museum of Hygiene. 
or b;rq m > s l  of the cei?ter,of the s,mall central clonie of the building. 

Zk d ' d .  

(3) I ~IFFERBNCE .OF LONGITUDE BETWEEN ' VINCENNES, INDIANA, AND NASHVILLE, TENNESSEE. 

' 

At Washington, transit NO. S.was mounted over the old station of ,rS7S iii the grouii.ds of the 
The station is 34.714 metres 

AA Strasburg ( T,,,,)-Washington, United States Naval Observatory, old site ( D )  ='5w 14~.'227 
' , . 

. .  

Date, 
@ I .  

Nov. 12 

'3 
14 

16 

'9 
24 

From From . 
Ohserver al- Western or Eastern or' ' 

~rillcelllles. Nashville. Viiwennes Nashville ,''.-E. 
signals. signals. 

)If. s. 
2 gS'119 

E. Smith G. W. Dean '123 

' 1 '073 

in. s. 
2 5 S m r  

'OjS 

Mean 
2 57'762 

345 
'cis5 

Mean 

' I l l  

, .  

. .  Mean of 
West East and. . ' eqiiation. Person& o ~ f ~ ! $ ~ ~ e  B. . 1'. 
sigiials. . . A h  

111. s. S. 
z 5S.115 -a'= 

. ' 7 1 ;  

'060 

'031 

.y% . ' 

_- 
2 57'772 +O'? 

. .  '6% 

.6.. . 
Weighted niea 

_- 
. /J , 

I n .  J. .s. 
,2 57'915 6 + w 4 '  

'917 4 + ' O Z h  

'860 S --'a31 ' 

Transmission time = OdmoS c d:oor. 
Personal equation D.--Sm.= - 01'212 i k d . o ~ n ;  same from weighted means = -.d*zop.'. 
At Vincennes, transit No. 4 was mounted in the Court-House yard,'northeast of the.Court-House. 
At Nashville, transit No. S was mounted over,the station ,of 1577, east of the Capitol ok State House. 
&t Vincennes ( zaI) -Nashville ( K&,) = z'* 57".b91 f @'or& 



SI0  UNITED STATES COAST .AND "GEODETIC. SbRVEY.'. .  . 

. (4  ). DI.FFERF.&B OF I.ONGITLIDE RETIVEEN ST. LOUIS, MISSOURI, AND VINCENNES, INDIAN.4. 

, / \A. signals. . . 

. Personal equation Sni.-Sin. = + ~ b ' o ~ g  f O W O ~ ;  saine from weighted riteaiis'y +.cfbS7. 
At St: Louis, transit No. 6 was niourited o w r  the 'station 'of I W I ,  in tht; east end of the small l i c k  

At Vincennes, transit' No. 4 was niounted iu the Court-House yard. northeast of the Cotirt-House. 
A,\. St. Louis ('i: ,=,-a2) -\~incennes ( 

observatory attached to'Wasliington University. 

' 

, .  . .  
',%,)= IO"' 1.;"'"~ :C cp'cx6. 

I .  

'( 5 ) KlIFFERENCR OF LOXGITLIUH IUiT\\iEF:N CH.AKLOTTESVILLE, VIRkIN1.4, AND \\',4SHINGTON, 
DISTRICT OF CULUI\IBIA. 

Meal1 

Transniission time = cP~oog -C @:boj. . .  



TRANSCONTINENTAL TRIANGULATION-PART VI-LONGITUDES: 81 I 
( 6.) .l-lIFFEKENCE.OF LONGITUDE BETWEEN LOUISVILLE, I<r;NTLICKY;, .-\N.D CHAKLESTON, \VEST. 

VIRGINIA. 

.16 31 %36 

. .  . .  
F.H.Parsons C: Terry 'S3 

,620 

,111. s. 
16 31 '41.5 

'495 
. '450. 

,346 
'375 

Mean 
16 31 'yp 

'411 

.y I 

'35 
$5 

Mean 

. .  ,. 1 ransmission time = r p . 0 ~ 1  
Personal equation T. - P. = - c+'os2 c o*&s; sanie from weig1ited.iucaus = -&'049. 
At Louisville. transit Nq. S was mnuirted over the +tion established in IS79 in'the grounds of the 

A t  Charleston, transit No..6 was mounted 011. a sandsto& pi& 'in the northwestern pakt of the 

c ~ c d r .  '. 

. 

. .  . Boys' High School. . . I .  

State House grounds. ' . 
Louisville ( Tlne.K3) - Cliarleston ( .Tlssa) = 16"~ 31"5o6 f d.015.  

. ( 7 )  DIFFEKliNCE OF 1.ONGITLlDE illPT\VEEN KSLSWORTH, KAIVSAS. AXD KANSAS CITY, hHSSOUR1. 

L\ n. . IS Ellsworth Kansas City ".-- . City. . sigilals.. .signals. 

. Mean 

Mean 

. , . Persoiial equation Sm. - P. = +O.*IOJ c o*'o12; .sanir froin weighted means = + 04: 10s. . , . 

A t  Gansas City. transit No. S was tnounted over the old station established in .xSSz in the grounds 

At Ellsworth, transit No: .I was l?iounted.~n z. liliiestone piers in 'the', grounds of .the Graded 

A A Ellsworth ( TI%) :- Kansas City ( TI,,.,,) -'qn' 328-9So C b'oir. 

of.tlie Fraliklin School:. 

School, liear Douglas avenue and Second street. . . . . . . .  



s 1.2 UNITED S T A T E S  COAST AND GEODETIC .:SURVEY. 

: (8) DIFFERENCE OF LO.NGITUDE BETWEEN WAUiACE. KANSAS; AND EIJSWORTH, KANS.4S.' .. . .  
Fnml From Mealpof 

. equatiull,, of longitude p. 13. 

signals. 

Western or Eastern or w.-s. West and Personal Differerlce Obxrverat- . 'Date. 
iS5. . Wallace. . Ellsworth. ' Wallace El!sworth . A. 

. .  . .  signals. .' 'signals. 

111. s. 

0.3. I 

3 
4 
5 
6 

park 

..I 13 27'345 

Transmission time = d ' q  c @mor.  

VI. s. 5. 
13 27.~03 0'032 

' 1 5  ;021 

:IS .or6 

, Mean '023 
13 27.325 . '0-x 

'328 'W 
'432 '007 

. .374 'ora 
'. '341 '018 

'2p' '023 

L 

- 
Meat!. .or5 

NI. s. s. 
15 27.219 +O'Ogo 

' ,146 . 
'242 

' ~ 6 1  

'I92 

' '332 
'436 
'3sb 

I j  27'335 -0.w 

'355 

'368 
-- 

Weighted mean 

Personal eqtiation Sm. - 1'. = + d'oSS C d m g :  san!e from weighted nieans= + @OI@. 

A t  Wallace, transit No. 6 was mounted 011 2 limestone piers in the northeast corner of the small 
of the Uiiion Pacific Railroad Company. . 

At Ellsworth; transit No. 4 was nlounted on 2 limestone piers in the grounds of the Graded 

A L Wallace ( TI=) - Ellsworth ( TI=) = 13,'''' 27'.16Q &@'cog. 
Sc:iir~l.n near Douglas avenue'and Second street. 
. . 

( 9 )  DIFFERENCE OF LONGITUDE BETWEEN COLORADO SPRINGS, COLORADO, AND WALLACE, KANSAS. 

' " 

Date, 
1855.. 

OCt. g 

. 13 
14 

. 15 

12 

or C o b  

' signals. 
Colorado Wallace. rado Springs 

Difference Observer at- . From Western From East- Wean of 
W.-E. West and 'of longitude 

East eaoation. AA. A v. 

. I l l .  s. ' 

743 , 

F. H. Parsons E. Smith 
'655 

' '785 
. .  

Transmission time =.@'or4 +"d-oor. 

signals. 

UI. . s. 
12 54'675 o L 6  

'716 '027 

'705 . '014 
633 'O!j 

'768 '017 

Mean '0% 

- 
I.? W ' W  . '040 

si133 '032 

.54%g ' .034 
54'779 '037 

Mean . .o.u 
- 

signals. . 
111. s. s. 
12 $4'695 , + O ' I 0 2  

'730 
. :71a 

'676 . 
'776 ' 

'718- 
I2 54'910 -0'102 

. 55'149 

54 '792 
54.876 

.54 '932 
- 

l l .  s. ' I. 
ra 54'soo 3 - -022 

' '832, 4 +.or0 

, '775 3 - - ' O M  

'878 J 'f 'oSS 

'814 3 -'008 

'808 3 --or4 
55'047 2 f.225 - 54'774 3 --'%a 

,693 2 -'I32 - 

Personal equation Sm.- P.= +d.Ioi c d .021;  same from y e i g h t d  means = + &.Io*. 
. At Colorado Springs, transit No; 6 was mounted over the new or 1685 statioii-in the grounds of 

the Colorado Springs: Land. Company. 
At. Wallace, transit No. 4 was mounted ,on 2.  limestone piers in the northeast corner of the 

snrall park.'of the Union Pacific Railroad Company. ' 

A1 Colgrado Springs ( ?%&s~) - Wallace ( 

. .  

= IP 54'*822 &@:om. 



. TRANSCONTINENTAL TRIANGULATION-PART VI-LONGITUDES. s13 
(IO) IlIFFERENCE OF 1,nNGITUDE BETWEEN GDNNISON, COWRADO, AND COLORADO SPRINGS. 

COLORADO. . 

Ohserver at- From Froin Eastern Mean of 
Date. . Colorado \vestern or or c o l e  W,-E, West and personal Difierellce 
IS%. (hiinison. Springs. Gunnisoi! rado Springs East equations;. I o , y p d e  p .  ''. 

signals. signals .  s ignals .  

in. s. 
g 25'310 

'355 
'394 
'317 

S J  I '356 

l'ersoiial equation Sin. - Sin. = - o".oro c o^mofi; same frotii weighted rneaus = -. @mor.  
At Gunniwn. transit was inounterl on a sandstone pier iii the northeast corner of the Court-House . 

At Coloraclo Springs, transit No. 6 was ~nounted over the  new or ISSS station in the grounds of 

&I Gunnisun ( y;8sb) - Colorado Springs ( T,ss5.,) = S''' 25"335 Co"'n0y. 

gr(.~nnds. 

the Colorado Spriugs Land Company. 

I I ) IIII:I:ERI~KCE: OF ~ . o N G r r u n x  IETWEEN GRAND JUNCTION. COLORADO, AND COLORADO SPRINGS. 
COLORADO. 

S J  I '957 

1.'ersoiiaI equation SIII. - Sin.= + ip'oq ~ o * m r ? :  same f r c m  weighted means = 4- o-x~j?. 
At Gmiiil Juuction, transit No. 4 was mounted on z stoiie piers Iiear the northwest corner of 

At Colorado Springs, transit So. 6was nlounteil over the new or iSSg station in the grouiiils nf t!ie 

A 1. Graiid Juuction ( T , ~ )  -- Colorado Spriugs ( 

Cottonwood Park. 

Colorado Springs I.nnd Cot11p311y. ' 

= r q i  SP'Sg1 c ay.013. 



814 UNITED STATES COAST AND GEODETIC SURVEY. 

( 12 ) DIFFGRENCE O F  LONGITUDE R E T W E E N  SAN FRANCISCO. LAFAPETTE PARK,  AND SAN'FRANCISCO,' 
WASH IN GT@ N SQDAK E, CA ];IFOR N I L  

sign&. . 

Persnnal equation S. - 117. = + 
At the Lafayettr Park, San Francisco, transit No. 3 was rnounted 011 the western or stauclaril pier 

-4t the Washi~igtoir Square. Sal1 Francisco, transit No. 6 was rriouiited on the brick pier near the old 
The use of tliepierof ~SSyhecanie iiecessary since 

A 1 San Fraiicisco. Lafayette Park ( T,88,.81 ) '- Sa11 Francisco. Wahingtoii Square TI&) = $.'J'O 

f O " d ;  same froin weighted irieaiis = +@'I;.?. 

of ISST. 

station of 1S69, mliicli wasrnarked by agraiiiteblwA. 
tlic iirstrunirnt.coulcl not be put on the block; it is fl.405 or a"'o17 or d'mr ,cizsf of the old statio!i. 

. *cPcp.d.  

( 13) D I F F E R E N C E  01: LONGITUDE BKTIVEEN S2-N FR.4NCISCO AND I\IUUN'J: H?LMILTON, CALIFOKN1.4.+' 

1 . C.H.Siiiclair 

OCt. 23 

3" 
3' 

h..J\.. 

C. I-1.Sinclair 

Menii '014 

Transinissinn time = f ~ Y K I I .  

F'erso~ial equation S. - &'I. = +- fl'1.14 f O ~ ' O I I :  sarrie from weighted nieaiis= + b.140. 
At Sail Francisco, transit No. IS was riiimirter:l on the eastern or small traiisit pier in the I,af:iyette 

At  ?Noourit I landton,  transit No. 19 \+as monii td  about a quarter of a mile to the eastward of the 

AI San Fixiicirco. Tdfayette Park ( Trsr - bEount Hairii!toii, Lick Observatory (Transit 

Park Observatory. 

' Lick (3bservatory. 

Renluction to western trairsit pier (of TSSI ') CPTIO$. 

Kduction to tiieriihii of transit !louse ~6"'2Sr. or 1"'oSg. 

house) s* o;'yhG f cf.013. 
- 

* 1:or n inure +tailed accouiit of this work see Appendix Nu. A, Coast arid Geodetic Siirvey Ruport for I$%, or 
Imllrtin No. 13, IS%: the latest result is gireii i r i  Appel idis  No. 2, Coast and Geodetic Survey Kepurt for 1897. p. 260. 



TRANSCONTINENTAL TRIANGULATION--PART .VI-LONGITUDES. SI 5- 

(15)  LlIFFEKBNCE .OF LCJNGITUJX BETWEEN POINT AKEXIA. CALIFORNIA. ANI) SAN IJKANCIHCo, 

CALIFORNIA. 

Date. 
IS%. 

, 
Jail. 16 

I S  
'9 
IO 

21 

1. ..- 

Tail. 4 
a6 
-+ 
"7 
2s 

20 

K. A. ~ a ; r  c. H. Siiiclsir 

C. 1.1. Sinclair R. A. Marr 



S16 UNITED STATES COAST AND GEODETIC SURVEY. 

( 16) DIFFERENCE "OF I.OXGITt:DE BETWEEN MAKTSVILLE,. CAWFORNIA, AND S.4CHXdZNIO. 
C A L I F ~ R N I A .  . 

Observer at--' Frchn From hreaii of 

1 ' ~  vilfe. signals. signals. signals. 

Sncra- Western or Eas te rn  or West and I'ersorial Differerlcc 
Marysville Sacramento East equation. Of ''. , l A .  

Date, Mary+ . 

'' I R. A. Marr E. H. Sinclair 
28 I 

>Iar' 'I 5 I C .  H. Siiiclair R. A. MRrr 

:I 
Transmission time very nearly zero. 
Perscmal equation Sin. = 81. = +- @.ab7 -t- U"mcq; wine from weighted iiieaiis = 4- u~.366. 
At Rlarysville. transit Nrl. 19 was niouritecl on a trick pier in Cortez square. one block east of the 

A t  S~cranieiito. transit No. IS was mounted on the granite block Iiier t)f rSSS iii the grciunrls of the 

A .I Marysville ( T,,,,) -Sacrametlto [ T,= s o )  =o"' ? ~ * ' i g g  _C c~' .coj .  

Court-House. 

Capitol, cm the east side of the bidding. 

( 17) DIFFERENCE C I F  LONGITUDE RETWEEN SACRAMEXTO. CALIFORNI.4. .\ND \:F,KDI. NEVar ik .  

ilhaerver at- From 
hie, sacra- Western or 
l u g .  Illento, Verdi. %cramento 

signals. 

Jill?. I 

H. A. Marr ' C. 1%. Siiicliir 

the 

Mean of 
West and I'ersooal Differellce 

.signals. 
East et,ll8tiorl, of luiigitudr p. :: . 

D A .  

Traiismissio~i time = O'XIDS & O"OUI. 

Persorial equatior~ Sin. .- &I. = + 6 . 2 ~ 6 ,  & ~ T X J ~  : same from weightd ~rieam = + o ' . ~ J .  
At Sacramento. transit No. IS was ~no~unted on the granite block pier of I ~ S S  i n  the grc~unrl?; of  
C;ipitol, 011 the east side of  the l ~ d d i i i g .  
At Vercli. transit No. IS was riiouiited 011 a brick pier h i l t  0 1 1  a slight elevation back uf'lbir. G. 



TRANSCONTINENTAL TRIANGULATION-PART VI-LONGITUDES. i 7 
(,IS) DIFFERENCE O F  LONGITUDE B&TWEBW BERDI, NEVADA. AND CARSOX CITY, NEVADA. 

111. s. 

I 0  I 1. '775 

hIc-aii 
of West Personal Differelice 

and East egoation. of longitode 
;iigiiala. 



81s UNITED STATES COAST AND GEODETIC SURVEY, 

( 2 0 )  DIFFERENCE OF LONGITUDE EETWEEN GENOA, NEVADA. AND CARSON CITS, NEVADA. 

Aw. 3 
4 
5 

I F  

' o 18'2j5 

R. A. Yarr C. H. Ginclair 

Difference Mean of 

signals. 

West :!ncl Personal of lo,lgituc,e ,,. 2,, 
East equation. li *, 

Traiisinission time variable on account of changes in the length of the circuit. 

Persoii:il equatiw Sin. - M.= + d.225 & b v r g  ; sanie from weightecl nieans = +cp'223. 
A t  Genoa, transit No. 19 was mounted on a stone and brick pier in the vacant lot liack of tlie 

At Carson City, transit No. IS was mounted on tlie transit pier in Mr. Charles 1%'. Friend's 

AAGenoa ( T,m41 -Carson City. Friend's Ollservatory ( &,) =G'" 1Y.516 & O * . O I ~ .  

For the j clays, 
August I, 3. 3. 4 .  -5, it  was b m 6 .  

store of RIr. Morris Harris. 

observatory. near the corner of King and Stewart streets. 

(21 1 DIFFERENCE OF LONGITUDE BETWEEN CARSON CITY, NEr.\T)A. AND AUSTIN, NF.vADA. 

Date, 
I*. 

Aug. 18 
15 
30 

91 

From Prom 
Western or Eastern or 

Carson Carson Aiistin 
City. *usti''. signals. sigiia~s. 

Observer at- 

111. 5 .  111. s. 
( IC, 4j.513 ID 45.45s 

I '3J.i '447 
..&. 

'411 

C. H. Sinclair R. A. Marr . 
3 - .' 

Personal qmtion Sin. - M. = + 6-zS4 + oaxwS; same from weighted inearis = + e.291. 
At Carson City. transit No. IS was mounted on the transit pier in Mr. Charles IV. Frienri's 

At Austin, transit No. 19 was usrcl. The station wds just west of the Court-House. 
AA Carson [:ity, Friend's Observatory ( T,m) -Austin ( T,a,) = 10"' 49.165: c ~ o q .  

observatory, near the corner of k i n g  and Stewart streets. 



' IKANSCONTINENTAL TRIANGULATION-PART VI-LONGITUDES. SI9 
( 2 2 ' )  DIFFEREKCE OF LONGITUDE BETWEEN AUSTIN. NEVADA. AND .EUREKA, NEVADA. 

Froiii F ivm 
Date, Cihserser at- Weaterii or Easterii or 

' Aiistiii Eiirckn 
Austin. Xureka. signals. signals. 

IS*. 

Tran,wlission time = b.015 f CP'WI. 
Persimcll eqiiatioil Sin. - M. = + n Y ' ~ 6  k rJ.ocl6; same from weiglited means = + ~ " - 1 2 ; .  

.%t Anstin. transit No. 19 was niouiiteil U:I a brick pier just west of the Court-House. 
At Eureka. transit No. IS w'cs mounted at the station on the east side of the town, near the east 

AI .Austin ( T&) - Eureka ( 7&) = 4"' :iY'jiS 9: cfi.006. 
end of R:itcninn street. 

, . 

( ,2 ; )  ~ I I : F F , R K X C E  OF LONGITUDE BBT1VF.F.X EUREKA, NEVADA, AND SALT L A K E  CITY, UTAH. 

From From 
Western or Easterii or 

Eureka Salt Lalie 
sigiials. sigiinls. 

Weighted meail 16 15.537 +. 0.q- 

Transiiiission time = d'oqq f d'm3. 

Personal eqiiatioii Sin.- M. = + t ~ . 2 5 9  3~ o"'oo7; same from weiglited niems = + W26r. 
At Eureka, trmisit No. IS was mounted ;it the station on the east side of the town. near the east 

At Salt Lske City, transit No. 19 stood over the old station pier estalilished in 1S69 in Temple block. 
AA Eureka ( &) -Salt Lake City ( TIB+gs) = r p  Ig"'jj7 k Op'wg, 

'' 

elid of Rateman street. 



s 2 0  UNITED ST.A:I'ES C O A S T  ANI? GEODETiC SURVEY. 

(24) DIFFERENCE OF LONGITUDE BISTWEEN L.IIiB TAHUe, CALIFORNIA, AND CARSON CITS. 
NEVADA. 

Frcmi From 
Date. Observer at- Western o r  Bastern o r  
IF95  Lake Carson Lake Tahoe Carson City 

Tahoe. city. signals. signals. 

>. lraiisniission time = o"0oj & o"000 5. 
Persoiial equation Da. - Sin. =: - d.354 C o'.cm6 ; sanle from weighted means = - u".35S. 
At Lake Tahoe. transit No. IS was rnonntcd 011 :a brick pier on the east side of tlie road from 

At Carson City. transit No. 19 was mounted on the latitude pier of 1sS9 at  Mr. Friend's observs- 
This pier was S'orj metres = b'oi.: n isf  nf the transit pier in the observatory, which was used 

--Carson City. 1:rieJid's Observatory i &%) = ~ p ' o S 7  k-cp.006. 

' 

Bijou to Gletihrook, near the Lake Side Tavern, at the southeast end of the lake. 

tory. 
for longitude work in rSSg. 

A I  Lalie Talioe, southeast end ( 

(25) DIFFERENCE OF LONGITUDE BETWEEN SAN FRANCISCO, PRZSIDIO, AND SAX FRANCISCO. I 

LAFAPETTE PARK. CALIFORNIA. 

Fmtn From 
Observer at- Western or Eastern or l,7.-E. 

Presidio. ~.afaset te  Presidio Lnfavettr 
I%&. signals. Park sign&. 

0. B. French F. Morse 

xov. 25 

west Mean :311a of Personal Differmce 
Ea.;t erlllatioll, of longitude /. 7..  

signals. , 5 A .  

Traiisriiission time = d ' m  & cr "m j. 
Personal eqiiation Mo. - Fr. = f b * w ~  =!z @.mS; same from weiglited ~neans = + <)*-cqo. 
Tlie Presidio station was established in 1S96 in the Presidio Military Reservation. Transit No. 3 

At Lafagettc Park. transit No. 4 was mounted on the westei-11 or staiidal;ll pier of rSSr. 
AI San Francisco, Presidio ( T&.9i) -- Sail Fraiicisco, Lafayette Park ( T,,,,,) = 5*.g52 c w'm7. 

was niounted on tlie west pier in  the frame observatory. 



TRANSCONTINENTAL TRIANGULhTIUN-PhKT VI-LONGITUD.ES. s2I 

(26 ] DI1;I;ERli:NCE O F  LONGITCIDK RETWEEN WASHINGTOK, DISTRICT f-lF COLli3IRIA, .AND 
DOVER. DE1,AWARE. 

Froin 
Westerii o r  'From Mean of 
Coast siid Eastern or T~,-E. Date. 1&7. Geoclctic Coast atid sllr- D ~ , . ~ ~ .  Geoolctic Dover East equation. I n ~ ~ d c  fi' 

Survev Office signals. sigrials;. 

Observer at- 
Weat and Personal Difference 

+ids. 
vey Office. 

May 17 

18 

'9 
20 

Traiismission time with rqxater = 09'0.17 & 0 " ' ~ z .  
Traiisinissioii time without repeater = d.031 
Personal equation Sim-Fr. = +@..)SI & - O C T J I ~  ; same from weighted means = + 6.251. 
.4t W~sliiiigtrm, the station of the Coast, and Geodetic Survey Office was used. Transit No. 19 

wns iiiouiited on the east pier. in the stnall wooden observatory. in the lot south of the oflice tuilding. 
At Dover. transit No. 1s was mounted on u brick pier in a lot just east of and adjoiiiiiig the 

Court-House. 
Washingtoii. Coast and Geodetic Survey Clfice ( z~+~,) - Dover [ T&) = 5"' 56".479 

W ~ O I .  

c_o'.mg. ' 

( 37 j ~ > ~ ~ W l ~ l < l i X C l ! .  i:il.* 1.ONGITUDH BETWEEN UEIAH. CAI.IF~:IKWIA. AXD SAX FRAXCISCO, PRESIDIO, 
CALIFORNIA. 

Nnv. i j 

Transmission time = @-a17 & d'ooz. 
Personal equation Sin.-R. = + cf .340 & @mog ; same from weighted III~BIIS. 

The Presidiy station was established in I S 9 6  in the Presidio Military Reservation. Transit No. 3 

At Ukiah. transit No. 4 was mounted on a brick pier, near the southeast corner of the lumber 
It was 1o5""zo south. and ;6'"'99 (or  d'ioo) xvst of the flagstaff on the Court- 

was niounter'l on the  west pier. in the frame observatory. 

yard of F. M. Mason. 
House cupola. 

AA Ukiah ( T,,,) San Francisco, Presidio ( ZS~~.~ , )  = 3'" oP'&21 5 0s.01;. 



S2 2 UNITED STATES COAST AND GEODETIC SURVE'T'. 

( 2 s )  DIFFERENCE OF LONGITUDE, BETWEEN S.4T.T J,.lKE CITT A N 3  GREEN RIVER. UTAH. 

Observer at- From From 
Date, Western or Easter11 or 
134s. Salt Lake. Green River. %,lt Lake Green River W'-E' 

signa1.i. sigiials. 

Transmission tiinc = o*.o20 f o*lcnx. 

Personal equation Sin.--Mo. = + n*.?Ts f 0 ~ ~ 0 9 ;  saine from weiglitecl means = +- O*.~I:. 

At Salt Lake City. transit No. 18 stood over the old station pier established in 1S49, in Tcrriple Llock. 
At Green River. transit P'o. 19 was inountrd on a llrick pier west of the depot, on land belonging 

Ail Salt Lake City ( TrBr.?.~) - Green River ( rw) = 6'" 5 p 5 4  & u"m6. 
to tlie railroad curnpany. 

(29) DIFFERENCE OF LONGITUDE BETWEEN OASIS A m  SALT LAKE C n T ,  UTAH. 

Ohserrtr at- From 
Date. Western 
1.31s. .Oasis. Salt Lake. or Oasis 

signals. 

111. s.  
2 56'33') 

'3.7 
'373 
'-XI1 

Transmission time = 0*a1:, C oa'mr. 

'0.6 

Personal equation Sin.-Mo. = + rProS C od'm7; same from weighted nieaiis = + 06.31 I. 
At Oasis, transit No. 19 was mounted CIII a'brick pier southwest of the depot. 
At  Salt Lake City, transit No. IS was mounted over tlie old station in Temple block. established 

Ail Oasis ( T&) - Salt Lake City ( T& 9) = I?''& 565'52~ kd'o06. 
in Is69 



TRANSC@NTINENTAL TRIANGULATION-PART VI-LONGITUDES. SZ3 

C. SUNOPSIS OF OBSERVED DIFFERENCES OF LC:SGITUDE. 

No. Year. Month. 

Parkersburg, Ill. A Detroit. Micli. Tr. 

Strasbiirg. Ba. Tr. Washiilgtun. D. C. { 2:';;; 
Saiiit Loiiis. Mo. 'rr. is& Viiiceiiiies, Ind. Tr. 

~ ~ i a r ~ o t t e s v i ~ ~ e :  \'a. Tr. \~:asliiugton, D. C. { $:::; 
Loiiiwille. Ky. Tr. Charlestcm. W. Va. Tr. 
HllswortIi, ~ i i i s .  Tr. Kaiisad City.  Mo. 'Cr. 
Wallace. Kaiis. Tr. Ellswnrtli. Kaiis. Tr. 

Giiiiiiison, Colo. Tr.  Culorad~jSpriiigs.Colo. Tr. 
C-raiid Jiiiictioii. Colo. Tr. Coloiado5priii~s.Colo. Tr. 
Soli Fraiicixo. Cal. L. 1'. San 1;raiicisco. Csl. W. Sq. 
Saii Fraiicisco. Cal. I.. P. Mount Hamilton. Cal. Obsy. 
l'ciiit Arc'iia. Cal. Tr. Sail Fraiicisco, Cal. L. P. 
Poilit Areiia, Cal. Tr. Sacramento. Cal. Tr. 
3InryF.\.ille. Gal. Tr. Sacramento, Cal. Tr. 

Vcrtli. Xev. Tr. Carson City. Nev. Tr. 1% 

C,ellGa. 5'eV. Tr. Carson City. Ncv. Tr. IS,: 
Cnrsoii City, Ner. Tr. ISM Austiii. Nev. Tr. 

Tr. Austiii. Rev. I r. Eiireta, Nev., 
lliirukn, Sev. Tr. Salt I ~ k e  City, Utah. Tr. 
LnkcTnliire.SE..Cal. Tr. Carson City, Nev. Tr. IS% 
Sail Frniicisco. Cal. Presidio $air Francisco. Cal. L. P. 
Wnshiiigtoii, D. C. Office Dover, Del. TI'. 
VkiAh, Cal. 'rr. Sail Fraiiciso, Cal. Preddi 
Salt 1,ake City. Utah. Tr. Greeii River. 'Irtah Tr. 
&is, Utali. Tr. Salt Lake City. Utah. Tr.  

I. Viiiceiiries. Iiiil. Tr. Naslirille, Teiirr. I r. 

Colora:l~ Spriiigs,Colo. Tr. \Vallsce. Earis. T r. 

%cvc\iiieiim, Cal. Tr. Perdi. Nev. n. 

Cnrsoii City. A'ev. Tr. iSSg Virginia City. Nev. '1.1.. 

.. 

111 tlie above iiiensiires there are 1 iiidepeiideiit conditions to be satisfied. 

16 

I 

3 
I 

a 

2 

I 

r 
4 
I 

a 
I 

2 

I 

I 

1 

1 

1 

1 

I 

I 

. I  

I 

i 
I 

1 

I 

1 

vin- .~ 
ceiiiies coiiriects with 3' sttations whose longitucles were fised hy the acljustment of the 
longitude net (Appendix No. 2 ,  Report for 1S97'). Point Arena also connects with 2 
fixed stations. The acljustecl stations Colorado Springs and Kansas City are connected 
by a chain of 3 links through Wallace and Ellsworth, aiid Sacramento and Salt Lake 
City are couliectecl by a chain of 5 links through Verdi. Carson City, Austin, and 
Eureka. 

D. ADJUSTMENT OF SECONDARY STATIONS AND REFERENCE TO 
STANDARD LONGITUDE NET. 

What little adjust~iient is necesqary in determining the longitudes of these sec- 
ondary stations is iiiacle according to the method esplained in full i n  connection with 
the adjustment of the longitude net. ( Appendis No. 3, Report for 1Sg7.) The 
weights used are derived froill the probable errors of the observed differences of longi- 
tude. 

The -reciprocal of the weight given in the last column of the preceding table or 

- = I( = 8' /' rod, any probabie error iess than =k oS*ooS being regarded as indicating a 
P 
I 
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fictitious accmacy. The nearest integer in the value of IG is as great a refinement as 
the circu~nstaiices will warrant. 

' Wit11 respect to  the proBable error of a resulting longitude, it was founil that the 
probable error of longitucle of stations in the longitude net varies froiii f b'o4q at 
Washington to fo"'o55 at Sail Francisco. The probable error of the secondary longi- 
tudes may safely be taken as cmly slightly in ~ S C ~ S S  of primary stations in the sanie 
locality, say, about f o**op for stations as far west as Charleston! West Virginia, and 
f o"q5 for stations farther to the west. 

UNITED STATES COAST AND GEODETIC SURVEY. 

3 
4 

3 

St. Louis Nashville 
Vincennes Nashville . 2 57S9I 

'St. Louis Viiiceiities ID 43.235 I 

Observation equation 0 = - 08 '047 -1- ( 3 )  + ( 3 )  
Nomial equation 0 -- '047 -I-4c ' c = f 0 ~ " o I I  s 

( 3 )  = -k '035 
(4) = + '012 

ADJUSTMKNT O F  THE LONGITUDB WJJ~\'GON COLORADO S P R I N G S - ~ ~ ' ~ L W C E - F , J . J . S ~ ~ ' O R T H ~ I ~ A ~ S - 4 S  

CITY. 

Nu. 5;. 

Colorado Springs Kansas City 
Ellsworth Kansas City 14 32-gso I t-0.040 
Wallace Ellsworth 13 27'268 I + '039 
Colorado Springs Wallace 12 54-827- , 4 + '157 

NO. 

7 
s 
9 

40 5 5 ~ 6  
14 33'0.0 

12 54.979 
13 27'jO7 



TRANSCONTINENTAi. TRIANGULATION-PART VI-LONGITUDES. 825 
ADJUSTMENT OF THE I.ONGITDI>l'. Pl.lT.TGUN .S.ACKAMBSTC.I-\:~KIII-C.~~~~~ CITV-.+USTIN-~,URE~A- 

SALT WKE c n v .  .- :\c. 5.1. 

14 
15 

L 

Sail Francisco . Sacramento 
Point .4rei?a Sail Francisco . 5 04'?46 I -0 '02.: 

Point Arena Sacramento 8 $3'675 I .+ '022 

NO. 

17 
IS 
21 

22 

23 

Westcrii stntiuii. 

Sacraniento 
Sacramento , 

Verdi 
Carson City 
Austin 
Eureka 

iihserverl 
Eastern station. ._ A. 

I l l .  s. 
Salt Lake City 
Verdi G 02 .S66 
Carson City 0 52'560 

Eureka 1 4 2 7 . 3 1 s  

Salt Lake City 16, IS '537 

Austin IO 4.j .168 

1 -0 '016 
I -0 uo6 

I -0 '006 
I -0 '006 

2 -3 .OI I 

Observation equation o=+cf.o:rg+ ( 1 7 )  + ( 1 S ) + ( 2 r j + ( 2 2 ) + ( 2 3 )  
= --nwJs s Normal equation o = + 0 '035 + 6C 

( 1 7 )  = - M i r P ~ 6  
( t R )  = - TOG 
( , ? I )  = -- '01 I 

( 2 3 )  = -- w6 
( 2 2 )  =- 'OJ6 

No. \Vestern station. Eastern station. 

111. 5 .  

5 44'4i4 
5 oq.22j 

S $3 '697 



S26 UNITED STATES COlST AND GEODETIC SUKT;EI'. 

E. RESULTING STANDARD LONGITUDES. 

The following -tanclarcl longitiides west of Greenwich are taken from the aclj ustment 
of the general longitude net : 

Time. ' 
Cape May. Transit, New Jersey 
Washington, Transit. United States Coast and Geodetic Surrey office. District of Columbia 
Waslriilgton, Doiiie of United States Naval Observatory, old Site. District of Col1unl:ka 
\I;ashii,gt@n. clock rooin of United States Naval Olxrvatory, uew site, District of Columbia 
*uetroit. Transit of 1891, Michigall 

Cinciiiiiati. Dome of Mount Lookout Observatory, Ohio 
Louisville. Transit, Keiitucky 
s Nashville. Transit, Tennessee 
Saint I.wiis, 'hairsit of IS-. Missouri 
Z;nnsas City, Transit, Missouri 

culnrodo Springs, Transit of rSSg-M, Colorado 
salt Lakc City, Transit, Ptah 
i:rgden, East Transit in west room of Engineer's Observatory. Utah 
Sacramento. Transit. California 
Sail Francisco, Transit, Lafayette Park, California 

' 

By coiiibiiiation with the differences of longitude on preceding pages, the following 
additional longitudes of stations along the arc are obtained : 

Dover. Transit. Delaware 
Straslmrg. Transit. Virginia 
Chnrlottesrille. Transil, Virginia 
Charleston, Transit. West Virginia 
\rincennes. Transit. Indiana 

IJarkersburg. Triangol:\tioil Station, Illinois 
Ellsworth, Traiisit. Kaiisas 
Wallace. Transit. Kansas 
Guouison. Trailsit. Colorado 
tiraiid Juuction. Transit. Colorado 

. Green River Transit. Utah 
oasis. Transit. Utah 
Eureka 'I'rawit, Nevada 
Aostin,  Transit, Nevada 
Virginia City, Transit. Nevada 

Carson City. Transit of IS$, Nevada 
ti ell oa . T ran4 t , Nevada 
Lake Tahue. Southeast. Transit. California 
Verdi. Trailsit. Nevada 
Marysville, Transit. California 

Moullt Hamilton, Lick Observatory Transit hoiise. Ca!ifor!iia 
Sail Francisco, Transit, Washingtori Square, Califoruia 
Sail Francisco, Transit, Presidio, California 
Ukiah. Transit, California 
Poiut Arena. Transit, Califorrlia 

*Not on the trmscontiueutal triaugulation. 
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1'11. THE GEOGRAPHIC POSITIONS AND COMPARISON 
OF THE ,4STRONOMIC AND GEODETIC RESIJLTS. 
PRELI h4 I N ARY CO M BI N AT1 ON OF A A4 E R I CAN ARCS 
FOR DETERMINING THE EARTH'S FIGURE 

A. GEOGRAPHICAL COORDINATES OF THE STATIONS COMPOSING THE 
TRANSCONTINENTAL TRTANGULATION AND THE MEASURE OF 
THE ARC I N  LATITUDE ;go. 

The angles atid length of sides of the triangulation estending from the Atlantic to 
the Pacific Ocean along the parallel of 39' yere given in Part 111. These clata were 
deriwd froin the adjustment of tlie aiigular messures in order to satisfy the internal or 
geometric conclitio~is of the triangulation as well a s  to procluce perfect accord between 
tlie measured lengths of the several iiiterspersecl liase lines. The nest step to be taken 
was a preliminary computatioti of the geodetic coordiiiates of the astronomic stations, so 
that the nstroiinniic niicl geodetic results coiild be comparecl and standard gm?t*fir data 
(latitude, longitude, aiid azimuth') cletermiixil. This first or provisiotial systematic 
pnsitioii computatioti over the adjusted triatignlation was started in the East, before the 
ncljustiiieiit of the western part liad been completed. I t  was based upoii the Clarke 
Spheroid of I SGB, and was made by nieaiis of the foriiiula? custoiiiarily eniplo!;ed on the 
Survq)i. Their derivation together with the tables for facilitating their w e  will be 
found. in Appendis No. 9, Coast and Geocletic Survey Report for 1894, pp. 279-34s.:': 
These foriiiulz are: 

-A 9 = s cos IY . I? + s= sin =Lr . C + (89)"  . D - tis? sins LZ . E J 
I - ALL' = &I sin 4 (,i, f qr) sec 4 (Aq) + (An)' . F 

A = s  siu Iy sec qv . -4 

9' = 94- AT 

LV = Lr f Act + I.%' 

and - 8q,=s cos a. B - t p  sin- L r .  C - ~ F  sin- a .  E 
where 1' = A + Ad also R = s cos CY. 6 . I 

These forinulze answer for triangles of ordinary size, but for sides much esceediiig I O  

('or I I I kilometres) ail aclditioiial term in the developme*it of the espression for 
- , A ~ J  iiiny become sensible, viz.- 

- 4 s'CIE+ $ s'! cos' a. CxE + 4 f COS" (Y sec' 9 . -4'. C, arc' I", where Cx = s' sinz cy. C 



S;z 
as developed by h4r. M. €1. Doo'little. This term otrly demancled attention for the lancer 
sides of the triangulation across tlie western section of the arc.:!: 

Respecting tlie nature of the curve coniiecting two triangulation stations, we 11::1\. 

regard it as a h e  .of a1igiimeiit~- (.Clarke) at every point of wliicli the'azimutlis of tl-e 
terminal stations differ I.%". It has tlie adsantage over n geodetic line of having the 
direction of its first elellielit ds at each station. coinciclent with the direction of 
the. theodolite qlien pointed to the opposite station, wliereas in the case of the geodetic 
Iiiie there is an abrupt angular de~iation wIiicIi calls for special computation, since 
the line is not directly observable. With respect to leiigtli 
between two fised positions. there is no practically appreciable difference whether we 
coiiceive tlie coiinectiiig liiie to be an elliptic arc, a line of nligniiient, or a geodetic line. 
The line of alignni,ent, like the geodetic line, ordinarily lies between the two elliptic 
arcs, hut tlie latter line may deviate widelj7 from or he wl~olly oiitsidc thrni wider 
certain conditions. clepeiidi~ig upon xiear equality iii the latitudes of tlie terminals. 

The geodetic posi tions uf the astronomic stations as derioed from the provisional 
positicjn coinputation and checkecl by ;I clou,lAe cclniputatioii are given in tlie following 
table of coiiiparisous of astrono~iiic and geodetic values.. The astronomic latitudes are 
taken from Part IV, aziniutlis from Part 17, and lrjrigitucles from Part VI. 

UNITED ST-ATES .COA4ST AND GEODETIC SURVEY. 

Both c~irves are tortuous. 

B. COMPARISON OF ASTRONOMIC AND PEOVISIONAL, GEODETIC 
MEASUICES. 

0 I I /  

f p  =:: iY 54 sn 5 3  

Provisional positioi! of statio11 "EIags." I = 99 I6 rh '35 1 n =j59 44 1g.m to Lacrosse. 

I .  LATITUDES. 

i?mtfiari.wii qf.cisti.or!otiiii miti pib:Gioiial ,Lrt:odctic. hztititdcx, 

Nu. 
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3'0. Stations occupied. 

I 

I ~ Cape Henlcq~en Light 

'ri ticipio 
Mvert 
vlarriott 
rVehh 
3ill 
soper 
jratoti 
,austen 
hgar Loaf , 

Unrylaiid Heights 
Bull Run 
&rk M ouiitain 
I,nlly Blount 
Elliott Kiioh 
Krellry 
Piney 
;auld 
Miiierva 
k i z i r i  
Need Petch 
I3sl.Jm-n 
P:irkersljurg 

kiriliiig 
I<lcinschniirlt 
Berger 
Jefiersw City 
Hunter 
Allalns 

Salina West Rase 
Russell Southeast 
OverlaiicI . 

El h s o  East Base 
Pikes Peak 
I\lo ti iit (3u ra y 
c;uuiiiwii. Colorado 
Treasury Mountain 
Uiicompahgre 
Grand Juiictioii 

NC\VtGll 

Statio11 rc-ferred to. 

Rrandywine Slioal Light- 

Turkey Point 
Meekin Neck 
Hill 
Soper 

house 

\?/elJl> 

Weljh 
Hill 
Soper 
Bull RIIII 
Bull Run 
Pcacli Grove 
Bull RIIII 
spear 
Humpback 
Bald Knob 
Gel -h id  t 
HowIat~~d 
Ash Ridge 
Tail ner 
Fountain 
Calvary 
Denver 
Clarenioii t 
Geoffrey 

\.\iinter 
Cednr 
Christian 
Clark 
Salina East Rase 
Russell Nortliwest 
Eureka 
El Peso West Base 
Mount Ouray 
Uncompahgre 
Uncompahgre . 
Blount Waas 
Treasury RIuuntain 
Chiquita 

Ins:iinc A-. 3) 1 um ' 
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6tntioiis wciipied. Statinm referred to. 
Obscrverl astmiir,tuic Seconds of 

nriiiiuth West of g:c+etic 
a71111uth. 
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Secorida 

4. PKEI.II\IINhRT ESAMINATION OF TI-IE 

ASTKONOMIC 4 N D  THE PROVISIONALLS ADOP'I'QD CEOIIETlC POSITIONS AS PRE- 

SENTED I N  T H E  PRECEDING TABLES. 

These prelirni~iarp vnlues of the respective differ&ces ( - 4 4 ;  ) in latitude. longitude, 
and szimuth snffice to  indicate in  outline tlie general character of the results we may 
derive from tlir 'iiieasurenient of the arc. They.iiiay therefore be nd\:antagei:rusly scru- 
tinized in a general waj7 before proceeding to tlie cletermination of the fiiinl correctiotis 
to our geodetic coordinates. 

111 the first place. we notice that the grenter number of the differeiices mnge within 
a few wcoiicl~ nritl pi-esciit chaiigcs of  sign, tlius sho\\-ing that tlie provisiolial d u e s  of 
Q/ ,I CY far the central station ca!i not be iiiucli in error: on the other ha~iil, large 
devintions appear at certsiii stations. but these are renclily aiicl directly traced to local 
cijuditiolls or surface configurations and are ~icjt in m y  waj7 referable to a defective 
spheroid of reference. 

indicates tlie need of a slight 
c~imiiiution of the provisional value of 9, in d e l -  ti:) Inake [.4-G] = o,  a coiiclitioti 
j\:hicli appears already iiearly satisfied for the eastern m t l  central part of the arc. 
\\>hereas the western or motiiitaiaous region calls for the iiidicated correction in a more 

The prevailing negative sign in the values of 
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decided way. In this we may possibly discern a change in tlie curvature of tlie western 
sectioii of the arc. Turning now our attention to the tabular values of ~h and  tu. 
we find in lmtli cases a certaiii sign to prevail in the eazterri section of the arc with the 
ofjosifc sign in the western section, aiicl further, as it should be by virtue of tlie relation 
n t r =  - sin 9, to a + or - value for A h  there correspoiids in  general or in the 
saiiie section a - 'or + value for n t r .  In the east the values of a i u  are preeiiiinently 
positive, in tlie west they are preeminently negative, while in inagniturle of deflection 
there is but a sligiit difference, aiicl probably oiil!~ a small correction to tlie prooisiniial 
value may be iieecleil. It is tlie longitude cliffereiices L A ,  however, which for tlie arc 
are of grentest importance. They open in the easterii section with negative sign. turn- 
ing to positive iii tlie western section. In  other n;orcls, the astronomic amplitude of the 
w!iole arc (4s" 46' oo'"5Y ) is greater than the provisional geodetic one ( 4S0 45' 36'"35 ). 

There are tlirer proniiiient causes which uudouhteclly go to make LIP the greater part of 
this difference. 111 the first place. our reference spheroid does not exactly fit the curva- 
ture of the arc; secondly, the continental attraction iiiay have a sensible effect, aiicl 
thirdly, there is the influence of tlie locd cleflections. If the reference spheroid be too 
large-that is, if the triangulation is placed and developed upon a surface less cursed 
than is actunlly the case-a difference in the sense of astrononiic amplitude greater than 
geodetic aiiiplitudt: will follow; hence a spheroid of smaller dimension ( in the parallel 
of 3g0j  seeins to be called for. In  the second place, the attraction of tlie continental 
masses near tliti terminals of the arc tends to a deflection of the plum11 line to tlie west- 
n ~ ~ r c l  (:or ilisturbecl zenith .to the eastward of the. nornial,) on the Atlantic coast aiicl to 
the enstward on the Pacific coast. This is equivalent to an enlargement of the astro- 
iiouiic miplitude. Ail effect of this character might, to scline extent, be counteractecl by 
the sea bottom being supposed as coniposeil of heavier material than tlie continental mass, 
thus partly overcoming the influencf: of the less dense overlying sea water. I t  is well 
kno\vn that off the New Jersey coast tlie water shoals very gracluall?; and t ln t  the :ictual or 
mort proiiiiiieiit, 1.ut subiiieryed 1:lorcler of the continent, lies far to the east of the present 
coast line. At a distalice froin shore of Sg nautical miles (minutes of arc') on the 
parallel of 3 9 O  we reach tlie contour line of so fathoms ( 9 1  metres), but 30 nautical 
'iiiiles farther to the east u7e pluiige into a depth of I ooo fathoms ( I S q  metres). (In 
the Atlantic coast tlien we may expect but a feeble disturbing influelice on the vertical, 
as coinpared witli the coiiditioiis wliicli prevail on the Pacific coast. where the descent 
of the ljottoiii froin tlie coast line into deep water is immediate, giving a depth of IOO 

fatlionis I O  nautical miles out and a clepth of I Ssz fathoms at  40 nautical miles 011 the 
parallel of 39". Besides, we have there im tlie land side tlie attracting influelice of the coast 
range of mountains, which rises at that point to a height of iiiore than 3 m o  feet 610 
metres:). By far the principal part of the cleflection of the vertical in the plane of the 
priiiie vertical supposed diie to the cause iiiider coiisicleratioii must therefore be attrib- 
uted to tlie western terminus of the arc. 

The great influence which tlie local deflections exert upon the measures of the arc 
is well sliow~i by tlie following table of comparisons of astronomic and geodetic ampli- 
tudes of the whole arid part of the arc : 
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Whole cur part 5:if :irc 
Aniplitncle. 

Astrononiic. Geodetic. ‘ Differ- 

( C J  DETERMINATION OF STANDARD (,GEODETIC ) VALUES FOR LATI- 
TUDE AND LONGITUDE OF INITIAL STATION HAYS, AND AZIMUTH 
OF L I N E  HAYS TO LA CROSSB. 

For tlie initial station from which to begin the final computation of geographic 
positions “ Haj7s” has beeii selectecl. as being very nearly in the inidclle of tlie 
arc. The yrovisioiial conipiitatiori gave the following restilts for that station : 
V I  = zso 54’ 5orr’S2, 1 = 9go 16’ 16” ‘~6 ,  ant1 (Y =I 359’’ ~ g ” . o o  to station La Crosse. 
I t  1-einains to determine such correctioiis to these values as will yield the geodetic data 
best suited for tlie whole triangulation. Were it not for tlie presence of local deflections 
in the vertical of the stations, this woukl lx a simple matter, nothing more than taking 
the niean~ of the quantities in the columii heacted - 4 4 . 1  in  the preceding tables for 
each of the three ele~nents. 9, h ,  and t v ,  so that fiually the condition [.,l-G] = o mould 
be satistied for each. I11 the absence of accurate knoivledge concerning tlie amount 
and direction of the local deflection, as well as of their local distribution. we must 
modify this simple iiiethod, in  order to aroid as much as possible tlleir clisturhing 
effect. 

Tliesrs cldectiutis of tlie vertical may be regarded either as quite local.. w :is 
esteriding over large re~ioiis. The former may be recogaizecl as mainly clepei~ding in 
direction ani1 sign upon surrounc1ing local surface irregularities. or tipoll obvious deviations 
froin iiverage surface density ; the latter are characterized liy large and nearly constant 
cleflections, cooeriiig vast areas, which may be due to the presence o f  irregular density 
of the matter forming the earth’s crust, or to the prosinlity of nio~~ntain ranges, con- 
tiileiital inasses, plateaus. or the sea. 

. W i i k  the deflections elude esact computation froill want of tlie required data, 
their iiifliieiice in cleteriiiitiing standard geodetic data can lie lessened hy lx-inging a 
large nuinher of astroiiomic deteriiiiiiatiuiis to liear iqxm the problem. I t  is desirable 
that the astronomic stations slioulcl be uniformly distributed over the whole arc. 
Where the stations are L I I ~ C ~ L I ~ Y  crowded in any particular locality, it wci~ilcl be better in 
cleteriniiiing the stanclarcl data to substitute a iiieaii ~ l u e  of (,A f-G) for this region, in  
place of the iiiclividiial values. For instance, it woulcl be better when cleterminiug qC, 
to introduce a single representative stntioii, in place of the several latitude stations 
crowcleil into the narrow limits of tlie District of Colunlbia. It is also plain that sta- 
tions of large local deflection should lx excluded. T ~ U S  the local deflecticm in loiigi- 
tilde of nearly 25’’ of arc at  Colorado Springs. which is mainly clue to tlie attraction of 
Pikes Peak and the mountain niasses lying back of it, would necessarily esclude that 
station when forming. A,. 
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The average local deflection of the vertical in the plane of tlie meridian froni 60 
cases of latitude comparisons of stations, located 011 tlie oblique arc between Calnis, 
Maine, and Atlanta. C;eorgia,l: was found to be z t t . 4 -  irrespective of sign, aiicl abijut 
the smile amount follwvs from the 5 1  latitude conlparisms of that part of the present 
arc between Cape May ancl Colorado Springs. For tlie innuntaiuous part of this arc. 
howerer. the average deviation from the vertical of n stalldarcl reference spheroid 
~ o t i l d  Iiave to be coiisiclerably increased. There is no special reason to expect the 
longitudir~al deviations to he an37 greater or less than the latitudinal ,ones. The effect 
upon the general mean, when omitting all values of ('-4-G ) greater than Y seconds, 
is shown farther 011 in the case of the latitudes. 

There is consequently an arbitrary feature in the process;. >let practically this niay 
he confinecl to narrow h i t s  without seriously affecting the derived v a l u e s .  

The values of qo, A,,, ancl LY,, liaviiig been finally ancl satisfactorily determined, as 
shown by the remainiiig deflections, we may also expect that any stibsisting Laplace 
equation of the form- 

- w;v,,,l.) + ( A, , ,  - L.:e,J,l.') 'sin e, = o 

will be found nearl~7 satisfied. The importance of these equations has perhaps been niuch 
overrated: the37 nrverthelcss cleiiiaiid attention. In laying out field work, however. the 
selection of a longitude station depends mainly on the availability of telegraphic wire 
coiinectioii, while that of 311 azimuth statioii deri~ancls free visibility of surrounding 
principal trigoiioiiietric stations-cotlditions generally inconipatible with one another. 
' 111 nccorclnnce with the priiiciples laid down :ihove, we derive the following values 
as corrections to the preliminary latitude : 

I;aing all tal-nilar values After rejecting all values 
I .4-1;1. greater t h m  S". 

/ r  /I 

( a )  Intliscritninate nienn 

(0) After foriiiatim into groupst 

( c ) fifeail of the 34 groups of tlie central 4- -9 = + 1 .os + 3 6 7 9  = -k 1 .os 
31 34 am1 eastern sections 

( d , ~  BIeaii or groups of westmi section - 7I'19 = - 3.7 I - 7-"74- - j . jr  
, 2 2  7 1  

-3 

Evidently the dis/ribrtfic1n of the nstrononiic stations is here of nivre importance 
thaii tlie rejectidn oi-' large cIeflections. wliile at tlie same time an  ai~ta,gonisiii IJetween 
the sections of the arc. i. e., (,(-'I - ( t i ' )  = + 4":19 and + 4"'39 is brought out insteacl 
of zero. For the corrrctioii to the preliininnry latitucles for the wliole arc the value 
- o'"64 from the above tql)le is acluptcd; hence qo = e, - 0"%4 = 3s' 54' ~ Y " I s  for 
the geodetic latitude o f  Hays station. The uncertainty of this valne is estimated to be 
less tlinn linlf a second. 
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To find the linear change of length of a given arc of parallel when iiiovecl a 
nuiiiber of seconds to the north or south of its position on the spheroid, we have: Length 
in metres of I O  in latitude p- 

P ' . = 1 1 1  ~ 1 5 ' I 3 C O S q -  g ~ ~ ~ ~ c o s ~ Q , + o " 2 c o s ~ ( p - - .  . . . . . . 
dP 
dv 

alid -- = - I I I 415 '12 sin (p + 'S3 .62 sin j 9 - o .6o sin 5 Q, 

Hence for 'QI = 39' and dcp = o'"5 and length of arc @?io, the change is 3.25 
metres. which in. comparison n7ith the probaljle error iii length of the geodetic connection 
is a sinal1 quantity.'!' 

For the correction to the preliminary longitude we have 

Using all talmlar values 
( ' 4 4 2 .  

/I 

; 43'39 - .+ I ' I 7  ( ( 2 )  Incliscriminate iiieati 
3 7 

the following data: 

After rrjectinn of the 
nint largest values. 

I/ 

Acloptiiig the last value, we have h, = A +  O"'37 = 95' 16' 16"'73 for the final 
The uncertainty of this value may Ix estimated as 

Respecting aiiy change in azimuth, the values of (A-G) at the eastern and near 
the uwsterii parts of tlie arc (first and last nine stations) appear fairly well Ijalauced; 
while tlie stations of the western or mountainous section exhibited a predomiiiating 
iiegati\:e sign. In order io remove this feature, the geodetic a'zimuths would need a 
diminution, which, however, is opposed to the nppareiit demand for the eastern part of 
thearc. A siiiall change of azimuth has but a small effect upoii the latitudes aiid Iiardly 
any upon tlie loiigitudes. Upon the.wliole it lias I ~ e n  coiicluded to make no chaiige in 
the azimuth: hence 

With the stanclard values of po, A,,? aiid tv, for Hays station the geodetic latitudes 
and longitudes of all the sktions of the arc were recomputed and the defiuitive results 
of cottiparison of the astronoiiiic and geodetic deterniiiiatioiis are tabulated below. 

In  order to render this comparison more complete, there are also given the positioiis 
and resulting valnes of (:I-G) when the Besseliaii spheroid is substituted for that of 
Clarke. I t  must. be noted. however, that oiily a close approximation of these values 
coulcl here be given, since, in strictness, the subject would deiiiancl a readjustment of the 
entire triaiigulntioii with the iiitrocluction of the spherical excess appertaining to the 
Besselian spheroid. is mai l ,  even for the largest triangle 
a '  Tushar, Wheeler, Nebo," for which c: = 73'"758 4. The cliffereiice in E is hut o'"o17 I ,  

or ri d T r  of itself, and for the greater part of the arc the hundredths of a srcoiid for any 
angle woulc~ not be iiiodified by the change of spheroids. There is nevertheless a small 
accumulated eiTect in the positions which may tend to introduce a twist, yet this is fully 

geodetic longitiicle of Hays station. 
less than I". 

= t~ T= 359O 44' 19'"oo for the line Hays to Lacrosse. 

The difference in the escess 
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covered by the ordinary am1 inherent probable errors of observation. What has been 
done was a reconiputatioii of the geographical positions, by the same formulx ns before 
Iwt with the changed constants, the distances and angles of triangles reniaiiiiiig unchanged; 
in other worcls, the strip of triangulation was simply transferred to and cleveloped upon 
tlie other spheroid. An 
essential and nectssary feature, however, is the relation of the staiiclarcl position ( ancl 
azimuth) of tlie central station "Hays ' I  in the two computations. 

D. COMPARISON OF ASTRONOMIC AND SL'ANDAKI! GEODETIC UA'L'A 
ON THE SPHEROIDS OF CLARKE AND BESSSL. 

Part of this special computatiotl was made differentially. 

I .  COMPARISON OF ASTRONOIUIC AND STANDARD GEODETIC LATITUDES DEVELOPED 
UPON T H E  SPHEROIDS OF CLARKE AND BESSEL. 

Seconds Secoiirls 
Observed of geodetic of geodetic 

xaii ie of astroiioiiiic statioii. aetrcmuiiiic latitude. latitude. 
latitude. Clarke's Bensel's 

spheroid. splieruid. 

Cape I-Ieulopeu 
Dovc-r 
l'riiicipio 
Poole Islalid 
C.11 vert 
'I'aylor 
Marriott 
\i'etJtJ 

1-lill 
Soper 
Sc3toll 
Coast and Geodetic Survey Office, 01)- 

Uiiitecl States Naval Observatory ( o ~ c ~  1, 

Uiiited States Naval Observatory ( new), 

Causten 
Georgetown College. Observatory 
Rockrille 
Stigm Loaf 
Mary1:uicl Heights 
Bull Rim 
Strasbug 
Clark Mountain 
Charluttesyille. University Transit 
Long l\loui;tain 

serv:1tory 

dcjiiie 

clock rooin 

Elliott Ktiol~ 3s 09 57 '0s 57 '51 

I .i-12 ) 



Sq2 UNITED STATES COAST A N D  GEODETIC SURVES. 

I .  COI\IPAKISOM OF ASTKClNOMIC AND STANDARD GEODETIC LATITUDES DEVELOPED 
UPOX THE SPHEKOInS OF CLARKE ASD B ~ S S E L - ~ ~ l l ~ ~ l l L l ~ C ~ .  

Keenry 
Charlestuii 
Piney 
c;aolcl 
?vJiiirrva 
Mouiit Lookout Obfiervatory. dome 
Reiziii 
Weed Patch 
Viiiceiines 
Parkersburg, 'I'riaiigulation Statioii 
Oliieg West Base 
Newloll 

Rortliiig 
St. 1,cluis .University, Secund i'icsl.;. 

Jefferson City 
Huiitrr 
6:iiis:is City 

Saliiia West Base 
Ellsworth 
Riissell Southeast 
Wallace 

El Paso East Rase 
Coloro~lri Spriiip I 1573) 
Pike?: I'eak 
RIoiint Onray 
I reasur y Mimilt ai 11 

Guii ii  i sc.jii, Cvlorarlo 
I1ilcoiiip:iligre 

Gr:iiid Juiictbm 

teriaii Church 

Aae!!ls 

..\dobe 

,. 

,. I av:tp"ts 

BIuuiit Waas 
Grew Rirei- 

nlnn:l t E1 le11 
Wa sa t ch 
Mount Nebo 

ratlllos I ~ W I .  

geodetic 
lziitiide. 
~ ~ ~ ~ ~ l l ~  Clarke. 

sphcriod. 



No. 

65 
66 

67 
GS 
69 
71' 
7 '  
72 
75 
74 
75 
.76 
77 
7s 

79 
So 

P I  

S2 

S3 
s4 

S5 
S6 
s 7  

s9 

Y' 
51 

Sh 

9' 
93 

' 91 
95 

' 57 
96 

g s  

99 
1 0 0  

Naiiie of nstrollolllic station. 
OI>sened oi &&tic of-G&detic ' (A-G) 

astruiioiiiic latitude. latitude 
. latitude. Clarke's Reasel's 

s~~heroicl .  spheroid. 



UNITED S T A T E S  COAST AND GEODETIC SURVEY. s4.4 
I .  COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC LATITUDES DEVELOPED 

UPON THE SPHBROIUS OF CLARKE AND BESSEL-cOll~pleted. 

Seconds Seconds 

Naiiir of astronomic statiou. astrmomic latitude. latitude 
latitade. Clarke?s Eessel's 

spheroicl. spheroid. 

Observed , of geodetic of geodetic 

Mount Tarnalpis 
Mount Helena 
Ross Mountain 
Sulpliur Peak 
Ukiah 
Point Reyes 
Bodega 
I\lenclociilo City 
Point Arena 

0 I / I  

37 55 197s 
3s 40 0 1  '05 
3s 50 9 ' 9 6  
3s 45 44'42 
35 0s 54'59 
37 59 33'62 
$3 IS 20'11 
39 1s 05'50 
3s 55 10.~6 

Clarke. 

/ I  

- 7 ' 1 7  
- 8.1s 
- 9'74 
- s.96 
- 3.41 
- 9 ' i 9  
- S'S5 
- 7'10 

- 7'91 

2. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC AZIXUTHS ON THE 

XO. Station occiipied. 

Cape Henlopen Light 
Priiicipio 
Calvert 
nlarriott 
Webb 

Hill 
Super 
sent011 
Caueteii . 
S y a r  Loaf 

Marylaiid Heights 
I3Ull Rllll 

Clark nlouiit 
I.~>lly nfomlt 
Elliott Kiiob 

Iieeney 
P i n q  
Gould 
Miiierra 
Reiziii 

Weed Patch 
i:lsl~nrii 

Parkershurg 
Ne\vtOll 
Burding 

I<leinechmidt 
Beryer 
IefCerwn City 

SPHEROIDS OF CLARKE AND BESSEI.. 

Webb 
\Vebb 
Hill 
Soper . 
BiiII Run 

Bull Rill1 

Peach Grove 
Bull Ruii 
Spear 
Hniiiphnck 

Bald Knob 
Gebliardt 
Howlaiid 
Ash Ridge 
.rainier 

Fountain 
Calvary 
Deliver 
Clareiiiotit 
Geoffrey 

Insane Asylum 
Winter 
Cedar 

3 9  
263 

233 

303 

257 
I I a  

202 

4 

276 
210 

7 
192 

3-21 

53 

Bessel. 

- 5 '.;I 
+ 1'45 
+ 1'14 

+ 1'15 

- "'53 
- o.15 
- I '66 
+ 2'97 
- 3.03 
-12'33 

-10'1S 

- R.88 
- 7'57 
-11'35 
- 4'16 

- 3 ' s  
- 6'33 
- 2'+ 

-1~8.16 

- 7 ' 5 4  

- 4.97 
- 4 7  
- 5'30 
- 4'52 
- 1'47 

- I'SS - 0'03 
- 0'79 
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2. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC AZIMUTHS ON THE 
SPHEROIDS O F  CLARKE AND R E S S E L - ~ O l l l p l e t d .  

No. Statioii occiipied. Statioii referred to. 

Christian 
Clark 

Saliiia Enst Rase 
Russell Xorth\rest 
Eureka 
El Paso West Base 
Momit Oiiray 

U iicoiii pa hgre 
Uiicoiii paligre 
Mount \\'a,, 
Treasury hIouiitaiii 
Chiqiiita 

Patiiios Head 
Mouiit Ellen 
\Vasatch 
Fatin6s Head 
Molllit NelJO 

Tiisliar 
City Creek 
Ogden I'eak 
Ogdeii real; 
b'hlllt XebO 

Deseret 
Ogdcii Peak 

Diniiioiid Peak 
Tiisliar 

Moiiii t Nchn ' 
nIrniiit C;illahaii 
Carsoii Siiik 
Moii ii t Grail t 
Muoiit Callahati 

Kollllcl 'roll 
Folsoiii r eak  
MIouiit Helena 
?vToiiiit Heleiia 
Mouiit D i s l h  

Yolu Ease Nnrthwest 
Solo Hnse Soiitlieast 
Moiiiit 1.lelcii:i 
Toln nasc Southeast 
Mniiiit 1Tclrii:i 

Moiiilt 1 h l . h  
Moiiii t Dial de:, 
Yourit J:iiihcdrirr 

I\~Qllllt Neb0 

Ohserred Seconds Seconds 

ariinuth. aziitiuth. 
Clarke's ~ e ~ s e l ' s  Clarke. Besel.  
spheroid. spheroid. 

( A-G ) astroiioriiic 



S 4 b  UNITED STATES COrlST AND GEODETIC SURV.EY. 

3.  COEIIPAKISON OF ASTRONOMIC AND STANDARD GEODETIC LONGITUDES ON T H E  

SPHEROIDS OF CLARKE AND BESSEL. 

Namr of astroiioniic station. 
Observttl 

astroiioniic 
loiigitiicle. 

,I 

35 '53 
12.16 
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Scrutinizing the preceding tabular results expressing the cleviations of the astro- 
iioiiiic and geodetic results, for tlie two representative spheroids, and heginning with 
the latitudes,' we notice that the figures in tlie last two coluiiiiis easily fall into three 
groups. 111 the first group of 19 values, betweeii the Atlantic coast and the eastern 
flank of the Blue Ridge, the deflections are small and changing sign; in the second 
grclup of 29 values. from tlie 13lue Ridge to western Kansas, the plus sign is largely 
precloiiiinatiiig, and in  tlie third group of 61 values. froiii westrrii Kansas to the Pacific 
coast, the opposite sign subsists. The average cleviations are as lielow: 

Group I, stations I to 19 
Group 2 .  stations 30 to 3s 
Group 3 ,  statiolis 49 to log 

6. 

$0 '77 
+3 '53 
-2 'S9 

/ I  

Thus, over the great estent of the second g r o ~ i p ~  tlie average surface of the geoicl 
(in the region of the thirty-ninth parallel seems to be tilted toward the north 2 or j 
seconcls, w~iereas in  the tliirci group. covering the region nciuss tlie ~ o c k y  Mi-mntains, 
tlie tilt of tlie geoicl is opposite and tcward the south about j secoiicls. Tliese defornia- 
tiom are well iiinrked , and afford LIS a glimpse of their vast extent, though at  present 
we have 110 iiieaiis o f  tracing theni to the iiortli or south beyotic1 our parallel. Squariiig 
tlie differences (,-d-C; ) and siiiiiniing L I ~ ,  we fiiicl f6r the spheroids for ( C. j ,  2 3 ~ 9  aiic~ for 
(B .  :)* 2 163. The clifiereiice is small. as might have been expected from the siiinll escur- 
siolis Ixyoricl 1:ititucle 39' aiicl is in favor nf the Resselian splieroid. 

The 0zi/uhfh7/ coiiiparisoiis exhibit much larger differruces than tlie preceding 
w e s .  We Iiave Z'(.4-G,)' = 4 Sgg for C j and 2 SSS for ('6) and after rejecting S stations, 
all west of Pikes Peak. where. the deflections exceed 13 secoiicls, the above figures 
becoiiie 2 S13 aiid I 665* respectively, i n  favor of B's spheroid. I t  is different with 
the / c ~ ~ r ~ i ~ ~ ~ ~ l r i l c ~ ~ / c o l n p " ' i s o ~ ~ s ;  here we have X( .-f-Gj' = 3 (574 for( C J  a i d  4 r ~ 6  for (0) 
and after rejecting 5 values. at  ColoracloSprings and4 stations west of it, where the deflec- 
tions exceed IS seconds. we find I '94 and I S?, respectively, in either case iii favor 
of Clarke's spheroicl. In a general way the tabular valiies of ( --l-G) in the last two 
coluiiins apikar in opposition respecting their sign? aiid near the Atlantic side of the arc 
the negative signs for (,C. ) predominate; mar the Pacific side tlie positive signs prevail. 
1 his last remark, as lias already been stated, is in cuiiforiiiity with the fact of the prev- 
alence of opposite signs in tlir ( C.) columns of ( .-1-G ) of the azimuthal and longitudinal 
tables. W e  have for the azi~iiuthal statir.,ri.s Nos. I to 9 the mean 17nlue 4 Z(--!-G) = 
+ 6rr~s,,\~711icli converted into lungituiliiial rlift'erence by 6A = - 6n cosec tr9 equals -- I O ~ " S ,  

the mean tabular difference is - 5 ' r . 2 :  mi the Pacific side we have the niem of S 
values (Nos. 66-73) of (,--l-G ) from azimuths - 7I .S  correspoudiug to + I P ' " ~  in 
longitude; the meaii tabular clifferelice (Nos. jo to jg) is +g' ' 'z.  

.. 



sqs UNITED STATES COAST AND GEODETIC SURVEY, 

E. REVIEW OF THE STATIONS EXHIBITING LARGE LOCAL DEFLEC- 
TIONS OF THE PLUMB LINE I N  THE PLANE OF THE PRIME 
VERTICAL 'OR I N  LONGITUDE. 

The effect of the local disturbing action on the direction of tlie verti.ca1 at 3 
station! clue to irregularities of distrilmtioii and of density of tlie surrouiidiiig masses. 
may be aypxi i i ia te ly  ascertained, 1)rovided we possess a contourecl inap of prorer 
scale and esteiit of tlie region. Even with this knowledge the actual tiiaynitude of 
tlie deflections mis t  to n large estent reinain uncertain, mainly owing to tlie defects of 
our reference spheroicl aiicl to o w  ignoratice of the underground distribution of the 
iiiasses and their density." 

At present w e  possess but very scanty knowledge respecting tlie surface configura- 
tion and distribution of matter at and in tlie vicinity of our loiipitucle stations; yet i t  
will he desirable to esaiiiiiie somewhat in detail, at  stations eshibiting large deviations 
from tlie normal, how far tlie visible topographic enviroiimetit  nay account for or 
support the observed deflections. Owing to tlie heterogeneous nature of the earth's 
crust, computations of this kind have not been ~7ery successful: although in cases of 
obvious influence a fair agreement Ixtween ohserved nnil computed deflection in sign 
atid magnitude is generally brought 'out. 

What will be needed by tlie coniputer, at least for stations showing large deflec- 
tions, is a rough topographic survey covering the region for tens of kilonietres, the 
extent depending upon local circumst:inces: the iiiap to give the elevations hy coiitoiir 
lilies at suitable verticil iiitervsls ab 1JetWeCll 50 and loo or more metres. 

stations esliibitiiig large east or west deflections-say: I~itween a1miit 2 0 ~ ~  aiil:~ 
.yY-Cnloraclo Spriiigs! Colorado, aiitl Genoa, Nevada, liold first rank. Both places 
face an crrsftwc flank of mountains which rise to a considernble height. Here ( K/-G ) i3  
negative: hence the plumb line is largely deflected zc~t~sfw~7id. 

There are about c j  other stations with less, but still large. cleflectioiis with their 
( -4-G ) positire. showing the plumb line deflection to be easterly. They are Point 
Arena, California: Salt Lake City, Ogden, a i d  Oasis, Utali: Austin. Nevacla, and 
Mouii t Ham i 1 t (311 , California . 

I .  At Co/o!mh Spriugs the local configuration is as follows: Elevation of the statioii 
above the sea I .'i=? inetres (,or 5 97s feet'); elevation d Pikes Peak 4 300 metres (o r  
14 roS feet ). Pikes Peak is west of Colorado Springs  IS,^.^ kilometres (or  I I;..; statute 
miles 1. 
elevation of about 10 500 Get nticl esteiidiiig from GO to SO iiiilss, wliere it reaclies the 
continental watershed or diuiilc. The clistrihution and fnriii of these iiiasses arc so 
very irregular that 110 representative geunietric figure coidil be substituted to deterniine 

, 

A profile through the station atid looking west\wrd shows n plateau at an . 

~ 

*NOTE ES SHE E l -~ i~o~ . - -T l l e  effect of :I iiioiiritaiii oii tlie clirectiuii of the piiiiiib liiie mas successfiilly cnlciilatrd 
Citiliriiis the ccmtoiirs furriisherl hy the Coverriiiieiit 5iirve.v. the ii i  the cnsr of €I:ile:ikala, i i i  the Hawaiiaii Islaiiils. 

attwctiuii was deteriniiied. at the statiuwi '' Kaupn." by the Furmula- 

.4 = 5 r l =  I -J[ cot. ,, 
r r ? ,  - / ' ,  L O  1,.:+::13: 

io he $'p. 
fur a point oii the other side a.,f the iii(mii1niii. 
pliiiiih liiie nt * '  1;aiipo" of +''.4 \\-as rrvealrd. 
'The ianiiiitniii is IO COG feet high aiid about b iuiles in circutiifereiice nt the haw. 
fur tSS. Appciidir No. 14. pagc j:y. 

Tlic latitiirk of this poiiit \\'as foiiiid hy astroiioinical observations. and a siiililar cleteriiliiiatioii mas iiiadc- 
The two stations 1ciii.g ccmiiected by triaiigulatioii. a deflection of tlic- 
Here w e  have n discrepaiicy of only 1"'s brt\veeii the two detrrmiiiatioiis. 

See Coast aiid Gendetic Siirvey Kepcd 

J i i l ~ .  1g10. 
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roughly tlie aiiiourit of clc-flection. Supposiing an attracting 111nss. cone-shaped, with 
height 2 47s metres anil 'a base of 30 liilo111etres radius, clensity 2.3 atid distalice IS!.;; 
kiloiiietres, the angular deflection woulcl he nearly z-? seconds. 

2 .  The station G c 1 1 0 t 7  is located at the foot of the steep slope of a spnr of rnoun- 
taiiis estericliiig &ng tlie eastern side of Lake Talior. For this locality w e  possess a 
map of the topographic survey by 1,ieut. G. M. Wheeler, United 5tates Army. especli- 
tioil of 1876-77* from ~ h i c l i  we take the following heights: Genoa, 4 Sox feet: crest of 
range at  Ceiioa Peak, c) 155 feet, aiicl at Moiiumeiit Peak. 10 035 feet; surface of Lake 
Talioe. 6 feet ('accc~rcling to railroad reports 6 247 ). Here the physical hypsometric 
features leiid theiliselves readily to silllple mathematical treatmeiit. Referring tcJ Clarke's 
Geodesy, page x$, to the case of the attraction at a point P on the slope of a triangular 
section of a iiiountain rauge of indefinite extent, we get. on transforming the expression. 
when P is at  tlie foot of the slope- 

..I =: 6" ' 2 1  { l i  base . sin 26' lop. (---) ' + ?G . 1:iasc. . sin- GI 

. 

frGllt  <lope-. 

where .-I the attraction in seconds, G the iiiclinatioii of the front and 6' that of the rear 
sloi>e, assmmecl density of iiiass 2 .  j, aiicl the unit of length heiiig tlie statute mile. 

With base = 6 i d e s  a t  the level of Genoa station. tan G = -. , hence B=??', nnd 

6' = T ~ " ' G ;  we get -4 = I I " . S ~  This, Iiowever, takes 110 account of the attraction of 
the range on the west side of the lake about 20 iiiiles distant aiicl rising at least to a 
lieiglit equal to tliat on tlie east side. 

j. At Self Lnkc Ci[i*. which is iIt an elevation of -ps.-j4 feet. we -have to the westward 
for about 150 miles a tolerably level groiiiiil. nowhere rising much above 5 ooo fret, 
whereas to the east an outer spur of the Wasntch Range rises to about 9 500 feet at a 
distance of about 1 2  miles. Farther east the Uintah Mountains are at a still higher 
elevntion. 

The &\:a- 
tion of tlie observatory is I '  j=,S metres ( or 4 3gc; fret ) ,  and that of @gclen Peak -7 924 
metres (:or 9 ,592 feet which point is but 9'GSg ldometres clistant from the iiljserva- 
tory. To the west we liave 
tlie Salt Lake. with Promontnr; Ridge ('about 6 500 to 7 coo feet high) jutting into it, 
while to the east the closeness of tlie steep. flank of the Wasatch Range and the elevated 
plateau over 7 ooo feet in height farther to the east must esert a powerful influence titi 

the vertical at tlie observatory. 
5 .  The statio11 O m i s ,  at an altitude of about I $7 iiietres ('or 4 550 feet), is situated 

nearthe Sevier Ricer and in the desert of that name. To the west the desert e:\:tt.iids 
many miles. hut little of it is kno\vn except some iiiiiior elevations r ooo or 2 cl0il fret 
nlmve tlir general level: but at  a distance uf 60 kilometres ( or 37 ,I.$ miles) the Antelope 
Mnuiitaiii rises to 2 959 metres (or  9 70s feet ). Eastward of the station the Caiion 
Mountailis culminate at the Point Scipio with an altitude of 3 967 metres (.or 5 734 feet j., 
~ l i i c h  point lies at a distalice of about 3s kiloiiietres (or  233'.; statute uiiles). Here, 
then, we have to espect a differential. or much smaller. loiigitiicliiial deflection than in 
the above cases. where the attracting masses were iiiuch nearer the stations attracted. 

6. -grtsti)z, ci[r is situated on a western slope rising from an elevation of al>out 5 ooo 
feet at  Reese River, 7 or 8 iililes distant froiii.Austin City, to its crest of about S s m  

0'90s 
- 5  7 ' 2  

These conditions account for the large cleflectiim at this place. 
4. ~ ~ g d c ~ r  Ci[r (observatory:) is similarly situated as the above station. 

The differelice in height is I $6 metres (or  5 m;.feet 1. 

Is73?--I\T(:,. ~ - s +  
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feet elevation. Inforination is nmitit?g to estiniate the deflection, except that it i1llist 

be to the east. 
7. A h r s i r f  HCrhi/fc;r, upon wliicli the Lick C)l>servatory is located. is of comparatively 

low altitucle, rising oiily to I "87 iiietres (or 4 221  feet ). The iiiouiitaiil is of conical 
shape with its western slope sinking into the Satita Clara Valley, which is here less 
tliaii Ioo feet above the ocean. From tlie north around by iiortlieast to southeast the 
mountain is surrounded hy closely paclad ni:isses rising to 3 or30 feet or illore and coni- 
prised within a radius of about 30 kilometres (,or IS.!, miles ). .The attraction of these 
masses is to soiiie extent compensated hy that of the western hills of the Coast Range, 
~vliich to the west .skirt the Pacific Ocean at a ilistaiice of about 75 kilometres ('or 46:s 
miles) from the mountain. The elevation of the Coast 'Range is 1)etwren I ,500 alii1 
2 ooo feet; but that of the Saiita Cruz Mountains to the soutIi\wst renclies. at  its Culmi- 
nating point, I 157 metres (or  3 797 feet') ant1 is distant 31 kilometres (:or 19 miles 1. 
We may infer that at the Lick Observatory tlir vertical is not largely nRectec1 ( plunlb- 
line attracted to the eastward'). 

?3. There reiiiaiiis for special esaminatiou the eiiviroiimeiit of Poiitt -4 i m l z ,  the 
western terininal station of the arc and distant fi-0111 the coast less than 4 1;ilometrrs (or 
2-4 statute iiiiles ). Tlie vertical at this place is uiicl'er the direct iiiiliience of the attract- 
ing force of the mountains and liills of the Coast Range, wliich in the parallel of Poiiit 
Arena has a total width 1:letween I x r  aiicl 130 kiloinetres (o r  7s and Si) statute miles ).  

Beyond this there is tlie low m c l  wide salley of the Sacramento River. Tlie Coast 
Range consists of a series of parallel ridges trending apprositnately northwest and south- 
east. The first of these rises to metres at Cold Spring atid to 6 7-1. iiietrrs at Walalla 
and to nhoLIt.754 metres (or  -? .47:+.feet at a distance of 20 kiloiiietres tor I Z ? . ~  miles): 
the second ridge reaches at Sane1 Mountain :ti1 altitude of I 1 x 2  iiictres ('or 3 353 feet 
and is distant froiii the coast 44 kilometres (or  27 niiles ). At this station we may there- 
fore expect a consiclerable enstward c1eflection of t1:e p1uiiil:l line. 

$1. The next longitucle station to the east, l7ki(7h3 lies in the valley of the Russiaii 
River at an e1ei:atioii above the sea l>et\verii 250 arid =,Ix, n&res. It is on tlie wester11 
side of the valley- which is ljere about 4 kilcmietres in micltl~. A few l~ilometres to tlie 
west, at Pnstoii. t>.e hills rise to I Inrtres (91- 3 403 feet ) :  east of the station, the 
hills are i l f  alwiit the same height. except at t1ie.crossing of the main range, which lies 
at a greater nltituile. 

IO. At .~/f?7;1~.iZPi//ts the clistiiictiw fenture of tlie lanclscape is the Butte. which lies 
westward about 20 kilometres (.or 1 2  1:. miles) and reaches nn altitude of f1+4)..; metres 
(o r  2 I 14 feet ) ,  while Mar i lk  itself, on the other side of the Sacramento and Feather 
rivers, is h i t  20 mctres (or  66 feet ) above thc sea. TIic greater prosiiiiity nf tlie 
mouutains on the east side of the valley, as ccmpared with that 011 the west. probably 
iiiore than offsets the attraction of the Butte. 

The pluiii1-1 line at statioiis in Sc7ir Fi17it~-istv or its ininiediate vicinity is probably 
but slightly distui-bed from Gisible caiises. The priticipal attracting mass aloilg the 
parnllel is hfouiit Diablo. Although I 173 metres ( or 3 $45) feet) in height, its distance 
45 kiloliietres ( o r  2s statute miles) is sufficient to greatly diminish its effect. T o  tlie 
west as  far out as the bar, 173; 'kilometres (or I I statiite niiles 1, we have shallom water, 
not exceeding 30 fatlionis: 1?i!;oiic1 we reacli c~ept l~s  of IOO fat~ioiiis nt a c~istaiice of a1)out 
7' kiloiiietres ( or -+43i statute iiiiles) from Sari Fraiiciw:!. The slope into deep water 
is therefore very different here from what i t  is OR Point Arena. 

UNITED STATES COAST AND GEODETIC SURVEY. 



F. SYNOPSIS OF RESULTS OF THE ASTRONOMIC AND CORRESPONDING 
GEODETIC MEASURES OF T H E  PARTS OF T H E  .\KC. 

I .  PRELIMINARY STATEMENT. 

There reiliairis tlie presentation of tlie nngular iiieasures of tlie several longituclinal 
suhdicisions of the arc, together with their corresponcling linear measares. The latter is 
obtained by converting or reclevelopiny tlie geucletic cliffei-eiices of longitucles given in 
co!iiniii 4 of tlie last tnhle into their corresponcling linear equiixilents on the parallel of 
39". I degree iii this latitude .being ecliial to 56 CcS.6; metres for the Clarke sphemirl. 
In tlie following table coluiiiii j gives the differences of longitude couiitecl from .the 
ensteriiiiiost station of tlie arc. as <letermined nstrononlically : column 4 shows the 
cm-respoiicliiig geodetic differences taken from the position cl:imputntioiis as clevebped 
upon Clarke's splierciid. aiid the last colurnn contains. by reclevelopmeiit, the ccirre- 
sponcliiig linear clistances ciii the parallel of 39'. 

2 .  CORIPAKISON O F  ASTl<ONOI\IIC AXD GEODETIC LONGITUDES ON ARC O F  PARALLEL 
ACROSS THE 1;NITED STATES. 

T-ABLE A. 

K O .  

1 

1 

. I  
5 
6 

7 
s 
9 

1 0 

11  

I 2  

'3  
'4 
15 
I 6  

17 
IS 

'9 
30 

2 1  

2 2  

2:: 

Nmie of astroiioiiiic station. 

Cape RIay 
Dw-cr 
\V:tsliiiigtnii, Surrey Ofice 
1V:isIiiiigtyi. 011.1 Observatory 
\V:ihiiigtrm, New Olxerv;itory. ................ 
Strasllluy 
Cliarlnttesville, observatory 
Cll:u-lestnrl 
Ciiiciiinati. ci1:Bscrvatm-y 
Vincriuies .................................... 
I':ukerslJurg 
St. Louis. Uiiiversity ubservatory 
I;:iiisas City 
Ell~wortli 
w:11 Ince ....................................... 
Colarndo Springs 
Gulinismi, Caloradci 
Grim1 Juiictioii 
Green River 
Salt Lake City. .  .............................. 
Ogden, observstory 
Oasis 
Eureka 
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TAELE A--Coiiipletcd. 

Name of  ostroiinniic station. 

-4ustiii 
\Grgiiiia City ...................... 
Carson City. observatory 
GeniJa 
Lake Tahoe Southeast 
Verrli 
Sacramento. . . . . . . . . . . . . . . .  1 . . . . . . . .  
KIarysville 
&Iount. Hamilton, Lick Ol?servatory 
Sail Fraiicisco, Washingtoii Square 
Sail Francisco. Lafayette Park 
Sail Francisco, New Presiilio . . . . . . . . .  
lTkiah 
Point .4retla 

, ....... 

....... 

....... 

Observed difference secoild.j of . 
of lo~igitiidc A,\ frol,l 
eabtel'll stnti,nl, trimgiilatioii. frotii iiritixl 

The above Table A contains all that is neeclecl of ,the results from the measure- 
ment 'of the arc in order that it may be a\-ailal>le for combination with any other arc or 
arcs. either for the purpose of determining a local osculating spheroid, or a general oiie 
for the whole globe. I t  nevertheless appears clesiral~.le, for reasons already given. iiot 
to make such use of the arc measures in their entirety withont soiiie modification. 
Not~~ithstaiic3ing the large number of sul:cli~-isioiis of the arc; it is plain that certain 
stations affected with large lorn/ cleflectioiis in longitude could oiilp lie productive of. 
injurious effects. aiid the same is to be said, of stations closely crowded into a region 
having the same general deflection of the geoid. 

The five stations. 
colorado Springs ( L A  about 24" ), Salt Lake City ( A h  about 21'' ]? Ogdeli Observatory 
( , ~ h  about IS" j ,  Genoa ( LA about 24'' ) ,  md Point Arena ( AX 'about 22" j ?  are 
oiiiittecl and tlie three Wasliiiigtoii statioiis, are consolidated, as  are nlso the three Sari 
Francisco stations, and their respective group ineatis are placed in the n;m table: 

In the following Table B these inoclifications have been made. 
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j. RESULTS OF THB BIEASUREIIIENT OF AN ARC OF PARALLEL ACROSS THE I JNITEJ~  

STATES IN LATITUDE 39". 

TABLE B. 

Name of astroiioriiic station. 

Cape May 

Dover 
Washington. District of Colun~hia (111) 
Strasburg 
Char!ottesville. observatory 
Charleston 
Cincinnati, oljservatory 
Vinceiiiies 
P:irkedxirg 
St. Louis, Uni\:ersity observatory 
Ka:iGs City 
Elisworth 
Wallace 
Ginin ison, Culoraib 
Grand Juiictioii 
Greeii River 
Oiisis 
Eareka 
A us:i 1 I 

Virginia City 
Carson. ol-jservatory 
Lake Taliae Southeast 
Verili 
Sacm~iiento 
hIarysvi1k 
Mount Haiuilton. observatory 
S m  Fraiicisco (111) 
Ukinh 

If we divide the linear measures of the table by their correspoiicliiig angular ainpli- 
ti&s as espressed i n  degrees aiicl fractions of a degree:. we sliall obtain the valiw cf I O  

011 the arc directly resulting froiii iiieasuremeiit. Thus taking the whole arc ix  an^ 
part of it, n;e can coiiipm-e the resulting length for I O  with its value 011 the Clarke 
+ieroid S6 ilz.S.6 metres and with its value l j i i  the Bessel spheroid SG 616.0 metres. 
','$;e select the following results: 

111. 

Whole arc. Cape May to P h t  Arena (;SO766 SzS). Table X 

-4rc between Cape hTay and S a n  Fraiicisco [ 4j"',io1 361 ) 
Arc between Wasliiiigton. D. C.. ond 6311 1:raricisco ( 45"'359 541 J 

I o = %  6'6 
624 
624 
023 . 

Arc between Cape May and Ukiah (454,279 553). Table I; 
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Taking tlie first half or eastern part of the arc. we find- 

For the part between Cape May and Wallace (26O.661 6S9) 
A i d  for the western part, Wdlace to Ukiah ( 21"%1S 164) 

That is to say. the average curvature (:in parallel jga ) of the surface of the geoip, for 
about four-sevenths of the arc. approaches closely that of the Clarke spheroid, while 
the actuaf curvature over the western or reinainiiig three-sevenths part agrees better 
mitli tliat of the Eesselian spheroid. The arc appears to clemancl aii iizfr.i-int-i?iofi* sflhc-ivid, 
of which, in latitude jg', I O  equals liearly S6 624 nietres, aiid which, therefore. favors 
that aclopted by the Survey iiiore tliaii the older one. 

We have 57tt to inquire into the accuracy of tlie linear iiieasures of tlie psrtial arcs 
of Tables A aiicl B. For this, provisions were iiiacle in Parts I arid 111, where tlie prob- 
able errors of the several parts of the triangulatioii are espressrd in fractional parts of 
the clistaiice covered. T h ~ i s  we have for the Eastern Shore series in a length of 12s 
kilometi-es, the probable error developed in that length -7 * I  metres; similarly iii 12 kilo- 
iiietres across tlie &tit Islaiicl base net, OZJS metre: in the 393 kiloinetres of the 
Alleghetiy series, 3-16 metres. etc. Aclcling these figures for the whole arc, we get 
2 6 ' 2  metres, which for 4 2 i i  kilometres equals i&Tv part of the length. We may 
.take this fraction to apply to any of tlie other tabular numbers. I t  is equivalent to a 
probable error of 6.2 iiiillimetres per kilometre, or to 0.3s of ai1 iiicli per statute iiiile. 
>Ve iiiay.contrast this probable uncertainty, of 26 metres i n  the length of the arc mith 
the cliffereiice of lengtli corresponc~ing tl:, 4SQ*77 of ~giigitui~e on this parallel of 390 for 
the two spheroids under comparison. I t  is 12.61 nietres ?: 4 3 - 7 7  or 615 metres, sliow- 
ing, tliat the geodetic operntion possesses abunclaiit accuracy. 

For the sake of completeness and reference. there follows a list of resulting geo- 
graphic positions of the priucipal trigoliometric stations of the triaiigulatioiis pertaining 
to tlie nieasureme~it of the arc. Distances between the stations will lie found in Parts 
I and '111 and azimuths are given iu connection with tlie positions. 

G. RESULTING GEOGRAPHIC POSITIONS AND AZIMUTHS OF THE 
PRINCIPAL TRIGONOMETRIC STATIONS, INCLUDING THE EASE 
NETS. BASED ON CLARKE'S SPHEROID OF 1S66 AND THE STANDARD 
DATA O F  THE ARC ACROSS THE UNITED STATES. 

' 

Back azimuth. To station. 

5t~>lIe. 
Egg Island I,. H. 
5tOlle. 
Mahull. 

Stone. 
Cape May I.. H. 
stn11c. 
E<g Islaiid L. H. 
Hnrtlcy. 
~13I1on. 
Kent. 
Hsrtlcy. 
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G. RESULTING GEOGRAPHIC POSITIONS, ETC.-Continued. 

Station. 

L ~ ~ ~ h i ~ t a ~ ~ - C o n t i r ~ u e d .  

Hnrtlep 

1;ent 

dfurykz lid. 

Eniclay 

Hope 

Turkry Poilit 

still  poiid 

clollgh 

I'ooles Islaiicl 

Swaii I'oiiit , 

O?ji>oriic-s Kniri 

Iki i t  I&iid N x t h  Bane 

Kclit Is1:iiid Soot11 nnse 

'I'nylor 

1,iiistid 

~:iiilny 

RIari-iott 

Webb . 

Hill 

Soper 

Stabler 

Sugar Loaf 

Mnrylaiid Heights 

C%grir ii. 

Peach Grove 

Bull Rim 

Clark 

Mouut Marshall 

Fork 

To station 

Kent. 
Barclay. 
H i q ~ .  
Barclay. 

Hope. 
Still Pond. 
Liiisticl. 
Clotlgh. 
l'oolvs Islald. 
Oslmriies Ruiii. 
HOQt!. 

Clou$h. 
Liristid. 

Linbtirl. 
Finlay, 

Lin>tid. 
FO&S Islaiid. 
F i i ihy .  
3fa n i u t  1. 
Llrratid. 
3I:irriutt. 
'I'n ).lilt.. 
Mnrriott. 
I.iiistid. 
3Iartiott. 
W&h. 
Liristid. 
Webb. 
Hill. 
\I'VcLb. 
Hi!L 
Stabler. 
Peach Grow. 
Stabler. 
We1 SI>.  

Hill. 
Peach C, rove. 
Sugar Loaf. 
Blill Ruii .  
IiIorylniid Iitiglits. 
Bllll I:ull 
Mount Marshall. 

Fi11l:,y. 

Iiellt Iaiallci K. ~ X X .  

Bllll l<iin. 

Sugar Loaf. 
Clark. 
Mount Marshall. 
1.1 I1 111 pI>aCk. 
Fork. 
Clark. 
Fork. 
H Illii pbacl;. 
Elliott I i i iO tJ .  
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. G. RESIXTIKG GEOGRAPHIC POSITI(3NS. ETC.-Continuecl. 
To station. 
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G. RESULTING GEOGRAPHiC POSITIONS, ETC.-Contiiiued. 

nack azirniith. To station. 

Ri:c;na Vista. 
Ho\vlai?d. 
Twin Creek. 

Clierl-y Ridge. 
['each Muiiiit. 
Lhel-ry Ridge. 
Cave Hill. 
Yiiirrva. 
Ash Ridge. 
blinerva. 
Tnte. , 

Flaiightr. 
Stevcns. 

r,e;lciI M O I I I I ~ .  

EiicIl.3 Vista. 
F r d d .  
Ca\'e. 
Hnwlaild. 

Scicstn. 
I<p i i i c I  Toy. 
Howlniid. 
Twiii Creek. 
Sciistc.. 
3linerva. 
Cnvr Hill. 

Tnte. 
Dry Ridge. 
Sleseiis. 
Dry Ridge. 
Taiiiicr. 
stow. 
Tnnilrr. 
stow. 
Reizin. 

Rand Top. 

Flnughcr. 

Cullnertaon. 
Keiziii. 
CulLertsoii. 
Correct. 
Mwl Lick. 
Correct. 
stout. . 
Green. 
Reiziu. 
Correct. 
Holtoll North Base. 
Correct. 
Glasgow. 
correct. 
st011t. 
Correct. 
stout. 
Triyp. 
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G. RESULTING GEOGRAPXIC POSITI3NS. ETC.-Continued. 

Lntituclr. To station. 

Miller. 
'I' ri pp. 
Miller. 
Wecd Patch. 
Fol~Iitaiii. 
Weed Petch. 
Fa11 I I taiii , 
Leouard. 
Beard. 
Leorlsrcl. 
Rcarii. 
Foillitain. 
Beard. 
Calvary.  
c~sburll. 
Ca1 \*a ry. 
5iwm. 
Wright. 
Sisson. 
Cnlrary. 
Sis$on. 

5 11 111 111 it. 
nlerom College. 
Clarc.nli,ll t . 
Honey Creek. 
Sunlliiit. 
Honey Creek. 

n1ero111 College. 

Clareruoiit. 
Hnnt City. 
Ohl<mg. 
Iiiillt City. 
Clare~iimt.  
Hunt city. 
Denver. 
xe\rtni1. 
Clareniont. 
Newtun. 
Oliiry West Bas?. 
Boffnlo nIoll1ld. 
(ilney West Base. 
Ollie? East Base. 
Clareinont. 
OIilry West Base. 
OIiley West Base. - 
Clareinont. 
Denver. 
Denver. 
1.11cas. 

Clarenlont. 
Dcnrer. 
Holt zhansen. 
Lucas. 
Hunt City. 
xc\rtu11. 

Bllffalo Moutld. 
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G. RESULTIXG GEOGRBPHIC POSITICiNS, ETC.--Gmtinued. 

Statinii. 

ZI/ia,,is-Contiiiiiei;. 

Liicas 

Hol tzliausee 

niollllci 

Hnrtliii 

Stiirgess 

Xordiiip 

Hoile 

Geoffrey 

Tarki 11~1111 

scrgcr 

':'nrkcy I-[ill 

Siig:ir Loaf 3Ioui id  

Aiiiuricnii 11ottmii Upper 

Aiiicriaiii Uoltoiil Lower 
I h S C  

I?nSc 

Clnrks hlaiiiid 

Drcyer 

ilfisxw 1.1'. 

Illsalle Asyl11111 

nliiionin 

l<lciiiscIimidt . . 

Morgari 

Patters011 

'Kessler 

r.yrlch 

Taverii Rock 

Ilalleck 

Dicckhaiis 

3eters 

Aziiiiiitli. To stntioii. 

I h 1  t zlianaeii. 
hloullil. 
Hartliii. 
St11rgesr. 
Hult:!liniiseti. ' 

Stiirgrss. 
Curdiiig. 
5turqcs.;. . 
R i d i  rig. 
l i 4 l e .  . 
Gec4Trty. 
Parkir~son. 
13ordi ng. 
l'nrkiiisoii. 
'Turki-y Hill. 
Brrgcr. 
Gruff re?. 
Rcrper. 
I'iiIkcy Hill. 
Clark;.; ilIaiii~d. 
Drrycr. 
Cldrks ? . I O I I I I ~ .  
ncrpi-r. 
Clarks Moiiiid. 
Clarks RIln111id. 

Iiibniie Asyluiii. 
Aiiiericaii Button1 up- 

Ureyer. 

Klciiis~hiiiidt. 
Iiisaiie ;\?;yIuiii. 

Ilrsalle Xs) I l l l I l .  

per Ens,:. 

1llS:l I1 L' A sy l11111. 

I<lciiischmidt. 
Mnrgaii. , 

C I a r L  nIolllld. 
Iiisniie A S ~ I L I I I I .  
Patterwii. 
RIcsrgaii. 
l'a t tersw I. 

Tnvrrli Rock. 
Lyiicli. 
'Taiwil I < ~ - C ~ .  
nlorgari. 
Pattersoii. 
Peters 
Dicckliaos. 
Lynch. 
Diecklinos. 
'Tavrrl~ ~ o c l r .  
1,yllcll. 
Peters. 
Rerger. 

Bcrger. 
Jacobs. 
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G. RESULTING GEOGRAPHIC POSITIOKS. ETC.-Coiitinueii. 

I l x k  ariiiiiith. To sta!ioll. 

Diecklinus. 
Peters. 
Wiiiter. 
Bwger. 
Wiii te r. 
Gasci~iia&. 
A> e?. 
I'iiriiliike Bluff. 
\\;iiitrr. 
Tiirnpike 1%Ii1& 
S+:ycr. 

Bred iurd. 
Pilot I\Tiiob. 
Rratlforcl. 
Pilot siiub. 
McDaniel. 
Keriiiedy. 
blcDs 11 iel. 
Rrn nedy. 
Cedar. 
Bels11e. 
Cedar. 
Belshe. 
Worean. 
Xoreaii. 
Christisn. 
High Point. 
Morenii. 
High r o i u t  
Christian. 
Hughes. 
Hubbard. 
Hiinter. 
Christian. 
Ciiri8tian. 
High Point. 
Hiiglies. 
Christian: 
High Point. 
Hunter. 
Schiiackeil berg. 
lieard. 
Schi~ackeiibcrg. 
Hiihhard. 
beiidrick. 
Heard. 
Rcodrict. 
Eiiob Noster. 
High Peiiit l'elw. 
I < I l ~ > h  ")stel.. 
High Point Tebo. 
Normal. 
Calqlwell. 
Normal. 
Baker. 
Chapel Hill. 

, ... 
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G. RESULTIWG. GEOGRAPHIC POSITIONS, ETC.-Continued. . 

Station. 

illisson pi-Con t iriiied. 

Cnldwell 

Chapel Hil l  

Baker 

~ ~ u t t ~ i i  Mound 

I'honr tori 

l:lIltarI 

Bowler 

uerry 

hFansas. 
Marly 

I.laskir1 

Tllorllas 

Ecklnan 

I3614 MOllIld 

linrlwakn 

Sitiinioiis 

Elevation 

mtnbori 

lwwell 

AdalUS 

Clark 

Mcger 

zenii Dale 

r<cirIlInrd 

1; lllll h0ldt 

Erricsseii 

n'liite City 

Kobhiris 

Taylor 

Arimiith. Back 3ziiiiiitll. To ~tatiori. 

Raker. 
Nnrmal. 
Baker. 
Thorii tori. 
Fultmi. 
'rilorlltoll. 
Ful t 011. 

Baker. 
Fiiltori. 
Bowler. 
Berry. 
nmvler. 
Eerry. 
Marty. 
Haskin. 
Narty. 

I homas. 
E ck ilia 11. 

Thonrns. 
Mart?. 
BChC Mound. 
Ecklllnll. . 

Iian t ra ka. 
Siiiimcms. 
Kariwnka. 
Sin1 riioirs. 

ElCwtio11. 
M311011. 

Elevation. 
c1aIC. 
Adniiis. 
Clark. 
Elwotiim. 
Elev3ti"ii. 
Mnlu>11, 

clnrk. ' 

Zenii Dale. 
Keiiiharil. 
Leati Dale. 
Arlatii>. 
Clark. 
Keirihard. 
Erricseeii. 
KrJlrhillS. 

Erricsseii. 
Zeal1 Dale. 
Reiiilinrd. 
Rol.nhinc. 
\\:ilmer. 
12nlhiiis. 
Rririlinrrl. 
Taylor. 
Wiliiier. 
Irnir nlound. 
Vine Creek. 

e .  

BCM nmlld. 
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G. RESULTING GEOGRAPHIC POSITIONS, ETC. -Continued. 

Station. 

K ~ I  usus-Continued. 
\ ~ i  1 mei 

Frcy 

YiiieCreek . 

Irnii 31ouiid 

Salina En5t Base 

Saliua West Base 

Nortli PGIC ~ l o u i i ~ l  

~rilollip5011 

Henth 

Liiicolii 

Golileii Belt 

\\"ilsoii 

iMci~dc.; Ranch 

Eniiker IIiII 

Waldo 

Al le l l  

Fairinourit 

Clor Hill ' 

L? Crosse 

Hay5 

Sinoky Hill 

1 rego ,. 

Slc:lgg?. 

Big Creek 

zjchinidt 

Canyon 

liidiaii Creek 

Bearer 

Back aziiiioth. To station. 

TaylcBr. 
Viiie Creek. 
Wiliiier. 
Taylor. 
North Pole Mniind. 
Tho 111 p s ~ i ,  
North Pale hIoutid. 
Viiie Creek. 

Saliiia \Vest Base. 
Nerth Pole Mound. 
Iron hIoiiii~.l. 
Hrrrtli. 
T ~ W I I ~ S O U .  
Hc:ith. 
Lincoln. 
Wilson. 
Coldeii Belt. 
Heath. 
Goldeii Belt. 
\Vi Ison. 
Meadrs Ranch. . 
niiiiker Hill. 
Meades Kailch. 
Uuiikrr Hill. 
Waldo. 
Allen. 
\Val An. 
. ~ l l ~ l l ,  

U l i i e  Hill. 
Fairniouut. 
B lu r  Hill. 
La Crosse. 
1iay.j. 
Fairmount. 
Hays. 
Hays. 

IrOll n l G I l l ? d .  

Hays. 
La C rosse. 
Hays. 
Siiick y Hill. 
I rego. 
Siiioky Hill. 

,. 

n c g o  
SkZgcS. 
Rig Creek 
Rk:lg:S. 
Indian Creek. 
Schiiiidt. 
Big Creek. 
Schiiiidt. 
Iudiaii Creek. 
Canyon. 
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G. RESUI,TING GEOGRAPHIC POSITIE~NS, ETC.--Coiitinued. 

Station. 

/ri?itsns--Coiitiiiiied. 

3Ioiiiiiiieiit 

Gopher 

Shericlaii 

Tectcrs Hili 

\\'allace Bluffs 

Turtle 

Curlcw 

McLnllc- 

i'X<)r.t1dv. 
Arap:ilioc 

>lollotorly 

Cllcycnllc Wells 

First View 

Lnllrlslllnll 

Y :L Carsoil 

Biirekn 

r1vcrI:llld 

Aroyl 

1.1 llgo 

Adobe 

sq1l""t: HllIffS 

CI':itiicrs Giilcli 

I.lUlt 

Iiig Springs 

I-iolcoliii llills 

El Pnso Bast Ease. 

Uivide 

?In tea11 

El Paw West Base 

To station. Back Ariinutb. 

a 
India11 Creek. 
Braver. 
rl1onu 111e11t. 
Beaver. 

Bcuver. 
G:q)Iier, 
S1ierid.m. 
Tcetcrs I.Iill. 
Bhrri~lai~. 
Teeters Hill. 
Wallace Bliiffs. 

1311 r. 

'rottie. 
Wallace Bluffs. 
Tnrtlr. 
Ciirlcw. 

McLaiie. 
Ciirlew. 
>\IcLalle. 
Arapahoe. 
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G. RESULTING GEOGRAPHIC POSITIONS, ETC .-Continued. 

Rack Aziiiiiith. TG slotion. 

El Paso West Rase. 
El l'asn East Base. 
Divide. 
Big Springs. 
Divicle, 
Pikes Peak. 
Risen. 
Pikes Peak. 
Bison. 
niolult 0 1 ~ ~ ~ ~ .  

I\Ic~llnt ouray. 
Mowit Elbert. 

Treasury nioun tai 11. 

Moimt Oiiroy. 
Treasiiry Moiiiitaiii. 
Moun t  Waaa. 

Wheeler Peak. 
'rllshnr. 

Deserct. 
Iheljali. 
Ibepalr. . 
'Cushnr. 
Wheeler Peak. 
Pioclir.. 
\Vlieeler Peak. 
White Pine. 
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G. RGSULTING GEOGRAPHIC POSITIONS. ETC.-Completed. 

Back azitnutli. 'To station. 
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H. ARC MEASUKEMENTS. 

I. RELATION OF T H E  ARC OF T H E  PARALT-EL ( O F  Is7I-IS9s) TO OTHER. 
ANERICAN AKCS. 

Our account of the arc of the thirty-ninth parallel would still reniaiii iiiconiplete 
without some reference to its bearing upon other arcs measured or 1xing measured in 
the United States, since 1)y itself it is iiicapable of furiiir;liing any results of the earth's 
figure arid inagnitude. T o  that end combinations with measures of like import are 
demandecl, and which  ill set into clearer light some of the larger operations of the 
Survey . 

In the first place, it slioulcl be remarked that last year 113s also seen'the completion 
of the field work pertaining to the measurement of an oblique arc along our Atlantic 
cl:last and binding it to the Gulf coast. I t  stretches froin hkiine to Loiiisiatia and, like 
tlie arc of the parallel, is inciclental to the regular work of the Survey. 'I11 poilit of age, 
Iiowever, it reaches hack to the time of the first Superintendeiit. The iiorthrastenl 
termi~ius is at Calais, Maine, opposite the Canadian boundary, in latitude 45O I I' oq"*4 
and in longitude 67O 16' 57'"9 west of Greenwich, and its southwestern trriiiiiius is  at 
Nem Orleans, I,ouisiana, in latitude ?yo 57' 25"',5 and in loiigituile goo 04' q " * 4  
( station of IS$ 1. The length of the geodetic line connecting these positions is 2 h12-2k 
'l<ilometres. or I 613.2 statute niiles.:lc The triangulation is supported by G base lines 
a i d  the astroiioiiiic part consists of about 7 I latitudes. 56 azimuths, and 17 telegraphic 
longitude detern~iiiatio~is. It is intendecl to take tip tlie final computation of this arc 
without delay and the publicatioii of its results may therefore he espectecl at  110 

distant date. 
A preliniinar\: 

3ccrJullt of these will be foIinc1 in Coast Survey Report for IS~S, Appendis No. g, and 
iii Coast Survey Report for 1577. Appendis No. 6. The first is known as the Nan- 
tucket arc, which has ail estension of >'' 22' $.?, or 375'2' kilohietres (or 233.15 statute 
iiiiles'j, and contains 7 astronomic lntitucles: the secciiiil is known as the Pamlico- 
Chesapeake arc. which esteriils over 4@ 31' p".~, or ~ ~ 2 . 3 4  kilometres ('or 312.14 statute 
miles:) aiid is supimrted by 14 nstroiioniic latitkles. Each of these arcs. therefixe. is 
longer than the Peruvian arc and astronomically better sustained. and both. are capable 
of farther esteiision northward. The results given in the reports of 156s and 1577 are 
110117 in need of revision before they can be finally utilized. 

I t  is \vel1 known that the Survey is now actively engaged in prosecuting the 
Ineasurement of what is desigiiated "tlie central arc of the mericlian," which ruiis 
a1011g the ineridiaii of 9s" west of Greenwich and intersects the central arc of the parallel 
jnst \yest of the Salina Base Line. I t s  full extent within the limits of the United 
States between the Mesican boundary at  tlie Rio Grande, 'I'esas, and the northern 

Two smaller arcs of the iiierirliaii were iiieas~irecl some years ago. 
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boundary at the British Possessions is 23' 06': i. e. from Browtisville in latitude 25' 54' 
to latitude 4g0 00'. It is, however. capable of considerable esteiision, as it niay be made 
to abut on the Pacific coast east of Acapulco, Mesico, in latitude 1 6 ~  north, on the one 
hatid, and on tlie other niay be carried over the Lake Winnipeg region iiiclefiiiitely 
nc~rthwarcl into British Northwest Territory. The measin-eiiieiit of this arc was proposed 
in March, ISSI, to Superintendent Patterson, who then approved of the meridian of g S o ,  
but no action was taken until rSg7; since that time the reconnaissaiice from the Rio 
Graiicle to latitude 39' has been made, while to tlie northmard of .  that latitucle the 
triaiigirlatioii is completed well into the middle latitude of Nebraska. It will be 
iichxcl that the central arc of the parallel aiicl that of the central meridian are coni- 
p1eiiientl;ry to each other awl  will furnish data of the curvature east aiic~ west ani1 
north and south for tlie cleteniiinatioii of an oscillatory spheroid in this region. 

The United States is also in possession of two other arcs;, one of tlie meridiani the 
other of tlie parallel, which were measured by the United' States Etigiiieer Corps work- 
iiig uncler tlie special organization of the Survey of the Great Lakes. A full acci:iuilt 
has heen published by Lieut. Col. C. B. Coinstock uiicler the title " Professional Papers, 
Corps of Engineers, United States Army, No. 24. Primary Triangulation United States 
Lake Survey," Washington, ISSZ. Neither of these arcs cnulcl he utilized in coiiitina- 
tion u7ith other like measures by reason of an unkiiowii correction attacliiiig to the unit 
of leiigtli as used by the Like Sur\:e\: at tlie time of pulAicatioii; aiid the subsequent 
suspeiisioii of that Survey left no occasion to reiiicwe the cleficiency. Since that date the 
Coast and Geodetic Sur\:ey has been charged iritli n~easiires of this character, u7liich is 
also manifest b y  tlie'TJiiited States joining tlie convention of October. IS%. as a meniber 
of the Iiiteriiatioiial Geodetic Association. The above iiieasures iiiay he rcgarclecl as an  
inheritance to be preserved and supplied with any needful data aiicl estencled in order 
to carry out the origiiial idea which led to  their conception. 

The unit of length of the Uiiiteil States Lake Survey was the so-called Rep- 
sold metre CJI- for n7hich staiidard General i'onistock publisheil, uiicler date of 
Februnry;, 2.5, 1sS5~ the result from coniparisoiis macle at the International B L W ~ U  1:1f 

\Veiglits and Mensures, at  Rreteuil. The le!lgth of this metre lias k e n  cliscusseil ani1 
its Final relation to the Prototype Metre cleterniined by the Coast aiid Geodetic Survey, as  
given in  the report for iYS9, Appendix No. 6 ,  and is  referred to in Part 1 of this paper in 
connection u7ith the Ohley h s e  Line. = I metre Ccitiiniittee -+ 
gs'zp f o ' j / A  at oo C. aiid for any other temperature, t3 Centigrade. the clifference- 

The result was 

and the coefficient of espansion cy of The C. AI. was f o p d  to be 

sensibly equal to the Prototype Metre: lierice we get for the length of R,8,G at the 
temperature 57O.92 F. (.or at  1 4 ~ ~ 4 0  C.:) tlie value I metre + 2550.9 microiis, which 

result was used for the conversion of tlie linear nieasures of the Lake Survey tables of 
pages k j  and Ss4 of the Professional Papers. We content ourselves liere with traiiscrib- 

10-606~. * ' 5  

f 'S 
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iiig tl?e nstrotioiiiic restilts without any chnnge; sLicli for itistaiice ns n' correction for 
variation of pole. Tlie corrected tabular results are ns follows: 

2. ARC OF THE RIERIDIAN BETWEEN PARKERSBUKG. ILLINOIS, .IND ST. IG'NACE. ONT.\RIG. 

5tn:inns. Observed 
latitiides. 

0 I I /  

3.  ARC OF TI-IE PARALLEL OF 42' BETWEEN WTLLOWSPKINGS. ILLINOIS, AND YANNS- 

VILLE, XE\V YCIRK. 

Stnticms. 
!iiterrais frnm mil- 
!o\rspriiige to the 

sxera l  iiicridians. 

The St. Ignnce-Parkersburg iiieriiliaii as it St~Jod in I S S ~  obviously represents only 
oii~--]lti/foF what its ultimate length was to he. Its extension southward tu the Gulf. 
where it joins the oblique arc, is thus pla iii I!; cleiiiaiicled . Tlie Willowsprings- Maiiiis- 
v i lk  arc' farcil lxtter since that clate., the Coast ani:l Geodetic Snrve!; having aclcled at 
1,otli ends triangn1atit:nis of its 4 3 ~ 7 1 1 .  which ma!; iiow be utilized to a coiisidel-ably larger 
extent. iiaiiiel!;, froni Cape Cod, Massachusetts, to Duhuyue, Iowa. The d!; field 
~ ~ > i - k  still iieec1a:l is the telegraphic 1i:iiigitude cleteriiiinations :it these teriuinal places. 

For hrevity's sake we sliall call the riiericlioiial arc " the Lake Superior arc." aiicl 
that of the prallel " the Lake Erie arc." Scrutinizing the iiieasnres of the Lake 

metres Superior arc. me pet for the whole of it the average value of I "  or 

= I I I  oS1.7 metres, aiid for the partial nrc, omitting the first nnil 1 s t  stations. 

I 134 127's 

10.20g s j 

metres = 1 1 1  1 1 2 . 6  metres. For the respective nieaii latitude on the 9.53 S20.I -~ S'jS4 26 
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we infer that, as far as the whole arc is concerned, the measures favor tlie siiialler of the 
two splieroicls, hut wlien the tel-niiiial statiolis are lopped off, the reiiiainiiig sub-arc lea113 
toward the larger one. 50 that there appears little choice lietweeii the two represeiitati\-e 
spheroids. Here the iiieasiires all cleiiiaiicl a 
larger spheroid even than tlint of Clarke's. 

The tiiericlioiial arc iiie.asjurecl by Mason aiicl Disoti between the Delaware Bay and 
the Chesapeake Bay in 1764 is iiow ol:lsolete. I t  crosses the traiiscoiitiiieiitnl triangmla- 
tioii close to the station Hartly. I ts  niiilclle latitude is 35@ I?' aiicl its length is hut 
I' ?s"~s. 

I t  i5,  different with tlie Lake .Erie arc. 

For particulars see Phil. Trans. R. S. for 176s. 

I. PRELIMINARY PAR'I'IAL COMBINATION OF AMERICAN ARCS. ' 

Ry coiiibiiiing the central arc of the psrallel with the Lake Superior arc of the 
~nericliaii, we can obtaiii at least an  approxiniate value for an osculating spheroid 
aiisweriiig to the compact part of the United States. It suffices here to use teriiiinal 
statioiis only, aiicl for reasoiis already stated to substitute a iiienii. vnlne for the first ailcl 
secoiid stntioiis of the arc of pnrnllel niid a mean for the last and its preceding station of 
the Lake Siqm-ior arc. 

For an arc of nieridian, let -4 = length of arc as directly nleasnred, p aiicl rpl its 
astronoinicnlly observed teriiiiiial latitudes, al'so, ns usual, CT tlie equatorial radius aiid b 
the polar seiiiiasis of  the spheroid: also c = ( , t r  - 6,) . 6, then we Iia\?et- 

For an arc of parallel, let C = length of arc as~directly mensurecl. D the astrononiic 
clifferelice of longitude (in seconds:) of its teriiiirial stations in latitucle ( 7 ~ ~  : then we have 

C = b cos qJ, ( I  + C* + e sill' (,uz ) D sin I" . . . . . . . . . . . . . . . . .  ( 2 : )  

Froin ecluatioirs (,I.) aiid ( 3 )  the values of b and c cui he deducecl. 
For the conibination of tmo meridionnl arcs, we have tlie following simple espres- 

sions: Let G ,  GZ = the riieasurec~. Ieligths of the arcs. 9, qJz tlleir astronomic aiiiplitiides. 
and cy, 9, their iiieaii latitudes; also put- 

11 = (:a - 6:) ."(>o + 6) , theti$- 

whence c7 ani1 b follow. - 
*Clarke: i l l o  = I 1 1  i . z 'wn - 566'07S COS I 8 + 1 . ~ ~ 1  o i s  4 9 - 0 . 0 ~ 2  4 COP 6 9  + .. .  :. 

Bessel: M @ = ~ r r  r ~ a ~ r j i g - 5 g j S ' a S i , c o s 1 . ~ + i ' r 6 T . c o s ~ ~ - o ' a o ~ ~ ~ a s 6 ~ + .  . . . .  
t Airy's Figiire of the carth, Cyclqwilin Metropolitans (almiit 1S30); also Phil. Trans. 1826. 
$Brit. Ortiti. Survey, London. is$, Scctioii S, p. $1. 
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For the case of the Lake Superior arc in combination with the United States Central 
arc of the parallel, me have the following data: -4 = I 059 500 - 15 526 = 1043 974 
metres, 9 = 3s' 43' 17'"22, 9' = 1 S *  07' 06"'62 and c = 4 IS,? 227 metres, D = 
173 Y07'"S3 and qr = 39'. Whence we deduce 11 = 6 377 91;. and b = 6 356 309 
metres. 

For the case of the United States Central arc of the parallel and the Peruvian arc, 
we have. the data C D ~ 1 ,  as above and for tlie South American arcq: -4 = 314 736 S 
metres, 9 = - 3* 04' 3''''o arid 9' = + 0' 02' AI".+ Whence we get n = 6 37s 027 
aiid E = 6 356  SI^ metres. 

The results from the conibiiiatioii of the Nantucket and the Panilico-Chesapeake 
arcs of meridian with the Peruvian arc are given in the Coast Survey report for 1577~ 
11. g 4 q t  viz: 17 = G 37s 054 and 6 = 6 357 175 metres. In this combination the sub- 
divisions of the arcs in the United States were iiiade use of. 

For .the case of the Lake Erie ancl ' t he  Peruvian arcs. we have the data: 
C= 977 491 metres. D = 42 460"'o. tp1= -I.?', and those for the southern arc as before; 
whence we find i? = 6 379 $22 and b = 6 357 716 metres. 

For the case of tlie Lake Superior ancl tlie Peruvian arcs, with data as given above, 
we deduce: 17 = 6 377 577 ancl 6 = 6 356 777 metres. 

In the following table the above results, besides some other useful data, are collected 
for ready comparison : 

nessel's spheraid of IQI I 

Clarke's spliercnid 1S66 , 2 

hiiirricaii Cri i t r~l  arc of parallel Iga" 
~ a k e  Superior iirc of inrriiliaii 
~ i i ~ ~ r i c a i i  Ceiitral arc o f  parallel (:cf')), 
t'eriivinii arc o f  iiicridian J 
Lake Erie arc of parallel I . P ) \  
periiriaii arc of meridian I 
i.ake Suptrior arc o f  nirrirlianl 
~eriirioii arc of iiieritiiali I. 
The Naiitiicket ani1 Pnillli~c~-Cllesapealre arcs 

perii\.iaii arc of iiieridian 

) )  5 

4 

5 

6 

1. 
I af nlcridiaii 

Reviewing the tabular values. a most striking fact is found in the apparent close 
accord between the several results. thus testifying to the value of the measures; 
next we notice that the 5 arcs situated mithiii the limits of the United States, wlieii 
combined with the Peruvian arc, or among themselves. all demand a representative 
spheroid of somewhat larger dinibisions than that of Bessel. This conclusion was 
already arrived at in 1S77.f but was then based upon quite slender eviclriice as 

* C o s t  Siin'cy Report for ~ S j j .  Appeiiilir Xo. 6. The I'enlrian arc was measiired between the yearc 1735 and 1j4j: 
The I'eriiviaii arc is referred to by inembers of the Coast aud Geodetic Si1n.e) in the annual 

+The Nantucket arc of meridian was iiieawred betweeii the years I& and rS65; the Pamlico-Chesapeake arc of 

$Coast Siirrry Repor1 for 1 t j 7 ,  p. 9.1. 

its an~pliliide is .;a o i " ~ .  
reports fnr I:<;? ID. 951. for I$!$ ~ p .  iay and fnll.. aiid again p. $14 and foll.) and for ~ S q s  (Appendix KO. 4 ) .  

meridian was tiieasiired between the years ISM and iSi6. 
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compared with that since accumulated. In  consequence of more recent data, the 
Clarke spheroid was adopted in February, ISSO, upon which to develop the triangu- 
lations and geodetic positions of the Survey. Our first combination (,No. 3 of the 
table:), which is composed of the two principal, yet unlike, measures, the one by tlie 
Coast and Geodetic Survey, the other by the Lake Snrvey, reproduces to a reniarkable 
degree the spheroid of Clarke. I t  is also plain that there is not the slightest reason for 
supposing that the earth's curvature. as shown by the American measures. is essentially 
different from that assigned by all other measures of the surface comprised between the 
same latitudes. 

Abundant aclditioiial ineans for improving the existing, deductions coiiceriiing the 
earth's figure are.iiom on hand, and it is perhaps not too much to expect that the 
International Geodetic Association iiiay find it desirable in the near future to attempt a 
new combination of all available arc measures, especially since the two large arcs of the 
parallel, that 1)etween Ireland and Poland and that of the United States of America. 
can not fail to have a paramount influence in a new general discussion. 

In coiiclusiou the antlior desires to express his appreciation of the efficient' aid 
given i n  the arduous n7ork connected with the computations, and to testify particularly 
to the skill and perseveritlice displayed by the three principal computers, Mr. M. H. 
Doolittle, Mr. E. H. Courtenay, and Mr. D. L. Hazard, of the .Computing Division. 

He  has also to acknowledge the efficient help given in a part of tlie computations 
by Assistant J. F. Hayforcl. The rianies of the observers have already been stated in 
connection with their work. 
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