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FOREWORD.

The volume which is here presented to the scientific world contains the results of
the most extensive 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 means 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 executive officers of the Department feel that
it will provea contribution to the science of the world worthy of the United States.

L. J. GAGE, Secrefary.

TREASURY DEPARTMENT, May, rgovo.
15 -



Blank page retained for pagination



INTRODUCTION.

The completion of the measure of an arc of the parallel across the Continent of
North America marks an epoch not only in the scientific history of the United States
but in the world’s geodesy as well.  The resultsof the work, not only to geography but
to geodesy, are most important and far-reaching. In the present volume are brought
together not only the observations themselves and a discussion of the results, but also a
description of the instruments and methods employed, and the improvements which have
been brought about in the progress of the work. This progress has been coincident with
that of the science of geodesy itself and, in a measure, the work has been a history of the
science. : )

The transcontinental triangulation, which was designed to connect the triangula-
tion lines already executed on the Atlantic and on the Pacific coasts, began under my
predecessor, Professor Benjamin Peirce, the third Superintendent of the Survey, and
the work has been prosecuted under the succeeding superintendents—Patterson, Hilgard,
Thorn, Mendenhall, and Duffield.

Soon after the close of the Civil War it became evident that greater extension must
be given to geodetic operations, in order to keep pace with the material development of
our country. Itwas at that time that Superintendent Peirce asked Congress for $15 oco
to begin a triangulation connecting the Atlantic and the Pacific coasts. He characterized
the sum as ‘‘small in amount but of inestimable importance.”’ So favorably was the
project received in Congress that the necessary legislation was immediately enacted.
The appropriations increased with each succeeding vear until 1874, when $50 oco were
allotted to the work.

During the next decade no- specific amounts were set aside for this enterprise, but
the work was carried on 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, and in 1883
it again found formal expression in the sundry civil bill, by the appropriation of $30 coo
for *‘transcontinental geodetic work.’”’ From this date to the completion of the general
field work, regular annual appropriations were made. The total cost, from 1871 to

" 18732—No. 4 2 17 '
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1897, exclusive of salaries of officers, was approximately $500 ooco, giving an average
expenditure of about $20 000 yearly. ]

The cost per mile of progress was least in Maryland and Delaware, being $103,
and greatest in California, where it was $463. The average expense of occupying one
station was $593 in the former case and $9 o31 in latter. ‘The cost per square mile of
territory, strangely enough, however, is greatest in a flat country, where short lines
are necessary. The work in Indiana and Illinois cost $11 per square mile, where the
average cost per point was $1 725, while that in Colorado cost about $2, where the cost
of occupying each station was $6 131. o

The immediate results are these: Sixteen States are given fundamental and per-
manent points on which all their subsequent surveys may be based. The longest arcof
a parallel ever undertaken by any single government has been completed, and valuable
material has been supplied for a more exact determi_natibn of the earth’s size and shape.
Precision in scientific work has been substantially increased during the period mentioned,
and improvement in the field methods has been marked in the base measures, in the
triangulation, and in the astronomical determinations. In fact, the progress of this
work has kept pace with the progress of geodesy. Since the inception of the work, and
growing-out of its prosecution, great strides have been made in point of rapidity and
accuracy. New methods have been introduced, consequent upon the gigantic scale of
the operations. Astronomical results obtained at an altitude of 14 ooo feet require
special treatment on account of changed conditions in attractive and centrifugal forces.
Horizontal angles, if the stations are extremely elevated, are sensibly different from
what they-would be at the level of the sea. The ofdinary formula for spherical excess
must be extended to meet the demands of the great triangles from Pikes Peak to .the
Sierra Nevada. The laws of refraction applicable at lower and equal elevations require
modification when great inequalities exist in the heights of stations. The calculation
of geographical positions enters a new phase when lines of sight 182 miles long are to be
dealt with. " ‘The adjustment of the triangulation—that refined operation by means of
which incongruous observations are made to blend harmoniously according to the mathe-
matical theory of probabilities—assumes greater significance in a chain of 2 6co miles of
continuous geometrical figures. The nature of the country traversed has developed new
ideas in signals and tripods. The mounting of an instrument 152 feet above the ground,
and the erection of an observing pole to a height of 275 feet, are features hitherto
unknown in similar work. For the first time corrections have been introduced for the
variations of latitude. The present volume, therefore, marks an epoéh in the annals of
the Coast and Geodetic Survey, and the completion of this great arc may be fittingly
called one of the historic eventsin the progress of geodesy.

" The method of treatment and the general results may be briefly stated as follows:
Each base net was first adjusted separately. This gave, at intervals along the arc, cer-
tain lines whose lengths depend more directly upon measurement, and which were
regarded as absolute. The triangulation intervening between any. two adjacent figures
thus established was treated by the method of least squares, so as to reconcile discrep-
ancies between the fixed values and those resulting from the angular measurements
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connecting them. The operation thus far gave a connected homogeneous system of
figures throughout, and opened the way for the final computation of the individual
geographical positions. ' _ :

In order to determine standard data to which the entire arc should refer, a first
preliminary reduction was madé. This gave provisional values, which were afterwards
corrected so that the average discrepancies between the computed positions and those
determined by astronomical observations should be as small as possible.

Latitude was observed at 109 stations, azimuth at 73, and longitude at 37. “The
average local deflection, irrespective of sign, in the plane of the meridian, from 51 lati-
tude comparisons, was about 2’*4, and those in the prime vertical may be assumed, in
general, to be of equal magnitude. After rejecting values which were clearly inadmis-
sible on account of local contfiguration, the following corrections were made to the posi-
tions first adopted: In latitude — 0”64 and in longitude 4 o0”'37. No change was
required in the provisional azimuth.

The discrepancies between the positions deduced through triangulation and those
determined astronomically may result from deflections of the plumb line or from the-
fact that the geometrical figures are developed on a spheroid whose dimensions are dif-
ferent from those of the actual earth. Moreover, the deflections may be local, as when

- caused by mountains, valleys, etc., or they may extend over great areas, where a chauge
of density in the earth's crust is the underlying cause. As far as the present measures.
go, the curvature of the North American Continent along the zgth parallel seems to be’
intermediate between that of the Bessel and the Clarke spheroids. ‘The accuracy of this
deduction is evident from the fact that the probable error of the measured length of the
total arc (4 224 kilometres) is only 26 metres, whereas the difference between the arc
of a parallel in latitude 30° on the Clarke and on the Bessel spheroids is 615 metres.

It would be well-nigh impossible to give credit, in exact proportion to the service
rendered, to all persons who have contributed to the accomplishment of this task. Pre-
eminent on the list stands the name of C. A. Schott, who has heen it active service in
this Bureau for more than fifty years. He has had charge of all the computations, and
the present report on the work stands substantially as it came from his hands. Assist-
ance in the computations was given, principally, by M. H. Doolittle, E. H. Courtenay,
D. L. Hazard, and J. F. Hayford.- The volume was edited by E. D. Preston, assisted
by A. F. Belitz. .

Prominent among the officers who had charge of the field operations, and who are
here arranged in the order of linear distance covered by their trigonometrical operations,
appear the following: W. Eimbeck, F. D. Granger, A. T. Mosman, G. A. Fairfield,
F. W. Perkins, G. Davidson, and Q. H. Tittmann.

The following table is believed to contain the names in alphabetic order of all the
officers in the regular service who took part in the operations. ‘The year in which the
observations were made and the character of the work executed by each officer are also
shown:
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TABULAR STATEMENT OF DISTRIBUTION OF WORK.

Observers.

A. L. Baldwin
T B. Bavior......cooooiaiiiiians
G.F.Bird............... SETTETTT
H. W. Blair... .
TP Borden oo e iveneenananens
C.O.Boutelle......oovvvevannns B
I B. Boutelle..........ooiiiits
CH.Boyd...ooovvenneiiacannns
" R. A, Colonna
G.Davidson ...,
G.W.Deall.....ovveninnanannn..
H.C.Denson ...
E. ¥, Dickins
W.Eimbeck...........cooaaall
G.A Fairfield .... .............
W. B, Fairfield...................
R.L. Faris ...
E. 5. Fischer..
H. ¥. Flynn
0. B, ¥rench..
J. J. Gilhert
F.D.Granger ....c.ovvevenrvann.
J.F. Hayford..... ... ..... ...
W.C. Hodgkins .oo.ooiiiieaun.
E. B. Latham.

TS LAWSI. oo .

DESE WY £:1 o o .

J E. McGrath......oovveeaao . e
F.MOTSE.. civneieieiiinanan,s .

A T.Mosman.....oovvveeinnn...
J.Nelson............... v
F. H. Parsons
¥, W. Perkins . ..
J-E.Pratt .....ooveiiii el
E. D. Preston
H. P Ritter......cooiiiiiianaa.
C.Rockwell ............ .. .ol
A. F. Rodgers ...
L. A.Seungteller ...l ..
C H.Sinclair...............oL e
E. Smith ...... ceas
H.L.Stidham ... ........... . .

JoA. Sullivan.....o.ovieiiina. . e

E. L. TANney ...oooviveiviananan..
C.Terry,jr... -...... e

O. H. Tittmaun .. T P
JH.Turner.........coviiiinnn, .

C.H.VanOrden.................
D. B. Wainwright .,
J.B.Weir ..o
P.A. Welker ......coooivniiaes
F. Westdahl.............. ......
T, WinSton. vovevive e ieanan
R. . Woodward ...
C.C.Yates... ..ocoviiaiann,

1570, | 1830, [ 1381, | 1832
i

NoTE.—Astronomical observations, whether for latitude, longitude, or azimuth, are indicated by *.
‘Triangulation, including reconnoissance, base lines, and horizoutal angles, is denoted by .
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TABULAR STATEMENT OF DISTRIBUTION OF WORK—Continued.
dbsérvers. 1886. | 1887, | 1SSR. | 1889 | 18g0. | 1Sun. | 1892, | 1803, | 1S4 | 1S5, | 1S9f 1897, | 1808,
A L. Baldwin ....civiiiivinnnndeennn oo oo ] el . f A
t

J. B. Baylor
G.F. Bird ...
H. W. Blair

1. B. Boutelle
C.H.BOMA. .ottt cveennnens
B.A. Colonna ......... e e
G. Davidseon. .’

G.W.Dean........ooiiiiineenens

E. K. Dickins. ...
W Eimbeck, ... e
GL AL Fairfield
W, R Eairfield oL
R.L.Faris... .o ooiiiiinn
E. G Fischer..oo e,
H. F. Flynn
‘OB, French ...,
1. J. Gilbert
KD Granger......ooveninnnns
) J.¥. Hayford . .. vee
W.C Hodgkins ....... ...,
E. B Tatham. . ... ..oooeneeen,
J.S. Lawson.......iieeii e
RAMATT. .o aee, SR

JE MeGratho iooviiiiiiinen aofinnnnn

FoMurse .o e
A.T. Mosman .. ;
J.Nelson..oooouiiiiiiiian i

FILParsons............cc.vene
F.W. Perkins
JEPratt oo
E.D. Preston....ooooooioiiiinnn,
HLP Ritter....on e
C. Rockwell ... iiiiiiiians
ATLRadgers. .o iiienens
L.A.sengteller ...l

E. Smith
H. L. Stidham,
J. A. Sullivan. ..
E. I.Taney .......covevivennnnnn
Colerry, Jroe e i
Q. H. Tittmann
JoH.TUMCT oo e
CH.Van Orden ........oevuneen
D. B.'\V:\im\'right ...............
J. B, Weir. ......... e
PA Wwelker ...l
F. Westdahl.....................
I winston,.....

R. S.-Waodward
C.C.yates.....ociiiiiiiiiannns

Hypsometry, either hy means of the spirit level or vertical angles, is shown by H.
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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 exercise 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 tfiangp.lation 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 exact measurements, may be considered a finality, :

HENRY S. PRITCHETT,
. . Superintendent.
UnNiTeED STATES COoAsT AND GEODETIC SURVEY,
Superintendent's Qffice, April, rgoo.



PRELIMINARY STATEMENT.

I. LOCATION, SCOPE, AND PURPOSE OF THE TRANSCONTINENTAIL TRIANGULATION,
WITH HISTORICAL NOTES AS TO ITS INCEPTION AND PROGRESS.

This transcontinental triangulation' and measure of an arc of the parallel extends
from Cape May, New Jersey, on the Atlantic coast, in longitude 74° 55’°S, to Point
Arena, California, on the Pacific coast, in longitude 123° 41’8, The intervening
distance is about 4 225 kilometres, or 2 625 statute miles, corresponding to 48° 46’0 of
longitude.

Its terminal points are near Cape May and Point Arena light-howuses, which are in
latitudes 38° 55'°9 and 38° 57'°3. respectively.

The desirability and necessity of uniting the main triangulations along the eastern
‘and western coasts of the Usited 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 be made to depend upon the same
geodetic and astronomic data. By this means only could the unity and consistency of
the work of the Survey beé secured; besides, it was apparent that any proposed surveys
of States lying in the path of the connection or adjacent thereto could at once he 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, since it would involve too many contingencies respecting uniformity of treatment
and of timely cooperation. Its execution was therefore properly intrusted to the Coast
and Geodetic Survey as one of its functions. : '

Besides its immediate practical benefit of providing a' tier of interior States with a
nucleus of systematic triangulation at once available for the extension of surveys over
adjacent areas and furnishing geographic positions within these extended limits, the
measure has a much higher value from a scientific standpoint. It is a considerable
contribution toward those data of which geodesy must ‘avail itself for the more exact
determination of the earth’s shape and size. For this and kindred measures an addi-
tional stimulus was given in 1889, when the United States became a member of the
International Geodetic Association for the measurement of arcs and for the special duty
of investigating the geoid or deformed physical surface of the earth as contrasted with
that of a mathematically defined figure. '

The initial step toward the accomplishment of the measure was taken by Superin-
tendent Benjamin Peirce. Under date of February 7. 1871, he asks, in his annual report
to Congress for the year 1870 (page 7), for a specific appropriation 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,
23
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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, 1871, in the vicinity of St. Louis, Missouri, by laying out
a triangulation extending to the eastward and westward of that city 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 dentral California during nearly twenty years could
be utilized or incorporated into the arc measure; likewise at its eastern end it was
expected that some part of the very much older triangulation with its astronomic
measures would be included. _

Since the year 1871 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 1896 the measure of horizontal angles of the
triangulation was completed. The last of the base lines was measured in 1897, but

‘the determination of heights of the Rocky Mountain stations yet demanded certain

measures of zenith distances and spirit levels, which were supplied in 18¢S. In the same
year the last of the astronomic longitude determinations 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 final adjustment and preparation for
the press occurred in consequence of the late supply of the height measures required for
reducing two of the principal base lines to the sea level. o

The accompanying map A (in pocket), on a scale of 7-yri-5y5, has been specially
designed to give at a glance a general view of the location and comparative extent of
the triangulation connecting our east and west coasts. It exhibits by 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 thé hypsometric features of
the country. On map B (in pocket) is shown, by means of the simple conventional signs
adopted on the Survey, the number and distribution of the astronomic stations whether
for longitude, latitude, or azimuth. . _

In connection with the measure of this arc of the parallel it may not be out of
place here to direct attention to the report of the Geodetic Conference of January and
February, 18¢g4, convened by Superintendent T. C. Mendenhall. (Appendix No. g,
Coast and Geodetic Survey Report for 1893, Part II, specially pp. 360-363.) Reference
will be found therein to other arcs measured either by the United States Lake Survey
or by the Coast and Geodetic Survey. The measures of the great meridional arc in
longitude 93° west of Greenwich were commenced in 1897.% This proposed arc may be
considered ‘as complementary to the arc of the parallel, one giving a measure 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 approximating to the curvature of the earth's surface. The first half
of the curreut year (189S) also saw the completion of the measures, geodetic and astro-
nomie, of the great oblique arc stretching from Calais, Maine, at the Canadian boundary
to west base, Dauphin Island, Alabama, on the Gulf of Mexico, thence to New Orleans,
Louisiana, a length of 23° 31’, or 2 612 kilometres or 1 623 statute miles.

* Reconnaisance was made in the preceding year.
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2. SUBDIVISIONS OF THE CHAIN OF TRIANGULAT;ON AND THEIR DISTINGUISHING
) ' CHARACTERISTICS. )

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

The western section is characterized by the great altitudes of its stations and the

unusually large size of its triangles, many of the sides being.over 160 kilometres, or
" 100 statute miles in length. The triangulation crosses the Coast Range, the Sierra
Nevada, the Wasatch Range, and the main ridge of the Rocky Mountains, with many
of its stations more than 3 kilometres, or nearly 2 statute miles, above the level of the
ocean. The total linear development between Point Arena on the coast and Big Springs
off the eastern flank of Pikes Peak, Colorado (as projected on the parallel of 399) is
nearly 1 685 kilometres, or 1 o47 statute miles.

The central section, which extends from Big Springs, Colorado, eastward as far as

- St. Louis, Missouri, over a distance of about 1 217 kilometres, or 756 statute miles
(measured on the parallel of 39°), partakes of the very opposite character from its
neighbor with tespect to width of development or average length of sides. The latter
is but 273 kilometres, or 17 0. statute miles, and is therefore a minimum value. ‘This
feature was imposed upon it by the general flatness of the great plain which lies between
the eastern slope of the Rocky Mountains and the Mississippi River, descending very
gradually from about 1 Soo metres (5 goo feet nearly) to about 135 metres, or 443 feet,
above the sea level. As a rule the theodolite was mounted on tripods or scaffolds in
order to overcomie the earth’s curvature and keep the line of sight sufficiently elevated
above the ground.

The third or castern section differs from the others by its small but diversified
hypsometric features heing composed of plains, low hills, and mountain ranges.
Where the trlaugulatlou traverses the Alleghenies altitudes exceeding 1 300 metres, or
4 265 feet, are met. The section crosses the Chesapeake and Delaware bays, terminating
at the capes of the latter. Its total (referred) length is about 1 323 kilometres, or 822
statute miles. :

The triangulation across the country posseSses great internal 11g1d1tv by reason of
its composition throughout. Either quadrilaterals or central figures such as polygons
formed by combination of triangles compose the scheme, while its length is supported
by 10 hase lines suitably distributed. '

3. GENERAL STATEMENT IN REGARD TO THE ASTRONOMIC MEASURES.

Respecting the astronomic measures there are 1og stations directly connected with
the triangulation at which the latitudes were determined almost exdlusively by Talcott's
method. 'These observations fall between the years 1846 and 15¢S. Eight latitudes
depeud on other than Coast and Geodetic Survey authority. Astron.mical azimuths
were obtained at 73 of the trigonometric stations between the years 1849 and 18¢g7. A
variety of methods, suitable to the circumstances at the time, were employed in this
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work. On account of local deflections of the vertical, which are present to a greater or
less amount at all stations, the value of an arc of the parallel depends, ceteris pasribus,
largely 1pon 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. An account of
this system is contained in the annual report of the Survey for 1897, Appendix No. 2.%
The longitudes were determined between the vears 1869 and 1898. 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, but all are geodetically
connected with the nearest triangulation station.

*An abstract of this paper appeared in No. 412 (September 14, 1397) of Gould's Astronomic Journal,
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‘L. UNIT OF LENGTH. BASE LINES, AND BASE: NETS.

(A.) INTRODUCTION.

In this first part of the exposition of the measurement of the arc of the parallel,
stretching centrally across the country, will be presented a discussion of the unit of
length upon which its whole extent is developed. This is followed by an individunal
account of each base line with its resulting length and probable error, and the adjust-
ment of its net of triangles referring the base to a principal side of the triangulation.
The methods of local and of figure adjustment of angles and sides are here explained.

(B.) THE UNIT OF LENGTH.

I. HISTORY OF THE COMMITTEE METRE OF 1799.

The unit of length of the transcontinental triangulation is the metre. Its material
representative as used on the Survey from the beginning up to the year 18go was an
iron bar standardized at Paris in 1799 by the Committee on Weights and Measures.
It was brought to America in 1805% by F. R. Hassler (afterwards first Superintendent
of the Coast Survey) and presented by him to the American Philosophical Society of
Philadelphia, and later placed by the society at the disposal of the Coast Survey. Mr,
Hassler received it from J. G. Tralles, deputy to the commission from the Helvetic
Republic. It was madé by Lenoir at Paris and is one of 16 metres, of which
twelve were distributed to the foreign commissioners, and bears among other distin-
guishing marks that of three dots |- It is an end metre with cross section g by 275
millimetres. For an account of its construction, the apparatus employéd, and method
adopted for cutting the several metre bars to the desired length, the publicationst
given below will be found to contain nearly all that may be of pfesent interest. Its
use was discontinued after the receipt in November, 1839, by the Government of
the United States from the International Bureau of Weights and Measures at Paris
of three representative platinum—iridium bars of the International or Prototype Metre. .
Hence part of the triangulation depends for its length ou the Comumittee Metre, or
C.M., part on the International Prototype Metre and part through adjustment on
both. TUnder these circumstances it became imperative to carefully compare these
standards, which were supposed to be equal, and, if different, to correct the length of

¥ Pub. Doc, No. 299, H. of Reps,, 22d Congress, 15t session, Washington, 1832, p. 6. .

t Transactions American Philosophical Society, Philadelphia, Vol. II, new series, No. XIL * Fapers on various
subjects counected with the $Survey of the Coast of the United States,” by F. R. Hassler, March 3, 1320 (p. 253 in par-
ticular); United Stdtes Coast Survey Report for the year 1567, Appendix No. 7 pfv. 134-137: Recherches historigues sur les
Etalons de Poids et Mesures de I'observatoire et les appareils qui ont servi 4 les construire. Par M. C. Wolf., Paris, 1832,
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the older base lines depending on the Committee Metre of 1799, in order to eXpress
their length and that of the whole triangulation in terms of the International Proto-
type Metre. ' _

In attempting to determine their relative length, two difficulties presented them-
selves—one due to the demand of modern science for greater accuracy and better defi-
nition than was the case.a century ago, and the other due to a slight yet perceptible
deterjoration of the end surfaces of the iron metre by oxidation and by wear. It was
hoped that the length of this metre could become known with no greater probable error
than one micron. An error of one-millionth 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 inevitable errors introduced through the triangulation.

2. THE COEFFICIENT OF EXPANYION OF THE IRON COMMITTEE METRE, OR ‘‘C.M.”.

There is no information of a special determination of the coefficient of expansion of
this metre by the committee of 1799. The average value for the several metres was
11°56 > 10~ Adirect determination made at Newark by F. R. Hassler in 1817% gave
him 0’000 006 963 5 for Fahrenheit's scale or the value for the centigrade scale of
12°534 < 107" This rather large value was supposed due to the method employed,
which would now he characterized as crude. ‘The result was not adopted on the Survey,
but the committee's value was employed instead up to about the year 1881, when an
elaborate series of observations was made by Assistants C. A. Schott and H. W. Blair
at the Survey office in connection with the work of standardizing a new s-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 found by means of standard
thermometers. The ends of the bars protruded slightly bevond rubber diaphragms
placed tightly in holes piercing the ends of the trough, which was then brought between
two Bessel-Repsold screw spirit-level comparators. The range of the temperature of
the glycerin and immersed bars was between 4° and 38°C. (39° and 100° F.). The
results from the several series were as follows :

Expansion
. for 1° F.
1850, Dec. 23-24 6576 1 l
27-29 6 603
1881, Jan. 3-8 6°613
23 6508 Mean (_)—t 5 ?g 1
4-5 6495 equal to 11°790 ¥, 10— for C. scale
16-17 6474

Particulars of these operations will be found in Coast and Geodetic Survey Report
for 1882, Appendix No. 7 (p.. 124 in particular).
In 188S and 1889, Assistant O. H. Tittmann made a series of comparisonst for

# Trans. Amer. Phil. $ociety, Philadelphia, Vol. I, new series, No. XVI. An account of pyrometric experiments
made at Newark, New Jersey, April, 1S17. By F. R. Hassler.

T Coastand Geodetic Survey Report for 1859, Appendix No.6: * The relation between the metric standards of length
of the United States Coast and Geodetic $Survey and the United States Lake Survey.” By C. A. Schott and O. H.
Tittmann, Assistants. pp. 17¢-197.
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relative lengths of the United States Lake Survey Repsold Metre R.M. and the com-
mittee metre. These gave in connection with the coefficient of expansion of the
R.M. (as finally given by Dr. Foerster, viz: 10654 X 10~% by Lake Survey observa-
tions, 10°615 X 10~ and by Iunternational Bureau of W. and M., 10563 KX 107°),
: + I1I
the resulting values, in combination with other measures, for coefficient of R.M.
10°606 X 107° and for C.M. 11°795 > 107"% a value practically identical with the
: ' =+ 25

one found in 1S$SS0-81. A further confirmation of this value was had through the
direct comparisons of the C.M. with one of the national prototype metres. Mr. L. A..
Fischer obtained between July, 1894, and May, 1895, a large number of micrometric
differences between the length of the C.M. and of the N.P.M. 21. These observations
were made in a vault at the office, in which the temperature was varied 211:° C,

The optical method was employed, varied by the use of 2 prongs 3 millimeters distant
on each side of the axis, the bars and thermometers being under glass cover on the com-
paring carriage, provided with the necessary adjustments. The details of the process
being explained farther on, it suffices to state here the resulting differential expansion,
viz: ¥ =4 3'123 1. ‘The coeflicient of expansion of the N.P.M. 21 was determined
at Breteuil, viz:. 4 $°665 X 107°, whence the coefficient for the C.M.=11"788 ¥ Io"3

Recapitulation of values for coefficient of expansion of the C.M.:

1799 1156 10—¢
1880-81 11'790
185858-59 11°795
189495 11°758
Mean adopted 11°791 - 10—%
+ 2

3. THE LENGTH OF THE IRON COMMITTEE METRE, OR “‘C.M."

From the particulars given by F. R. Hassler® respecting the construction of the
original metres it would appear that the aim of the committee was to secure an accuracy
in their length which should be trustworthy to within about half a micron. It is
furter stated that the difference in length of the temporarily selected standard and
metre - or the C.M. was two ten-millionths part of a toise, the latter bemg the shorter,
If this was correctly understood we would have C.M.= 1m — 0'4/.

In 1867 the C.M. was taken to Paris for direct comparison with the standards pre-
served there, = A full account of the work done is contained in Coast Survey Report for
1867.1 During these comparisoua: the respective metres were immersed in melting ice,
‘I'he measures were made by means of the Silbermann comparator with the aid of two
abutting pieces. The resulting length of the C.M. arrived at makes it too long by
37364, but the first and third series of comparisons show rather a wide difference, 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 August 24.

* Pub. Doc. No. 290, pp. 75 and 77 T Report for 1367, Appendix No. 7, pp. 134-137.
18732—No. 4——3
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A more satisfactory although indirect comparison was obtained in 1889 * through
the medium of what is known as the Repsold steel metre of the United States Lake Survey,
R.M., the length of which had been determined at Breteuil, near Paris, in January,
18§3. The C.M. being an end and the R.M. a line metre, Assistant Tittmann
employed 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,
1888, and March, 188g. ‘The R.M. is otherwise of importance through the fact that the
length of the QOlney base line in Illinois is expressed in terms of it, for which see Report
upon the Primary Triangulation of the United States Lake Survey, by Lieut. Col. C. B,
Comstock.t In a supplement by General Comstock, dated February 28, 1885, the
length of R.M. is given provisionally, but very closely, as 14 < 97°81 4 at the tempera-

4
ture of melting ice, and for any temperature 7 (centigrade) there is to be added IO':SIS[,' '
but in the 1889 report, p. 186, the preferable value, 10°606 ¥ 10~% is deduced for the

=+ 25
coefficient of expansion. From these Washington observations we derive

M
R.M. — C.M. = 8428t — 171925 {(#f— 11°°66)
=£'49 =+ 425
and C.M. = 1m — o' 3831 3= 0 70K

Between July, 1894, and May, 1595, an extensive series of comparisons before alludea
to was made at Washington by Mr. L. A. Fischer, of the Weights and Measures Office,
between the C.M. and oune of the new National Prototype Metres known as N.P.M. 21,
received here in July, 1Sgo. The latter is a platinum-iridium line metre of length
i :
I+ 254+ Sl'665f—l,— «;'001 oof?, as standardized at Paris. The comparisonsi were
=+ ‘15
madein the office comparing vault by meansof micrometer microscopes clamped to a steel
beam as support. The two standards were placed in a glass-covered box or carriage
and were supported at two points 54 centimetres apart, with Tonnelot thermometers
placed on their upper surfaces in contact with them. The carriage rested on iron
rollers and was provided with all necessary adjusting devices. For defining 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 axis to admit of their direct and reflected images. Illumi-
nation was secured by means of right-angled prisms placed about 1 centimetre below
the bar, the light from incandescent lamps being thus thrown upward. The defining
lines of the N.P.M. were made 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: 1. Reading of thermometers. 2. Pointings
on C.M. 3. Pointings on N.P.M. 4. Pointings on C.M. 5. Reading of thermom-
eters—the whole occupying about 12 minutes, during which time the thermometers

*U. . Coast and Geodetic Survey Report for 1539, Appendix No. 6. ‘ The relations between the metricstandards
of length of the U. . Coast and Geodetic Survey and the U, 8. Lake Survey, by C. A, Schott and O. H. Tittmann,
PP. 179-197.

t Professional Papers Corps of Engineers, U. S, A., No. 23, Washington, 1882,

1 Not yet published.
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rose about 0°°'1C. Following a regular scheme, the bars at different times were placed
in different positions with respect to the observer and microscopes. The temperature
of the vault ranged between 2°'7 and 24°'2 C. The g¢6 individual observations when
condensed into 4 groups gave the following conditional equations:

M
x4 223401 = 69° 71
x4 7442 =23"71

X+ 37747V =11"68
X+ 10°550r = 34707

whence the normal equations

4ro000x+ 447079y =+ 139°17
44 079 ¥ + 678 goly = + 2136° 97

hence v+ = + 07384, or the difference C.M.—N.P.M. at 0® C and ¥ =4 3 12341 or the
differential expansion per degree centigrade. The result is C.M. = 1m < 2-8Su at the
temperature of melting ice.

The preceding 4 determinations not being as accordant as desirable, further obser-
vations were undertaken at the office by Mr. Fischer and also by Assistants G. R.
Putnam and A. Braid between January 17 and March 3, 1896. These operations dif-
fered from the preceding one by the substitution of the contact piece method for the
reflection method; 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 platinum abutting pieces were thade, con-
sisting of thin disks about 6°3 millimetres 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 line about oS millimetre from the plane of the disk for observation; when
under comparison, the disks were held by light springs supported by a coHar 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 millimetre spaces on N.P.M. 21, which were at its A end 100864 and
at its B end gg97-'ox apart. ‘The value of 1 turn of micrometer No. 5 is 74°6974 and of
No. 6, 75982t (January 18 and 24); differential expansion of the two metre bars
3’126 for 1° C.; range of temperature during the comparisons between o°'y2 and
5°:62 C.; corrections were applied to thermometers Tonnelot Nos. 4333 and 4334 for
position of zero point, graduation and reduction to hydrogen scale; distance of lines on
disks when in contact, 1627°32¢; the outer lines of the N.P.M. having been observed,
we have the distances 1 to 2 = 499°74, and 5 to 6 = 493'9M.

* After the above had hbeen written, a paper read before the Philosophical Society of Washington on May 28, 1568,
by Mr. I. A. Fischer, was received. It is entitled **On the comparison of line and end standards™ (see Bulletin Vol.

XIII, p. 241, and fol.). The result (that of 13¢5) is the latest on record, and the author thinks it is at least as trust-
worthy a&s that derived from the optical or Fizeau method.
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[#3]
(o))

Recapitulation of mean valucs for cach obscroer,

Fischer. Putnam. Braid.
No. of series 17 . 9 12
Corrected temperature of C.M. 4% 210 4° 218 2°°656
Corrected temperature of N.P.M. 4 204 4 237 2 672
Observed micrometric difference of length 643 o711 642 6924 635 2401
C.M. at 0° C, shorter than 1 m. 136 1 °55 I°I4

Mean length =17 —1-34 Xo"1u.

Summary of results por length of C. Al in lerms of the P. M.

Year. Length.
’ 1799 i — O 4u
1567 34
1589 —0 Indiscriminate mean 1m2 4 o°Su =071,
189495 +29 '
1596 . =13

Scanning these results, it would appear that they represent rather irregularities of
the surfaces about the axis than measures of the true length of the bar. If so, equal
weight would attach to them. On the other hand, the value of 1867 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 be given to the 1896 comparisons by
reason of the great care bestowed upon the measures and in particular on the determi-
nation of the temperature of the bars. Applying these weights we get the length of
the C.M. at 0° C. = tm+o'2pt. The probable error of the determination being much

+0'6H
larger than the difference in length of the bar from one metre, we may take the C.M.
to be equal to the prototype 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 further exposition of the methods emploved.

The great majority of the angular measures were made in series with different
positions of the circle. These are called direction observations. 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). For some of the base nets

*The process is so well understood as to need no further remarks: reference may be made to T. W, Wrights®.
“Treatise on the Adjustment of Observations, New York, 1884, Chapters IV, V, and Part of VI, ’
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the station abstracts include a column giving rough values of prohable errors of the
respective directions, which were not in all cases computed, and had heretofore been
made use of only in one instance—that of Now
the Yolo Base net, as will he explained
further on.

I. GENERAL DISCUSSION FOR LOCAL ADJUST-
MENT OF DIRECTION OBSERVATIONS.*

“Let O be the station occupied and
I, 2, 3, «vrnn. the stations sighted at in
order of azimuth. Tet some one direction,
as O1, be selected as the zero direction. and
let 4, B, ...... denote the most probable
values of the angles which the directions
of the different signals make with this di-
rection.”

In the first series of readings let .Y de-
note the most probable value of the angle
between the direction defined by the zero
of the limb of the instrument and the direc- S
tion O1. Let A7, M, 47", ...... denote the readings of the limb on signals
1,2, 3, +reen- '

Then for the first series of readings we may write the following observation equa-
tions, one for each reading: 1 '

X, —M =o/

X+Ad—-ar7 =0

‘X'I + B_ /’[:III — Z,".lll
Similarly for the second series of readings we may write

Y M =) e e (1)

XN 4+A—=a =l

XA+ B~ =0

aud $0 on, for a11 the series.

The number of observation equations is equal to the number of readings (signal
sightings) at the station, and is designated by 2.

The subscript in each case indicates the number of the series, while the superscnpt
indicates the signal sighted.

The unknowns are .X, X, X, ...... , one for each series, and .4, B, C,...... , one
for each direction except the initial direction. ‘The total number of unknowns is
s+ d — 1, in which s = number of series and 4 = number of directions. (or signals

* See Wright's Treatise on Adjustment of Observations, New York, 1884, pp. 315-320.

t The essential difference hetween direction observations and angle observations, from the point of view of least
squares, is that with drrection observations there is an observation equation for each reading, while with augle observa-
tions there is an observation equation for each ang/e measured.
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sighted upon). Of these unknowns it is important to note that the X's are nof
requived; they are unknowns introduced by the method of observation. .4, B. C,
...... are the required unknowns, and the solution is to be put in such form as to
give only these unknowns and not the X's.

To insure that only small numencal terms shall occur in the solution, let

Xi=M7 + a2, A=r1"4+ ()

Ne= AL+ B=8 +(B)
where A7, A, ...... , the readings upon the initial direction, are taken as convenient
approximate values of X, X, ...... vand AL B, ... are approximate values of

A B, ..
Then the observation equations shown in (1) may be written

an =’/ a1, =g,/
At () —wn?” = Tt (A)—m” = (2
ot (B) — it = o .1‘2—|—(B)—m..”’=zr=”’ ................. 2)
in which " =M,/ — M — A et = M — Mt — A
/" =M - A — B St =AM — A — B

The absolute term in the first equation of each group is necessarily zero (= A/’ — ar;,
M —AI!, ... .. ).

Let the weights of the various observations be g/, 2", ..... LA . the
subscripts and superscripts having the same meanings as before.

Then the normal equations formed from the observation equations shown in (2) are

[A]x , (AP BY .o —~ . [pam]=0 ]
[£:]1 + AV P BY . —  [p]=0 [ ....... *(3)
P +;L§//£'+ Ay — [ m ]=0
PIIII‘- +1)2H/?-+ +[pli!](_b‘) —[/7”'}}['”]-——'—0 (4)
Since the unknowns x,, «t,, v ,...... are not required, we may eliminate them from

the full set of normal équations shown in (3) and (4) by substituting their values as
derived from the separate equations of ( 3) in each of the equations of (4). The result
will be a set of equations, shown in symbolic form in (5), equal in number to the
required corrections (.4), (B) ...... and from which (), (B)...... may be derived
directly without resorting to the long set of equations shown in (3) and (4).

R [aa)(.d) + [ab)(BY + [ac]{(C) ... ... ... — [af]=0
: [ab](A)+ (661 B) + b1 (C) oo —[bl]=01 )
[ac](A) + [6c](B) +[u](C) e, —[rl]=o] """"""""" 5

¥The square bracket [ ] is used as usual to indicate the summation of similar terms.
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e (s
N [/’]] [/,2:] ....................

[bb]:[pm]—(i[‘;—]—)e-_(—”@]— .....................

1

28 .I; 127
[ab] = — L) (2N

in which [ea]=[2"/]

AL N .
Y 7 R s
acl= p: [:] e

Y B 7 S

Y R A i v S

The symbols, 2. 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 adjustment all observations are given equal weight, and the various
p'sare all called unity. It is known that observations upon some signals (which 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
extra 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 would appear from
the forms shown in (6). ‘This computation is also considerably shortened by grouping
together all series in which every one of the () signals were observed, all series in
“which (4 — 1) signals were observed, and so on. Within these groups subgroups are
also arranged comprising series upon the same combination of signals.
Under equations (5) the following additional check equation [00]O + [ea] (A) +
(6] (BY+[oc]C v ovvn i —[]=0 ... . e (7)
may be written.
This equation is to be used simply to furnish checks. In form it bears the same
relation to the initial direction Q1 that the first of (5) bears to the direction Q2. Thus

[oe] = (p")y — ([/;:])2 - ([’;,)’]) — e

_ N e
[oa] = (7] A

__pem)  pLpm]
[0/ ] - = [ P:] [ pa] ........

In equations (5), as thus augmented by the addition of equation (7), the sum of the
coefficients in cack vertical column is zero. For example, in the column containing

(A) [aa) + [ab] +[ac) - ... ~+ [ea] =o0. Also the sum of the absolute terms
[N+ [N+ ]+ e + [0/] = 0. 'The sum of the diagonal coefficients [00] +
[aal + [66] 4 ...-... . =n — s = number of observations — number of series, when

all the p's are made unity. Also the sum of the coefficients in formula (7) is zero. By
writing out in detail the literal equation corresponding to each of these checks it may
be shown to reduce to an identity iu each case. Hence the numerical checks will be
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~completely satisfied, except for the small effects of omltted decimals, if the computation
is free from mistakes.
All the observations having been given equal weight the rigorous formula for the
probable error ¢ of a single observation of a direction is

0’455 217 _ 04552 F
~ No. Obs—No Independent Unknowns » —s—d+1 " '

t

(3) gives a rigorous determination of ¢ if the observations upon all signals are actually
of equal accuracy. If the observations upon different signals are of different degrees of
accuracy, even though they have been assigned equal weight, (3) will furnish an average
value for ¢. .

To derive &, the probable error of an adjusted angle, by the rigorous method
involves so much heavy computation in solving the various weight equations, that one
is forced to use some approximate formula for computing it.

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

We may assume that ¢ the square of the probable error of a single observation
upon signal v, is to ¢°, the square of the probable error of the average single observation,
as the average -I° upon signal x is to the average -J° at the station, i. e.,

e T (9)
—3.F :
n '
in which s_is the number of sightings upon signal x and the subscript of the upper =
indicates that the summation includes only the J*'s pertaining to the direction .r which
is being treated.
If (g) is solved for ¢* and the value of ¢* is substituted from (8), there is obtained
e 045530

R L L 1
b n—s—d+t1's _(o)

df all signals are obscrved in every series at the station then » =sd and s =s_.  After
substituting these values for # and s, (10) may be written

2 _ 045502 47
ST d—1Ns—1)
In the usual case occurring in practice, in which #o# all of the signals are observed in
each series, n < sd and s> s, and the transformation from (10) to (11) is approximate.
A detailed comparison of (10) and (11) indicates that.for the usual case in practice
(11) gives values of ¢?, which are slightly too small.
Having e, the probable error of a single observation upon signal x, the rigorous
expression fo1 ¢, the probable error of the ad]uated angle between signal x and the
initial signal, is given by

....... P G 2 B

6':(_ (_.‘) ................. N ee e rese s (;I”)
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in which Q is the reciprocal of the weight of the adjusted angle and is determined from
the following weight equations in which the coefficients are identical with those iu (3)
and (4).

The weight equations for angle .4 (second direction) are

[px] q: . + _/"”Q_.l + _/7!”,(]1:; +‘ .......... = O

+ [p.]g. + 270+ AMgpH . = o
pan' +]—"=”¢]= + ...... _|_ [pu] Q.{ ................ = [T (13)
1’,“"], +/>._,”’q._. + """" + [p”’] (]]; .......... = O

A similar set of weight equations may be written for each of the other angles 5,
C,.oeann in turn. .

To solve each set of weight equations of the form indicated in (13) by the usual
method of elimination is so lheavy a task that an approximate solution must be sought.

The following procedure furnishes a quick solution which is exact when all series
are complete, and which is approximate when some of the signals are omitted from
some series.

In the first half of equations (13) change all signs—that is, multiply each term
by — 1; multiply the equation which contains the absolute term — 1 by 4 2, and write
the remaining egunations unchanged. Equations (13) as thus modified are:

— 9. - — P/ Qu= P =0

—L2.]e. e N =o
2, g 2p g T2010. —iTe
/’,"'9,+ /)':///(]2_‘_ + [/’,”]ql.‘ =0

Adding together all the equations in this group, remembering that the subscript in"
each case is the number of the series and the superscript is the number of the signal
observed upon, and that each p is unity, there is obtained the following equations.

If all series are complete, the addition gives* '

[#0i—2=0c
-which may be written

whence, without approximation

On the other hand, # some of the scrics are incomplete, the above addition gives

g g, £ + (#7104 —2=0...cn-n. (15)

*The term involving ¢: disappears in the addition, because 241" =/ + pr" (each p being unity) and hence
apt + 7+ ...o=[p1]. Similarly the terms involving ¢z, 93..... .disappear.
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in which the coefficients of ¢, ¢, . - - - - - are always unity or zero. The coefficient will in
each case be + 1 if the initial signal is not observed in the series in question while the
second * signal is observed, will be — 1 if the initial is observed .but not the second
signal, and will be zero if both the initial and the second signal are observed, or if both
are omitted. .

The form of equations (13) shows that the various ¢'s are in general small in
comparison with 0. Also [#] will in general be much greater than unity. Hence it

will be a close approximation to drop the terms 4=¢, +¢,...... from (15) and write

[#]Qi—2=0

whence, as before
.2 . .
Q — T:. .............................. (1 6)

in which s, is the number of series in which the signal in question was observed.
Equation (12), after introducing the value of ¢ from (11) and Q from (14) now
becomes, if all series are complete, -
_adlouss) Bk (1)
Ts(d—1)(s—1)

2

K

From equations (6).it may be seen that the diagonal coefficient in each normal
equation (5), viz: [aa], [64], etc., when all series are complete, is
s _s({d—r1)
TdT T 4
Hence (17) may be written

E'?' J— 2(0.455) Exd
T (s —1) (diagonal coeflicient )

If some of the series are incomplete, the approximate value of Q from (16) instead of
(14) must be substituted in ( 12), whence there is obtained the approximate formula

_2d (0'455) 2 4°

o= SAd— 1) ts — @ (19)
Also, approximalely, the diagonal coefficients in (5) are
. _i‘:.sx(_d—]:). .
*d d '
whence (19) may be written, as an approximation,
= 2(ogss) Fl (20)

(s, — 1) (diagonal coefficient)

Formula ( Ig'i is evidently somewhat more accurate than (20).

To sum up, formula (20) may be used for both complete and incomplete series with
the understanding that it is exact if all series are complete, but is otherwise approximate
only. In this formula = 4* includes only the 4% from pointings upon the particular
signal under consideration, s is the number of pointingst upon that signal, and the

*The second signal being the one which, with the initial, defines the angle .
1The mean of two pointings, one in the direct and one in the reverse position of the telescope, being here counted
as one poiuting.
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- ** diagonal coefficient "’ is the [aa] or [#&] . ... of the normal equation (5) corresponding
to that signal. .

It should be kept clearly in mind that the € is the probable error of the angle
between the signel under consideration and the initial signal. When for use in the
triangulation the angle between, say, Oz and O3 = (B — ), see figure p. 37, is required,
it should be noted that angles .4 and 5, as derived from the adjustment, are not inde-
pendent. The errors due to erroneous pointings upon the initial signal are common to
both angles and are canceled out from their difference. Hence, assuming that errors
in .4 are due in equal parts to errors in pointing upon the initial signal and upon the
second signal, and similarly for 5, we may write

Epp =T (&7 &) .. e (21)

The following portions of the local adjustment at the station Mount Helena, Cali-
fornia, will serve to illustrate the arrangement of the numerical work.

Abstract of divections.

876, - | Mt Table Snow Az, l\/{gi‘]yes- Pine Round Monti-
70. Diablo. Mt. Mt (E). Mark. Butte Lola, Hill. Top. cello. Vaca.
o Id o z [+] z =] / o z o ’ el / a9 ’ -] /7 =] /
Assumed 000 33 43 208 37 225 16 .265 31 281 54 303 I4 305 IS 30§ 46 340 03
directions ’” ’” ’” ’ ’” 1 1% r 17 1

000 57°2 4477 495 1473 435 fotz 411 162 4473

144 144 IZ4 Id4 77 144 144 14 ’7 144

Arithmetic oo o028 15°3 10°5 45°7 16 '5 49°8 18S9 43S 15°7

complement 00’0 - 12°§ 077 4279 13°7 470 16°1 41°0 1279

00 °0 552 30°4 o1 "2 34°5 036 23°5 00 4

174 7”7 Vs Vdd ’7 Vd4
Oct. 11X 19°22  07°39 T11°27 37°28 3675  obo2
a. m. 1556 0483 0971 32743 35701 05712
Pos. 12 . 17°39 06°1I 1049 34785 3559 o5°57
Series 33 0000 4872 5310 17°46 . 1850 4818
co'co or22 co'So 00°36 59°'50 oI°0S

’7 144 77 ’?7 144 144
Oct. 12 2164 1967 1527 3179 377009  05°39
a. m. 1732 16°I0, 10 °61 2979 3506 05°55
Pos. 13 19°48 17°88 1294 30°79 3603  05°47

Series 36 oo oo 538740 5346 I °31 16°55  45°99
- | ooc0 o120 . 03 g6 . oI 11 00°35 OI ‘69
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'’

The assumed directions ', 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-sixth, are here
given out of the 152 series shown in the criginal computation. ‘The first line gives the
seconds of the mean reading of the three microscopes for each signal sighted with the
telescope direct. ‘The corrections for run have already been applied. The second line
gives the corresponding readings with the telescope in the reverse position, when
sweeping back over the same signals in the opposite direction. ‘The third line is the
mean of the first and second. The fourth 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
adding to each value in the fourth line the corresponding arithmetical complement

-ifrom the table shown. The values on the fifth line are the m's of the observation
equations (2). To avoid negative signs, 59°50 is understood to be equivalent to —o750.

An abstract of the m’s is next made, as illustrated below. It is made in a rearranged
order such as to facilitate the formation of the normal equations (5). All series of
pointings upon ninze signals were placed in the first group (no series included all ten
signals), upon eig/t signals in the second group, and so on. Also. within each group
all series involving precisely the same combination of signals were placed together.

Abstract of diminished measures.

No. Mt. Table Snow Az.  Marys- Pine Round Monti-
Series. | Diablo. Mt. * Mt.(E} Mark. ville. Lola.  Hill. Top. cello. Vaca. |Means.

’7 144 I44 124 4 Y4 77
36 000D Ol 20 ©3 96 oI 'I1 o035 QI6g |4I°385
131 oo'on o0l 55°35 . 59°62 00°'58 59°50 |—0 312
33 co'c0o o122 oS0 0036 59°50  01°'0S (40493

Sums. 00’00 +o0'gS +4 -'34 —9°17 —+7°37 —I12°00 —I0°32 —3°54 —T10°g7 —I5'00
No. Sa2 60 S1 122 56 54 55 50 67 56

The means of the horizontal lines, as given in the last column, serve to furnish the
negative termsin the expressionfor [a /], equations (6), while the sums of the columuns,
as shown at the bottom, are [p" n''], [p”' 17704 [ .. The numbers of entries in
the separate columns, as shown at the bottom, are [#'] ["] [»]. ... -- ...

The normal equations corresponding to (59, as formed from this abstract, are shown
below, together with the checks upon their formation.
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Normal cquations.

- Abiso-

() (& (&) (F23) (E) (F) (G) (H) tn lute

- term.
Fa7828 — 41— She27 — 347 — 2086 — 2w93 — 1907 — 3584 — 77353 + 3703 =o
— 4841 F62803 ~14'252 — 61198 — 9227 — 5778 — 6639 — 4701 — 378 127040 =0
— §-937 —147a52 490251 — §c501 — SUi4S —Irorry — 6°534 —Irvgho — 97427 ~12'0G60 =0
— 247 — 610% — 20501 F440687 — 30032 — 34 — 4531 — 37673 — 31w - §6fe =0
— 2p86G — 9227 — 5198 — 3952 417540 — 3467 — 5°243 — 2°034 — 17229 4167637 =0
= 2'ge5 — 57786 —1r'15 — 384 — 37467 hazolz — 2'5 — 2020 — 27705 -~ w42 =0
— 17507 — 63 — €'534 — 4°531 — 5°M3 — 2°G45 +30°33% — 27283 — 1750 ~ 1'¢fe =0
— 3564 — 47701 —Il'gio — 3°B73 — 27034 — 2'e20 — 27253 4517683 — §°823 -+ 7764 =o
3 17220 — 2°798 — 1°750 — S°823 +44°218 4117592 =0

— 77364 — 37365 — 9427 — 31190 —

[oa] LoA] [] leal . [oe] [or] [og [0} [od] [/

S 7T — 7882 —1rt2g0 — §o621 — GUI35 — SUST6 — 7°597 — 7007 — 60273 + 1822

Sums N0 — 5900l — ©'co2 Q00 O'o00 — Q001 — 0°C0L 000 — QOO 4+ ©'00I
[aa] =+ 47928 [oa) =— 7797 ” : v
[66] = 62593 [06] = — 7882 (4] = —o0-058 -=-0'ond
[cc] =+4-90-251 [oc] =—11"290 [B] =+or212 + 0027
[dd] =+ 44°657 [od]=— 5621 [C]l =+o0143 _ + 0002
[ce] =+ 41540 [oe] =— 6-135 [D] =+40c223 { Residuals | —ooog
- . a- f .

(4] =443 082 [of] =— 57576 [£] =~0"159 e‘;ﬁtztlilgl:gal + 0017
[£x]=+ 39325 [og] =— 7597 -[F] =+oc% —o'o17
[Ah) =+ 51985 [oh] =— 7007 [G] =+ o0077 — 0’013
[/7] =4 44218 [oi] =— 67273 [H]=:=—o0"129 . — 0025
[o0] =4 65157 [o0] =+ 65187 [/T =~wa230 U +owca

—+ 152 ‘000 = No. of series. . 0 000 = St

— 683 ‘000 = No. of observations.

— 0°00I = Sum,

The ‘ residuals from normal equations’’ were obtained by substituting the adopted
values for (.d), (B)....in the normal equations.

The valuesof (.4), (B) .... being substituted in the ‘‘abstract of diminished meas-
ures’’ 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
column is subtracted.from each of the individual values in that line the differences are
the 's from which the probable errors are computed by (20) and (21).

A portion of the abstract of remaining differences and of the abstract of values of
4 and 4* is shown below.

Abstract of remaining differences—Mount Helena.

No. Mount Table Snow Az, Marys- Pine Round  Monti-
Geries. | Diablo. Mountain, Mt.(E). Mark. ville.  °%  Hill Top.  cello. ~ vaca | Means.
36| oo'0o oI 26 0382 oI ‘03 o048  o1°g2 o1 *42
J31 | o000 007l4 5821 59 54 007 59773 5972
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Abstract of valuecs of A and JF—Mount Helena.

No. Mount Table Suow Marys- Lola Pine Round  Mounti-

Py el Az < . \ra;:.,
Series.( Diahlo. Mount'n, Mt.(E) Mark. ville. Hill, Top. cello. -
’ A AT A Az A Az A AT A A= A Az A Az A Az A Az A Az
Bl-194220 —-16oo +27gn 58 ~'39 072 —ag 0y 30 003
37 |+ 2SS ot +g202 —1'51 2°3 —15 00 +w9rn +oroa
33 =41 0°2 +°840°3 +710 00 —33071 84 07 +Bg0cy
Sums. . 353 arh 354 6470 328 334 R 23°1 4372 670 3 A2=408°7
No..... g2 tio 1 122 56 54 S5 5 67 55

Hence the probable error of a single observation of a direction is by formula (8)

. 1/ 0’355 = I _ J (0°355) (408°7)
. n—s—d+t1 683 — 152 — 10+ 1

= 4+ a""60

The probable error of the angle between Table Mountain and Mt. Diablo is, by
formula

_ [ogio 2. _ [togiod (31°6) _ o /.
2 &= e - = — — = =
(20), ‘/(su. ~ 1) (diagonal coefficient) (60) (47'8) Viorer00 = 0o

similarly the probable error of the angle between Snow Mountain and Mount Diablo is

(o910) (38'4) = /5006y = == of’08
\/ (81) (62°9) 009 °

By formula (21) the probable error of the angle between Table Mountain and Snow
Mountain is

14 (0'0100 + 0°0069) = = 0'0g

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 by p =$ as

roughly approximate values, but they were modified by adding to the respective prob-
able error a constant one depending on the closing of the triangles. ‘This latter probable
. error is shown to be much greater than the above ¢ and the effect was to tone down
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 Volp Base
net, see Appendix No. g, report for 1835. _

The value of ¢, or the probable error ( . ¢.) of a single observation of a direction at
a station, as given along with the abstract of the directigns at the station, merely serves
the purpose of giving some general information bearing upon the accuracy of the means
employed.
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(D.) REDUCTION OF HORIZONTAL DIRECTIONS TO SEA LEVEL.

(besmattliepscaglevel T he altitude of the observing station and the distance between

them does not enter into the case: the reduction is due to the circumstance that, in

general, the verticals at the two stations are not in the same vertical plane. The cor-

C e . = o e 2 2 — &
rection ¥ is given by . % sinzea . cos®¢, where ° = a _
3 7

and / = altitude of the sta~

tion observed upon. g = radius of curvature in the plane normal to the meridian,
a = azimuth of the line (counted from south around by west) and ¢ = latitude of place.
With log ¢ = 7-8305 and log p = 6°So54 for ¢ = 39° and Clarke's spheroid (of 1866),
and dividing the expression by sin 1”, we get for the correction in seconds and the
height in metres : _ .
: 0’000 066 sinza./

‘This correction has heen 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 and consequent smallness 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, seems justified. About the Salina base
stations the average reduction of a sight to the sea level is but o'"oz.

The probable error of a single observation of a direction (¢) is given under the list
of directions at each station as a convenient index of the accuracy of the observations.
When the parenthesis (2. and £.) is used, the observations were made with a direction
instrument. A single observation of a direction comprises two pointings upon the
signal, one with telescope direct and one with telescope reversed, and two readings
(forward and backward) of each microscope, of which there are usually three, for each
pointing. ¢ is computed by formula (8) shown on page 4o.

When the parenthesis (6 2. and 6 R.) is used, the observations were made with a
repeating instrument and a single observation o7 an angle comprises 12 pointings upon
each of two signals, 6 with telescope direct and 6 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

direction (not angle) and is%_— times the probable error of a single observation of an
2

angle.
It was also computed by the formula (8) shown on page 4o.
The parenthesis (3 D. and 3 R.) has a meaning analogous to (6 . and 6 R.).

(E.) ADJUSTMENT OF 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 method of least squares. For the
sake of convenience the leading formulee referring to condition observations, together

* 4 Geodesy,” by. Col. A. R. Clarke, Oxford, 1830, p. 113


alan
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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 s quantities/, 7./, .
which are connected by # conditions. Let .x, 2, v, . ... be their most probable values;
also let 2, w, ¢, .... be the corrections to the observed values, so that in general we have
x; =+ v, remembering that necessarily # > # in order that any adjustment may
exist, then the conditions involved may be expressed by # equations, of linear form,
thus:

' o=a,tav tax.tax,+....
o=6&+bx, +béx,+bx +....
0= ¢+ v, + ¥, + o, 4.

Introducing the ohserved quantities these equations will not be satisfied, but will
leave the discrepancies z, 7, W viz:

w=a,+‘al +al +al +.
w = bo—}- bllx + 67+ b3/3—|—
w = e+ el + L+l + ...

where the sign of @ is to be taken in the sense of observed value minus true value.
We have then the 2 condition equations:

alvl + a-‘ilg + a3y3 + ...... + 'Zi"z =0
17;7-’, + l’g?—’g + bsi’-g + """ + f‘” =0
co 4+ o+ o, + . + @ =0

Letp, p, p, - - - - be the weights of the quantities/, /, /. . ... then the quantity [ 5. 22]
must be made a minimum; this leads to the equations of correlates which introduce the -
multipliers C, C, C, .... as yet unknown. These correlate equations are:

/J"' :(71C1+[7‘C:+C_‘C‘3+-...
P :d:Cx—l—sz:—l—r:CS—l—....
by, =aC+boC+cCH....

and the normal equations hecome

""]c+|:”1’]c+ :%f: Gt o
“1’] c+[ :lc+:i’_;: Gt =0
‘":] [ :l( -{—E[—;ics-{-....—l—tc';:o

* Cf—T. W. Wright's Treatise on the adjustment of Observations, New York, 1858, Chapter V, p. 213 and fol.,
and W. Jordan's Vermessungskunde, Vol, 1 (1338), p. 103 and fol.
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which may be written, putting u = 1/ /5
[saa] C,+ [pmab) C,+ [1madl C,;+ .... 4w, =0
+ [1.66] L_—l— [né] C,+ oo +w,=0
+ (e .CS +....4w =0
4+ ...

Solving these equations the values of (G become known, and consequently also the
q
values of #; and .v;.
e
The mean error of an observation of unit weight is given by m, = \/ Lpew, ] where

the sum [ pzv] is found by means of the individual corrections and checked_m the case
of the base nets by the relation [pr7] = — [w(C]

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

F=fa,+fx+fx+

which function can not contain all the .v’s, but only m — » of them.
The coeflicients /; are found by partial differentiation, viz;

AF IF - AF
@=L gl

We next form the sums

4. (4] [f] = o 4]

and combine them with the former normal equations at the same time introducing a
new set of indeterminate quantities £, &, &, .... in the place of the former C, C, C, .

then the requirement of the conditioned minimum leads to the followmg ‘S0 called
‘transfer equations:

[#.aa) R + [#.ab] R+ [wadl R+ ........ + [#.af] =0
+ [w.66] R+ [w.bc] R+ ooonnn. + [#.bf] =0
+ [wec] R4 oeennt + [#.¢] =0

Ao,

-Solving we have the values R;, and consequently also F; by the relations

F.=f. +al/€1—|—b1R:+c,R3+
F.=f+aR + bR +cR +-
F=f,+aR+ bR, R A

and finally we have the reciprocal of the weight 2 of the function £ by }D = [«.FF] Also

the mean error of

For m :g'ﬁ =m N Tu. Fﬂ and the probable error of For 7r = 0'6745 #p

18732—No. 4—4
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(F.) REMARKS ON WEIGHT COEFFICIENTS IN THE NET ADJUSTMENT
AS DEPENDING ON THE STATION ADJUSTMENTS.

In accordance with Bessel's method of proceeding, the corrections as determined in
the net adjustment depend with respect to weights on coefficients furnished by the 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 from 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 net adjustment. This separate treatment is justified by
the following consideration: The errors incident to the angular measures as indicated
by the local adjustment either depend on other causes or at 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, constant or uncompensated graduation errors of the instrument, all of which
causes exert no influence on the station ‘adjustment. It is a matter of experience that
the value of the probable error of a direction derived from the measures at a station is much
smaller than the same when derived from the triangle closing errors—thus if weights
are introduced at all they should be made to exert but a comparatively weak influence.
As an example of the process followed, the adjustment of the Yolo Base net may be
referred to (Coast and Geodetic Survey Report for 1885. Appendix 9, pp. 447—445).

Let ¢; = average value of the probable error of a direction as derived from the station
adjustment. ¢ = average value of the same as derived from the closing errors of the
triangles composing the net. Put ¢ = ¢ — . ¢ is a constant quantity for the figure

.under consideration, and is to be combined with every probable error of observation e,
in order to obtain the appropriate probable error and . consequent weight of each direc-
tion as needed for the figure adjustment. Hence we have ¢ = ¢ + ¢ and the weight

= t—;%; In this manner the weights from the station adjustment are made to

5 [ .

undergo a considerable equalization.® In connection with the above consideration we

may note also the important feature that the process theoretically called for, involving
the introduction of weight equations from the local adjustment, becomes prohibitive for
any extended triangulation on account of the excessive labor introduced thereby. The

modified weights p = are introduced in the adjustment of the triangulation

: + o
between El Paso and Yolo Base nets, whereas in other parts of the trlanvulatlon equal
or unit weights are assigned to all directions.

* We have the following values of ¢; and ¢, in the western section of the arc:

Number of Result- Number of Result-

Locality. directions.  inge, triangles. ‘inge,

" ”
El Paso base net . C veenaa. 15 +0°32
Triangulation El Paso to Salt Lake - 67 +0004 2 +0°27
Salt Lake base net ‘56 +0088 23 +0'28
Triangulation Salt Lake to Yolo 90 +0'0S0 30 +0°20

Yolo base net . 34 o081 19 +o0'24
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(G.) THE COMPUTATION OF THE SPHERICAL EXCESS OF THE
TRIANGLES.

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 excess ¢ (in seconds) is given
by —Zﬁ* ::: IC,: where a.6.C, refer to sides and included angle of a plane triangle, whose
angles are those of the corresponding small spherical triangle after each has been dimin-
ished by 14 &, 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 triangle) and take

_ ab, sin C, — a,b, sin q |:1 — esind 2
2p,.p, sin 1”7 2a4° (1 —¢')sin1”

[1 — ¢ sin *@]*
2¢° (1 —¢) sin 1
for which see Coast and Geodetic Survey annual report for 18g4.%

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 examination. It has been shown that spheroidal triangles may be com-
puted as spherical and hence as plane ones by application of the same theorem
extended.t Various forms have been given to the development of the theorem.} Let

The quantity 7 has been tabulated with the latitude @ as argument,

.S, = surface of the corresponding plane triangle = 4 a, 4, sin C,,
and let w° = 15 (a4 67 4 ¢?), then :
S d n®

L) S S
& = oo, sin 1’ ( '+ 50,0,

+...)

where p, and p_ are the radii of curvature in the plane of the meridian and normal to
it, and € is to be distributed unequally over the angles,§ viz: :

P £ ”"g_axz & - ,I”"-!_dr'_'\
:1—4'1!—':_5—'_6_6'_,3;‘)T+ .+ .. 01 3(~I+20/3mﬂn_)
e & m—b" e mr—b"
B—B = 3 T80 pupn T 3 (~I 20/""”")
£ & wr—c} & =
c— C, B 5 + 60 Pmfor + T 3 <I+ QOPMP“)

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. g, pp. 2g0-201.

+The spherical excess of-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 (1350), pp.
49 and 107. .

1 Helmert’s Theorieen dér Hoheren Geodisie (18%0), vol. 1, pp. $8-To1.

% Helmert, ibid, p. ¢8.
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computation of geographical positions being on hand ( Appendix No. 9, report for 1394).
Put in the latest form given by him,* let A = area of the plane triangle,

logm = log 4 4+ log B + 3 334 545
log e=logm—+log2 A+ -62 log diff. 1" for the three angles.

For the larger triangles within the region of the Rocky Mountains and of the Sierra
Nevada the spherical excess rises to 1’, and even.exceeds this amount. To show tle
effect of the higher terms, also the change of & when computed for the Clarke and the
Bessel spheroids,t the following example has been added. For the largest triangle—
Tushar, Wheeler Peak, Mount Nebo—we have the following élpproximate data, and for
distances given in metres—

Distance.

o !
log a, =1log (Wheeler P. to Mt. Nebo) =5 376 1460 - Lat. of Tushar .- 35S 25°71
log o= log (Wheeler P. to Tushar) =5-247 S364 Lat. of Wheeler P. . 39 45°5
log b, =1log (Mt. Nebo to Tushar) =5 215 524 ° Lat. of Mt. Nebo 35 591
G = 48° 03" 407/ '9S7 P 39 o4
log a; b, sin G, = I? 463 150 log (m*—a") = #1026
10g 1/2 Pu pusin 17 = T 404 610 (se-e table appended) 10g 120 p pu = %09
log first term = 1°-867 760 First term 73’/ "7497 %15

- L ny 3
log n? =10'583 log 13 ¢ 139
10g pu Pu. 13 °609 .
Similarly—
log S 0903 ) . ‘o
— & -

log 2 2/8 pPu pu 6071 log (‘4 —d— 3) 0. 74 — 0. 00055
. log first term 1°868 : . .

log second term " 7°'939 Second term = o-00S7 log (B — B, — 5) 6°32 - 000021

& =173"75% _
log (C -G — ;) 6°53 + 0-0co3d

Check sum=o0

and the distribution to the spherical angles becomes

tod  —24'5856
to B — 24°53863
to C — 24°5864
sum 7377583 .

This example shows that on account of the second 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.

¥ Astronomische Nachrichten No. 2116,

_ de adu I . . ;
tWehave ~=— — tacos 2pede. (See Die “ geodiitischen Hauptpunkte," ete. Von G. Zachariae, translation by

Dr. E. Lamp, Berlin, 1878, pp. 302-303.)
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By direct computation the values stand as follows: *

Clarke spheroid Bessel spheroid.
log a; b; sin G, 10°463 150 - 10°463 150 The difference in the value of ¢ is
log 1/2 puw p. sin 1Y/ T 404 610 T°404 711 o//*017 1. or iy7 part ’
log first term 1867 760 1867 861 of itself.
First term 737749 7 73°766 S
Second term +o 008 7 +o00S 7
Resulting & 7377755 4 737175 5

The computation of & according to Kummell’s logarithmic form stands as follows :

° / I44

Angle at Tushar 858 16 o6 log diff. 17/ + 1 log A= 8. 500 142 | From table app.
Angle at Wheeler 43 40 13 ;11 asgzen(t)l; “+22 log B 8510 922 I 9, rep. for 1594.
Angle at Mt. Nebo 48 o3 41 dec's. +719 log const, 4354 545
Sum 42 log 2 1°404 609
14 sum : 7
log a, =35"376 146 | log X sum 0°S45 1 log 2A 10°463 150
log 4, 5215 512 log 1st 4 2d term 1867 S log 1st 4 2d
log sin G 9871 492 516 - 2712 9 . term 1867 759 or 73’/ 749 5
log 24 107463 150 3d term + 52
: Resulting log £ 1-867 Sr1and e =737 758 3
as before

Values of log 1/20,0, sin 1” for the sphermdr. of Clarke ( 1566) and Bessel (1841)
and argument ¢ between latitudes ¢ = 30° and ¢ = 50°.

Here p, = radius of curvature in the meridian and p, radius of curvature in the
plane normal to it; the dimensions of the spheroids are those given in Appendix No. 9,
Report for 1894, p. 250, and are expressed in metres.

Clarke's spheroid. Dift. Bessel's spheroid. Diff.
P log /2 ifx?r6:}/1 log 1/2 1{? xé;tlli
log pu log ou p.,gsir; f’"-: place. ~ log pu log pa p,.gsin— f’"" place.
o .
30 6802 852 6'So5 066 1405 477 rso | 6'Soz 323. .6'So5 o006  1°405 566 148
3t z 919 508 - 357 ‘153 2 Sgo 5 028 477 150
32 2 38 5 112 295 1,5‘5 2 957 5 051 B’ s
33 3 058 5 135 202 158 3 026 5 074 295 rss
34 3 129 5 159 107 ' 3 096 5 097 . 202
160 o 1'58
a5 3 20.1 5 183 71405 oI1 62 3 167 5 121 . 107 160
36 3 274 5207 T'404 914 163 3239 5 145 I'4o§ oIl 162
37 3348 5 231 816 s 3 312 5 169 I'404 914 163
38 3 422 5 2_56 717 1_6‘7 3 38; 5 194 816 163
39 3 497 5 281 617 3 459 5 218 718
* For computation by the formula for ‘{?‘ we have: da = _bg; _', 7 = — 0000 [2.7, de = — 0’000 56, and
ede = — 0°000 046; hence ‘? = 4 0°0I0 234, Or de = +o''o17 2.

+See Table 35e of radii of curvature in Dr. Albrecht's Formeln und Hiilfstafeln fiir geographische Ortsbestim-
mungen; Leipzig, 1504, pp. 265-269.
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Clarke’s spheroid. Diff. Bessel’s spheroid. Diff.
@ - for 1/ ; for 1/
log 1/2 p» in 6th log 1/2 pm in 6th
log P log p. P .gsm 1/ place. log pw  ,log pu P sin 177 place.
° 1°70 167
40 3573 5 307 55 Lo 3 534 5 243 618 167
41 3 650 5 332 a3 o 3 609 5 268 518 o
42 "3 726 5 358 311 170 3 635 5 293 a7
4 3 S03 5 353 209 s 3 761 5 319 35
44 3 8% + 5 409 106 3 837 5 344 214
. _ 1°72 1°68
45 3 957 5435 T4o4 003 3 913 5 369 3 1'-70
46 4 035 5 460 'T'403 9oo 1,;2 3 95 5395 Tdgoqorr o
47 4 112 5 486 797 r72 4 065 5420 Toz o0 o
48 4 189 5 512 694 170 4 141 5 445 Sag 63
49 4 265 5 537 592 o 4 216 5 471 798 es
50 4 342 5 563 aw 4 292 5 496 607

(H.) ACCOUNT OF THE BASE LINES,

their positions, apparatus used, measurements, resulting lengths and probable errors, -
together with the abstracts of angles and adjustment of triangles forming the base nets,
with description of stations composing the same.

GENERAY, STATISTICS OF THE BASE LINES, ARRANGED IN THE ORDER OF TIME OF

10

Name of line.
The Kent Island Base

The American Bot-
tom Base
The Olney Base

The El Paso Base

The Yolo Base

‘The Holton Base

The St. Albans Ba'se

‘The Salina Base

The Salt Lake Base

The Versailles Base

MEASUREMENT.
Table I.
State. Date of measure. Chief of party.
Md. 1844, May amd June. J. Ferguson
11l 1872, Oct. and Sept. C. H. Boyd
L. 187q, July to Sept. E.S. Wheeler*
Colo. 1879, Aug. and Sept. O. H. Tittmann
Cal. 1881, Sept., Oct., Nov. - G. Davidson
Ind. 1591, July, Aug., Sept. A. T, Mosman
) L]
W. Va. 1802, October R. S. Woodward
Kans. 1596, June and July F.D. Granger
Utah 1506, Sept. and Oct. © W.Eimbeck
" Mo. 1897, June A. L. Baldwin

*Apparatus used.

The Hassler hase apparatus, 4
iron bars of S-metre joint
length, optical contact.

The 6-metre contact-slide iron
rods Nos. 1 and 2.

The Repsold g-metre steel and
zinc combined bar, optical
countact.

The 6-metre steel contact-slide
rods Nos.3 and 4.

Schott’s s-metre contact-slide
compensating steel and zine
bars Nos. 1 and 2.

‘The 5-metre contact-slide steel
rods Nos. 13 and 14 and steel
tape measures, also used in
part, steel bar No, 17, in ice.

T'wo 100-mmetre steeltapes Nos.
S5 and S8,

The snetre contact-slide steel
rods Nos. 13 and 14.

Eimbeck's 5-metre contact-
slide duplex apparatus, steel
and brass rods.

The 5-inetre contact-slide rods
Nos. 13 and 14 and the so-
metre steel tape No., 204.

¥ Gen. C. B. Comstock, U. S. E., in charge United States Lake Survey.
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2. THE MEASUREMENT OF THE BASE LINES.

The measure of the linear extent of the triangulation, or what comes here to the
same thing, the w1dth of the country, is made to depend on the measure of 10 base lines
located at -suitable distances and connected with the triangulation by means of base nets.
Through these nets, by gradual expansjon, 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 pertinent 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 sides of the net which bind it to the main triangulation on both sides of it.

(@) Kent Island Base Line, Marviand, 181,
LOCATION, MEASUREMENT, 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. Originally the base in this locality was intended to
serve as a check on the length of the sides of the primary triangnlation brought south
from Fire Island, 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
transcontinental 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 monument was placed near Broad Creek, and its foundation was
laid in the sand, one anda half metres below the surface, with a course of rubble
masonry. The énd point of the base was marked by copper bolts in a stone slab below
and an upright stone above ground. .-The southern terminus at Prices Creek was simi-
larly marked, and both monuments were finally covered with an earthen mound for
further. protection. When visited in 1888, it was found that the shore of the southern
part of the island had been washed away and that the southern monument had disap-
peared below the waves.

The length of the base is 823 kilometres, or nearly 5°4 statute miles; its middle
point is in latitude 38° 56’ about, in longitude 76 21’, and the azimuth of the line from
the southern end is 194% 35’ nearly. The alignment of the base was made by placmg a
theodolite over a point near its middle, and marking out the line by flags.

The ineasurement of the base was intrusted by Superintendent Bache to Assistant
James Ferguson, aided by Mr. R. D. Cutts, who made a preliminary measure and drove
stakes at every 200 metres of the line.

The apparatus used was that known as the Hassler Base Apparatus. It is described
in the Transactions of the American Philosophical Society (Philadelphia) for the year
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1825, pp. 273~286 (illustrated by Plate IIT), and had been used for the measure of the

Fire Island base by Superintendent Hassler in r334.

It consists of a box in which are

placed, in line, 4 rectangular iron bars, each 2 metres long, the joined length being §

metres.

No. 3,

Finlay

North

Poole Jsland P

Swan Point §

Webb Linstud.

4 North Base

Kent Island Base

° South Base

Kilometres

15 20 26 &0

Statite Miles

10

30 35

5 [] E 1%

20

The 2-metre iron bars, known as the Hassler bars A,

Over the forward end of the box a microscope was mounted on a tripod, the

cross hairs ef which
served again as a fixed
point when the rear end
of the bhox was later
brought under the same
fiducial lines of the mi-
croscope. The focus of
the .fixed microscope
was never changed after
it had once been placed
in position. The level
of the combination of
bars was indicated by
means of a sector at-
tached to one of the
bars (A) and their tem-
perature’ was indicated
by means ,of thermome-
ters. At distances of
1 kilometre two stakes
were driven, one on each
side of the line, but no
permanent marks were
left; there is, however,
a stoneware cone in line
1 kilometre from the
north end. ‘Transfers
of the end of a har to
ground at the close of a
day’s work were made
either by means of a
plummet or by means of
a theodolite. But one
measure was made, and
the time occupied was
between May 3 and June
5. 1844. .

B, C, D, were made by

Troughton & Simms about 1813, and were standardized in February and March, 1817,
by means of the committee metre, which is of the same cross section (27°5 by ¢ milli-

metres) and the iron Lenoir Metre —all the bars being & éox?.

Hassler again determined

their length in May, 1834, and in March, 1835, with the aid of the Troughton scale.
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In May, 1844, and January, 1845, Messrs. J. Saxton and W. Wiirdemann and Superin-
tendent A. D. Bache again compared them by means of a Bessel comparator.
The values were: -

In 1317, 2 =7'999 950 6 at 0o°C.

183435, 7°999 976 4 at o°C.
" 184445, 7°999 S§71 6m* at 0°C.
+ .55

which last value was adopted by the observers and verified by Assistant J. E. Hilgard
on July 11, 1854. and was to be used for the Kent Island as well as for the-Massa-
chusetts base measured in the same year. The coefficient of expansion of the bars was
determined by Superintendent Hassler in 1817 at Newark,t the value found by him
was 0000 006 g63 534 for the Fahrenheit scale, or o'oco o012 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.] We shall, how-
ever, increase the probablé error of the length of the base by the effect of a change in
the adopted coeflicient of expansion amounting to its 4% part, which amount is supposed
to cover the whole uncertainty.

We find for the length of the base:

: . Metres.
1086 boxes of S metres each ... ii ittt ittt it e s e rr et -.-. 8658 0000
Defect of each box on S.metres, 1086 ./ 0000 125 35 «.vvvviniiiiiieinenann, e —0°1394
Correction for excess (25°44 C.) of temperature of bars above o° C. and graduation error of
thermometers (—0°255C.) ............ e e e e e e 4- 27424 ‘

Correction for inclination of boxes ..o i e i i e, — 1 "0007
Excess of box at south end, as measured by bar Dand scale ......................0L. L. — 20508
Reduction to half tide level of bay, for surface elevation and height of box 5om......... — 00069

Resulting length of base' .. ... ... .. i e e e 8657 5446

The probable error of this value can only be estimated, since the base was measured
but once. Supposing the combined length of the metres subject to == 20p, the effect
on the base will be 4 0’022 metre; an assumed error of ==} part in the expansion
coefficient would produce 3= 0’055 metre; again, the effect for imperfect temperature
correction for inequality in number of boxes laid with rising and with falling tempera-
‘ture may be taken as == 0°034 metre, while other minor uncertainties may be omitted.
Combining the several values for probable error, we get + 0°06S8"'metre, equal to rz7s77
of the length nearly. This may be taken to represent the measuring error, and to include
the probable error due to our practical unit of length, the Committee Metre, taken as
=+ MM

Resulting length of the Kent Island Base S687°'5446 metres,

. " 4= 0680
and its logarithm 3°938 S97 05. '
+= 3 40

*Coast Survey Report for 1365, Appendix No. 21, pp. 157, 155, and 189, and Coast Survey Report for 1566, Supple-
ment to Appendix No. 8; Length of the Kent Island Base, p. 140.

+ Trans, Amer. Phil. Soc., Vol. I, new series. Philadelphia, 1318, pp. 210-224.

1 In connection with this it may be worth remarking that the coefficient of expansion for the S2-inch Troughton
brass scale, which was determined by Mr. Hassler at the same time and by the same means, also was found rather
large, viz: o'om olo 509 for Fahrenheit's scale, or o000 018 916 for the centigrade scale. On the other hand, we have
Fizeau's determination for our brass 0.000 018 410, yet brasses probably differ even more than different kinds of iron. A
search was made for the recovery of the four Hassler bars, but without success.
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS OBSERVED- AND ADJUSTED AT STATIONS FORM-
ING THE KENT ISLAND BASE NET, 1844, 1846~47-45-49-50, 1865 AND 1896-97.

Kent Istand South Base, Queen Anne County, Maryland. May 30 to June 4, 1347. 30-centimetre
repeating theodolite, No. 11. E. Blunt, observer.

No. of Resulting direc- Corrections Final seconds
lireo.t'o n Objects observed. tions from station  from base-net in
direction. . adjustment. adjustment. triangulation.

) ° ’ V7 ) 1 7
I Marriott 0 00 0000 —+0-03 . 00 ‘03
2 Taylor 53 53 4624 +o0 06 46 30
3 Kent Island North Base 11T 41 1S°25 —0 09 1816
Poplar Island : 283 38 46'74

Probable error of a single observation of a direction (6 0. and 6 R.)=x0"6g.

Kent Island North Base, Queen Anne County, Maryland. May 21 to May 28, 1847. 3o-centimetre
theodolite, No. 11. E. Blunt, observer.

o 4 44 17 144
4 Kent Island South Base o 00 00'00 “+o-19 0019
5 Marriott 50 05 05°36 —0°47 o489
6 Taylor 88 35 3691 . —o-I2 3679
7 . | Linstid I2T1 02 04°33 +o0'16 04 "49
S Swan Point 181 09 45°47 +o-24 45°71

Probable error of a single observation of a direction (6 0. and 6 R. )= £ 0’/"68.

Swan Point, Kent County, Maryland. October 16 to October 21, 184S. 3o-cent.imetre theodolite, No,
11. E. Blunt, observer.

° ’ 7 14 14
34 Kent Island North Base 0 00 00°00 —0-23 59°77
35 Linstid 56 0S8 57°92 +4o0°52 : 58 44
36 . Pooles Island 169 16 25°51 —0"29 25 22
Probable error of a single observation of a direction (6 D. and 6 R.) = 24 1//"35.

Tuaylor, Anne Aruudel County, Maryland. JuneS$ to June 16, 1847. 3o0-centimetre theodolite, No. 11.
E. Blunt, observer. .

[+ ’ 174 ’77 Vid
10 Kent Island North Base ‘0 00 0000 +o0°36 00°36
11 Kent Island South Base 38 36 52°37 —0-23 52°14
12 Marriott 119 32 4473 +o0'53 44 'S5
9 Linstid 247 12 54°'29 —0 66 53°63

Probable error of a single obserwatlon of a direction (6 2. and 6 R.) = 3=0/7"66.

Pooles Island, Harford County, Maryland. May 17 to May 27, 1848. 3o0-centimetre theodolite, No.
11. E. Blunt, observer.

" o / V4 ) 144 ) 144
3r Swan Point 0 o0 0000 +4o0-30 00°30
32 | Linstid ' 36 22 15°13 +o°17 1530
33 Finlay 116 06 54°92 —047 5445

Oshorne's Ruin 170 34 06°56
Turkey Point 225 05 OI ‘56

Probabhle error of a single observation of a direction (6 0. and 6 R. ) = == 0//°69,
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Webb, Anne Arundel County, Maryland.

July 10 to August 14, r84S.

60-centimetre theodolite,

No. 2. A. D. Bache, observer. October 2T to December 2, 1850. 75-centimetre theodolite, No. 1,

A. D. Bache, observer.
C. O. Boutelle, observer.

26
27

25

Linstid
Marriott

Hill

Soper

Stabler
Azimuth Mark
Finlay

°
o
76
129
178
186
275
289

.0
o0
16
26
32
58
40
44

77
00 ‘00
06 ‘19
58°53
04772
II°56
o1°37
43 o1

77
—0 ‘02
+o°25

—o0'23

September 18 to September 25, 1868, 75-centimetre theodolite, No. 1,

77
59°98
06 44

4278

Probable error of a single observation of a direction (D, and R.) = 2= 0//°g4.

Marriolt, Aune Arundel County, Maryland. November 1S to December g, 1846. 30-centimetre
theodolite, No. 11. E. Blunt, observer.
No. 2. A. D. Baclie, observer.

14
15
16

Hill

Sopér

‘Webb

Azimuth mark

Linstid

Taylor

Kent Island North Base
Kent Island South Base
Poplar Island

Blake

May 18 to June 18, 1849.

o

o
32
70
S2

107

125

147

166

206

248

7/
[e.0)
o6
o8

23
33
56
53
06
58

ar

Probable error of a single observation of a direction—

V44
00 ‘00
10°36
3717
4868
4830
32784
16 ‘So
54°12
0332

5162

6o-centimetre theodolite,

I44

‘—0-24

-—0 ‘20
—0 IO
+o°19

36.93

4564
32764
16 *70
54731

7’

(6 D.and 6 R.) =067 in 1846 °

(D. and R.)

=110 in 1849

Linstid, Anne Arindel County, Maryland. May 24 to June 26, 184S. 6o-centimetre thecdolite,

No. 2. A. D. Bache, observer.

January 8 to January 31, 1897. 3o-centimetre theodolite, No. 16,

F, W. Perkins and W. B. Fairfield, observers. Telescope above ground (in 1897) 27-89 metres.

18
19

20.

Finlay

Pooles Island

Clough

Swan Point

Hope .
Kent Island North Base
Taylor

Marriott

‘Webb

°
o

46
69
77
102
140
175

/
[e.0}

42
13

a3

o7
56
43
40

. Probable error of a single observation of a direction—

14

00 00 +o-70
57°73 —o-18
0773 ]
1697 —0°52
2310
3760 - —o0-26
02°43 "+0-75
1128 © —0°50
53759 +o0-02
(D. and R.)

Ids

”
00 *70
57°55

16 °45

37°34
03 "18
1078
9 5361

P4
=1'12 in 1848

(6 D. and 6 R.)==0'73 in 1897
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Finlay, Baltimore County, Maryland. - August 2g to September 11, ¥844. 6o-centimetre theodolite,
No. 2. J. Ferguson, observer. October 15 to December 27, 15g6. 3o-centimetre theodolite,
No. 16, G. A. Fairfield, observer, Telescope above ground 1°5 metres. :

[+] Ve Vs 44 I44
" Oshorne's Ruin 0 00 00'00
Still Pond " 30 48 41°95
2§ Pooles Island 48 03 34715 4048 34°63
Clough 55 23 20°93 :
29 Linstid tor 36 o126 - —072 a0 '54
30 Webhb T 127 19 37°46 4025 37°71
Rosanne 159 25 03726
. ’” i
Probable error of a single observation of a direction— (0. and Ry =2=1-52in 1544

(6D. and 6 R.) x0°65in I8¢5
FIGURE ADJUSTMENT.

Obserzation cquations*

1|o=+ro5— (2)+ (3)— (4)+ (6) —(10)+4 {11)
2 o=—o062— (5)+ (6)— (10)+ (12) —(15)+ (16)
3lo=++od49— (I+ (3)+ )+ (5) —(16)+(17)
4lo=—231— (6)+ (7)— {91+ (10)—(21)+(22)
s |o=42974 (9)—(r2)—(14) + (15) — (22) + (23)
6 | o=—137—(13) + (14) — (23) + (24} — (26) + (27)
7 | o=— 1874 (18) — (24) — (25) +(26) — (29) + (30)
5| o=-+273—(18) + (19) — (28) + (29) — (32) +(33)
9 | 0=+ 126 —(19) + (20) — (531) + (32) — (35) +(36)
10 | 0=—107— (7)+(8)—(20)+ (20) = (34) + (35)
T | 0=—39+17'1(4) —17°6(5) + 0'5(6) + 264(10) — 29°8(11) + 3'4(12) + 24°9(15) — 63°9(16)

+ 39°0(17) .
12 | 6=+ 31+ 26°4(5) —59'5(6) + 33°1(7) + 63°4(14) — 115°6(15) + 52°2¢16) + 30°3(21) — 61°6(22)
+ 31°3(23)

13 °=—2S+_7.'3(5)—19'4(7)-+-X:'I(S)+27'5(13)‘—_-52'5U4)—‘r;4'8(16)—‘r'7'§(25)—12'7(26)
+ 51(27) 4 15°5(28) — 59'2(29) + 43°7(30) + 286 (31) —.32°4(32) + 3'5(33) + 14°2(34)
— 5°2(35) —9'0(36)

Correlale equations.

: thl‘c‘::ﬁ;c ¢ & ¢ 6 &6 66 GG G Cu Cu Cis
(1) =T
(2) —r
(3) | +1 —+1
t4) | —I —I +17°71 .
{5} |.-... —I I ciit i i deee cees esee eww. =176 4 2673 + 73
(6) | +r 1 —I , + o5 — 5973
(7) ' ' +1 ' —1 + 3371 —19%4
() : - - +1 +r2T
(9) -1 +1 '

* Number of equations relating to sums of angles 1o, and to ratio of sides 3, total number 13; the side eri'uations
were established with 7 places of decimals in the logarithms and the differences for 17/ are given i{n units of that place.
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" FIGURE ADJUSTMENT—continued.

Correlate equations—Continued.

RN O

Comeel & G G G C G G C C G Cut Co- Cu
{10) —1I -1 .... e .S +26 4
(11) | 41 . —29°§-
(12) +1 —I + 34
(13) —I ' : +27°5
(14) —I 41 + 634 —5273
(r5) |[.... —x ... .... +1 .. .o Lals wees oo 4249 —T115°6
{16) 41 -1 - . —63'9 + 522 4248
(17} +1 . +390
(18) 4-x —I .
(19) : +1 -1 .
. ) I PO T L T S I R TR o S ¢
(21) —r . +r + 3073
{22) +r -1 — 61°6
(23) +1 -1 + 3173
(24) 41 -r _ .
(25} [eere  cher eeee enn eiee aa.. =T e aeee e ee. 4+ 76
(26) ~1 41 ) —12'7
(27) o =41 ' . + 51
(28) -1 ) +15.5
(29} ) . —1 T T —g5 -2
1T T P I ST T T ceee F437
(ar) —1 +28°6
(32) | -1+ —3274
133) ' +1r ' ' + 38
(34)° o —1 41472
2 T TR S B —
(36) _ : C — 90
Normal equalions.
Cl C2 C3 C4 C:') Cﬁ C'l CN Cﬂ CIO Cll Cl! cxa
o=+ 105(+6 12 +2 —=2 : —72°8 -—59'5 ..
— 0°62 +6 —2 —2 —o2 — 937 +SI'9 . + 17
+ o049 +6 + 652 — 258 —17
— 2731, +6 —2 ~ —2  +2579 + o7 —19
4 2°97 +6 —2 o ety —S6'1 - 4-52°3
— 1°37 +6 —=2 4321 -7 —620
— 187 . +6 —=2 + 826
+ 273 ' +6 —2 T =385
+ 126 ' +6 —2 _ —64°8
—1707] +6° — 28 4121
— 19 4842372 — 67084 — 1 713°2
S : +31132°9 — 24707
— 28 : 412 77471
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Resulling values of correlales and of corvections to angular directions.

— o059 67
+0°305 45
— 0'03I 00
“+0°452 So
— 0204 00
+ o249 54
+o0-232 93
— o470 07
— 0235 20
40232 83
-+ 0005 79
—0'00L 47
=+ o000 367

I S R R N L]

CO0OOAOOGGARNA0
e D

(@]
—
<«

. Mean error of an observed direction (of unit weight) = \/ U’:%'] = J

) 77
{1)=+4o0'031 0
(2)=+0"059 7
(3)=—o0"0g0 7
(4)=4+0"189 7
(§)=—o0471 6
(6)=—o0-116 7
(7)=-+o0"164 2
(8)=+0237 3
(9)=—0"656 38
(10)=+0-359 9
(11)=—0"232 2

(12)=+40529 1

7 = number of conditions, _
Mean error of an augle M=ty o /7 =0’ 87 and probable error of the same 07/, 59.

Corrections.

Ids
(13)=—o0"239 4
(14)=-+o0"34r 1
(15)= —o0-195 4
(16) = — o 101 2
(17)=—{.—o'194 S

. (18Y=+4o0"703 0

(19)=—o0"184 9
(20)=—0"518 0
(21Y=—0"264 5
(22)=-+o0747 4
(23)=—0"499 6
(24)=40'016 6

Checks: Sum of + corrections 5535 and = pve =+ 4867

Sum of — corrections 55'32 —SwC= + 4'S72

144
(25)=—0"230 1
(25)=—o0"021 3
(27)=+o0"251 4
(28)=+-0"475 8
(29)=—0"724 7
{30)=++o0249 0
(31) =+o0"295 7

- (32)=+o01730

(33)=—0"468 7
(34y=—o0"227 6
(35)=+o0'516 1
(36)=—0"288 5

ﬂ(—)= &+ o//*61 where
13

TRIANGLES OF THE KENT ISLAND BASE NET, MARYLAND, 1544 TO 1597.

No. Stations,

Keut I. S. Base

Marriott
Tavlor
Kent I, N. Base

r Marriott-
3 4 Taylor
I Kent I. S. Base

Kent 1. S. Base

Linstid
Kent I. N. Base
Taylor

. Marriott
4 { Kent I, N. Base

Taylor
1 { Kent I, N. Base -

Observed angles.

o / 144
3% 36 5237
88 35 3679L
52 47 32701
oI "29
4396
44 °32
3ar’ss
59 "33
21 28
51°95
46724
§9°47
37732
50 05 05°36
11 41 18725

40 10
8o 355
55 53

18 13

00°93
24 83
2742
05 71

5796

34 46
32 26
112 47

Correc-

tions.

144

—o
—o0

—0

+o-
+o-
+o-

+o-
+o-

+o*
—o-
-—Q"

+r
+o-
+r-

O

59
31
15

Spher- Spher-
ical 1cal
angles. excess.
27 77
51'78 0°'0S
2660 o-08
3186 ©°08

024
44705 o
4449
3179t

0°15
0'15
015

045
3167 O‘21
52°71
4627

022
022
0°65
3761 o0°14
0470
18°13

015
0°15
0. 44
0°09
09
0°09
027

2584
2770
a6 73

Distances

Log s. in metres,
3938 So7 1 8 687545
47143 529 T 13 916747

4044 816 9 11 087 ‘07

4044 316 9 11 o87 ‘o7

4411 765 6 25 S8 °67

47266 498 4 18 471734

47143 529 T 13 916747

4°328 444 0 21 303 °'16

4°266 498 5 18 471°34

3°938 897 1 8 687545
47328 444 1 2I 303°16

“4°411 765 8 25 80868

4°'044 816 g 11 087 ‘07 .
4018 198 2 10 42793

4253 398 1

17 92248
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TRIANGLES OF THE KENT ISLAND BASE NET, NARYLAND, 1844 TO 1So7—continued.

No. Stations.

[ Linstid
6 { Taylor
Marriott

Linstid
Kent I. N. Base
Marriott

Linstid
Marriott

Finlay
Linstid
Webb

|
=
|

I Pooles Island
l Linstid

Finlay

Swan Point
Kent 1. N. Base
Linstid

II

Swan Point
Linstid
Pooles Island

12

—— —t—

Observed angles,

68
70
40

76
66
37

. 56

60
63

113
30
36

587
40

43
56

.19

16
18

43
or

15

44

0 fa
[ 1)

a7
43

o7
30
22

5963
3620
06 41
1699

59 60
39°79
57°73
2711

0463
5792
41°14
2063

59 ‘69

27°59
19724
15°13

or1 'g6

Correc-

tioris.

77

—1I
— I

—0

—o
+o

—O0

~+o
4o
+o

+o0
4o

—0

25
‘18
54

24
.64
44

27
‘52
58

97
69
+o-

64

— 08y

I

+o-
+o-
+o’

—O0

. —0

—0

S1
"33
‘12

angles,

144
07 60
oS- 79
44 00

3344
5961
25 06

06 46
4283
1171

37°17
07°10
17 ‘20

39°15
56 'S4
2591

5566
41721
2089

2678
1891
15 ‘ot

PROBABLE ERRORS.

Spher-
ical
excess,
144
0°13

,oo
i o e
o

o o 0 ©
[T TR AR
QAo

-
-
—

o O 0O
[T
[

s

OOH.,
& 8

049

147
064

Log s.

47266 498 5
4°417 956 2
4018 198 2

4°411 765 7
4°417 956 2
4253 395 2

4°417 956 2
4°392 324 7
4°214 204 O

4'214 204 O
4°574 261 9
4550 316 3

47550 316 3
47419 418 8
4°462 716 4

4°253 395 2
4'272 151 I
4°2%6 639 1

4462 716 4
4204 626 3
4°272 151 2

Distances
11 metres.

18 47134
26 17919
10 427°93

25 S0S 67
26 179°19

17 92248

26 179°19
24 67584
16 37586

16 37586
37 519792
35 50719

35 507°19
26 267 50
29 o021 ‘27

17 922748
18 713°33
19 350°36

29 021 ‘27
16 0185 66
18 71334

Determination of the probable ervors of the length of the sides common to both the net and the adjacent

chains of triangulation.

For the side Finlay to Linstid, as adjusted, we make use of the expression—

Finlay to Linstid _

sin (3 — 1) sin (7 — 5) sin (14 — 13) sin (26 — 25)

Kent Id. Base  sin (17 — 16) sin (23 — 21) sin (27 — 26) sin (30 — 29g)
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hence the function—

= logsin (3 — 1) + log sin .(7 — 5) + log sin (14 — 13) + log sin (26'— 25)
— log sin (17 — 16) — log sin (23 —21) — log sin (27 — 26) — log sin (30 — 29)

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

= =272

P
the sixth place of decimals in their logs., viz: == 318 and = 2°15 respectively; hence
log. distance Finlay to Linstid 4550 316 3 and the distance 35 507°19 nietres. The
=+ 21 _+o18

probable error is about {57555 part of the length. )

To this must be added the proportional error depending upon that of the base
35 507 '
S 687

Probable error of length of side Finlay to Linstid +/(0°18)*+ (0'278)° = 033
metre.

For the side Webb to Marriott, we use the expression—

3, also the méan error mz and the probable error 7, both expressed in units of

measure, or = 0°063 X = =+ 0278 metre, hence—

Webb to Marriott _ sin (24 — 23) sin (7 — 5) sin (3 — 1)
Kent Island Base sin (27 — 26) sin (23 — 21) sin (17 — 16)
F=1log sin (24 — 23) + log sin (7 — 5) +-log sin (3 — 1) — log sin (27 — 26) — log
. sin (23 — 21) — log sin (17 — 16)

~ Establishing and solving the transfer equations—
1 e
We get »= 1791, also #p= = 2°58 and rp= = 1'74, hence log. distance Webb to

Marrxott 4392 324 7, and distance = 24 678'84 metres. The probable error is about

17 d—o0'10 _
zr7ioav part; adding to this the proportional error arising from the base measure or
0'068 X 2\4 668778 = 4= 0°193 metre, we have

Probable error of length of side Webb to Marriott \/(o I6)* 4+ (0°193)° = F 0°22
metre.

DESCRiPTION OF STATIONS FORMING THE KEN?.‘ ISLAND BASE NET, MARYLAND,

Kent Island North Base, Queen Anne County; established in 1S44 by James Ferguson.
The island is situated on the east side of Chesapeake Bay nearly opposite Anmapolis
Harbor. The station is located on the south side of Broad Creek, near its mouth, on
the western shore of the island. The end of the base line was carefully marked, both
by underground and surface monuments. It is reported by persons living in the vicinity
in 1Q96 that the ground at this end of the base has been washed away.

Kent Island South Base, Queen Anne County; established in 1844 by James Ferguson.
The station was situated near the extreme 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 1888 proved that the gr ound had beeu washed int6 the bay years
before.
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Tavlor, Anne Arundel County; established in 1844 by James Fergusonm. The station
is situated on the west side.of Chesapeake Bay, on Greenburg Point, between ‘Mill Creek
and the Severn River. The geodetic point is on the most prominent spot on a hill, or
feet above the level of the bay, belonging to Capt. Lemuel Taylor. It is about one-
fourth mile from his house, on the north side of the road leading to the Severn Ferry.
Its position was marked by three stakes, each 40 feet distant, one in the direction of
‘* Marriott,”’ another in the line to ** Linstid,”” and the other one on that line extended
southwardly. It is also 226 feet from a small chestnut tree toward the line to ** Mar-
riott.”* ‘This point was searched for in 1859 and in 1888, but no trace of it could he
found.

Swan Point, Kent County; established in 1342 by James Ferguson. 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 1896 shows
that the site of the original station is some distance out in the bay.

Marriott, Anne Arundel County; established in 1844 by James Ferguson. ‘This
station is situated about 20 miles east of Washington City, 6z miles southwest of
South River, and about 93] miles southwest of Annapolis. The geodetic point is on
" the property of B. Marriott, about 100 yards east of the road leadjng from Annapolis to
St. Marys. It is g9 feet from the main post of an old windmill and 34 feet 11 inches
from a small hut on the south side of the hill. Three stakes were driven into the ground,
each 30 feet distant, one in the direction of *‘ Taylor '’ and the other two at right angles
to that line. .

(No mention is made in the original description of either surface or underground
marks, but I presume an earthenware cone was buried there, as seemrs to have been the
custom at that time.—G. A. F.))

IWebb, Anne Arundel County; established in 1846 by A. D. Bache. This station
is situated about 12 miles northwest of Aunnapolis and about 24 miles, by road, east of
Odenton, the junction of the Baltimore and Potomac Railroad and the Annapolis branch
of the Baltimore and Ohio Railroad. ‘T'he land now (1896) helongs to James Woodward,
president of the Hanover National Bank, New York City. The geodetic point is on a
small hill covered with a thick growth of young treés about 45 feet high, and is marked
as follows: The subsurface mark is the usual earthenware cone, the top 1-7 feet below
the surface, and over this a small granite block, 7 inchés square and 5 inches thick, the
top 1°1 feet below the surface of the ground. The surface mark isa rough block of
granite 1'2 feet long with a 4-inch square dressed on top and two shallow cross lines
marking the center. As reference marks 3 granite posts—each 2 feet and 2 inches
long and 5 inches square at the top, with diagonal lines cut on them—were set 5 feet
distant from the geodetic point; one due north, one due south, and one due east.

. Linstid, Anne Arundel County; established in 1S44 by James Ferguson. This
station is situated on the west side of Chesapeake Bay, omr what is known as Eagle
Hill, near the head of Broad Creek on the north shore of Magothy River. It is about
one-half mile in a northerly direction from the old Linstid house and just east of the
road which passes over the west side of the'hill. The station was re-marked, in January,
1897, as follows: The underground mark is'an earthenware cone 15 inches high, upper
diameter 6°5 inches and lower diameter 12°5 inches; the center marking the station.

18732—No. 4 5
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The top is 26 inches below the surface. About 2 feet north of the center and g inches
below the surface a granite block (6 by 7 by 18 inches, with one end dressed to 5 inches
square and diagonal cross lines on it), was laid horizontally, the dressed end toward the
‘center. ‘The surface mark is a rough granite block 18 inches long, the head dressed to
5 inches square with a hole one-half inch in diameter and three-eighths inch deep in
the center; the top being even with the surface of the ground. The reference marks
are triangular blazes cut in 2 chestnut trees, with sixtypenuy nails driven in the center.
One tree is 2°3 feet in diameter, bearing north 76°°5 east magnetic, and distant 4387
feet, and the other 1°7 feet in diameter, bearing south 2°-7 east magnetic, and distant
17°31 feet from the station.

Finlay, Baltimore County; established in 1844.by James Ferguson. This station is
situated on Cub Hill, about g miles from Baltimore on the old Harford road and about
5 miles east of Towson. It is located on the old Finlay farm—now (18¢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 Harford turnpike. The geodetic point was re-marked in 1896 as
follows: A glazed drain tile 4 inches in diameter and 30 inches long, filled with cement
and gravel, was sunk in the ground so that the upper end was 3 feet below the surface.
It was set in cement and gravel and a sixtypenny nail at the center of the tile marks’
the station. ‘The surface mark is a chestnut post, the top being even with the surface
of the ground and having a fortypenny nail in the centér.

The northeast corner of an old log house—now used as a blacksmith shop—distant
25371 feet, bears north 47° o6’ west (true); a large cherry tree, distant 12685 feet,
bears south 22° 46’ east (true), and the east gable of the stone barn on the Fastie place
bears north ¢° 27’ east (true) from the geodetic point.

Pooles Isiand, Harford County; established in 1544 by James Ferguson. 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 the upper half of the island,
" about 450 feet in a northwesterly direction from the large dwelling house of Mr. John
Masheter, present (1896) owner of the island.

A careful search was made for this point in 1896, but as all surface and reference
marks, except one, had been destroyed many years before, the underground marks
could not be found.

(&) American Bottom Base Line, [llinois, 1872,

- LOCATION, MEASUREMENT, AND LENGTH.

This base 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 (10 statute miles) distant from it. It
served, in the first instance, fora local survey about St. Louis. Thetwo end points are
upon spurs of bluffs about 15 metres (say 50 feet) or more elevated above the general
level of the bottom lands. ‘These elevations were desirable in 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 33° 3§82
and in longitude go® o02'’o, nearly; the azimuth of the lower or southern point, as seen
from the northern end, is 24° 40': the total length is 7°27 kilometres, or 4°52 statute
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miles. The line lies for more than nine-tenths of its length over-wheat and corn lands,
crosses 3 main roads, 2 railroads, and 8 bridges over creeks and dry runs. The latter
structures were of a simple kind, and designed only to support the measuring bars.
The measurement was made with two 6-metre contact-slide rods, known as Nos. 1
and 2. A description of the apparatus, embodying the principle and construction of
Colonel Mudge's apparatus, and as modified and improved, will be found in Appendix
No. 17, Coast and Geodetic Survey Report for 1880, pp. 341-345. Only one measure
was made, and the work was in charge of Assistant C. H. Bovd, aided by Assistant
Van Qrden and Mr. Featherson, civil engineer; it occupied the time between October 30
and November 11, 1872. A line of spirit levels was carried from the so-called City
Directrix at St. Louis to the Lower Base Monument. The St. Louis bench mark is
connected with the Guif and Atlantic levels.

Xo. 4.,

SugarLoaf Meund

L[z_')wma

UpperBase

American
Bottom Base

Insane Asybumn H Lower Base

d Clarke Mound

North —————>

Kleinschmidt

—" Dreyer

Statute Miles

'y [ 5 16 15 20

Kilometres

5 o 5 10 15 20 2b 30 35

The Upper Base or northern terminus is marked by a limestone monument with
marks above and below the ground; that on the monument is a cross cut in a copper-
bolt, while under the center and about 1'2 metres (4 feet) below ground is an earthen-
ware pyramid. After these terminals had been built for about a month, the line was
staked out at distances of 120 metres; during the measurement every twentieth bar was
plumbed down and secured by a stake and copper tack; the bars were protected by a
portable tent; their inclination was had from sector readings, which also gave the profile .
of the whole line. A thermometer was attached to each bar and recorded.

The 6-metre contact-slide rods, Nos. 1 and 2, were made at the Survey office in
August, 1867. The last determination of their length before the measure of the
American 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
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February, 1855, was determined in April, 1860, by Assistant J. E. I—Izlgard with the

result—
S.=5'999 9 2 3 metres at o°C.
+= 10

Its coefficient of expansion was not determined until March, 1897 (see Assistant A,
Braid’s report of March 27, 1897); it was found equal to o'ooo o11 25 for the centigrade
scale. ‘The comparisons of .S, with rods Nos. 1 and = were made by means of a Repsold
lever comparator, of which 1 turn = 316'75 microns and 1 division = 3168

The comparisons of April 2q, 1870, give—

o o mo. 2
S,—No.1atéo"3 F.=4+33'50 or No.I=6"001 149 5at 1572 C.
S;—No. zaté01 F.=—35"17 or No.2=6-000 924 6at 1561 C.

The comparisons of August 30, 1370, give—

2 d - om o

S:—No.1at73°07F.=-+31'40 or No.1=6"001 622 1 at 22°52C.
S.—No. 2at 72'goF.=—35'91r or No.2=6"001 402 1at22'72C
Hence we have— . '
Length of rod No. 1 at 1927 C. 6cor 385 S .

Length of rod No. 2 at 1916 C. 6001 163 4 1.

Meamn, 19215 6001 274 6

In the absence of other determinations for the coefficient of e\pansxon of the rods
Nos. 1 and 2 we deduce from the above comparison for—

NO.I. d:II'IOM}
" No.z . 1r'1gu! for the C. scale.

For the elevation of the base above the mean sea level we have from the unadjusted
(not yet completed) lines of spirit levels the height of the St. Louis City Directrix,
transferred to the bridge across the Mississippi 1258 o= 0'3 metres; also by spirit level-
ing in 1882 by Assistant A. Braid, top of monument (copper bolt) at Upper Base above
the City Directrix 32°79 metres; hence the elevation of Upper Base is 1556 metres; also
by spirit leveling in November, 1872, by W. Bauer, top of monument at Lower Base above
the City Directrix 21°67 metres, and elevation of Lower Base 147 5 metres. The difference
in height of the base ends 11°1 metres is verified by the sector readings during the base
measure. Whence we get the average elevation of the base above half tide level of the
ocean 132°'r metres, to which is to be.added 1'1 metres for height of apparatus above
ground. The total elevation is therefore 1332 metres; log radius of curvature 6°So3 8.

With the.above data the length of the American Bottom Base comes ot as follows:

Length of 1 210 mean rods Nos. 1 and 2 at an average temperature Metres.
of 55°°69 E. or 147825 C, 7 261°187 3
Length of rod No, 1 at 1570 C + 6001 7
Excess of Lower Base mark over the last bar laid +4- o356 g
Correction for inclination . — 10I0 T
‘Reduction to sea level — 0152 T

Resulting length of hase 7 266883 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 (== 1°04) of .S, we add =+ 6u—that is, 1 micron
for each metre~—hence probable 'error for base or 1 211 bars, & 7'4 millimetres, The
temperature of the rods may be uncertain by 4= 0°-2 C, considering that there was but
one thermometer -attached to a rod; the effect of this upon the length of the base is
=+ 16°2 millimetres.- . A probable error of 0’5 metre in the adopted elevation of the base
would produce = 0°6 millimetre. ‘Taking the probable error of a single measure of a
kilometre to be 4= 1°2 millimetres (Salina Base), that of the base becomes & 8°7 milli-
metres. Combining these four probable errors we get == 19°9g millimetres or gps'ssv
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 ==
31, we get J(19°9) + (5°9)° = = 20°6 millimetres or about yyghyy part of the length.

Final result for length of base 7 266°883 7 metres,

+ 20 6
and logarithm of its length : 3861 348 21
+= 123 ,
ABSTRACT OF RESULTING HORIZONTAYI, DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS
FORMING THE AMERICAN BOTTUM BASE NET, 1871-72-73 AND 1850,

American Bottom Lower Base, St. Clair County, Illinois. November 12 to November 13, 1872.
25-centimetre theadolite, No. g2. C. H. Van Orden, observer. May 24 to May 28, 1873. 2S-centi:
metre theodolite, No. 100. C. H. Boyd, observer. :

No. of . _ . Resulting direc-  Corrections Final seconds
: : Objects ohserved. tions from station "from hase-net in
direction. adjustment. adjustment. triangulation.
.. o s 17 ’” ’”
I Insane Asylum 0 oD 00700 —+0°33 00°33
2 Minoma 28 06 0246 +0-31 o2 "77
Standpipe 28 14 37°1I
3 | Sugar Loaf Mound 109 16 57°79 —0Sr . - 5698
4 American Bottom Upper Base 114 45 13703 +o-'17 1320

Probable error of a single observation of a direction (3.0. and 3 R.)= =1//"14.

American Bottom Upper Base, Madison County, Illineis. October 24 to November 13, 1872. 25-centi-
metre theodolite, No. 74. C. H. Boyd, observer. May S to May 23, 1873, 2S-centimetre theodo-
lite, No. 100, C. H. Boyd, observer.

o /7 144 144 144
5 American Bottom Lower Base O 00 00°'00 —+0°17 0017
Clarks Mound 2 04 2341 +0°57 2398
Insane Asylum 49 1o 5548 - ‘o6z | 59°I0
Standpipe 67 51 38°28
S Minoma 75 09 13°58 —1°36 1222

Probable error of a single observation of a direction (30, and 3R.)= == 1/""19.
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Dyever, St..Clair Conunty, Illinois, October 26 to October 27, 1871, jo-centimetre theodolite, No. 32.
' R. E. Halter, O. H. Tittmann, observers. June 20, 1873. 25-centimetre theodolite, No. 74.
C.’H. Van Ordén, ohserver. November 19 to December'r; 1830, 3o-centimetre theodolite, No.

- 107. G. A, Fairfield, observer. Telescope above ground 10°21 metres in 1880.

. ! -] ’ 144 74 74
3I Kleinschmidt O 00 00°'00 - +o-77 00 77
32 Insane Asylum ’ 56 04 42°32 —1°40 © 40°92
Standpipe 85 o8 41'16 . ]
33 Clarks Mound- 140 o8 3276 - -Lo-63 . 33°39
Turkey Hill 184 06 27°79 ..

Probable error of a single observation of a direction (D. and R.)= + 0 *gS.

Clavks Mound, St. Clair County, Tllinois. October 13 to November 10, 1371. 3o0-centimetre theodo-
lite, No. 32. R. E. Halter, O. H. Tittman, observers. May 28 to May 31, 1873. 25-centimetre
theodolite, No. 74. C. H. Van Orden, observer. August 13 to September 4, 1850. jo-centimetre
theodolite, No. 107. G. A. Fairfield, observer, ‘Telescope above ground 10'06 metres in 1850,

o s 144 174 e

25 Dreyer 0 00 ©00'00 “+o°39 00°39
26 Kleinschmidt ' I7 23 30°35 —18o 2855
27 Insane Asylum 46 0S5 55°34 +o-75 59 ‘09
28 Minoma- 73 51 07794 - 4o73 ) 08 '67

Standpipe . 77 38 29797
29 Sugar Loaf Mound 149 26 a5°45 o095 06 40
30 American Bottom Upper Base 154 17 03°14 —1I oz 02°12

Berger 210 04 3422

Turkey Hill 256 O 1II°0%

Probable error of a single ohservation of a direction (2. and R y==x=139C.

Sugar Loay Hound, Madison County, Illinois. May 12 to May 24, 1S73. 25-centimetre theodolite, No.
74. C. H. Van Orden, observer. September 13 to September 24, 1830. 3o-centimetre theodolite,
No. 107. G. A. Fairfield, observer, Telescope above ground, 1420 meters in 1530,

o /7 4 27 k{4
Parkinson ) O 00 00°'00
Berger 30 24 2670
"1 American Bottom Iower Base 114 53 21°S2 4009 2191
22 Clarks Mound 117 35 06748 't —0r24 ab2g
23 Insane Asylum 161 07 2722 . —0°33 26 89
Standpipe 174 3.5 2921
24 Minoma 185 11 47°19 ' -+0°48 4767

Probable error of a single observation of-a direction (2. and £.) = &= 1//20,
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Insane Asylum, St. Louis County, ‘Missouri. : November § to November 10, 1S71. 3n-centimetre
theodolite, No. 14. W. Eimbeck, observer. October 2 to October 12, 1572. 25-centimetre
theodolite, No. 92. C. H. Van Orden, observer. ‘June 5 to June 23, 1873. 2S-centimeter theodo-
lite, No. 100. C. H. Boyd and C. H. Van Orden, observers.

° ’ 77 ’” 7

14 Minoma 0 00 00'00 —o0 27 5973
' Standpipe 39 46 4435
15 Sugar Loaf Mound . 65 21 0663 X 27 ' 07°'g0
16 "American Bottom Upper Base 73 46 19°17 — S8 .1829
17 American Bottom Lower Base 89 50 0781 —1I 00 06 ST’
18 Clarks Mound 98 31 40732 + 29 4061
19 Dreyer 148 18 4926 + 66 - 49°92
20 Kleinschmidt 200 16 12°64 — ‘o7 : 12. 57

Patterson 235 18 46797

Kessler 271 34 3S°1I

Morgan 306° 29 30°88

Prohable error of a single ohservation of a direction (3D. and 3R.) = ==1//30.

Kleinschmidl, St. Louis County, Missouri. November 21 to December 9, 187r. 30-centimetre
theodolite, No. 32.  W. Eimbeck, observer. June 21 to June 22, 1873. 25-centimetre theodolite,
No. 74. C. H. Van Orden, observer. )

(] 4 17 144 14
Patterson o 00 00°00
Morgan 85 o5 58°51
4 Insane Asylum 124 O5 37°73 +0-°58 3831
Azimuth Marl 124 37 35°00
Standpipe 132 54 24714
35 Clarks Mound 173 35 37°IX —o 76 3635
36 Dreyer 196 03 3563 +o0-19 35 *S2

Probable error of a single observation of a direction (3. and 3R.) = 2 0"""¢0.

Minoma, $t. Louis County, Missouri. June 5 to June 11, 1373. 25-centimetre theodolite, No. 74.
C. H. Van Orden, observer.

-} / 144 27 144
9 Sugar Loaf Mound o 00 00'00 —1°20 5550
10 American Bottom Upper Base 10 1S 59°95 " J160 6155
Standpipe 28 11 2691 .
1I American Bottom Lower Base 28 30 35°95 4052 3947
12 Clarks Mound 36 48 21753 —1I1°08 2045
13 Insane Asylum 90 34 30733 4016 30°49
Morgan 164 32 12°93

Probable error of a single observation of a direction (30. and 3R.) == 0//'84.
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FIGURE ADJUSTMENT.
: Obscra''on cquations.®
No. .
1]o=+274+ (11) — {10} + (S} — (5 (4)— (2)
2l o=+4r1r11+(17) = (14) + (13) — (1) + (2)— (1)
3| o=43834(23) —(2r)+ (3)— (1) +(17) —(15)
4lo=—371+(13) — (9)-+(24) —(23) -+ (15) — (14)
5| o=40o55+ (30)—(27)+ (18) — (16) + (7} — (6)
6| o=-4636+(30)— (28)+ (12} — (101 F (8)— (6)
7 | @=—177 + (28) — (27) + (18) — (14) + (13) — (12)
8| o=—106+4+(29)— (25) 4 (12)— (9} +{24) — (22)
9 | o=—1276+(33) — (32)+ (19) — (18} + (27) — (=25)
lo | o=+3"29+(36) — (34) + (20) — (19) + (32) —(31)
11 [ o=+ 138+ (33) — (31) + (36) — (35) -+ (26) — (=25)
12 j o=+ 40— 126(5) + 1'52(7) — 0°56(8) — 6'40{ 10} + 7°52(11) — 1°12(13) -+ 7°31(16) — 7°31(17)
13 | 0=+ 5°3 — 4'63(1) + 3'94(2) ++ 0°74(3) + 0'02(9) -+ I'12(11) — X'14{13) — 2°02(21) -+ 6°74(23)
— 4'72(24)
14 | o=+ 174 — 1°31(6) 4 1°95(7) — 0'64(8) — 4'22( 10) + 5'77(12) — r’55(13) + 031( 14) + 4'57(16)
— 4°88(18) ’
15 | 0= —06—282(9) + 437(12) — 1'55(13) + 0°31(14) + 3'22(15) — 3°53(18) — 1°35(22) +-2°22(23)
—o087(24)
16 | o=+ 187 — 1°78(18) 4 3'43(19) — 1°65(20) — 4°70(25) + 6°72(26) — 2°02(27) — 0'68{34)
+ 5:09(35) — 4°41{36)
’ Correlale equalions.
Cy Ca ¢ G Cs Cs [ord Cs Co Cra Crmr Cra Cr3 Cry Crg Crs
(1) -1 ~1 —168
(2} -1 +I +3'04
(3 +1 +o°74
(4) +1
(5) -1 . .. —1%
(6) ' -1 ~1 —1°31
(7) 41 . t182 +1°95
(S} 41 +1 —0°56 —n64
(9) -1 -1 +0 a2 —2-82
(10) -1 -1 " —6'40 —4°22
(1) +1 -1 +7°s52 +1'12
(12) R T 2 +577 44737
(13) +1 +1 +r —1'12  -—1'l4 —1'3§ ~1'55
(14) -1 -1 —1 403l 40731
{15} -1 +1. . +322
(16) -x +7°31 +4°57
(17). +1 41 ’ —-7°31
(18) +1 +1 —1 —~488  —~3°53 —1'78
(19) +1  —1 +343
{20) e +1 . —165
(z1) -1 —32'02
{22) -1 —~1'35
(23) +1 -1 +6 7. 4222
(21) S : +1 ] —4°72 —~0°87
(15). . —1I -1 —4°'70
(26) ) +1 +6°72
(27) -1 -1 +1 —2'02
(25) -1 +1 -1

* Number of angle equations 11 and of side equations 5; the latter are established with 7 place logarithms, differ-
ences for 1 refer to the sixth place of decimals.
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TRANSCONTINENTAL TRIANGULATION—PART 73
FIGURE ADJUSTMENT—continued.
Correlale equations—Continued.
i Cy Cz C; C;y 'Cs Cs ¢y Cs C Cro Cu Cie Ci3 Ciy Ciy Cis
(20) +1
(30) +1 41 ..
(31) —I -1
{32) -1 +1
(33} +1 +1
(34) -1 -0'63
(35) . #5709
(36) 1 +r —4°41
" Normal cquations.
Cr Ca Cy Cy .C5 Cs Cy Ca Co Cr Cn Crz Ci3 Ciy Cig Ci6

o=+ 24| +6 -2 +2 ' + g6z — 2% 4 3 _

+ 1°ax +6 42 42 +2z — 1595 + 6°36 — 18 - 1'%

+ 3783 +6 -2 — 7731 4+ 14713 - 10

— 37t +6 +2 42 - 1712 — 1262 — 1'% 4 (o9

F 055| taer wiee cees waee 46 42 42 ... =2 s eee. — 59 ciae — 6719 — 353 + 0'24

+ 636 +6 -2 42 + s&4 + w66+ 4°37

— 177 . +6 —2 -2 — 112 — 1’4 — 1250 - 9'76 + 024

- 1706 +6 ’ - 474 + 577 + 767 .

— 276 +6 —2 +2 + 488 +353 + 7%

F+ 3729] -iih siie anee ceee eens P L -] . - 8351

+ 1738 +n + r1°92

+ 470 +21085 + 9'71 + 6606 + 1°74 .

+ 573 +112°30 + 1°77  +20°78

+17°% ‘g3 t44g + 869

0% | vt Teee eeen eeee e e e e e e aaen ceee +5988 + 628

+18°7 +134 'S0

Resulting values of correlales and of corrections lo angular divections.
C.=+4o0"'174
C. —1742 Corrections.
C; —r1r229 ’? 1 124
C, +1°742 (1)="+o0-327 (r3)=+o0-159 (25)=+ 0390
C, +o4s3 (2) + 310 (1r4) — -266 {(26) —1Sou
Cs —1°470 (3) — -8 (15)  +1°274 (27) 4+ 749
C, +o-208 9 + 174 (16) — 882 {128) + 728
C: o950 (3) + 166 (17)  — 997 (29) + -os0
C, 4o-g72 (6) + 574 (18)  + 25 (30) —1-017
Cwn —07429 (7) + ‘62r . {19) + 657 (31} + 771
Cu —0°342 (8) -—1-361 (20) — ‘o071 (32) —1°4o0I
C.. —o0°270 (9) —1-195 (21) + 088 (33) + 630
Ciy +o0°565 {10) 4 1°508 (22)  — -z39 (34) + -577
C,, +o0-238 (1r1) +o-s19 (23)  — 333 (35)" — 763
Cis —0'527 (12)  —10SI (24) + 483 (36) + 186
Cis —0°217 .
Checks: Sum of all - corrections 12°217 and = por = 4- 23643
Sum of all — corrections 12217 and — SwC= -} 23'615

Mean error of an observed direction mn, = [—t” i'z'] =122

where # = number of conditions.

Mean error of an angle

myj=nt,/2 ==x1/""72 and probable error of same =1//16.
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TRIANGLES OF THE AMERICAN BOTTOM BASE NET, ILLINOIS AND MISSOURIL, IS71 to 13S50.

.No. Stations.
o
J’ Minoma 18
T { Am. Bot. Up. Base 75’

lAm.Bot.Low.Base 86

. I Insane Asylum 73
2.{ Minoma So
l Am, Bot. Up. Base 25

J' Insane Asylum S9
Minoma . 62

3
l Am.Bot.Low.Base 25

J’ Insane Asylum 16
4 ¢ Am, Bot. Up. Base 49
[ Am,Bot.Low.Base 114

Sugar Loaf Mound 46
5+ Am.Bot.Low.Base 109
l Insane Asylum 24

6 1 Am.Bot.Low,Base SI

I Sugar Loaf Mound 7
l Minoma 28

Sugar Loaf Mound =z

4

Insane Asylum 6,

A

Minoma

k:

R AR N1

Insane Asylum 9
Minoma

(4,
s

Clarks Mound 103
Insane Asylum 33
Sugar Loaf Mound 43

Clarks Mound 108
4 Insane Asylum 24
[ Am. Bot. Up. Base 47

{ Clarks Mound . 2

10

/
Ir
°9
39

46

42

31
46

17

L]
[

oS
45
ob

Observed s.mgles.

24
3900

‘13°58

1057

03 °15
1917
30°38

15 °10

0465
o7 *S1
51738

19°97

30°33
5693
09 *60
40732
0% So
5572
07 'I1
3369
2074
o154
o4 'So
21°I5
35707

o1 *02

Correc-

tions.

+o-
'99
‘09

—Q
—0

-1
—+1
“+o

7

‘08
53
‘13

‘61

77

‘17

05

Spher- Spher-

1cal

angles, excess.

37
12

10

18
28
13

.07.
ST *
02"

25
54
40

32°7

I44
92
05
44

'56
94
‘12

.9S
.65

77
‘21

66

ical

77
0°I4
0°14

013

0°3Jr
021
020

Q21

o 62
018

018’

0°1S
0°54
o-Ix
0L
011

0733
018
018
018

0°54
o2y
022

021

064
021
o2r

022

064
0°16
017
016
a'49
022

022
0°22
066
o-15

0’16
0°16

047

Log .

S Sy
5ot o
7]

[¥]

pa
[P
A
~1 &
A
~
[ )
H e Wt

e

[ 2]
o]

[, B
JTRERS]

- N

[v ]

= Ly U

+ = W
PR
el
v
[

o}
5L
[

e
iy
—
=
ot
o~

FOR
[T
~N G
W

= bl
[
Gy e

4057 117 2

4025 166 I

133 2
4 600 7

PR
=

[
A

025 166
994
64 505

P )

[M]

‘35

e
s

13

L]

47414 600 7
4°164 534 3
4°264 505 3

4377 478 3
4021 566 1
4-264 505 2

Distances

in

25
14
18

23

I8

meftres,

266 884
49694
234 "24

234 24
84945
59659

496 "a4
875 °51
595°59

266 884
75 °51
S49 "45

875 '51
977 70
405 °57

496 "94
61203
405’57

59659
612 ‘02
977 70

59659
542 '10
38676

977 ‘70
606 10

84945
509 'I1
35676
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TRIANGLES OF THE AMERICAN BOTTOM BASE NET, ILLINOIS AND MISSOURI, 871 TOo 188o—cont'd.

Spher- Spher-

- . ; Correc- ™} Distances
No. Stations. ) Observed angles. s ical 1cal, . Log s. . s
. . tions, angles. excess. in metres. .
] ’ 124 '..// 124 14 I
Clarks Mound 75 34 S§7°'sf 4022 357%73 a°27 4°373 133 3 23 61203
1t ¢+ Minoma 36 48 21°53 4012 21465 o0°27 4164 534 3 14 60610
Sugar Loaf, Md. 67 36 4071 4072 41°43 © 27 4°352 994 4 22 542 °Io
59°75 o8r
Clarks Mound S0 25 5520 —1'75 53°45 O°'I9 47366 128 5 23 23424
12 { Minona 26 39 21°58 —2'63 18°90 020 47021 566 I 10 509 ‘IT
Am.Bot.Up.Base 73 o 50°17 —193 4824 ©0-20 4°352 994 3 22 542 °I0
06 95 0°59
Dreyer S4 03 5044 +2'03 52°97 0°16 4264 505 3 1S 38676
13 1 Insane Asvlum 49 47 oS-gq 4037 0931 0°'16 47149 726 7 14 116'49
Clarks Mound 46 o8 58-34 +0°36 53870 ©°16 4°124 866 1 13 331°T0
57772 ., |.. .. oW _ .
]' Kleinschmidt 49 29 59-°38 —1°34 5504 018 4264 505 3 18 38676
14 { Insane Asylum 10f 44 32°32 —0°36 31°'9gh 017 47374 278 9 23 67440
l Clarks Mound 23 45 27°99 +2°'54 30°'53 o8 40b5 715 1 11 633 63
5969 - 053
I Kleinschmidt 71 57 57°'90 —n'39 §7°'50 O°'II 47124 366 1 13 331°T0
15 1 Insane Asylum 5T 57 23738 —0-73 2265 o0°Io 4'043 016 7 1T 041 21
l Dreyer 56 o4 42-32 . —2°17° 40°15 o0°Io " 40b§ 715 2 11 633763
' 03 *60 ' 03I
Kleinschmidt 22 27 58°52 +o'95 5947 009 4149 726 7 14 116°49
16 { Clarks Mound 17 23 30°35 —219 28°16 o008 4°043 016 6 II O41°21
Dreyer 140 oS 3276 —0°'14 3262 0°08 4374 278 9 23 674 °40
o1 63 0725

PROBABLE ERRORS.

Determination of the probable crrors of the length of the sides common to the uet and the adjacent
chains of triangulation.

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

Sugar Loaf Mound to Clarks Mound _ sin (S —35) sin (3 —2) sin (12 —q)
American Bottom Base ~ sin (11— 10) sin (24 — 21) sin (29 — 28)

hence the function

F=log sin (8 —5)+1log sin (3 —2)+log sin (12—9) —log sin (11 — 10) —log sin (24 — 21)
— log sin (29 — 28)

Establishing and solving the transfer equations, we find the reciprocal of the
I :
weight 5 = 46°04, also the mean error mr and the probable error 75, both expressed in

units of the sixth place of decimals in their logarithms, viz: == 8°'25 and & 556,



76 UNITED STATES COAST AND GEODETIC SURVEY.

respectively, hence log distance Sugar Loaf Mound t6 Clarks Mound 4164 534 3 and
: += 56

the distance 14 606'10 metres. ‘The probable error is about 53-Lys part of the length.

: &+ o0'19

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

' 14 606
7 267

Loaf Mound to Clarks Mound y(0°19) + (0'041)* = = 0'19 metre.

For the side Clarks Mound to Dreyer we use the expression—

or 3= 00206 X = 40’041 metre; hence probable error in length of side Sugar

Clarks Mound to Dreyer _  sin (4—1) sin (7 —6) sin (19— 18)
American Bottom Base ~ sin (17 — 16) sin (30 — 27) sin (33 — 32)

F=log s’n (4 —1)+log sin (7—6) + log sin (19 —18) —log sin (17 —16) —log sin (30— 27)
—log sin (33 —32)

Establishing and solving the transfer equations, we get -;-,= 40°94, also mp= ==

778 and rp= = 5°25, hence log distance Clarks Mound to Drever 4149 726 7 and
- ' + 52

distance 14 116'49 metres. ‘The probable error is about gy Lyy part of the length.
‘ +=. o'17 :

14 116

7 267

= 4= 0’040 metre, we have probable error of length of side Clarks Mound to Drever

J(0'17)* 4 (0'040)* = 3= 0'17 metre.

"~ For the side Minoma to ‘Insane Asylum we use the expression—

Adding to this the proportional error due to that of the base measure, or 00206 ¥,

. Minoma to Insane Asylum _ sin (8§—5) sin (2—1)
American Bottom Base ~ sin (II— 10) sin (17 — 14)

. F=log sin (8 —5) 4 log sin (2 — 1) — log sin (11 — 10) — log sin (17 — 14)
Establishing and solving the transfer eguations, we find the reciprocal of the
. 1
weight - = 41°48, also the mean error 7= =+ 7°'83 and probable error rr== == 5°28;

hence log distance Minoma to Insane Asylum 4'oz5 166 1 and distance 10 596°59

+= 53 4+ 013

metres, ‘The probable error is about 34 Lgy part of the length. Adding to this the
. ' Io

proportional error due to that of the base measure, or 0’0206 X 7—‘?2% = 0030

metre, we have probable error of length Minoma to Insane Asylum y(o'13)* + (0'030)*
= 013 metre. _ .
For the side Insane Asylum to Kleinschmidt we use the expression—

Insane Asylum to Kleinschmidt _ sin (4 — 1) sin (7 —6) sin (27 — 26)
American Bottom Base “sin (17 — 16) sin {30 — 27) sin (35 — 34)

F=log sin (4—1)+log sin (7 —6) + log sin (27 —26) —log sin (17 — 16) — log sin (30 — 27)
— log sin (35 — 34)

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

. 1. )
weight p=4T 36, also the mean error my = == 8'42 and the probable error 77 = == 568,
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hence log distance Insane Asylum to Kleinschinidt 4065 715 1 and distance 11 633'63

+= 57 =+ ‘15

metres. ‘The probable error is about v {77 part of the length. Adding to this the
. ) ., 11,634

proportional error due to that of the base measure, or 0’0206 X 7 267 = 0.033 metre,

we have probable error of length Insane Asylum to Kleinschmidt y(o'15)* + (0°033)°
= &= 0°15 metre.

DESCRIPTION OF STATIONS FORMING THE AMERICAN BOTTOM BASE NET—ILLINOIS AND MISSOURI.

American Botlom Lower Base, St. Clair County, Illinois; established in 1872 hy
C. H. Boyd. This station is situated on the west slope of the Illinois bluffs on the east
side of the American bottom, opposite St. Louis, Missouri, on land belonging to Mr.
Francis Simoin. The geodetic point is on the west side of the road running north from
the Belleville rock road along the foot of the bluffs through the small settlement of
French Village. It is about 1 mile from the rock road and one-fourth mile from the
village, 4 metres west of the fence at the side of the road, and about 193 metres north
of Mr. Davenroi's house. The center is marked by a cross cut on a copper bolt set in
the top of a limestone monument 12 by 14 by 4o inches, having the letters U.S.C.S. cut
on the side facing the base, 1872 on one side and BASE on another. An earthenware
pyramid is buried 4 feet below the 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 the eastward, distant 63 feet from the center.

American Bottom Upper Base, Madison County, Illinois; established in 1872 by
C. H. Boyd. ‘This station is situated on the west slope of the Illinois bluffs on the 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 road from East
St. Louis to Collinsville and a short distance east of the road running nlo_rth from the
Collinsville road along the foot of the bluffs. 'The center is marked by a cross cut on a
copper bolt set in the top of a limestone monument 12 by 14 by 40 inches, inscribed in
a similar manner as the monument at Lower Base. An earthenware pyramid is buried
4 feet below the surface of the ground directly under 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, each 5 by 5 by 30 inches and distant 24 feet from the center.

_ Minoma, St. Louis County, Missouri; established in 1872 by C. H. Boyd. This
station is on the cupola of the residence of Mr. Jefferson Clark, situated about one-half
mile north of the Natural Bridge road and about 7 miles from St. Louis. The geodetic
point is the center of the flagstaff on top of the cupola. .

Insane Asvlwim, St. Louis County, Missouri; established in 1871 by R. E. Halter.
This asylum, also known as the ** County Lunatic Asylum,”’ is situated on the ** County
farm forming part of alarger tract of land known as the ** Gratiot League Square.”” It is
about 5 miles southwesterly from the court-house at St. Louis and about 500 feet south
of the Arsenal street road, at-a point about one-half mile westerly from its intersection
with the Kings Highway. The geodetic point.is the finial of the cupola of the building.
Eccentric points were occupied on the main floor of the cupola.

Sugar Loay Alound, Madison County, Illinois; established in 1871 by R. E. Halter.
This station is situated near the middle of the north line of the northeast quarter of section
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20, township 3 north, range S west, about 3 miles northwest of Collinsville 6n the Van-
dalia Railroad. Tt 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 200 feet to the westward down 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 apex 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 1 inch above the
ground, having cross lines cut on the top with the letters U.S.C.& G.S. cut in the four
squares.

Clarks Mound, St. Clair County, Illinois; established in 1871 by R. E. Halter.
This station is situated near the middle of the south line of the northwest quarter of
section 35, township 2 north, range 9 west, directly on the bluffs overlooking the
American bottom, about three-fourths mile south of French Village and about 714 miles
northwest of Belleville. ‘The mound is quite prominent, the property, in 1880, 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 1380) a white marble post 6 inches square, 2 feet 6 inches long,
projecting about 2 inches above the ground, the top cut and inscribed like the one at
Sugar Loaf Mound. 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 lines pointing
to the station, were set as reference marks; one in prolongation of the line to the Blind
Asylum, St. Louis, and the other in prolongation of the line to Sugar Loaf Mound, each
50 feet distant. Additional reference marks are nails in the centers of triangles cut on
3 trees, as follows:

A hickory 64'3 feet distant, bearing north 41° 30" east; a white oak 39°3 feet
distant, bearing south 57° 30’ east, and a hickory ¢2°2 feet distant, bearing south 51° 30’
east—bearings magnetic.

Drever, St. Clair County, Illinois; established in 1871 by R. E. Halter. 'This station
is sitnated in the southern part of section 27, township 1 north, range 10 west, on the biuffs,
about 6 miles northwest of Centerville, about 134 miles nearly south of Falling Springs,
and nearly east of where the Carondelet rock road, which crosses the bottom, strikes
the bluffs. It is on land belonging to Friedrich Dreyer, about 370 metres west by north
from his house and about 17 metres north of the road leading to the bluffs. The apex
of an earthenware pyramid, 3 feet below the surface, marks the geodetic point. The
surface mark is a spike in the center of a cedar stub, 4 by 4 by 30 inches, projecting
about 3 inches above the ground. A white marble post, 6 by 6 by 29 inches, with cross
lines cut on top and the letters U.S.C.& G.S. cut in the four squares, was set south of
the station in the fence line north of the road, a trifle below the surface, distant 64°43
feet from the geodetic point and 1 210 feet from the northwest corner of Dreyer's corn
house. ‘T'wo other marble posts, 4 by 4 by 30 inches, with 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 76755 from the geodetic point. The
following angles were measured at the center: East stone, 0°'00’; south stone, 45° 09';
west stone, go®-18'.
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Kleinschmidf, St. Louis County, Missouri; established in 1871 by R. E. Halter.
This station is situated in township 44 north, range 6 east of the fifth principal meridian,
on an eminence knowt as Terrills Hill in the southwest part of the commons of Caronde-
let, south of the River des Peres, on lot belonging to Henry Kleinschmidt, at northeast
corner of intersection of Lemay Ferry and Sappington Barracks roads. The apex of
an earthenware pyramid, set 2 feet and 4 inches below the surface of the ground, marks
the 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 1 foot of the
fence on the north side of the Sappington Barracks road, as reference marks—one due
south of the geodetic point, 41 feet 4 inches distant, and 132 feet distant from the east
corner of the lot, the other 37 feet 7 inches distant from the geodetic point and 2253
feet from the west corner of the lot. Distance from geodetic point to southeast corner
of rock foundation of Kleinschmidt's house is 1.49 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 75° 18'.

(¢) Olnev Base Line, lllinois, 187¢.
LOCATION, MEASUREMENT, AND LENGTH.

"T'his base line is due to the labors of the United States Liake Survey, and, on account
of its position with reference to the transcontinental triangulation and its high accu-
racy, has been incorporated into the scheme of triangulation passing over this region
between the American Bottom Base, Illinois, and the Holton Base, Indiana. A full
account of the measure of this base is given in **Report® upon the Primary Trian-
gulation of the United States Lake Survev by Lieut. Col. C. B. Comstock, Corps of
Engineers, brevet brigadier-general, United States Army, aided by the assistants of the
Survey,” to which the reader is referred who may desiré more information than what is
given here, viz, a brief abstract of a chapter (XII) in that publication.

The Olney Base is situated on a prairie in the southern part of Jasper County, Iili-
nois, about 13 kilometres (say 8 statute miles) from Olney, about one-half the length of
the line being on cultivated ground and the other on unbroken prairie sod. The line is
a straight one, and the greatest difference of elevation of its points is but 7 meters (23 .
feet); its length is approximately 6°59 kilometres (4-09 statute miles); its middle point
is in latitude 38° 51’8 and in longitude $8° o3'"g west, nearly. The azimuth of the line
at the west end is 268° 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 brass
cylinders leaded into granite posts, and are 3 feet below the surface of the ground. The
base was divided into 6 nearly equal sections by marks on stones, the mark being a drill
hole in the top of a copper bolt leaded into the stome. Each of these sections was
measured in duplicate in opposite directions..

The measurement was made with the Repsold apparatus by a party under the charge
of Assistant Engineer E. S. Wheeler, between July ¢ and September 15, 1879. This
apparatus arrived at the Survey office, Detroit, in November, 1876. With it the meas-
urement is made with one tube, which is 4 meters long, and is a metallic thermometer
consisting 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 Army, No. 24, Washington, 15382, pp. 3c0-305.
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lengths are defined between microscopes provided with reading micrometersfor measuring
intervals between successive tube ends and mounted on stable iron stands, so constructed
as to admit of all needed 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 VIII of the ‘* Professional Papers, Corps of Engineers, United States Army,
No. 24.” _ :
When used in the field, the tube and microscopes are protected from heat radiation
by awnings. Tle apparatus was accompanied by a steel meter designated ‘*R. 1876.”
. A line of levels was run along the base lite and checked by the observed inclinations of
the tubes. ‘T'he average height of these tubes above the mean tidal level of the ocean,
as found by combinations of various levels, is given for the western part of the Olney
base 489°7 3= 5'0 feet (149725 metres 4= 1'52) and for the eastern part 480°5=+ 50 feet
{14645 metres=1'52). The resulting length and its probable error are given on
pages 303—304 in terms of the Repsold Metre,
{ 60°29 F.
1 15°°717C,
In order to obtain a reliable value for the length of this metre, it was sent to the
International Bureau of Weights and Measures at Sevres, France, in April, 1882, for
comparison with the standards of that Bureau. The results are given in Tome III,
Travaux et Mémoires du Bureau International des Poids et Mesures. Paris, 1884. The
expansion of R 1876 for 1°C. was 10°5634; at that time, however, the length of the
=+ rorr
Prototype Metre had not been finally adopted, though the uncertainty was supposed not
to exceed a few tenths of a micron. ‘The value given is R 1876 = 1m -+ 97°811 at 0°C,
We have next the result from direct comparisons of the Committee and the Repsold
metres made by Assistant O. H. Tittmann at Washingron, District of Columbia, between
August, 1888, and March, 1889, for which result see ‘‘ The relation between' the metric
standards of length of the United States Coast and Geodetic Survey and the United States
Lake Survey.”’ A report by C. A. Schott and O. H. Tittmann, Assistants.* From these
elaborate observations we have the result (p. 185):

Olney Base at sea level =6 5892 (R 1876 at ) — 165°04mm == 3°48mm.

R 1876 = Committee Metre 4 98 194 == 0*704 at 0°C.,

a result almost identical with that obtained at Paris. In the same report we find a com-
parison of the several independently determined values for the expansion of £ 1576, all in
excellent agreement, and we therefore adopt the values & gz = 10°6064¢ and a ¢ .
= 11'795M (p. 186); further we take the Committee Metre to represent in length the
Iriternational or Prototype Metre. In this connection see the discussion relating to
the standard of length of the transcontinental triangulation, in fact relating to all
distances determined by the Survey.

Substituting the value of R ;g5 = 1m ++ ¢824t == 0"yt at 0°C. into the equation given
above for length of base, we find it to be 6 500°780 4 metres, and if we take 4= 1u for
the probable error of the length of the Repsold bar,t that of the base becomes

J(6°6)°+ (3°5)%mm. or = 7-5mm. which is about 373557 part of the length of the base.

* Appendix No. 65, Coast and Geodetic Survey Report for 1559,
1 This can not be considered too large if we rememnber that the direct comparison of line and end neasures offers
special difficulty, particularly when the refer method is applied to the end surface,
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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+ 3{u we get
N(7°5)"+(4'9)° = =8"gmm., or about 735 5y part of the length. We therefore have
the final value for length of base 6 590°780 4., and its logarithm 3'818 936 84

+ 8y =+ 59

ABSTRAC‘I.‘ OF RESULTING HORIZONTAIL DIRECTIONS OBSERVED AND AD]iJSTED AT THE STATIONS
FORMING THE OLNEY BASE NET 1879, 1S853-84.

Olney Easl Base, Jasper County, Illinois. November, 1879. 35-centimetre theodolite., T. & S., No. 4.
Telescope above ground 11°43 metres. J. H. Darling, observer.

Resulting direc- Corrections  Final seconds

_ dilxi(::.ti(:)fu. _ Objects observed. tions from station  from hase-net . in
adjustment. adjustment. triangulation.
o ' /z 144 144 144
39 Claremont 0 00 00°00 —0°43 5957
40 Check Base 18 20 42-11 +0-35 4246
41 Onion Hill St 38 03754 +o-35 03 ‘Sg
42 Olney Middle Base 101 56 2004 —0°10 19 '94
43 Olney West Base - 10I 56 23 ‘00 —o 06 2294
44 Buffalo Mound ' 162 57 1489 —0-12 1477

Olney West Base, Jasper County, Illinois. October and November, 1879. 35-centimetre theodolites,
T. & S., Nos. 3 and 4. Telescope above ground 1570 metres. R. S. Woodward and J. H. Dar-
ling, observers.

-0 / 77 77 144
45 Buffalo Mound o 00 ©o 00 —0°30 5970
46 Olney East Dacc 47 46 00°53 +o0-04 0057
47 Olney Middle Base 47 46 0317 +o0-40 0357
48 Check Base 94 3I 34°71 4029 35 *00
49 Claremont 99 54 2I°74 +0-03 2177
50 Denver 183 16 45-00 +o-15 48°15
51 Onion Hill 190 43 14°04 —0 61 © 1343

Olney Middle Base, Jasper County, Illinois. October, 1879. 25-centimetre theodolite, R., No. 1.
Telescope above ground 1°9gS metres. E. S. Wheeler, observer.

(] / 144 7 144
53 Olney West Base G 00 00 ‘00 —0°43 59°57
59 | Buffalo Mound 100 04 0923 +0-38 09 ‘61
60 Oluey East Base 179 59 53°52 +0-05 53°57

Check- Base, Richland County, Illinois. November and December, 1879. 35-centimetre theodolite,
T. and 5., No. 4. Telescope above ground 12'95 metres. J. H. Darling, observer,

o / 144 7’ 144
34 Claremont O 00 00 °'00 -0 60 00 ‘60
35 Onion Hill . 127 15 17°I7 —o0°'17 ' 17 '00
36 Olney West Base 167 12 31°73 —o'o7 31°66
- 37 Buffalo Mound '_ 200 59 I5°44 —0°39 15 °05
38 Olney East Base 216 51 1682 +o-03 1685

18732—No. 4——=6
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ABSTRACT OF RESULTING HORIZONTAT DIRECTIONS OBSERVED AND AD_]USTED AT THE STATIONS
FORMING THE OLNEY BASE NET 1879, 1S83-8j—continued.

Onion Hill, Richland County, Illinois. November, 157g. 35-centimetre theodolite, T. and 8., No. 3.
Telescope above ground 1'83 metres. R. S. Woodward, observer.

No. of ) Resulting direc- Corrections Final seconds
dir ec'ti on _Ob]e_cts 0b§erved. tions from station  from base-net Lo in
- adjustment. adjustment. triangulation.
(<] 4 7 14 144
52 Buffalo Mound 0 00 0000 “+or2r . oot
53 Olney West Base . 4 40 27796 —0'08 . 27 8§
54 - | Olney East Base | 21 19 5639 —0°34 56 "05
55 Check Base 48 26 31745 ~+o0-49 3497
56 Claremont 65 31 23°07 ooz 23 °I4
57 Denver 166 59 I12°21 —035 1156

Oblong, Crawford County, Illinois. October and November, 1879. 35-centimetre theodolite, P. and
M., No. 2. Telescope above ground 30°94 metres. G. Y. Wisner, observer.

’” . B

o 7
22 Claremont 0 00 0000 +o-37 0037
23 Buffalo Mound 34 36 31°20 —038 3082
24 Hunt City : 100 27 2078 " ~4o-oz2 20 So
Casev To132 34 oS3
Belle Air - . 160 10 2665

Buffalo Mound, Jasper County. Illinois, October and November, 1879. 35-centimetre theodolite,
T. and S., No. 1. Telescope above ground 31°24 metfres. A. R. Flint, observer.

. o v/ 77 ) ’” 7
25 Olney East Base 0 oo o900 4008 o0 08
26 Claremont 11 54 5516 . +o0-36 55852
37 Check Base 19 31 25793 “+o0-0g 26 ‘02
28 _Olney Middle Base 39 03 2r1°61 —o-27 2134
29 Olney West Base .71 13 07°72 —0"26 0746
30 Denver ' " 73 29 29729 4038 2967
‘31 .] Onion Hill 77 20 53739 _to-1y 53 '56
32 Hunt City ' 221 26 33°5% —0'62 - 32°96
"33 Oblong 266 15 21.90 +o0-07 21 g7
Nezwton, Jasper “County, Illinois. October 3 to October 16, 1853. 30-centimetre thet‘)dolite,'No. 135.

Telescope above ground 12'65 metres. G. A. Fairfield, observer.

o /7 77 77 . 77

13 Denver ’ : 0 00 00°00 —0°13 - 5987
- | Lucas - 79 44 I3-Or’
Island Creek ' 129 23 45°69
1 Hunt City 205 20 35°47 4046 ' 3593
2 Clarémont 307 33 00°83 - —0°32 0051

Probable error 6{ a single observation of a direction (D; and R.) =+ 1//°0c0.
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS OBSERVED AND.ADJUSTED AT THE STATIONS
FORMING THE OLNEY BASE NET 1879, 1883-84—contifiued.

Denver,. Richland County, Illinois. November, 1879. 35-centimetre theodolite, T. & S., No. 3.
Telescope above ground 23°16 metres. R. S. Woodward, observer. —November 12 to December 2.
1883. 30-centimetre theodolite, No. 135. Telescope above ground 2316 metres. G. A. Fairfield.

ohserver. )
No. of . Resulting direc- Corrections Final seconds
direction. - Objects observed. tions from station  from hbase-net in
: adjustment. adjustment. triangulation.
. o /’ 144 7 144
4 Newton ) 0 00 00°'00 ) -0"70 00 70
5 Onion Hill . 19 57 16°27 +0 09 16 °36
6 Buffalo Mound . 29 06 4I°Cj —0°16 40°87
7 Olney West Base 30 07 07°33 —0°'19 o714
8 7| Claremont So 43 13°71 —0°44 13°27
Parkershurg 129 20 12716
Holtzhausen 260 42 27°'11
Lucas 300 13 46°61
Island Creek 330 03 35°36

Probable error of a single observation of a direction (0. and R.) == r//*o1 in 1883,

Hunt Cily, Jasper County, Illinois, October, 1879. 35-centimetre, theodolite, T, & 8., No. 3. Tele-
scope above ground 23°32 metres. R. S. Woodward, observer.—September 5 to September r7, 1884,
30-centimetre theodolite, No. 107. Telescope above ground 23°32 metres. G, A, Fairtield, observer.

° / 144 144 . 144
Belle Air O 00 0000
Honey Creek . 74 41 37°75
18 Oblong 75 44 47°03 +o0-12 47°15
19 Claremont I3F oI 27°I9 —o0-07 2712
20 Buffalo Mound 145 05 0S-gI —0-°12 o879
a1 Newton 173 22 02°19 “+o 07 o2 26
| Island Creek 232 34 0967
Casey 313 IS 25°33

Probable error of a single observation of a direction (0. and £.) = ==1//'25 in 1854.

Claremont, Richland County, Illinois. November, 1879. 35-centimetre theodolite, P. & M., No. 2,
Telescope above ground 2484 metres. G. Y. Wisner, observer.—July 26 to August 22, 1884,
30-centimetre theodolite, No. 107. Telescope above ground 2484 metres, G. A, Fairfield, observer,

o 4 144 144 /7”7
9 Denver 0O 00 00'00 "+o0-65 00 ‘65
10 Onion Hill ' 17 49 15°39 —0°T2 15 27
1X " Olney West Base . 46 o1 2905 —041 2864
12 Newton 46 54 49°55 —0 01 49 °54
13 Check Base 53 26 11707 —o0 21 1056
14 Buffalo Mound 66 4S 58°15 —0°30 57°S5
15 Olney East Base 71 56 44°50 —0°23 44 27
16 Hunt City ' . 82 16 50°46 +o0°56 51°02
17 Obhlong 106 32. 51756 +o0-07 5163
Honey Creek . " ¥38 23 1173
Summit 174 490 19745
Parkershurg 274 17 40°86

Probable error of a single observation of a dirzction (. and £.} == & 1//'03 in 1854,
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FIGURE ADJUSTMENT.

Obserzalion equalions.*

N,

1lo=+160+(12)— (9)+ (8) — (4)+ (3)— (2)
2l o=4008+(21) —{19) + (16) — (12) + (2)— (1)
3lo=4r214+(30)—(26) 4+ (14) — (9) + (8) — (6)
dlo=+1024 (24} —(22)+ (17) — (16) + {19) — (18)
5| 0=—0385-4(24) —(23) + (33) — (32) + (20) — (18)
6 | =+ o009+ (26) — (33) + (23) — (2214 (17) — (14)
7| o=+1724+(57)—(56) 4+ (10) — (9)+ (S)— (5)
S| o=+40514 (56) —(52) + (31) — (26) + (14) — (10)
9| o=+118+ (50) —(49) + (11) — (9)+ (8)— (7)
10 | o= 015 + (49) — (48) + (29) — (26) 4 (14) — (11)
11 | o=-077+(51) — (49) 4 (11) — (10) 4 (56) — (53) -
12 [ o= — 108+ (41) — (39) + (15) — (10) 4- (56) — (54)
13 | 0= —o053+ (43) — (39) -+ (15) — (11) 4 (49) — (46)
14 | o= —1'03 + (38)— (35) + (55) — (54) + (41) — (40)
15 | o=+ 1284 (35) — (34) 4 (13) — (10) + (56) — (55)
16 | 0=+ 0'06 1 (43) — (40) + (35) — (36) 4+ (48) — (46)
17 | o=+ 0044 (44) — (40) + (35) — (37} + (27) — (25)
18 o= —153 4+ (59) — (58) 4 (47) — (45) + (29) — (=23)
19 | o=+ 071 4 (60) — (59) + (28) — (25) + (44) — (42)
20 | 0=—0'884 (60} — (58) 4 (47) — (46) + (43) — (42)
21 | o=+4032+ (43) — (42) — (47) + (46)

22 [ o=—30+"46(1) + 1'16(2) — 162(3) —'34(4) + 1'67(6) — 1°33(8) — 6-10(19) 4 S*41( 20)

— 2°31(21) + 2°58(26) + 1°14(30) — 3°72(32)
23 | o=+3"2+5'07(14) — 7°61(16) + 25417} +79(1S) — 8:41(19 + 7°62(20) +- 3'05(22) — 3°99( 23)
+-94(24)
24 | 0=—04—2'60(25) +5'95(28) — 3°35(29) + 1°17(42) -~1'17(44) —1°91(45) + 1°91({47)

25 | 0= —1'666 — 1°1744(5) + 11°975(6) — 10°S006(7) — 3°3447(29) + 5°3054(30) — 1'9607(31)
' — 2'5751(52) + 1°9149(53) +'6602(57) -
26 | 0=+545 - 11°744(5) 4 13°473(7) — 1'729(58) — 2032(9) + 3'926{10) — 1'8o4(11) — 7'774(53)
+ 1°172(56) -|—6'602\5‘7')
27 | 0=4 1865 — 3°926{10) +9°471(11) — 5'545(.14) — 1°250( 26) + 20'857(29) — 19°607(31)
—25°'751(52) + 26°923(53) — 1°172(56)
28 | 0=+ 171 — 3'926(10) -+ 8'258(11) — 4°332(15) 4-"445(39) 1 5'69(41) —6'135(43) —5'5365(53)
+ 7°037(54) —17172(56)
- 29 | o=+ 376 — 11°854(11) + 16°186(13) — 4°332(15) — 9’ 270(34) + 7°484(36) + 177891 33) + "445(39)
+ "236(40) — 651(43)
30 | o=+4077 —2°513(35) + 4:302(36) — 1°759(35) —236(40) + 5°69(41) — 5'454(43) — 4'339(53)
+ 7°037(54) — 2°195(55) .
31 | o=—026—1"213(11) + 5°545(14) — 4°332(15) —*716(25) + 1°25(26) —"534(29) + "445(39)
+°721(43) — 1°166(44)
32 | o=+ 088 —716(25) + 1'663(27) —'947(29) — 1'359(36) + 3°148(37) — 1°789(38) —*236(40)
+ 1°402(43) — 17166(44) '

* Number of angle equations 21 and of side equations 11; in establishing the latter either 7 or S places in the
logarithms are used and the logarithmic differences for 1’/ are given in units of the sixth place, with one exception,
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Correlale equations.

Cs
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Cs

G

cm

Cu

(& G 3

Ciy

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(1)
(12)
(13)
(14)
(15}
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
- (26)
(27)
(28)
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(30)
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(35)
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(41)
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41

I . ...
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Correlate equations—Continued.

G G G G G & ¢ G G Co

Cu

Cls

Cus Cu G

(43)
()
(45)
(46)
(47)
(48)
(49)
~ (50)
(51)
(52)
(53)
(54)
(55)
(56)
(57)

Correc-
tions.

—1 + I -
+1I
Correlate equations—Cdntinued.

Cxé - C17 Cls ng Clo czl -. sz _ng

+1

Cay

(1)
(2)
(3)
4
(5)
(6) |
A7)
(8)
(9)
(10)
(11)
(12)
(13)
{14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)

(23)

—6°10 —8 41
+84t - 4762
—2°31
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CIG Cx7

Cls

Crg.

LCorrelale cquations —Continued,

Cno

c:l

87

Cas

(24)
{25)
(26)
(27)

(28)..].

(29)
(30)
(31)

32

(33). |-

(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
{43)."
(44)
(45)
(46)
(47)
(48) -
(49)
(50).
(51)
{52)

(53) -1-

(54)
(55)
(56)
(57)

{58)..1.

(59)

1

(60)

—I

—_T1

41

+I..

+1°17

—1°17
—1°91L

+1°91

- 2760
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Cy

C:s

Correlale equations —Continued.

C:!Q

Cy

C:r

" (1)
(2)
(3)
{4)
(5)
(6)
N
(8)
(9)
(10)
(11)
(12)

(13)

(14)

(15)

(16)

(r7)
(18)
(19)
(20)

(21)
(22)
(23)

(24)
(25)
(26)
(27)
(28)
(29)

(30)
(3r)
(32)
(33)
(34)
(25)

(36)
(37)
(38)
(39)
(40)
(41)
(42)

— 11744

+13°473

— 1729

— 2°'032

+ 37926

—1'894

—4°332

3 926
+5-.58

—11:854

+16-186

— 47332

—2°513
+4 302

—1°789

—0°236
+5 69
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C:&

Correlale equations—Completed.

Gy Cea

Cs

Co Car . Ca

{43)
(44)
" (45)
(46)
(47)
(48)
(49)
{50)
(51)
(52)
. (53)
(54)
(55)
(56)
(57

+26°923

—25°751

+1 402
—1 *166

0721
—1I°166

.......................
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¢

C G

Normal equalions.

Ce

<

G G

Cm Cll’

_CI: C13

Cl-l Cls

0=

+ 160
+ 008
=+ 121
+ 102
— o085
+ 009

+o5T

=+ 1718

+6

Cré

+6

+2

+2

+6

+6

Normal equations—Continued.
CIO C:!

Cy

Cz:

Cas

—2

. +2
+2 —2
+6 +2

+6

Cay

R L

4
i

- O O

]
~

|

[
<
3]
[

- 1753
4 o1
— 0-88
+ 0732
p— 3'0
+ 32
— 0'4
— .1°'666

+2

+6

(Y
~I
~

19
4d

i
EN S

~+ 12713
59
- 133
58
33
58

+
N

]
N W

+143 '924

+ oS0

+ 10y
— 957

+ 507

+ 5707

4115385
+245 "59

+ 1743
— 548
“+ 6°21
+ o074
— 308

+63 42 -

— 66696

+ 18346
+ 06144
+

10 *Sc06

— 373447

+ 26046

4+ 11205
+315 345
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. Normal equations—Completed.
Cos C., Cus Ceo Cs Cn Cp
;{— 1'60 | + 0°303
+ o008 : .
+ 121 |+ 07303 — 47295 + 4°295
+ 1702 :
— 085 . .
+ o-o9 + 4295 + 4°295
+ 172 |+ 21403 — 27754 — 2754
—o51 | — 2754 + 4603 + 2754 + 4205
+ 118 | — 15 ‘064 + 97471 + 8258 — 11854 ~— 1°213
+o18 |+ 1894 + 7001 — 8258 + 11854 . + 4974 — o'o47
+ o077 |+ 37126  — 14698 -+ 16877 — '{1'854 + 4839 — 17213
— 108 |\ — 2754 + 2754 — 37370 — 47777 — 1347 — 47777
— o053 |+ 184 — 9471 —19°170 + 6°395 — 5°454 — 2°343 + 1°4o2
— 1°03 ' — 1347 + 1553 — 27585 — 17553
+ 128 | — 2754 4+ 2754° + 2754 + 25459 — O3S .
+ 6706 ' — 67135 — 6612 — I1°309, + o072t - 1°-208
+ o*o4 + 1°553 — I'553 — o450 @ — 3°488
— 1°53 + 20°857° — 053¢ — 0'947
+ o _ — 0450 — 0°450
— 0S8 - 6135 — 0681 — 5°454 + 0721 <+ 140z
+ 0732 i — 67135 — 0681 — 5454 -+ o721+ 1°402
—30 |+ ‘2299 — .3°225 ' + 3225
+ 3°2 — 25113 +28-113
— o4 — 697874 + 5015  + 6393
,— 17666 | —142 251 + 86°549 — 11°-23I . . — 97267 4 178 + 3168
o=+ 5745 | +450°95 —244°025 + 137167 4 227451 - 37°615 4 27298 .

+1S 65 +2346 21 — 62905 —I12'269 —130°280 —54°935 ~'rg 752
+ 171 +257°877° — 747748 T+143°736  + 4°524 — §-6o1
+ 3°76 : +567:19 4+ 32658 32851 —14°35;
+ o077 . "+167°967 —~ 3937  —10°237
— 026 +55°422 4 3359
+ oS8 ! +22°513




92
C1=—0"598 2
2 —0°590 4
3 407390 3
4 —I1745 2
5 41688 3
6 416180
7 —0°'685 7
8 o003 5
{1)=40°258 5
(2) — 3248
(3) — 1337
(4) + 6957
(5) + ©oSgr
(6) — 157 3
(7) — ‘1900
(8) — 4375
(9) + 6500
{10) — 1205
(r1) — 406 5
(12) — -o07 8
(13) — 2124
(14) — 3006
(15)=—0"2331 4

UNITED STATES COAST AND GEODETIC SURVEY,

Resulting values of correlates and of corrections to angular directions,

C g=+4o0"152 4 Ci17=+40'195 0
10 +0°199 9 18 —+o-066 6
II —0'612 1 19 —O0'314 5
12 41133 6 20 —0°365 7
i3 —o'631 1 21 +o0°'065 9
14 —0787 5 22 —0'286 7
15 —1°'I27 I 23 40078 6
16 4028 o 24 —o-018 44

Corrections:

{16)=+0"556 7

(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
“(29)

Fh

‘072 4

‘119 O’

‘066 9
123 9
071 9
'366 9
383 9
‘017 O
‘084 8
357 9
.090 S

271 4.

257 7

(30)=-+0"378 9

Check: Zprv=-15'064 3
—ZwC=75963 8

{31)=+0°'168 4

(32) — 621 8
{33) + o703
(34) + 6031
(35) — 169 3
(36) — o715
(370 — ‘3923
{38) -+ o299
(39) — 427 2
(40) + 3486
(41) + 3509
(42) — 095 5
(43) — 0575
(44) — 1196
(45)=—o0"301 9

C25=-0"059 44

26 -o'o44 S6
27 —0"I14 35
28 40068 60
29 -o0°056 51
30 —0°'067 75
31 +0°044 29
32 —0°'062 67
(46)=-+0"043 3 .
(47) + 4or 8
(48) + 2880
(49) + 028 5
(50) + ‘152 4
(51y — 612 Y
(52) -+ 212 ¢
{53) — o836
(54) — 3402
(55} -+ 4885
(56) + 072 6
(57) — 3503
(58) — 4323
{59) + 3811
(60)=+o0"051 2

=+ corrections=7 '701 1
= —corrections=7% 701 4

Letting # stand for the number of conditions we have—

Mean error of an observed direction

Mean error of an-angle

Probable error of an angle

Wy=

Lr¥]
n

my=mN2z -

”

=043

=061, also

=zt0 41



No.

1
2
3
4

5
6
7
8

9
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TRIANGLES OF THE OLNEY BASE NET, ILLINoOIs, 1879, 1553-S4.

-]
Buffalo Mound 71
Olney East Base 61
Olney West Base 47

-

Olney Middle Base 100
Olney West Base 47
Buffalo Mound 32

Olney Middle Base 79
Buffalo Mound 39
Olney East Base 61

( Check BRase - 33
Olney West Base o4
1 Buffalo Mound 51

[ Check Base 49
Olney West Base 46
l Olney East Base 83

Olney East Base 144 -

Onion Hill 4
Buffalo Mound 6
Olney West Base 169

Check Base 15
Buffalo Mound 19 .

I Onion Hill 21
Buffalo Mound 77
[ dlney East Base - 81
J Onion Hill 48

Buffalo Mound 57
l Check Base 73

.46

31
41

40

o7
It

19

20
19

26
49
43

Stations. " Observed angles.

Correc-
tions,

7”7
—0°34
—0 ‘06
+o34

© 4081

4070
+0-02

—0°33
—0°36
—0 02

—0°32
+o-59
—0°35

4010

—0°41

4042
“+o-or
—0°47

—o0'30
+o°42
+o-31

+0°27
“+0°'08
—0'23

ical

’7
o738
51°83
oo ‘87

10 "04
0387
46 °13

43 96
21 "25
54 83

43°39 -

[
]

30
414

45 '19
3443
4043

o1 “So
2594
3231

27 66
46 09
46 27

5583

5347
1088

3475
27°54
584

Spher- Spher--

ical

angles. excess.

144
0°03
0°'03
002

008
(R
0ot
002

o0-04

O ‘oI

O ‘oT
0-02
oo4
004
0-05
004
0-13
003
004
0°03
010
002
002
o -or1
0°05
0 ‘01
000
o'oI

0°02
0 ‘06
0 ‘06
006
0-18
0-1I
O°II

0°11

0°33

Iogaritlﬁns.

3818 936 8§
3784 579 2
X712 175 5

3°784 579 2
3660 So2 7
3°517 499 3

3712 175 5 -

3518 313 9
3660 So2 6

3754 579 2
4035 155 o

)

934 229 7

[o¥]

818 936 8
799 370 1
'934 229 7

[F2 ]

[

712 17§
799 370
‘035 155 o

W

Fa e
—

784 579
3'90T 934
4'146 340

w

[e SN ST 5 ]

3712175 5
4140 66S.
4°146 346 5

(9,

4°033 158 o
4091 670 2
4146 340 4

Distances
in metres.

6 590780
6 059°47
5 15437

6 08947
4 579°34
3 292°30

5 154737
3 29948
4 579°34

. 6 059°47

-0 918737
S 59468

6 590750
6 300°43
8 59463

§ 154°37
6 300°43
10 918 "37

6 03947
7 97374

. 14 006°S5

5 154°37
13 S25°11 .
14 006 ‘85

10 918 ':37
12 35009
14 006 ‘85
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TRIANGLES OF THE OLNEY BASE NET, ILLINOIS,

No. Stations.

Onion Hill
10 { QOlney West Base
Olney East Base

I"Onion Hill
11 { Qlney West Base
l Check Base

J Onion Hill
12 1 Olney East Base
[ Check Base

Claremont
Onion Hill
Olney West Base

13

Claremont
Onion Hill
Check Base

14

Onion Hill
Buffalo Mound

15

Claremont
QOnion Hill
Olney East Base

Claremont
Olney West Base
Check Base

"{
|
|
|

I Claremont
18 { Olney West Base
l Buffalo Mound

Ohbserver angles.

16

143
20

AS

65

65 -

54
44
St

167

20

59

36
o7

15

wn
(%)

N 2
I

47

54
18

144
28743
13751
1946

0130

‘06 °52

39733

1456

QO "1
38709
21°43

5965

59°17
1366
55°1I
52°30

oI ‘07
55 *68
4859
17°17
o1 4l
4276

" 2307

5523
oI "06
2911
26 '6S

0354

29°10
21°74
a9 °56

0040

Correc-
tions:

Ies
—o0 26
—0 65
—0 41

+o°s7
_0 '90
4009

—0'09
—o0'42
~—0"77

--q°18
—0°14

— 01X
+o41
+a78

+o19
—o026
— 068

1879, 1883-S4—continued.

Spher- Spher-
ical
angles,

a8

12

19

o7
35
14

38
21

59

13°
5§5°

5L

55
48
16

7
‘17
56
‘o5

‘09

43
6 5

‘92
EX)
.Ss

‘59

17

-40

5S
93

04

‘09
32

21
77
05

ical
eXcess,

77
002
003
003
008
006
006
Q05
0°17
007
006
007

0 20
[ (¢]
o IO
010

‘o030

0'05
005
006

0°16
08
0°'19
018

0°55
0°14
0°13
014

041
0 o1
0 o1
001

0°'03

0°07
008
‘007

022

Logarithms.

3818
4140
3 ‘901

37799
4 ‘091
4140

3901
4165
4227

4091
37795
4227

4146
4°227
4227

4°140
47075
4227

37934
37795
4168

37584
422

.4'168

936 8
668 5

934 0

229 7
670

934 o

[M]

370 I
670 3
668 5

934
S26

350

QO m

(8]

670
633
350

3405
867 4
35 1

668

679
380 1

w» »n

229 7
638 7
$26

~

579 2
867
826

O «n

W ok N

Distances
in metres.

6 590750
13 S25 11
7 9758°73

8 594 °68
12 350°09

T 797873

6 300°43
12 350°09
13 82511

7 97874
14 751°15
16 85030

12 35009
6 24652
16 83030

14 006 S5
16 Sgg 25
16 8So-30 -

13 82511
11 90363
16 88030

8 59468
6 24653
14 75116

6 uSg 47
16 599 °25
14 751°15
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TRIANGLES OF THE OLNEY BASE NET, ILLINOIS, 187g, 1883-84—continued.

No. Stations,

Claremont
I9 {1 Olney West Base
Olney East Base

Claremont
o 1 Check Base
t Buffalo Mound

[ Claremont
Check Base
l Olney East Base

Claremont
Buffalo Mound
Olney East Base

22

Buffalo Mound

Denver
Onion Hill
Olney West Base

24

Denver
Onion Hill
Claremont

25

Denver
23 ¢ Onion Hill

( Denver
Buffalo Mound
1 Olney West Base

J Denver
Buffalo Mound
l Claremont

Tor 24

Observed angles.

o K 27
25 55 T15°45
52 o8 21-ar

2300

5966
47 08
4456
2777

59 41
18 30 3343
143 oS8

18 20

o7 '35
11 54 58°16
162 57

166 59 -

10 09
162 18

17 49

»w
-
=)}

176- 43

51 3
61 34
66 48

Spher- Spher-

orreg- L
Correc ical 1¢al

tions,

124 2
+o018 1563 o007
—0'02 21'19 006
+0°37 23737 06

0°19
—0°09
-+ 100
—o026

0°'02
002

46°99
4556

27°51 0°'02

o ‘ob
—0'02 33°4I O'02
4058 4376

4078 4289

Q02
Qo2

‘006

4007 4642 o'o2

4027 5843 ovor
15

20 0°'02

005
—0°25 24°51° 0°OI
—o0'56 11°65 002

- 021 23°89 002

005
oo1
0ot

- 0°02

—0°53 5691
—042 48-72°
—077 1462

—0°'036 26264 0°004 -

0634 22204 0004
—0°456 117544 0°004

—0'28
4002
—0°95

3240 072
3I°I5 0725
5720 ©0°25

angles, excess.

‘Logarithms,

3°S18
4078
4°168

4038
4227

37795

3°799
4°075
37795

3712
4075
4227

Qo
=g
= 8
~N A

772

F-S

227

4277

3772

[

137
297

VNN

4227
277
4297

£

g36 S
6794
S26 o

155 o
867 4
63S 7

370 I
79 4
638 3

175 5

679 4
867 5

3405
093 3
326 8

934 I
893 6
3270

3% 2

875 3°

327 0

‘784 579 2

895 8
098 1

867 5
875 4
098 5

Distances
in metres.

6 59075
II 03 '63
14 751°15

10 918°37
16 899 25
6 246°53

11 993 '63

5 154737
IT 903 63
16 899°25

14 00685
19 S19%75
5 920°07

7 978774
13 73772
5 920°07

16 S80 30
18 961 ‘62
5 g20°'07

6 05947
13 737 22
1981975

16 899 25
18 96162
19 819°76



a6 UNITED STATES COAST AND GEODETIC SURVEY.

TRIANGLES OF THE OLNEY BASE NET, ILLINOIS, 1879, 1883-84—continued.

No. Stations. -Ohserved angles. Ct?;:lic' Sﬁzher S{)c}:jr Logarithms, Ii):f:s:friss
* angles, excess, :
] ’ 124 7/ 144 144
" Denver 50 36 0638 —o0'25 0613 O'17 4168 826 o 14 751°15
28 { Olney West Base 83 22 26°26 4013 26729 o°17 4°277 875 3 18 g61 "62
Claremont 46 o1 29°05 —I1'06 27'99 0°17 4137 868 5 13 73721
o1 69 0°51
[ Newton 52 2I 59°I7 +0°'19 59°36 028 4°277 875 3 18 g61 *62
29 { Claremont 46 54 49°55 —0'66 48'89 0-28 4242 702 7 17 4S6°49
l Denver So 43 13°7I —I1°'13 I12°58 o0-27 4°373 466 1 23 630°13
02°43 083
I Hunt City I4 03 4172 —0%06 41°'66 0°13 4227 867 5 16 S99 25
30 1 Claremont 15 27 52°31 4086 53717 ©-13 4°268 259 5 18 546 39
l Buffalo Mound 150 23 24°58 . +098 2556 o'13 4535 016 4 34 275°07
5861 0°39
Hunt City 42 20 35°'00 +o-14 3514 o-4o 47373 466 1 23 630°13
31 { Claremont 35 22 00°9I +0'56 o1°47 o©°40 47307 622 1 20 305°Sg
Newton 102 17 25°36 —0'78 2458 o0°39 4°535 016 5 a4 273 o8
oI “27 1°19 .
J Oblong .34 36 31720 —0'75 30°45 026 4227 867 5 16 89923
32 4 Claremont 39 43 53°4I +0°37 5378 o026 4279 177 2 19 01854
[ Buffalo Mound 105 39 36726 4029 3655 026 4457 118 7 28 649 "61
] 0o ‘87 078
Oblong : 100 27 20°78 —035 20°43 0°34 4°535 016 4 34 27807
"33 { Claremont 24 16 o1°'10 —0°43 0062 0°34 4°156 114 3 14 325 °65
Hunt City 55 16 4o°16 —0°'19 39°97 0°34. 4457 118 7 28 649 ‘61-
02 °04 1°02
Oblong 65 50 49°58 4040 49'98 o021 4268 259 5 18 546 '39
34 { Buffalo Mound 44 48 4832 - 4069 4g°01 o-2r 4°156 114 2 14 325765
Hunt City 69 20 21°88 —o0-24 2164 oO-21I 4279 177 2 19 018 '54

59778 063
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PROBABLE ERRORS.

Delermination of lthe probable ervors of the length éf the sides common to the net and lo the adjacent
chains of triangulation.

For the side Hunt City to Oblong, as adjusted, we make use of the expreséion

Hunt City to Oblong __ sin (43— 39) sin (49— 45) sin (17 —14) sin (33 —32) .
Olney Base " sin (15 —11) sin (29— 26) sin (23— 22) sin (20— 18) ’

hence the function—

F=log sin (43 —49) t log.sin (49— 45) +log sin (17 —14) 4-log sin {33 —32)
—log sin (15 — 11) —log sin (29— 26) — log sin (23 — 22) —log sin (20 —18).
Establishing and solving the transfer equations, we find the reciprocal of the
;. .
5=
units of the sixth place of decimals in the logarithm, viz, #2227 and =+ 1'502,
respectively; hence log distance Hunt City to Oblong 4156 114 2 and the distance

+=15
14 32565 metres. ‘The probable error is about ﬁo—o part of the length,
+ o'o5

287
To this must be added the proportional error depending upon that of the base
14326
1

o

weight 26°615, also the mean error mp, and the probable error 75, both expressed in

measﬁre, of ==0"008g X = #4-0'01¢ metre; hence probable error of length of side

Hunt City to Oblong, +/ {0'05)*>+ (0°019)* = == 0’05 nietre.
For the side Hunt City to Newton, we use the expression
Hunt City to Newton __sin (43— 39) sin (50 —49) sin (.8—4) sin (16 — 12)
Oluey Base sin (15— 11) sin ( 8 —7 ) sin (3 —2) sin (21 —19)

F=1log sin (‘-.13.—39)+10g sin (50 —49) +log sin (8 —4) + log sin (16 —12)
—log sin (15—11) —log sin { $—7 )—1log sin (3—2) —log sin (21 —19)

Establishing and solving the transfer equations, we get
§J= 20°859, also mp= 4197 and rp===1'33; hence

log. distance Hunt City to Newton = 4°307 622 1 and distance = 20 305°89 metres. ‘The
+=1I 3 ' +o0'06
probable error is about Tlooo part of the length; adding to this the proportional error

20 306
6591

of length of side Hunt City to Newton is +/(0.06)*+ (0'028)* = *=0'07 metre,
We may also take without sensible error the probable error of the side Hunt City

arising from the base measure, or +=0"008gX:

= 30028 metre, the probable error

to Claremont as El—c;)_o part, or =o'r12, to which error must be added that propor-

tional one due to the base measure, or 4=0'008g 3%"%% = = 0"046; hence probable

o

error of side Hunt City to Claremont = 4 0'12 metre.
18732—No. 4——7
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GENERAI, DESCRIPTION OF STATIONS FORMING THE OLNEY BASE NET, ILLINOIS.

East Base, Jasper County, Illinois; established in 1879 by the United States Lake
Survey. This station, marking the east end of the Olney Base Line, is situated in
section 19, township 5 north, fractional range 11 east, St. Marie Township, about 3
miles east and one-half mile 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 2} feet below the surface ¢f 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 23 feet; one bears north 1° 28’ west, distant 791
metres, and the other south 1° 28’ east, distant 8'o4 metres from the geodetic point.*
T'hree stone reference posts are set as follows: One bearing north 49° 49’ east, distant
361 metres; one bearing south 58° o2’ east, distant 322 metres, and one bearing south
35° 50" west, distant 208 metres from the geodetic point. The northwest corner of
section 19, township 5 north, fractional range 11 east, bears north 77° 12’ west, and is
distant about 1 054 metres from the geodetic point.

I¥est Base, Jasper County, Illinois; established in 1879 by the United States Lake
Survey. This station, marking the west end of the Olney Base Line, is sitnated in the
northwest quarter of the northeast quarter of section 21, township 5 north, range 10
east, Fox Township. The geodetic point is marked by a stone post of the usual form,
set in a bed of brickwork 3 feet square, with its top 4 feet below the surface of tle
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 1° 30’ west, distant 802 metres, and one bearing
south 1° 30’ east, distant $:06 metres from the geodetic point. Three stone reference
posts are set as follows: Two on the south side of the road north of the station, one
bearing north .2° 45" west, distant 246°7 metres, and one bearing north 45° 32’ east,
distant 356°0 metres, and one bearing south 61° oo’ east, distant 302'0 metres. An oak
latitude post 17 inches in diameter, occupied in 1380, bears south $8° 36’ east, and is
distant 16°19 metres. The northeast corner of section 21 bears north 67° 19’ east, and
is distant about 727 metres. .

Bujffalo Mound, Jasper County, Illinois; established in 1879 by the United States
Lake Survey. This station is situated in section 1, near the line between sections 1 and
2, township 5 north. range 10 east. of the third principal meridian, Fox Township, on
a hill known as Buffalo Mound, about 224 miles southwest of the village of St. Marie,
The geodetic point is marked 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 follows: One bearing south 4o° 46’ west, distant 44.4 metres;
one bearing north 87° 19’ west, distant 289 metres, and one bearing north 38° 54’ west,
distant 45°3 metres. The corner of sections 1, 2, 11, and 12 bears south 1° 2¢’ west,
and is distant 966 metres from the geodetic point.

AMiddle Base, Jasper County, Illinois; established in 1879 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 10 east, Fox Township, about 11

* All bearings in the Olney Base Net are true.
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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 form, set 2}
feet below the surface. ‘The northeast corner of section 23 bears north 66° 18’ east,
and is distant about 712 metres from the geodetic point.

Check Base, Richland County, Illinois; established in 1879 by the United States
Lake Survey. This station is situated in section 6, township 4 north, range 11 east,
Preston Township. The geodetic point is marked 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 follows: One on the south side
of the road on the south of the station, bearing south 12° 12’ west, distant 226 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 road, bearing south
80° 21’ east, distant 53°5 metres. The southeast corner of the German Reformed
Church bears north 53° 10’ west, and is distant 20°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.

Onion Hill, Richland County, Illinois; established 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
station on the Grayville and Mattoon Railway, on Onion Hill, - The geodetic point is
marked by a stone post of the usual form set 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° o2’ east, distant
205'68 metres ; one on the north side of the same road, bearing north 25° 31’ west, distant
181°04 metres, and one on the west side of the road west of the station, bearing north
84° 35" west, distant 35402 metres from the geodetic point. ‘The northeast corner of
section 2 bears north 69° 25’ east, and is distant 5027 metres from the geodetic point.

Claremont, Richland County, Illinois; established in 1879 by the United States Lake
Survey. This station is situated in section 29, township 4 north, range 14 west, German
Township, about 3 miles 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
23’1t metres; one bearing north o° 39’ west, distant 7' metres, and one bearing north
71° 45" east, distant 24'6 metres from the geodetic point. The northwest corner of
section 29 bears north 60° 03’ west, and is distant 847 metres from the geodetic point.

Denver, Richland County, Illinois; established in 1879 by the United States Lake
Survey. ‘This station is situated in the northwest quarter of the northeast quarter of
section 21, township 4 north, range 9 east,. Denver Township, about 527 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
marked by a stone post of the usual form 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 573'78 metres;
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and one on the west side of the latter road, bearing south 70? or’ east, and distant 56815
metres from the geodetic point.

The corner ‘of sections 15, 16, 21, and 22 bears north 58° 52’ east and is distant
62832 metres.

Newton, Jasper County, Illinois; established by F. W. Perkins in 1883. 'This
station is situated near the northwest corner of the southeast quarter of the southwest
quarter of section 25, township 6 north, range g east, Smallwood Township, about 414
miles south of Newton, the county seat. The geodetic point is marked by the apex of
an earthenware pyramid set in mortar 334 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 215 feet long, projecting 6 inches above the surface. The letters U.S.C.&G.S. are
cut in the 4 squares formed by the cross lines. This post stands on a brick foundation 1
foot thick and 161 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 and is capped by a marble slab 2
inches thick and 16}4 inches square, with a small hole in the center to mark the station.
At the top of the marble post openings were left in the brickwork in order that the
eross lines on the post could be seen. The whole height of the brick pier is 6% feet.
Another brick pier 21 by 1614 inches, used for latitude observations, was built about 50
feet distant due west. ‘T'wo marble posts 5 inches square and 21 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 1 5038°S feet distant, bearing (true) south 89° 59’ west
from the station. The following true bearings and distances were measured from the
geodetic point: East lightning rod of I. Wilson's liouse south 9° 13’ west southwest
corner of section 25, south 50° 59’ west 607°4 metres distant. Chimney of McMurray's
house north 54° 26’ west. Chimney of schoolhouse north 46° 20" west. Chimney of
Weaver's house north 22° 33" west 1 180°3 metres distant. Southeast corner of section
25, south 71° 50’ east 1 217'6 metres distant.

Hunt City, Jasper County, Illincis; established in 1879 by the United States Lake
Survey. ‘This station is situated in the northeast quarter of the northwest quarter of
section 7, township 7 north, range 14 west, Grandville Township, about 10 miles north-
east of Newton, and about three-fourths mile northeast of Hunt City, a small statiou on
the Danville, Olney and Ohio River Railroad. The geodetic point was marked by a
stone post of the usual form, set 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: Two on the
south side of the section-line road north of the station, one bearing north 33° 52' east,
distant 334°'71 metres, and one bearing north 9® 54’ west, distant 28262 metres; and
one on the east side of the section-line road west of the station, bearing south 85° 32’
west, and distant 67888 metres from the geodetic point. The section corner at the
northwest corner of section 7 and southwest corner of section 6 (above township) bears
north 662 46’ west, and is distant 749°0 metres. The section corner at' the southeast
corner of section 6 and the northeast corner of section 7, township 7 north, fractional
range I east, bears north 67° o5’ west, and is distant 747'0 metres from the geodetic
point. These two section corners are 4°56 metres apart. .

Qblong, Crawiord County, Illinois; established in 1879 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
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marked in the usual manner by two 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 44° 15’ west, distant 125'7 metres; one bearing south 78° 32’ west,
distant go'o metres, and one bearing north 65° 13’ west, distant’ 97°7 metres from the
geodetic point. The first reference post mentioned is set near the land-survey stone on
the south line of section 32, one-fourth mile west of the southeast corner 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 32 bears south 73° 42’ east, and is
distant 325°6 metres from the geodetic point. ’

(d) El Paso Base Line, Colorade, 1879.
LOCATION, MEASUREMENT, AND LENGTH.

This base is located on the eastern slope of the Rocky Mountains, in El Paso County,
Colorado. A reconnaissance made by Q. H. Tittmann, Assistant, Coast and Geodetic
Survey, in August, No. 7.
1878, resulted in the se-
lection of the site about
48 kilometres (30 stat-
ute miles) east north- .
east of Pikes Peak, with Holcolm Hills
the middle point in ap- West Base
proximate latitude 38°
58" and longitude 104°
31" west, and about
2 063 metres (6 768
feet) above the sea
level. It is the most
élevated base line on
the arc. The length is
approximately 11°29
kilometres (702 stat-
. ute miles) and the azi-
" muth East Base to West
Base about r1o2°8. :
The line is on the table - Stamte Miles _
land south of the s ° s *° = e
divide between theval- | o Kilometres

5 [ E) 10 15 20 25 30 as &0
leys of Monument and
Bracket creeks, with a general slope/of the ground upward from east to west, the
western terminus being nearly 172 metres above the eastern one, as determined by two
lines of spirit levels. The line was free of all obstructions, such as trees, shrubs, fences,
or buildings, and required no grading. whatever; the ground was dry, gravelly, and
sandy and cotered with a short growth of grass. The line crosses the dry bed of
Squirrel Creek and a few gulches and running springs. A masonry monument on the
Townsend Ranch marks the east end, another like it on the old Pugsley Ranch the
west end. The underground marks are two granite posts, set in cement and one above

Noreh

Corral Blu/%s
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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 cf
the base. The monuments are of brick, about a metre high, and capped with a stone
slab 15 centimetres (6 inches) thick.

A preliminary 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 and once backward, by Assistant T'ittmanu, with the 6-metre contact-slide
steel rods Nos. 3 and 4, between August 7 and September 4, 1879. ‘This apparatus
was made by E. Kiibel, of Washington, District of Columbia, in June, 1878, and was
employed here for the first time. A description of this kind of apparatus will be
found in Appendix No. 17, Coast and Geodetic Survey Report for 1880, PP. 341-345. It
embodies the principle and construction of Colonel Mudge's apparatus,* but received great

No. 6. improvements in the hands of
Assistant J. E. Hilgard, as stated

Epr?jecting Ledge at end surface b_\' him in the above appendix.

Length of the contact-slide rods
Nvs. 3 and ;. —These rods are
agate-capped and about § milli-
metres in diameter. They were
compared at the Survey Office
with the standard iron 6-metre
E[ Abutting end, cylindric and bar No. 1, by Assistants H.. G.

of 1#min radius Ogden and O. H. Tittmann, in
May, 1879, and again after the

g return of the rods from the base
measure by Assistants Ogden and S. Forney in November, 1879. The 6-meter standard
bar No. rdates from March, 1847, and was made for standardizing the Bache-Wiirdemann
compensation base apparatus, last used in 1873. The length of this end standard t was
‘determined at various times, in 1847 by J. Saxton and A. A. Humphreys, in 1853-54 by
J. Saxton, in 1860 by J. E. Hilgard and W. L. Nicholson, and in 1877 by H. W. Blair.
These last comparisons are dependent on six new steel metres speéiall_v 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 February and April, 1860, for the determination of the coefficient of expansion.
For an account of these observations, as well as of the standardizing of the bar, see the
description given by Assistant Hilgard in Appendix No. 26, Coast Survey Report for
1862. ‘The range of temperature during these observations was between o° and 38° C.
{32 to 100° F.), with resulting coefficient of expansion o'ooo o11 54 for the centigrade

+= 4
scale (0°000 006 41 for the Fahrenheit scale). The observations of February and March,
= =2 .
1877, for length of 6-metre standard, consist in the first place of comparisons of the 6
steel-end f metre bars (Nos. 1, 12, 13, 19, 28, 35) /nfer se, and of No. 19 with the

* Triangulation of Engl:'md and Wales, ete. Vol. I London, t7gg, plate iv.
4 T Projecting ledge at end surface. (See above cut.)
1 Abutting end cylindric and of 11 millimetres radius. ($ee above ent.)
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Committee Metre; and, secondly, of comparisons of length of the 6 metres joined, con-
tacts secured by springs, aligned, leveled, and duly supported with the 6-metre bar. In
these comparisons several thermometers were used. They were properly distributed
.and corrected for index error and defect in graduation, besides the selative positions of
the various bars were systematically changed; the average temperature was about
75%° C. (4514° F.). Saxton's reflecting comparator (called pyrometer) was tised for
the differential measures. At the same time a copy of the 6-metre standard, known as
No. 2,* cut to length in February, 1855, was standardized in the same manner and com-
pared with No. 1; it was found to be 24°74 (microns) longer than No. 1 (both at
5°°1 C.). The comparisons of 1860 give the result: Length of the 6-metre iron

m

standard No. 1 = 5'999 940 7 at o°C.
+ 8

and of No. 2 = 5999 ¢g82 3 at 0°C.
' +1 0

From the comparisons of 1877 the following results ¥ have been deduced:

m °
Length of 6-metre iron standard No. 1 =5'999 954 7 at o C.
+= 25
Length of 6-metre iron standard No. 2=75'999 gS2 6 at o C.
+ 10

An additional value for length of standard No. -1 is obtained from comparisons
made by Assistant C. A. Schott in August and September, 1882, at the Survey Office in
connection with the standardizing of a 5-metre standard to which was joined a single-
metre bar, both of known length, whence we have length of 6-metre standard No. 1

m °

5999 946 1 at o C. For final value of length of this standard we take the weighted
meax:1t of4tie thrée values of 1860, 1877, and 1882 wi'Eh their weights 14, 1, and 14,
respectively, and find length of standard No. 1 = 5’1'1999 049 at ; C. Comparisous
made in May and November, 1879, of the 6-metre coqtact:-bslidz rods Nos. 3 and 4 with
standard No. 1 gave the following re'sults:

May 17 and 18, 1879. H. G. Ogden and Q. H. Tittman, observers.
. m ©
Length of No. 3 =26 0oI 076 at 1728 C.
T s
Length of No. 4 =6"co1 142 at 1728 C.
= 4

November 26 and 28, 1579. H. G. Ogden and S. Forney, obsérvers.

m L
Length of No. 3==6 000 514 at 774 C.
Length of No. 4=6"000 476 at 774 C.
+ 4 '

* An end measure without projecting edge.

4 The observer's result was: Length of standard, 57992 958 3 metres at o® C,; but a discussion of March, 1853, gave
the result in the text, + 7

{ Appendix No. 7, Coast and Geodetic Survey Report for 1882, pp. 137-135.
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In the absence of a reliable value for the coefficient of expansion of these rods, it
was decided to have special observations made. Under date of March ‘27, 1897,
Agsistant A.-Braid, in charge of Weights and Measures, reports the results of his
observations as follows: :

Observations ’ For 6-metre standard No. 2 0000 oIt 25 for the C. scale
in March, For 6-metre bar No. 3 - 0'U00 OI1 49
1897. For 6-metre bar No. 4 0000 OII 4I

Hence we have:

Length of No. 3 at 12°'51 C. (or 54°'52 F.) 6000 795 metres, or at 0 C. 5°999 933 metres
Length of No. 4 at 12°°51 C. (or 54° '52 F.) 6°0o0 Sog metres, or ato® C. 5°999 953 metres

“The probable error of each may be estimated at #+=6u. The corrections to the
graduation of the Tagliabue thermometers attached to the rods were determined by
means of a Casella standard No. 18411. They are as follows:

Thernometers.

Correction Rod No, 3.  Rod No, 4.

at 502 593
o o ]
92 F. —06 —0'5
82 —06 —0°5
62 —0'5 —0"
45 —0o°7 —o4

For the purpose of comparing the results by the forward and backward measures, -
or those of the day and night measure, the agate end of the rods was referred to the
ground by means of a sector (with level attached) set at right angles to the length of
the base. "A short distance away and opposite to it, at the ground mark, an ivory scale
divided into millimetres was read off. )

'In the following summary of resulting lengths of the forward and backward meas-
ures the distances are corrected for errors arising from temperature, inclination and
alignment of the bars, but no reduction to sea level has been applied.

Scetion weasures of the El Pasa Base.

Mean Mean .

temp. F. temp. F.  No, of Corrected Corrected Differ-

Section marks. corr'd.  core™l (average)  distance, distance, Mean. gnce

For- Back- bars. forward. backward. from

ward, ward. mean.

° ° ", "o, ne, mimn.
East Base to A {day) 57 41 ] 240014 50 139
(night) 5738 40 ‘013 09 240013 TI 002
(night) 59°79 j 011 74 1°37
A to B (day) 60_'76 ] 198 ‘023 56 ] 026
B to A {day) . 68°27 33 165 ‘025 33 19S ‘023 82 1°51
A to B (night) 5T°II J 19S ‘022 57 J 1-25
B to C (day) ' 66 °45 I 222033 63 160
C to B (day) . 70709 | 37 222-033 S5 222°032 oS 176
B to C (night) 4929 j 222028 72 ) 3°.6
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Section measures of the El Paso Base—Continued.

Mean Mean

Section marks, tig‘r?-;dlf. tgg:‘?‘.dl':' (al\;'zgl:aogfe) Sl‘i);t:lel?tt::fl El?:lt}exf:‘:d Mean. 1}:’2{%
‘l::::l. 3?33_' ars, forward. ackward. mean.
° ° u. m. . mo. .
C to D (day) 6535 204 '023 29 032
D to C (day) ' 66 "96 34 . 204 "025 71 204 '023 61 210
C to D (night) 4639 204 ‘021 S2 - 179
Dto E 64°18 75761 46 276030 So 276031 0o 276030 g0 0'I0
EtoF 5422 66°71 33 19S°004 29 198°003 68 19S '003 99 0730
Fto G 6301 72744 35 210016 g6 210°020 I2 210018 54 1°'58
GtoH 7112 77°59 32 1927027 78 192027 8% 192 ‘027 S3 005
Htol Soq5 7684 a7 2227046 79 2227043 99 2227045 39 1°4o
Ito] 8896 68°72 39 234060 44 234°056 21 234 ‘058 32 2°11
JtoK S2°34 61763 30 180°'022 54 180°02I 2 180 "021 gI 062
KtoL 6308 73°68 34 203953 48 2037933 78 203 '9S3 63 0°15
L to Ridge 74747 8344 36 215974 32 215'977 16 215°975 74 1°42
Ridge to M 6010 74774 34 203°983 S8 203°954 87 203 '9S4 38 0'50
Mto N 6499 S2-So 29 174°020 09 I74'020 oS 174 '020 09 001
NtoO 7100 Sj '2'7 32 192006 14 192002 53 192 '004 33 181
QtoP 6244 S1-02 34 20}'006 22 204004 38 204 005 30 0°92
PtoQ 5820 76°99 34 203°976 90 203 'g77 06 203 '976 98 o0'o8
OtoR ’ 6926 S2°50 37 222 ‘027 92 2227026 39 222 '027 16 077
RtoS ) 7836  84°43 34 204033 S4 204031 09 204 '032 47 1°37
S to Signal : 6571  $6°37 40 239°993 41 239°995 71  239°994 56  1°I§
Signal to T 76'9S  S§6°34 34 2047022 39 204°021 65 204022 02 037
T toU 8491 8565 34 2047042 62 204°041 20 204 041 g1 071
UtoV 94°'15 S2-22 34 204049 97 204046 6S 204 '04S 32 165
V toW 6734 77°59 34 204°030 96 204032 42 204 ‘031 69 0°73
Wto X T 6691 8706 - 34 204029 70 204°033 IS 204°031 44  1°74
XtoVY N 75°'15 84°87 34 204°011 O} 204011 62 204 D11 33 0°29
YtoZ _ S2°47 S1°43 34 204°041 7T 204040 g2 204041 32 0°40
Z to Gulch ’ §7°36 7720 31 186°054 91 186°055 22 156 055 0S 0°I4
Gulch to Range . 6191 69°70 44 264°'005 55 264 °008 g9 264 ‘007 27 172
Range to Dot 71'60  60°'43 34 204'034 09 204°'034 96 204034 52 043
Dot to Spring 7923 S6°42 24 144006 45 1447007 29 Li4 "00h 87 032
Spring to Road ) 8939 S2°730 33 19801723 195-018 03 195017 63 040
Road to @ ' 72°S9  S5°97 49 294°005.15 294005 oS 294 ‘00b 62 I°53
atofs §7°'74 Sgraz 32 1927025 30 192°'024 21 192°'026 2 2°'04
ftoy 6733 So-S1 37 222°004 64 222'004 68  222-004 66 0°02
17tod S1° 18 8483 32 192038 SI 192'036 36.  192°'037 58 I°23
dtoe §8-18 8722 35 210°025 44 210022 g7 210024 20 1723
£ tol _ 8747 S6°59 34 2037993 45 203°992 05  203°992 75 0°70
€ toy 6353 8341 34 203°995 83 203°9a4 45  203°995 I4  0'69
ytoh 76'06 82-01 35 210°029 05 210025 66 210029 31 064
f to: 83°'31 7500 35 210°'037 34 2107035 46 210036 4o 004
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Section measures of the El Paso Base—Continued.

Mean Mean Differ-
temp. F. temp. F. No. of Corrected Corrected
Section marks. corrd. corr'd. (average) distance distance. Mean. froes
For- Back- TS, forward, backward.
ward.  ward. mean.
° ° m. m. m. mm,
z tok 6029 7360 34 2037957 39 203°985 55 203 '937 97 058
Ktod 6683 6657 35 2097977 26 209°'97S 42 209 ‘977 S4 053
Aton ' 74°57 5661 41 2467033764 246 033 64 246 ‘033 64 0 ‘00
ptov 65°1S 91i'D9 25 167945 30 167944 47 167 ‘944 SS 041
¥to § 6783 87796 24 I43°999 69 143°999 S5 © 143999 79 0710
§too 75°54 79°20 40 239°967 06 239°965 39  239°966 23 083
otorx 65868 6970 35 210°003 33 2107004 77- 210005 30 0°53
7 top So'sr 615 36 2157953 II 2I5°950 94 215952 02 109
‘ptoo S5°41 5360 34 203°955 44 2037954 31 203984 88 o056
Gtor . 8584 4828 36 215°978 09 215976 83 215 ‘977 46 063
rtov . So77 181 29 173°974 49 1737973 6T 173 °974 0§ 044
v to West Base 6095 255 207 93 462
v to West Base 61 "62 255 “215 12 2°57
43 258212 55
West Base to v ] 74°92 . " 253 215 86 : 331
West Base to v . 85708 258 211 27 | 127
East Base to West Base 1 SS2 11 292 °N23 09

The forward and backward measures of the subdivisions were frequently made with
greatly different ave'rage temperatures, yet when we compare their respective sums we
find 11 292°833 1 metres and 11 292°815 7, showing the small difference of 17°4 milli-
metres.

The matter as to whether the thermometers indicate the true temperature of the
rods has been inquired into, and it seemed as if the rods were lagging somewhat hehind
the thermometer indications, but there are so many exceptions to this that no satisfac-
tory result (numerical value) could be deduced.

For the reduction of the length of the El Paso Base line to the sea level we have
the following data and results:

The provisional value for heightof the St. Louis, Missouri, bench mark is at present
taken as 125'8 == 0°25 metres or 412°7 = o'S.feet, This mark, known as the City Direc-
trix, is identical in level with the bench mark K, on the St. Louis great bridge. They
are referred to the mean level of the Gulf of Mexico (and i)robabl_v aldo to the Atlantic
Ocean at Sandy Hook, New Jersey, within the assigned probable error). ,

The difference of height between the St. Louis bench mark K, and top of base
monument marking the west end of the El Paso Base, as derived from spirit leveling in
1882-88 and 1891-95—96—97—98, a distance of 1 437 kilometres nearly, is A% = 2 ojo'g1
== 0’044 metres or 6 695'Sg 015 feet. Hence the height of West Base Monument
(top*) above sea level is 2 166°7 3z 0’25 metres or 7 108'6 £ 0'S feet. In August and
September, 1879, J. B. Weir ran a line of spirit levels over the base and found the East

¥ Top above ground o5 metres.
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Base Monument (top*) 172°14 metres or 564'76 feet below the West Base Monument,
whence the height of East Base Monument (top) is 1 994'56 metres or 6 5438 feet.
From 10 equal subdivisions of the base its average height above the East Base Monu-
ment (top) was found to be 66'86 metres or 219°4 feet; hence the average height of
" base line .is 2 o61°4 metres or 6 763'1 feet. . To the.above height we must add the
elevation of the base bars above ground or 1°25 metres (4'1o feet); hence the final
result for height of base above sea level is # = 2 062°'65 metres or 6 7672 feet with
an estimated probable error of 4+ 0°5 metre or &+ 1'6 feet. Inlatitude 39° and azimuth
103°, log. [radius of curvature] ot log p = 6305 19 and the reduction to sea level t

l/ I
Y + = becomes — 3640 7 metres &= 0’000 Y metre

p 12
hence with the measured length of the base /= 11 292°823 1 metres the final or reduced
. base L =11 289°176 4 metres and its logarithm 4052 662 26,
The probable error of measure of the base is:

mni.
Tor the part between East Base and D, where the number of measures is three - 157

For the part lying between D and Upsilon from double measures . +4°57
And for the remaining part to West Base + 124
Total for length of base ' - L. =499

The probable error due to uncertainty in the length of the rods is 1882 X 6u
= == 11'29 millimetres.

The probable error produced by an uncertainty of one-half metre in the value of
the elevation of the base above the ocean == o0°9o millimetres.

Combining these probable errors we get for the base « (4°99)°+ (11°29)°+ (0'90)*
= 4 1238 millimeters, which is about y1s'wsr i)art of the length and corresponds to
the logarithmic difference &€ M/7 = & 4°8 in units of the seventh place of decimals.

This may be taken to represent the error of measure and of reduction to sea level,
combining it with the probabie error due to dur practical unit of length, the Committee
Metre, taken as == 34, we get { (12°4)° + (8°5)° = == 15°0 millimetres, or about 155 557
part of the length.

m.
Resulting length of the El Paso Base 11 289176 4

+I5 0
and its logarithin 4052, 662 26

+ 58

*Tap abiove ground 106 metres.

t7To this reduction aswell as to its probable error attaches the uncertainty due toanyerror in the radius of curvature
of the reference spheroid. Strictly speaking, to the height should be added the elevation of the equipotential surface
(1o which spirit levels necessarily conform) under El Paso as produced inland from the sea level,
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ABSTRACTS OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, FORMING: THE

EL PASO BASE NET, 187¢-80, 1595.

El Paso East Base, El Paso County, Colorado. Septembher 29 to October 13,
' theodolite, No. 108. O. H. Tittmann, observer.

“No. of Resulting Approxi- Redue-

({:::‘e— Objects observed. ds't;etfél:z’é:tifl’;gﬂl pi{%{:ﬂe tio]!é vt::)‘ .sea E:g::"i’;g
o ’ 144 17 LS
Azimuth mark 0 00 00w
1 | Holcolm Hills 67 4S5 34745 “+o0°10 34°55
2 Big Springs 141 17 47°36 —o0-12 47 24
3 | Corral Bluffs 229 57 10748 +o13 10 AI
4 | El Paso West Base 252 1S o159 . —0b 0153
5 | Divide 340 55 3449 —00g 30

Prohable error of a single observation of a direction (. and R.) =

El Paso IFest Base, El Paso County, Colorado. October 17 to November 1,
theedolite, No. 108, O. H. Tittmaun, observer.

o 4 77 77 17
6 | Divide o oo 00'00 4014 0014
7 | Holcolm Hills . 50 45 56746 +0 03 56°49
S$ | El Paso East Base 69 55 o254 —o 06 02778
9 | Corral Rluffs 148 54 35373 4001 53 °35
Bear Creek ’ 202 33 37°97
Glen Eyrie 219 44 24705

Probable error of a single observation of a direction { D. and X)) =

1879. zo-centimetre

Correc- :
. Final
tions from  seconds in
- &3““ sf_ triangula-
ment, tion.
2z ’ 27
—0 652 33 598
+0 564 48 104
—0 216 10°394
—0'051 I 479

+o0ss 347455

== 1//°17.

1§79, zo-centimetre

27 22
—o463 5977

+o 716 57 "206
—0 166 027314
+o214 53564

F=1//12.

Corval Bluffs, Bl Paso County, Colorado. November 2 to November 6, 1879, 30-centimetre theodolite,

No. 108. 0. H. Tittmann, observer.

o / Id4 I4d 144

10 | El Paso West Base O 00 00°00 -+o0 o1 00 01
11 | Divide - 15 36 52744 +009 52°53"
12 | Fl Paso East Base 4S5 09 17397 4013 1810
13 | Holcolm Hills 56 40 11706 +o-13 g
14 | Big Springs 112 06 29°6% —0 9 29°59

Bear Creek 255 15 1389

Glen Eyrie 275 IS I 66

Probable error of a single observation of a direction (/2. and £.) ==+ 17/'12
& .

-~

Ids 144
+o0-o42 Q0 "052
—0 162 52368
—0-042 18 ‘058

40097 11 "287
+o0bs 297655
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ICO

ABSTRACTS OF RESULTING HORIZONTAL DIRECT.IONS. OBSERVED AND ADJUSTED, FORMING THE

EI, PASO BASE NET, 1379-50, 1895 —continued.

Holcolm Hills, El Paso County, Colorado. July 20 to August 16, 1550. jo-centimetre theodolite,

lc}lfr:ezf Objects observed.
tion.
Holt
Square Bluffs
20 | Rig Springs
2r | Corral Bluffs
22 [ El Paso East Base
23 | El Paso West Base
24 Divide

Divide, E1 Paso County, Colorado.

16

17
18

19

Probalile error of a single observation of a direction (3 D. and 3 R.) = 2= 0o//"S1.

No. 108.

0. H. Tittmann, observer.

No. 108. 0. H. Tittmann, ohserver.

di rfelc_'ﬁxl.:xllt:ﬁom Am,': tO exl- ti OE‘ES;‘; a Resulting
station adjust- prohable level. seconds.
ment, €rror.
-] ’ réd 144 144
o 00 w000 +o-03 o0 03
29 14 12°37 —o0-08 12°29
S6 36 =27°SS —0 05 2783
156 25 oj}-74 +o-12 0436
165 48 3555 +o 09 35°94
181 38 58715 +o-03 5513
212 10 36784 —0O'II 36773 .

November 12 to November 19, 1379.
August 1 to August 11, 1S95.

No. 118. F. D. Granger and J. B. Boutelle, observers.

Holcolm Hills

Big Springs

El Paso East Base
Corral Bluffs

El Paso West Base
Pikes Peak

Bison Peak

o ' 7 s 144 144 14
0 00 0000 —0"IL 5959
33 19 29°Ig0 +0°'I34* —O0'II4 29076
46 47 5957 —o o8 59°79
83 14 1r24 4005 1132
95 42 2q73r +o-°13 2444
126 59 19°9S0 o'IIr¥*  4o-240 207220
168 29 32°6j2 0°0SS*¥ —or104 32°538

Correc-

iions from
hase net

adjust-

meut.

144

—0370
-+0°457
—0°190
+o0 265
—o0 162

144
“+o0-191
—0°926
o492
—0°314
0557

Final
seconds in
triangula-

tion.

V2l

27 *460
05317
35750
55445
36,568

so-centimetre theodolite,
30-centimetre theodolite,

Probable error of a single ohbservation of a direction (0. and R.) = 2= 1//'19 in 1879 and 2= ¢//*68in 15¢5.

Rig Springs, El Paso County, Colorado.

No. 108,

Q. H. Tittmann and G. F. Bird, ohservers.

August 21 to September 3, 1580,

theodolite, No. 118. F. D. Granger and J. B. Boutelle, ohservers.

Corral Bluffs

El Paso East Base
Divide

Holeolm Hills
Sqguare Bluffs
Cramers Gulch
Dry Camp
Plateau

Pikes Peak

Q ’ 77 144 V44 77

0 00 00000 —o0°10 59°90
27 23 27°51 —0°I13 2738
33 35 427180 +o0°II5t  —07137 427043
54 42 04°99 —o0'05 04794
138 5% 19783 4006 19°S9
188 o3 3S5°61 —0°I1o 3551
235 37 57°119 0°238t —0'040 57079
279 25 247329 o100t 40108 247337
34 22 41563 o-I121f —o0'0S3 417480

June 23 to July 6, 1395.

124
o002
—0 268
—oh' 370

40636

jo-centimetre theodolite,
3o-centimetre,

77
27112
41673
05’576

Probable error of a single observation of a direction (2. aud A.) = %= 1//°42 in 1SSoand == o’/*77 in 18g5.

* Directions marked with a * depend on the probahle error £ /134 of Big Springs during the second occupation.
t Directions marked with a f depend on the probable error + o*115 of Divide during the second occupation.
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FIGURE ADJUSTMENT.

Obscrzation eqzmtzons *

1 | 0=—0168+(19)—(17)4 (5)— (4)+ (S)— (6)
2 | o=—0760+(12)—(10)4 (9)— (8)+ (4)— (3)
3 | o=+4og154+(12)—(11)+(18)—(17)+ (5)— (3)
4 | o=+r17327+(23)—(22)+ (1)— (4)+ (8)— (7)
5 | o=40377+(24)—(22)+ (1)— (5)+(17)—(15)
" 6 | o=Ho0'073+(22)—(21)+(13)—(12)+ (3)— (1)
7 | o=-t12434+)26)—(25)+(14)—(12)+ (3)— (2)
8 o=—2'125+(27)—-(26)—|- (2)— (5)4+(17)—(16)
9 | 0=—2'599+(28)—(26)}+ (2}— (1)-+(22)—(20)
h {e]

o_+ 324—0°77(6)41"18(8)—0"41(g)—1"S9( 10)43°30( 11 ) —1"41(12) —1I" 20(17)+2 85(18)

—1'65(19)
11 | o=-421'22—6" 06(7)+6 47(8)—o" 41(9)——1 89(10)+15'94( 1"\—14 06(13)—12"80(2r )+2o 22(22)
—7°42(23)
12 | 0=-—10'97—0°77(6)+6°06(7)—5°29(8)~1'98(15)4-3'63(17)—1'65(19)—5"41(2 )+7‘42(23)
. —2-01(24)
13 | 0=—1594—3'30(11)+4" 33(12)—1 03(14) —879(16)4-11'64(17)—2"S5(18)—4°06( 25)+23 43(26)

—19°37(27)

14 | o=+41'59—3"30(11)+4'33(12)—1°03( 14)—1°98( 15)}483( 17)—2 85(1S)—0°40(20)+2°41(22)

—2°01(24)—406(25)+514(26)—4"05( 28)

Correlale cquations.

Cl‘;r‘;ff ¢ ¢ ¢ ¢ ¢ 6 ¢ G G Ci Ci Ciz Cis Gy,
(1) I—-I—I “+1 —1I —I

(2) =1 41 41

(3) —I —I +1 41

(4) | =1 +r1 —1

(5) {+r ... 41 ... —1 ... ... T
(6) | —1 ) —0°77 —0°77

(7) —I — 606 -}+606

(8) | +1 —1 +1 +r18  + 647 —5°29

(9) +1 —0'41 — 041

(r0) | ... =—I ,. —I18 — 189 ...... o0 Lol
(11) —I +3°30 — 373 —3730
(12) +1 41 —1 -r —1°41  +15°95 + 4733 +4783
(13) : 41 ' —14 06

(14) . +1 — 103 —I03
(8 73 T S —193 ........ —1°98
(16) —I . — 579

(17) | —1 —1 41 +1 —I'20 +363 1164 4433
(1%) +1 : ' +2°85 — 285 —2%5
(19) | 41 —1°65 —1 65

(20) | ove cir ah e eie e e aes T Ll e i e —0"40

* Number of conditions in the net 14, of which g relate to the sums of angles and 5 to the ratio of sides.
The side equations are established with S places of logarithms and differences of 1’/ are cut off at the sixth place.



n

TRANSCONTINENTAL TRIANGULATION—PART I—BASE LINES, II1I
FIGURE ADJUSTMENT—continued.
Correlate equations—Completed.
B I S R R O O Y N Cur Cue Cas Cu
(2r) —I —12"So
(22) —1 —1 1 +1 +2022 —5°41 +241
(23) +1 — 742 4742
(24) +1 —2'01 —2-01
(25) S S — 406 —4°0b6
(26) +r —1 -1 +23°43 +814
(27) +1 —19°37
(28) N 41 —4°08
Normal equations.
C, C: G © C C G C C  Co Cur Cu Cu Cuy
o=— 0168 | +6 —2 42 42 —2 +2 + 1750 + 647 — 9% —11'64 — 4783
- — 0760 +6 +2 —2 —2 —2 — 1 40096 k5729 o+ 4733 4+ 433
+ o-415 ) —2 —2 —2 —2 — o066 41595 — 363 — 686 — o005
+ 17327 +6 +2 —2 —a 4+ 118 —i15711 4+ 1748 — 2741
+ o0-377 . . . . 46 —2 42 —2 — 1'20 —20°22 -+ QoI 41164 + 2°39
+ 0073 +6 +2 24 141 43010 — 50 — 4733 — 1792
+ 1°243 +6 —2 —2 + 141 —15°95 Laz2'13 + 684
— 2°125 : +6 42 — 120 + 363 —2237 — 3731
— 2°599 +6 420722 — 51 23743 — 9741
+ 324 | +308 —r1r'12 — 727 —39'08 —30°qo
421 22 +4-1 162716 —235 40 +69°06 411779
—lo‘g7 +3173°48 42725 + 12745
—15 94 +1 19222 430224
+ 1°59 . +175°47
Resulting values of corvelates and of corrections to angular dircetions.
144 r?
C,;=+40"4093 2 Ces=-o0"521 4 and (1)=—0"65I g (15)=40"190 7
C.=+0"168 o C,=+40"393 3 (2)=40"863 8 (161=—0"926 1
=—0093 3} Cio=—0"0g0 h7 (3)=—0"216 4 (17)=-+0"'492 5
Cy=—0"274 7 Ci=—0"020 63 (4)=—0"050 5 (1S)y=—0"313 9
C;=--0'176 5 Cie=-+0"052 14 (5)=—40'c55 0 (19)=+4+0'556 S ¢
Ce=—0"193 I Ci;=+0046 04 (6)=—0"463 4 (20)=—0"370 [
C,=—o0"05I 4 Cy=—0"059 327 (7)=+o0"715 7 (21)=+40"457 2
' (S)=—0%465 8 (22)1=—0"1g90 3
{9)=+o0"213 6 23)=+0"265 3
= of 4 corr's. =4'643 4 (10)=—+0"042 4 (24)=—0"162 1
= of — corr's. =4 653 2 (r1)=—0"162 1 (25)=+o0-002 5
. ' (12)=—0"042 3 (26)=~—0"267 9
and [pov] = 4893 7 (13)=+0"097 0 (27)=—0"370 4
—[wC] =493 6 (14)=4o0065 1 (28)=+40"635 S
Mean error of an observed direclion 1ty = [pvv] = = o’’"59 where # = number of conditional

equations; mean error of an angle w =i, /2 = & 0784, also probable error of the same = 4= 0//*56.
‘
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TRIANGLES OF THE EL PASO BASE NET, COLORADO, IS79—1895.

Spher-  Spher-

. orrec- S} i i
No. Stations. Observed angles. Cor ical 1cal Log. s. Distance in
tion, - o metres.
angles. excess.
] 7/ 144 144 77 17

Divide 51 5] 2465 | 40064 24714 ©'Iog 4052 662 26 11 289°176
El Paso East Base 55 1o 3287 | 4-0°106 32°'976 0'I0g 4055 g33 07 12 18802
El Paso West Base 6g 55 0264 | —coo2 02638 oO°'I10 47129 440 IT 13 472725

w16 0°328
Corral Bluffs 48 o9 1809 [ —00S5 18005 O°II3 4052 662 26 11 259°176
El Paso West Base 7S 59 5057 | +0679 51°299 ©Iig 47172 476 96 14 S75°68

El Paso East Base 52 50 50°92 | +0°166 51703 o0°113 | 4'052 009 IT 12 07539

59°55 0340 :
Corrall Bluffs ~15 36 52°52 | —0-205 *315. 0°064 4085 933 07 12 18502
El Paso West Base 145 54 53°21 | 40677 ‘887 0065 4368 826 86 23 3795
Divide _ 15 28 13712 | +0°S71 ‘991 0064 4082 c0g IT 12 078739

wm tn
[T

-
o

5585 0193
Corral Bluffs 32 32 25°57 | 40'I20 25°%gn ©0°I58 47129 440 IT 13 472°25

4{ Divide 36 26 11°53 | —0'S06 107724 0158 4172 476 97 14 S75 68
I

El Paso East Base III oI 2379 | 40271 24°061 ©'i59 4°365 826 56 23 37905

0089 0475
Holcolm Hills 9 20 3108 | —0'647 30433 o'052 | 4172 476 97 14 87563
Corral Bluffs 8 30 5309 | 407139 53°2
El Paso East Base 162

29 07052 4°132 546 81 13 568°97
0°053 47448 717 64 28 10073

5]
Q
o

(93]
=)
-N
+
o]
5y
o
w
3
[+))
N
\O
a

00 23 ' 0°157
Holcolm Hills 25 10 53°32 | —0'I93 53727 0240 47032 00g IT 12 075°39
Corral Bluffs 56 4o 11718 | 40055 I11°235 0°aq0 4°375 oS0 34 23 7I1S°12
El Paso West Base 98 oS 5686 | —o-s02 567355 o240 47448 717 64 2S 10073

. 07
Holcolm Hills 55 42 31°S7 | —o°61g 0°365 4°368 826 86 23 37905
Corral Bluffs 41 03 1866 | 40259 18°'9l9 O
Q

7 365 | 4°269 174 15 18 58550
Divide 83 14 1043 | —0'505 10°925 0365 4448 717 63 28 100°73
o1 "9h 1 '09;

J’ Holeolm Hills I5 50 22724 | 40456 227696 ©0°'nyy 4052 662 26 11 289°IS
$ { El Paso East Base 145 00 33°02 | —0'60T 32°4I9 0©'075 4°375 oS0 34 23 718712
l El Paso West Base 19 09 o629 | —1°182 05°108 0074 4°132 546 S1 13 56597

oI '55 0223 )
Holeolm Hills 46 22 0079 | 4+ow28 00°818 o-1g4 4°129 440 11 I3 472°25
9 ¢ El Paso East Base 856 49 60°'15 | —0'707 ‘59°443 O°I55 4°269 174 15 18 55550
Divide . 46 47 59°90 ! +o0°302 60202 ©0°'154 4132 546 St 13 56897
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TRIANGLES OF THE ET. PASO BASE NET, COLORADO, 1579-1595—Continued.

No. Stations,

- [ ’

J’ Holcolm Hills 30 3r

1a { El Paso Wést Base 50 45

l Divide 98 42

[ Big Springs 27 23

11+ Corral Bluffs 63 57

l, El Paso East. Base 88 39

" Big Springs 33 35

12 { Corral Bluffs gb 29

Divide 49 54

[ Big Springs 54 42

13 3 Corral Bluffs - 55 26

l Holcolm Hills 69 51

Big Springs 6 12

14 { El Paso East Base 160 19

Divide 13 28

l' Big Springs 27 18

15 1 El Paso East Base 73 29

l_ Holcolm Hills 79 12

I Big Springs 21 06

16 ¢ Divide ) 33 I9
l Holcolm Hills 125 34 '

Observed angles.

2
[=)

T

o & oin

oW
LIRS BN
[N Sy
O Lo

Correc-
tion.

o
‘42
17

O~

g0
‘518
150

Spher-
1cal
angles.

4

123
529
916

557
619
‘129

464

208

'906

25 ‘074

‘108

Spher-
ical
excess.

Log. s.

4 0S5
4269
4°375

4°368
4623
4509

4°448
4452
4509

4°129
47623
4463

4°132
4°452
4463

4269
4452

4 623.

933
174
oSo

476
151
545

S26

059

717
618

545 4

440
059
151

546

618

ISI.

174
618

Q59

15
47
o4

Distance in
metres.

12 15S-02
iS 585 ‘50
23 71812

14 S75°6S
29°050°39

I3 472°25
41 gS1 60
29 030739

13 56897
2% 35427
29 05039
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PROBABLE ERRORS.

Delermination of the probable ervor of the length of the side Big Springs to divide, connecting the
central with the western section of the main (riangulation.

This side is related to the base by the expression—

Big Springs to Divide _ sin (9—S) sin (5 — 3) sin (14 — 11)
El Paso Base " sin (12— 10) siu (18 — 17) sin (27 — 25)

Take /7 = log sin (9 —8) + log sin (5 — 3) +log sin (14— 11) — log sin (12— 10}
— log sin (18 — 17) — log sin (27 — 25).

Establishing and solving the transfer equations, we find the reciprocal of the
weight or }D: 7°545; .also the mean error mp and the -probable ‘error rr both

expressed in units of the sixth place of decinials in their logarithms, viz, = 1°62 and

=+ 1'10 respectively. Hence log. distance Big Sprmqs to Divide 4'623 059 03, and the
+1 10
length of the side in metres 41 981°60. ‘The probable error equals about zgglyyy part
=+ 106
of the length.
To this must be added the uncertainty arising from the base measure, viz,
41 982
11 289
Probable error of length of s1de Big Springs to Divide ('106)°+ ("056)°
= =+ 0°120 metre.
The probable error of the side Holcolm Hills to Big Springs may without sensible

K 0'o15. Hence we have—

error be taken as &= yy3'ywy of .the lengthand :l: 154 > 0’01 Hence—
289 5-

Probable error of length of side Holcolm H1lls to Big Springs + ("070)* + ("038)°
= = 0’080 metre.

GENERAL DESCRIPTION OF STATIONS FORMING THE EI, PASO BASE NET, COLORAD®O.

El Paso East Base, E] Paso County; established in 1878 by O. H. Tittmann. This
station is situated on Munson & Hamlin's ranch, commonly known as the Townsend
ranch, which is included in the southwest quarter of section 33 and the southeast quar-
ter of section 32, township 12 south, range 63 west of the principal meridian. The
west gable of Munson & Hamlin's barn bears north 14° 35'°3 east, and is 376°6 metres
distant from the geodetic point. The underground mark is a line om a copper tack in
a lead plug in drill hole in the top of a granite post, 1 foot square and about 21: feet
long, set in cement, the top of the post being 314 feet below the surface and havmg the
letters U.S.E.B. cut on it. Over this about 6 inches of earth was packed, then a 6-inch
bed of concrete, on which a similar granite post, marked in' the same way, was set as a .
surface mark. Around this a brick pier, rising about 214 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 the 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 the mark on the surface stone can
be seen.
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El Paso West Base, E1 Paso County; established in 1878 by O. H. Tittmann. ‘This
station is about 15 miles northeast of Colorado Springs and about 1 mile north of the
sheep corral and main spring of water of the Pugsley ranch, so called. The monument
stands on a knoll somewhat 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 exactly
similar to that of East Base, except that the letters W.B. are substituted for the

letters E.B. _

Divide, El Paso County: established in 1879 by O. H. Tittmann. ‘This station is
situated on the western end of the middle and largest of three small 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.& G.R.R., and about one-fourth mile south of the hluffs forming the southern
edge of a large plateau or mesa. The underground mark is a flat stone about 18 inches
square, 10 inches thick, irregunlar in shape, and sunk about 18 inches below the surface.
A cross cut on lead run into a hole 124 inches in diameter marks the geodetic point.
Four reference stones were set in the ground north, east, south, and west approximately.
Lines drawn from the leaden holts in these stones intersect at the geodetic point. The
marks in the lead in the north and east stones are each distant 5 feet 117%g inches, and
those in the south and west stones 6 feet one-eighth inch from the cénter. ‘The surface
mark now (1395) consists of the capstone of the former stone pier, 2o inches square and
6 inches thick, having a hole 1 inch in diameter and 3 inches deep in its center, buried
flush with the surface.

Corral Blugfs, El Paso County; established in 1879 by O. H. Tittmann. This
station is situated on the edge of the bluffs forming the northern houndary of what is
known as the ‘‘Big Corral,” a natural formation used to pen up cattle during the
““round-ups.”” It is on the highest land in that immediate vicinity, and commands a
view of the plains as far south as the Arkansas River. Soine of the houses in Manitou
are visible from here as well as the rocks forming the entrance to the ‘' Garden of the
Gods."’

A solid brick pier, capped with a hewn stone, was built over the underground
mark at this station. The top of the capstone is.1°276 metres above the surface of the
ground.

Holcolm Hills, El Paso County; established in 1879 by O. H. Tittmann. ‘This station
is on the highest land bordering the valley of Bracket Creek on the 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 station is about 1 mile northeast of the Paint Rocks.

The underground mark is a cross cut on lead run into a hole drilled in the upper
surface of an irregular stone, about 12 by 18 by 18 inches, set 3 feet below the surface.
The letters U.S. AT.S. are roughly cut on the stone.

The surface mark is a hole filled with lead on the upper surface of a large irregular
stone about 234 by 3 by 1y feet in size, also having the letters U.S.’T.S. cut on it.
Four smaller stones w1th crosses cut on them were set appw\unately north, south, east,
and west and 4 feet distant from the center of the station.

A cairn was built over the station.

Big Springs, El Paso County; estabhshed in 1879 by O. I—I Tittmann, ‘This station
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is situated about 30 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 5 miles. A road connecting various outlying ranches with the home ranch
runs close to the station.

The underground mark is an‘irregular white conglomerate stone, having a triangle
and the letters U.S. AT.S. roughly cut on it, set about one-half 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 a small hole filled with lead in its upper surface;
were set in the ground at a distance of 1 metre from the center. A pile of loose
stones was erected over the station.

(€) Yolo Base Line, California, 188r.
LOCATION, MEASUREMENT, AND LENGTH.

Location of the base line.—The line is in Yolo County, in the Sacramento Valley,
nearly midway between the Sacramento River and the Vaca Mountains and a short
distance to the westward of the towns of Davisville and Woodland. The site was
selected by Assistant G. Davidson in April, 1876; it is about 28 kilometres (171s
statute miles) to the westward of Sacramento City. Approximately the latitude of
the southern terminus is 35° 31’ 34" and that of the northern termiinus is 38° 40'°6
the azimuth of the line at Southeast Base is 163° o7’-2, making the inclination of
the base with the meridian at its middle point about 16° 53’'S. The length of the
line is approximately 17°5 kilometres, or a little short of 11 statute miles. The
ground at Southeast Base is 216 metres and at Northwest Base 46°6 metres above
the mean tidal level of the Pacific: these two ends of the base were finally located
and marked in June, 1830. The southeast station is about 25 metres from the left
bank of Putah Creek. Appendix No. S, Report of the United States Coast and
Geodetic Survey for 1882, entitled ‘* Report of the measurement of the Yolo Base,
Yolo County, California,” by . Davidson, Assistant, contains all needful informa-
tion respecting the organization-of the party and its method of working, as well as
the description of monuments and markings of the base. As the high ridge of
Willow Slough lies directly across the line, it was decided to build a brick shaft of
about 10 metres elevation above the ground at Southeast Base and one of 5 metres
elevation at Northwest Base for occupation with the theodolite in connection with
the triangulation and the astronomical observations. The underground marks of the
base underneath the monuments are copper holts inserted in stone blocks. A line
of levels was run twice over the base and a stub placed at évery 50 metres. The
soil is a rich, dark loam, sandy near Southeast Base and composed of stiff clay near
Northwest Base; the grade is verv easy, almost level, except when nearing the
‘upper end, where for about 100 metres the ascending slope‘ is nearly 4°. -A line of
spirit levels connects the base with the hali-tide level at San Francisco Bay.

The measurement of the basc.—The line was measured twice and in opposite
directions, and some parts of it thrice; the time spent in the first measure was 20
days, in the second 1S, and in the third 8 working days. The measurement was
in charge of Assistant G. Davidson: it commenced September 19 and was completed
November 24, 1881, 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,
50 as to nearly compensate for changes of temperature. The bars are 5 metres in
length and contact is made by means of contact-slide pieces. A full description of
it is given in Appendix No. 7, report of 1882, entitled ** Construction and description
of a new compensation primary base apparatus, including the determination of the
length of the corresponding 5-metre standard bar,’” by Charles A. Schott, Assistant,
pp. 107-13S. A third report, Appendix No. 11, Coast and Geodetic Survey Report

Nao, £,

Mt Helena Monticello NW Base

-North ——>

" drrunt Dieblo

Statnte Miles
B 30 %0 S0 €0
Kilometres

i
[+]
B

10 ) 1o 20 30 40 50 [- 1] 70

80

for 1883, pp. 273—28S, contains the results of the base measures. These publications
render any lengthy report of the base in this place superfiuous.

The length of the compound 5-metre base bars r and 2.—For the purpose of deter-
mining the length of these measuring bars, two 5-metre standard bars of steel* were pro-
cured and standardized by means of the combined length of 5 single metre steel bars known
as A, B,C, D, E. The first operation, therefore, consisted in determining the length of

these several metres in terms of the Committee Metre. To effect this, the following -
subsidiary measures and results had to be obtained—

*For particulars see Coast and Geodetic Survey Report for 1952, pp. 117-136.
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(a) The length of the Saxton stop-metre comparator from 4 measures made between
April, 1872, and March, 1879, by various observers,
: . Sw = 1m at 20° 20 C.
(b) The length of the brass decimetre, known as 2D
between May, 1878, and October, 1880, by several observers,

e LOM measures made

J7
D, =owm+r1799 ({—14°67 C.).

(¢) The length of the brass centimetre, known as C_ ., from observations made

13780
in October, 1878,
M
Cye=o001m+0180 (£— 30%'5 C.).

pt

(d) Values of 1 turn of the Bessel-Repsold comparators Nos. 1 and 2, depending

on preceding lengths,
No. 1 =276 '06 4+ 00036 (/ — 14° C.) microns.
=+
No. 2=276"33 4+ 00036 (/ — 14° C.) microns.
&+ '0I

o)
2

The inequalities of the screws of these comparators were determined and a table of
corrections was counstructed for whole and fractional turns.

(e) Values of 1 turn of the Fauth & Co. comparators, known as Nos. 3 and 4,
. from comparisons made in May and June, 1831, one turn of No. 3and of No. 4 = 254°53
+ o002 (#— 20° (. ) microns. The inequalities for these screws were likewise deter-
mined.

. (f) The subsidiary steel metres A, B, C, D, E are end metres, with platinum’
iridium cylinders of 2 millimetres diameter projecting o'5 millimetre beyond their end
surfaces. For comparison of length and determination of the coefficient of expansion
they were placed side by side with the Committee Metre in the middle position, in a
trough filled with glycerin the temperature of which could be changed and was read by
means of two immersed standard thermometers. Observations made between December,
1880,~and February, 1881, gave the following results:

oA =1 175 810 + 67350/t ({ — 57753 F.).
=+ 52 =17 < .
B =1m+ 157 1100+ 635801 (£ — 57753 F.). Ao Zord+ B+ C+ D+ L
=+ 45 += 8§ e " -
) — RETR Ay e mw ez ).
C=tm 4 174 770 + 6 3gbu (1 —57°53 F). | — 3" T 82780 308510 10— 57755 47
+1°92 + 60
+= 45 12 l y P
D=1+ 155 311 + 63631 (£ — 5753 F.). =5m+827% +57°332 (l—14°18C).
= 5t * 7 +1°g2 + 108
E=1m + 164771 + 63451 ({ — 5753 F.).
&+ 51 + 19

Length and cocfficient of cxpansion of the 5-mctre standard bars Nos. I and [I—known
as the s-metre office and field standards. They are of steel and terminate in steel
“cylinders similar to those of the nietres. Firmly attached to them at their ends are two
zine bars, each of half the length of the steel bar, one on each side, with two Borda
scales at the middle of each standard bar. They were mounted on rollers in a water-
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tight wooden box and immersed in glycerin which could be raised to different tempera-
tures; four thermometers gave the temperature of the fluid.

Mounted on the same movable platform in the office comparing room was a second

box containing the five metres, joined together by spiral springs to make proper con-

tact* and carefully aligned. Six thermometers gave the temperature of this compound

‘ bar, which at the contact ends only was exposed to the air. The cylindric ends of the

bars protrude through small holes in thin brass plates and are secured by india-rubber

diaphragms, permitting contact with the screw comparators mounted on independent

brick piers. Observations made in March, 1831, comprising 35 sets, gave the coefficients

of expansion of the office or No. I standard o'ooo o11 491 and of the field or No. II
=+ 32
standard o'ocoo o11 495 for the centigrade scale.
=+ 41 _
. The comparisons-for length made at various times gave the following results:

1581, April and May | TI—I=65"71+ 121 l at 20°46C
1552, May and June I  =s5m-+1 221.1=1"Su 19°15
1883, January and February II—I=6r1"0pt0"Sn | 1268
1883, February I =541 047 Spu0"6u 1611
15583, February - II =543 155905/ 'I 16 'g6

. 4
Whence length of T=35m 1 10181 + 57'46I ({— 17707 C.).
+ 21 +'16
and of Il =5m 4 1 16301 + 5747 (£—17'07 C.).
+= 27 421

The length of the base measuring 5-metre bars depend on the latter value. Com-
parisons with this field standard were made every .morning before commencing the
measure on the base; generally between the hours of 7 and 8 a. m. The mean error
from two sets of comparisons is for base bar 1, 4= 3°Si and for base bar 2, =521, On
other days bihourly comparisons were made extending over day and night hours in order
to ascertain the diurnal variation in length of the roughly compensated base bars. In
connection with this work the temperature of the bars is given by the readings of mer-
curial thermometers.

The following table gives tne length of the base bars [5m 4 tabular quantity (in
microns)] between the hours $ a. m. and 6 p. m. and for two periods, from bihourly
comparisons on 5 dayvs in September and from hourly comparisons on 4 days in October
and November, 1881.

Bar. I §ha. m. 9 19 Ix Noon. 1 p.m. 2 3 4 5 6t
1 30 29 27 26 24 27
1 56 69 7L 86 S 86 8s So 79 69 63
2 121 114 117 IT1 106 110

336 350 359 363 359 365 362 355 345 335

I

[~
G
[

#During the progress of the comparisons the metres were variously arranged as to relative position.



120 UNITED STATES COAST AND GEODETIC SURVEY,

The Borda Scales were found unreliable on account of the zinc bars taking up a new
set after changes of temperature. The length of the base bars adopted in the computa-
tion was determined as follows: For any one day it depends on the morning comparison
with the standard, to which is added differentially the diurnal difference for the particular
hour, taken from the normal or tabular values and multiplied by a factor of the ratio of
the range of temperature on the particular day to the normalrange. Before and during
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 and October 15. Fractional lengths of the base bars
were measured by means of a 3-metre steel rod and fractional parts of a metre by means
of a brass-metre scale, and for transfers to the ground a small ivory scale graduated to
half millimetres was employed; one or the other of these means came into use at the base
end, at the 17-kilometre marks and the subdivisions at the crossing of fences and at
the numerous temporary stopping places during the measures. For reduction to sea
level, we have from spirit leveling the bench mark at Woodland 17'78 metres above the
half-tide level of San Francisco Bay and the average height of the base, including 1°25

"metres for height of bars, 26°S metres. The reduction is separately applied to each
kilometre. The total amount equals 63'06 millimetres.

Tabular results of measures of the Yolo Base.

Kilo- . .
1.111le\tlr_e mi:;itre. nsl'::;)::ti m"gz}:;:tcle_. Mean. s - s
510118,
. . . B nemne. nmi., e,
999935 57 999936 74 999 '942 30 999 ‘939 20 +o63 4246 —3l0
2 *S65 46 562 57 564 42 | 864 15 —1°3I +1°58 —or27
3 919 67 '920 53 G625 10 +o'43  —c;
4 '955 17 ‘953 37 . 95427 —o'g0 4o
5 '936 61 ‘934 55 935 58 —1I1'03 H1'03
6 'g93 26 ‘992 40 ‘992 S3 —o43 o3
7 ‘910 55 Il 54 91 04" Ho0da  —0'50
3 ‘945 47 950 99 ‘949 73 41726 —1°26
9 'g61 21 ‘965 56 . "963 54 2733 —2732
10 975 45 975 17 974 32 4084 —o0°S5
11 911 85 ‘909 45 ‘g10 65 —1°20 4120
12 ‘914 50 ‘917 03 ‘915 76 4126 —1-27
13 032 28 93T 14 4997932 43 93L’95  —e33  +osr —os
4 957 92 ‘954 12 ‘953 57 956 57 — I3 +2°75 —I1'70
I5 93 46 899 77 ‘902 53 ‘gor 92 —I'54 2715  —0°61
6 875 S2 " 87270 873 59 S74 04  —178 41734 Jows
17 999 936 22 999 '033 33 999 934 54 999 934 79 —I1'52 41737 +0°16
(18} 487 '653 5T 457 679 34 457 651 o0 487 681 28 —223 41794 Hor28
= i 17 456515 o1 17 456500 60 — - 17 486 '511 93

The kilometres count from the southeast end from which the first measure started, the second
one was run in the opposite direction, and the third measure was equally divided as to direction.
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The probable error of the resulting length.—That due to the measure proper, which
includes errors of contact, of transfer (bar to ground and back to bar), of fractional
parts of bars, of inclination, of alignment, and of assigned length of bars, is == 3°29
millimetres; also the mean error of a single measure of 1 kilometre = = 1°81 millimetres.
The probable error arising from the field comparisons of the standard bar with the base
bars has been taken as = 12 millimetres, and that due to uncertainty in the length of
the bars due to diurnal variation has been estimated as -+ 5 millimetres. The
probable error due to uncertainty in the length of the measuring bar is given by
4= 2'1 0 X 3497 = &= 7°34 millimetres; the probable error due to uncertainty-in the
expansion coefficient is but - o°3 millimetre, and the probable error depending on an
uncertainty of o'35 metre in the height of the base is == 1°0 millimetre; hence the
probable error of the whole Dbase, combining the 6 separate values, equals =+ 9°6 milli-
metres, which is about 1-gzi-597 part of the length, or &= 0'0og 6 metre and in the sixth
place of log’s 4=0°238. ' .

This may be taken to represent the measuring error. Combining it with the

probable error due to that of our practical unit of length, the Committee Metre, taken
as == 3 i1, we get

V(96 (131)"==% 16‘3 millimetres, or about 1-573-ggy part of the length.
Resulting length of the Yolo Base, 17 486°511 ¢ and its logarithm 4-242 703 159.
+ 163 . =+ 405

ABSTRACT OF RESULTING HORIZONTAIL DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS
FORMING THE YOLO BASE NET. 1576, 1550, 1882, 1584, 1891-92.

Yolo Southeast Base, Yolo County, California. July 22 to August 16, 1380. 50-centimetre theodolite,
: No. 115. G. Davidson, observer.

: Caorrec- 5 o
No. of Resulting directions AE‘;‘:{’_"" Reduction peciiein tions from F,I)':lglsslf‘“
direc- Objects observed. . Tom rnl‘wa?;l e to %.‘otldsg basenet 200 C e
tion. station adjustment, PIa% sea level, Pt © adjust- e
error. ment. tion.
© ’ 2’ Ids I I44 2 r
4 Yolo Northwest Base 0 00 00WOD =043 — 002 59°99S 4232 w0230
Marysville Butte 15 32 397320 ‘085  — ooz 397318
Pine Hill S9 51 47°540 ‘obg 4024 47564
T Mount Diable 204 49 35777 ‘085  4-021 35°795 + 021 35°SKg
2 Vaca 252 JI 55204 079 4+ 045 557219 — 220 557029
3 Mounticello 310 54 36°564 074 — 046  36°518 —oby  36°154

Probable error of a single ohservation of a direction (2. and R.) = =o'’ 52,

¥olo Northwest Base, Yolo County, California. August 19 to September 1o, 1550, so-centimetre
theodolite, No. 115. G. Davidson, ohserver.

(<] s Ids I4ds 144 144 44 7

5 | Yolo Southeast Base o oo oo =038 — 00l 50999 — 160 59939
6 | Mount Diablo 20 0} 24623 ‘080 4008 24631 —wS2 24549
7 | Vaca 47 20 347153 w67 4oz 347195 4 obo 347255
8 Monticello Jo3 42 ar 384 ‘059 +oo7 21391 4188 21°579

Marysville Butte 200 07 47°730 075 + 006 477736

Pine Hill 283 13 29°522 '0bg 4 'oo5  29°527

Prohable error of a single observation of a direction (D. dnd £.) = 0"’ 46,
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS
FORMING THE YOLO BASE NET. 1376, 1550, 15882, 1884, 1891-92—continued.

I'aca, Solano and Napa counties, California. Qctober 30 to December 11, 1850. 50-centimetre
theadolite, No. 115. G. Davidson, observer.

: Correc- :
L 1es . . Approxi- . . Final sec-
No. of Resulting directions . Reduction s tions from L3
direc- Oljects observed. from )‘!1_1;1:}:‘1 e to R_‘:‘Z““Hig base-net tg:ﬂ?rlllllla
tion. station adjustinent, 1r:‘1"r01: sea level, S€CONCS. g qiget anguia-
. ment. ton.
[+ z Vid 7 Vds 2/ 77 144
10 Yolo Southeast Base 0 @ 00°000 =+='06f 4 '0Oor 00’00l -FOIII 00°II2
Pine Hill 12 12 §55°103 oS0 4-030  55°133
11 Mount Diablo 109 03 23738 083 — 040 23698 — 347 237351
12 Mount Tamalpais 166 20 427497 ‘107 402 g27549 — 078 427471
‘13 Mount Helena 245 47 11°18j5 ‘10 — 082 1rcra3y 4 4SS 171 °501
14 Monticello : 288 18 44230 105 — 032 447198 4 14T 447339
Marysville Butte : 31S 15 01°533 ‘098 + 020  04°553
9 | Yolo Northwest Base 334 38 38-7Ix 073 4+ o003 38714 — ‘259 38°455

Probable error of a single observation of a direction (D). and R.) =X 0//"67.

Monticello, Yolo County, California, September 23 to October 19, 1SS0. 5o-centimetre theodolite,
No. 115. G. Davidson, observer.

< I 144 77 e 77 144 27

20 | Mount Helena _ O 00 0O0'WOD =052 —'003 597997 +°I21 00118

Marysville Butte 116 50 54208 ‘073 + 036 54244

Pine Hill ' 175 09 43409 033 +cob 43 415
15 | Yolo Northwest Base 175 30 36288 05T a0y 36288 —0So 36208
16 | Yolo Southeast Base © 202 42 51°850 ‘0S4 —roor 51840 09 51°'940
17 Vaca 252 48 57254 kb — 026 57228 —oy7 577151
& Mount Diablo 253 17 07113 ‘07 —'o4I  ©o7'072 —'I37 ©6°935
19 | Mount Tamalpais 202 27 4I°I05 062 - 03g 410144 4+ ob2 417206

Probable error of a single observation of a direction (2, and R.) ==+0"/'51.
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS
FORMING THE YOLO BASE NET. 1876, 1880, 1552, 1534, 1891-92—continued.

Mount Diablo, Contra Costa County, California. June 25 to September S, 1876. 50-centimetre
theodolite, No. 5. G: Davidson, C. Rockwell, and W. Eimbeck, observers. November 14 to
December 29, 18S4. 50-centimetre theodolite, No. 115. R. A. Marr, observer. (G. Davidson, chief
of party.) June 2S to July 1g, 1892. 50-centimetre theodolite, No. 115. G. Davidson, observer,

Correc-

tion. ] station adjustment. prgrl;glgle sea level, SECONds ogrist o U '?;“fll_“a'
° ment.
o 7 144 7 124 17 réd 144

22 | Mount Helena 0 00 oo'o00 =066 —0S2 59918 — 645 597273

23 | Monticello ’ 20 03 30643 '0gn — 032 30617 — 102 30°509

24 | Vaca 20 19 59°505 ngS  —o24 597481 4319 59°S00
Azimuth Mark (Clayton) 25 49 177204 {L 2?:} — 010 I17°'194

25 | Yolo Northwest Base 35 39 09129 * 115 w00 09129 -4 0S6 g 215
Marysville Butte .35 jo 30851 094+ oo5 30586

26 | Yolo Southeast Base 43 24 207921 #1106 000 207921 © 52 21445
Mount Lola 73 0b  31°834 98q 4 1S3 2019
Pine Hill 76 14 0052 106 4043 00567
Round Top 97 32 O 551 ‘107 4+ 181 Q4732
Mount Conness 122 21 107679 tob2 4029 107708
Maocho 1850 16 12°207 I .I{'l oS0 12127

: 4 ob2f

Loma Prieta 211 22 06°40d #0841 —rorr 067393
Sierra Morena 249 39 "S558 #0g92 4-'046. 39°90d

21 | Mount Tamalpais 310 12 09226 ‘c9g5 — 008 09218 — o047 09°ITI
Ross Mountain 339 oS 13°637 ¥:087 —o42  13°595

! Mean  —+ 023
Probable error of a single observation of a direction (1. and R.) = %= o’/72,

Mount Helena, Napa County, California. September 23 to November 26, 1876, s0-centimetre
theodolite, No. 5. G. Davidson, W. Eimbeck, observers. August 14 to August 21, 15¢g1. 30-
" ‘centimetre theodolite, No. 115. E. F. Dickins, observer.

L] /’ ’7 144 173

77 Vs 144

29 | Mount Diablo 0 00 odooo =058 — 973 59'927 4183 O0'IIO
.30 | Mount Tamalpais 33 43 57°142 ‘o71 —ood 57035 4303 57441

Ross Mountain 102 52 47°356 <4032 477388

Cold Spring 153 oS 42°324 — a5 42°279

Mount Sanhedrin. 193 02 53251 — 08y 537162

Snow Mountain West 208 09 II°'5IL — 038 1I°473

Snow Mountain East 208 37 44°912 059 .

Azimuth Mark (Woods) 225 16 49°643 052 007 49650 (49 *618)

Marysville Butte 265 3l I4°523 078 fre42 11°565

Mount Lola . 281 54 43°34r1 83 4o 43451

Pine Hill . 303 14 107250 ‘oS3 oo 107284

Round Top 305 1S 417177 ‘074 A4 ons 410182
27 | Monticello 306 46 16°071I 076 —002 167069 4008 16°077
28 | Vaca 340 03 44142 ‘113 —rods 44097 — 621 37476

Mean — o032
Probable error of a single observation of a direction (D, and R.) = + ¢//62.

*The directions marked hy a * depend on the probable error & 0”'074 of the azimnth mark during the second
occupation. :
1 The directions marked by a t depend on the probable error + o' 962 of Mocho during the third occupation.
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS
FORMING THE.YOLO BASE NET. 1576, 1850, 1582, 1854, 1Sg1-02-—completed.

Mount Tamalpais, Marin County, California, August 24 to October g, 1852, - so-centimetre theodolite,
' No. 115. G. Davidson, observer.

i Correc- : .
No. of Resulting directions Al:l?;?é“' Reduction p.ciie, tions from Fé'l:':llssﬁf'
direc- Ohjects observed., from rabable t <:c ond sg base-net trianguli.
tion. station adjustment. pe-rror'f sea level, > adjust- tion ¥
' ment, '
o . 7’ 4 77 7 Véd 77
34 | Mount Diablo 0 00 0o0woo 053 —OII 597959 - 277 00266
Mocho 23 47 56°302 063 — 071 56 ‘231
Sierra Morena 6I 37 29°923 076 — 037 29586
Ross Mountain 230 31 25-9j0 ogo  — o33  25So7
31 | Mount Helena 263 3I 35073 0% — b 35 ‘obg -+ 054 35°123
32 | Monticelle ' 289 o1 42-852 ‘072 4045 42 °Sg97 048 427915
33 Vaca 307 25 02°177 062  +-045 o2'225 — 380 or1°S45
Probable error of a single observation of a direction.(. and R.) = = 0"""54.
FIGURE ADJUSTMENT,
OQbservalion equations.®
No.

I|o=—0oS81d+ (4)— (3)+(16)—(15)+ (8)— (5)

2 [o=+o03+ (3)— (2)+ (10) —(14) + (17) — (16)
3lo=—1041+ (4)— (2)+(10)— (9)+ (7)— (5)
4|o=—0c726+ (6)— (5)+ (4)— (1)1 (26)—(25)
5lo=4o178+ (7)— (6)+(11)— (9)+ (257 — (24)
6| o=—0313+ (3)= (1)+(18) — (16) 4 (26) — (23)
7 | o=+o0071+ (19} — (17) + (14)— (12) +(33) — (32)
8 | o= — 0349+ (20) — (19) +(32) — (31) + (30) = (27)
"9 | o=+0779+ (20) — (17) + (14) — (13) + (28) — (27)

10 [ o= —2603+(24) — (22) + (29) — (28) - (13) — (11)
11 | o=+o0254 4 (22) — (21) + (34) — (31) + (30) — (29)
12 | o=+ 1046+ 1'9on A(2) —1°304 8 (3) — 0655 8 (4) + 1040 0 (5) — 3'340 8(7) +-1"400 §(8)
+ 07474 3(15) —~ 1°760 4(16) + 17286 1(17)
13 P o=—2%094+ 1904 4{1) — 12386 (2) —0'63555 (3) + 1900 (5) — 3083 7(6) + 2 144 7(7)
+ 1°416 7(24) — 6359 3(25) + 4942 6(26)
14 | o=+ 198013+ 1904 4{1) —3'209 2(2) + 1'304 8(3) + 1'760 4(16) -— 255°757 4(17) +- 256°997 0 (18)
+ 439179 2(23) — 4447121 S(24) + 4942 6(26)
15 | o=~ §S17 + 1'904 4{1) — 3°209 2(2) + 1°304 ${3) = 1°760 4(16) — 4°301 5(17) + 2'541 1(19)
+ 0760 9{21) — 5°703 5(24) + 47942 6(26) +6°333 6(32) — 7°944 4(33) + 1610 8(34)
16 | 0= —3'964 - 0760 9(21) — 5°651 5(22) + 4'920 9(24) 4- 47256 2(25) — 5S04 6(29) + 1°548 4(30)
+ 27188 6(31) — 37799 4(33) 4 1610 5(34)
17 | 0= — 12034 3'192 2(17) — 2'54T 1{16) — 0651 1{20) + 3206 5(27) — 4754 9(25) + 1'545 4(30)
+ 27185 6(31) — 6°333 6(32) + 4'145 o[ 33)

2
2

* Number of couditions in the net 17, of which 11 refer to angle and 6 to side equations; the latter are established
with g places in the logarithms, and the logarithmic differences for 1’/ are given in units of the sixth place.
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FIGURE ADJUSTMENT—continued,

Corrclate cquations.

5

g4 S
R . \
o> = Cr Cao Cq Cy Cs Ce Cy . Cy Co Cio Cn
(1) 355 —1 -1
(2) 348 -1 ~1
(3) a4 -1 +t +1
(4) 304 +1 +1 +1
(s) 300 —1I -1 —1 «
B | a0 +1 -’
(7 3°31 +1 +1
(S} 3 -1
(9) 3°39 ~1 -1
{10 327 +1 +1 e . .
(11) 2’55 +1 -1
(12) 400 -1
(13) 3°92. -1 41
(14) 403 =t +1 +1
(15) a’1z -1 . .
(16) 3°57 +1 ~1 -1
(x7) 3730 +1 ~1 —r
(1) 400 +1
(19) 324 +1 —1
(20) .| 313 +t +1
(21) 3776 . -t
(22) 3°30 =1 +1
(23) 367 . -1
(24) 382 -1 +1
(25) 4°18 -1 +1 ..
(26) 3798 z +r .
(27) 344 -1 —1
{28) 4714 41 —1
(29) 3'20 +1 -1
(30) 33 +1 +1
(a1) 360 - ~1
(32) 338 -1 +1
(33 3 +r
(34) 3714 +1
o Cosrelate vguations—Continued., -
]
bhye] Ciz Cr; Uy Crs Cis (73
(1} +1oed 4 +=1ang 4 17904 4
(2} +1°960 6 —1u8a —3g 2 -39 2
{3) —1304 8 + 173048 +1234 8
4) —o°fiss 3 —~o°655 8
{5) +17g0 0 IO o s s e i e,
(6) ~47u8y 7
(N =340 9§ +20144 7
(8) +1°400 &
9)
(W) | aeve vis iieiiis iieaeaes ereras dedeere idiean
(r1)
(12}
(13)
(14)
(15} 40474 3 aaiiih s cees ee
{16) —T 760 tUTAn 4 To4rbo 4
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FIGURE ADJUSTMENT—completed.

Correlate cquations—Completed.

Cre Cr3 Ciy Cis Cis Ciy
(17 +ra86 1 —253°757 ¢ ~47301 5 431922
(18) +256 997
(19) 427540 1 — 25411
L —0°651 1
(21) +o760 9 o760 9
(22 —5°G8: 8
23) +aze°179 2
(24) +1o416 7 =444 121 S ~5'793 5 4491 a
(250 | . —&6°350 2 e ee edeieee e
(26) +d4'942 6 +4942 6 +4942 6
(20 43206 5
(25) +47256 2 —47754 9
{20) ~5%04 6
() | ..l T e e +1548 4 41548 4
(3n) 3% 42188 6
(32) +5°233 £ 36
(33 —7ad 4 —3'7949 4 F47145 0
(34) 41610 % +1610 8§
Normal equations.
Cr Cz C3 Cy Cs Cs C, Cs Cy Cra Cn
o=— oSy +19°35 — 695 + 603 + By — 698
+ otgl +z2i06  + 6775 + 698 — 733 - 7'33
— 1ty +iogs 4 By 4+ 670
- o7 H21728 — 708 4 7736
+ 0178 | canee il el e B 2 1, - 737
— 07313 42272
+ ot +2rly — 662 4+ 7033
— 03y +20°15  + 6°'S57 + H'96
+ o' +21096  — 06
Fen - Y +21°93 —~ 630
+ o°254 +20°36
Normal equations—Completed,
Crz Crz Cry Crz Crs Ciz
— oS4 - 67632 1 — 78138 + 1353 + 18353
+ ooz; — 077435 + 4351 - 8347566 7 — 47862 2 +10°534 3
— 1oyt ~2570g4 6 + 3303 + 1ndn +i51ES o
— a7 — 78136 + 177325 6 + 12853 8 +12853 8
+ o178 5§ — 107558 3 +1 Gat 545 3 +21787 4 —187 7975 e
— 0313 4+ 12'%53 8 — 5727811 +11015 5
+ ooyl — 853509 4 —21°719 3 —127310 1 4165069 o
-~ 0340 +137174 4 — 2676 3 —28'919 0
+ o077 — 42441 + S$53°890 4 +14°105 0 +17620 7 —43°287 8
= 20603 | eeeeieses + 518 —1 696°545 3 —21787 4 T 17352 4 +19°685 3
+ o5 + 27196 9 — ohg 6 — 2°A78 3
CEEE S X1 +9z2-245 9 -~ 19°637 0 ~1 135'ch5 0 —8§7°02r I 4137548 1
— 209 +378°566 7 ~2 2797339 © 4937700 5 +26°630 9
+155'013 +1 oo 41 a0k 4 +13 5127216 0 —35 348°520 & -2 725817 7
B 1 & 22 +719°565 7 4+ o9 7 —38°513 1
- 3o ' +454°246, 3 —~ 104810 1
— 1°205 ’ 44017300 2
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Resulting valucs of corvelates and of corveclions lo angular directions.

Ci =+ 0033 900 Cg¢= —o"oI1
C. + 023 593 ¢ 4. or9

Cs=-+o0-066 122

27

325 Co=-+0"163 516
358 Cu + 036 790
¢, 4 -oro 217 C: + ‘009 930 C. -+ ‘o017 3565 2
C, 4 ‘o043 760 Co=+0"039 218 Ciy=-o0'000 276 1

144

144

(1)=-+4+o0"020 6 (10)=+o0'110 6 (19)=+o0"06I 5

(2 — 2199 (1x) — 346 8 (20) 4+ c1210
(3) — o639 (12} — o776 (21 — o471
(4 + 2316 (13) + 4881 (22) — 644 6
(s) — 1598 (1) + ‘11 (23) — r1or $
(6) — o822 (15) — o798 (24) + 3187

(7)  + o6o 4 (16) + -oor

I

(25) 4 o%6 1

% + 1978 (17) — 0773 (26)=+0"523 6
‘(9)=—0"258 8 (18)=—o0"136 8

124

- = of the { corrections 3316

Z of the — corrections 3 295

Also [ prv] =o0'6245

— [wC]=o0"6249

C,y=-—0"000 0SS g67
Cis -+ 019 867 4
Cws 4+ 012020 3
Cyy =+ 0016 115 3

14

(27) =+o0-008 3

(28) — -62r 3
(29) + 1832
(30) + ‘3034
(31) -+ 0835
(32} + o484
(33) — 3%
(3¢)=+0276 8

Mean error of a dircction of unit weight m, = J [pve] = +0o'"'192, where z =
n

number of conditional equations; the average weight of a direction is 0'285: hence
m =m,|Jp ==0"36 and the mean error of an observed angle = m 3= 4 0""51;

also the probable error of the same = 0" 34.

of the Survey for 1885.)

(Cf. Appendix No. g— Annual Report

TRIANGLES OF THE YOLO BASE NET, CALIFORNIA, 1576-1S92.

No. Stations. Observed angles.
(] ’ 77
Vaca 25 21 21287

1{ Yolo N.W.Base 47 20 34°196
Yolo S.E.Base 107 1S 04°749

00232
Monticello 27 12 15°561
2 { Volo N.W.Base 103 42 21°3g92
Yolo S. E. Base 49 o5 23°380

00°433

Vaca 71 41 15°803

3 1 Monticello 50 o6 05°379
Yolo S.E.Base 58 12 41269

02 451

Spher-  Spher-

rec- <
Ct?;nesc ical ical
) angle. excess.
77 14 144

40369 21 *656 0424
+4-0-220 34416 0°424
40452 05 201 0°425

1°273
“+o-171 15732 0416
+0°343 21°'740 07415
+o0°295 23775 0°'416

1°247.

—0'031 15 772 o ‘So2

—0 168 05 "211 0-803”

4-0-156 41 °425 0 8o3

2 oS

Distances
in metres.

Log s.
47242 703 19 17 486°512
4°477 552 13 30 029778
4°590 907 73 38 98591

4°242 703 19 17 486°'512
4570 085 o1 37 160°S0
4°461 oo1 97 28 9o6°93

4°570 085 o1 37 16030
4477 552 12 30 029°78
4'522 072 61 33 271°52
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TRIANGLES OF THE YOLO BASE NET, CALIFORNIA, 1876-18g2—continued.

No. Stations.
Monticello
4 ¢ Yolo N, W, Base
Vaca

Mount Diablo
Yolo N. W. Base
Yolo 8. E. Base

wn
———

Mount Diablo
Vaca
“Yolo N. \V. Base

(=)
——

Mount Diablo
7 ¢ Vaca
Yolo S. E. Base

Mount Diablo
Monticello
Yolo N. W, Base

e ey

Mount Diablo
Monticello
Yolo S. E. Base

10 { Monticello

Vaca

Mount Helena

11 { "Monticello

[ Mount Diablo

Vaca

[ Mount Diablo
Mount Helena
l Vaca -

Observed angles.

o I 77

47 "196
54 °516

02652
1T *792
24632
24 "200

20
135

o4
10

00 624
09 ‘643
44954
09 "564

18
134
27

19
24
16

01196
21 °440
23 °697
197431

23 o4
3
52

o5

o

04
38"
46 30775
56"

[+2]

1

~ ~I
L

06 "062

106

59 214
28 ‘028
ox 769
33095

03 'Sg2
" 59°563
15 830
47 "405

02795

20°g0 |

Correc-
tions,
I44
=40 003
a2y

—0 400

—+o 437
‘078
t211

“+o

457
241

420
0bo
488

‘630
198

-+o0°963
+o0 '8os
+0835

~1

-3

Spher-
ical
angle,

77
207943
47
54

*ana

‘116

12
24
24411

229
710

09 415
44 896
09 '707

21 ‘645

50935
147995
60 636

290
783
"9SS

"398
967
748

‘526
635

48 240

<

Q
3

7

Spher-
ical
excess,

7”7
0794
0°794
0794

2382
Q450
0450
0450

1 350
17339
1°340
17339

4018
1365
1°365
1365

T

095
2°154
27154
2°155

6463
2189
2139
2188

6 '566

0021 O
6021 O
0020 O

0062 O
1038
1°037
1038

3113
1 *Sco
1 Soo
I “Sot

5401

Log s.

4°590 907
4°522 072
4461 001

73
61

97

4242 703 19
4859 908 79
4947 451 15

4590 9o7
4947 451
4754 580

73

63

12
79

4°477 552
4859 go8
4754 580

4°461 oor
4°947 451 14
4954 725 45

4°570 085 o1
4859 908 73
4'954 725 45

072 61
550 63
725 45

4522
47754
47954

o072 61
757 S3

334 73

757 83
550 63

332 46

4762
4754
5°'032

97

Distances
in metres.

35 985 ‘91
33 271°52
28 906 g3

17 456 ‘512
72 42838
88 603 "56

38 98591
S8 603 56
56 83039

029 °
4283
83039

906 °93
603 °56
100 "14

160 °
‘14

~I
~

2 423
100

8

(2]
(]

271 °52
830°39
10014

‘52
57

57
56
107

91057
83039

728 'g6
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TRIANGLES OF THE VOLO BASE NE:I‘, CALIFORNIA, 1876-1S92—continued.

Spher-  Spher-

N cerved anoles  COTTECH Distances
No. Stations. Ob.ser\ ed angles. tions, allxcgallc-: . \l.fzilss Log s. in metres,
(] / 77 174 44 144
Mount Diablo 20 03 30693 | 10543 31°236 2817 4°586 334 73 38 57756
13 { Mount Helena 53 13 437858 | Ho-175 44°033 2817 4954 725 45 GO 100°14
Monticello 106 42 527925 | 40°258 53183 2818 5032 332 46 107 72896
07 '476 §r452
Mount Tamalpais 18 23 19'328 | —0°429 15 S99 1 ‘607 4°'522 o72 61 33 271°52
14 { Monticello ' 39 38 437916 | +o-139 44 '055 I ‘607 4'S27 980 oS 67 29458
Vaca 121. 58 017649 | H0r219 o1 ‘868 1 °'608 4°951 716 47 S9 47504
] o4 ‘893 4822
Mount Tamalpais 25 30 07828 | —0 005 07 ‘523 2 ‘699 4°5%6 334 73 38 57756
15 { Mount Helena 86 57 417069 | 40295 41 °364 2700 4°'95I 716 47 Sg 475°04
Monticello 67 32 18-S53 | +o0059 18912 2 *700 4°91S 061 79  S2 Sob oo
07 '759 8099
Mount Tamalpais 43 53 27°156 | —0°434 26 722 3269 4°762 757 83 57 910°57
16 { Mount Helena 53 40 T3°'041 | +o0-925 13'966- 3269 4°827 980 08 67 20458
Vaca 82 26 28-554 | +0°566 29 °120 3270 4°91S ¢61 So Sz Sob oo
o8 751 9 'So0S
Mount Diablo 49 47 50°700 | —0°597 50°103 4192 4°918 061 79 82 806-00
17 { Mount Tamalpais 96 25 24°920 | 40223 25 143 4°193 5032 332 46 107 72596
Mount Helena 33 43 57211 | 40120 57 "331 4192 4°779 637 67 60 205°71
12831 12°577
Mount Diablo 69 ST 21°393 | —0'054 21 "339 4310 ‘4951 716 47  S9 475 °'04
18 { Mount Tamalpais 70 58 17°092 | +or229 17321 4°310 4°954 725 44 9O I00°I4
Monticello 39 10 34-072| +0-198 34 °270 4°310 47779 637 67 60 205°7¢
I2°557 12°g30
Mount Diablo 70 07 S50°263 | +0°366 50629 2724 4827 gSo 08 67 294°58
19 { Mount Tamalpais 52 34 57764 | -+0°657 58 *421 2723 4°754 580 63 56 830°39
Vaca 57 17 18851 | 40269 19°120 2723 47779 637 68 60 20571
a6 ‘S78 . S-170

" 18732—No. 4—9
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PROBABLE ERRORS.

Delermination of the probable errors of the length of the sides common to the net and the adjacent
chains of lriangulation.

- For the side Mount Helena to Mount Diablo we make use of the expression— *

Mount Helena to Mount Diablo _  sin (2 — 1) sin (7 — 5) sin.(13 — 11)
+Yolo Base ~_sin (10 — 9) sin (26 — 24) sin (29 — 28)

hence the function

F=1log sin (2 —1)+log sin (7—5)+ log sin (13 — 11) —log sin (10— 9) — log sin (26 — 24)
— log sin (29 — 28) '

Establishing and solving the transfer equations, we find for the reciprocal of the
weight -}z 74°469; also the mean error mr and the probable error »s, both expressed
in units of the sixth place of decimals in the logarithm, viz: =+ 1'654 and = 1°116,
respectively; hence log. distance Mount Helena to Mount Diablo 5'032 332 46 and the

+* 1116
distance 107 728'96 metres. The probable error corresponds to about 3y3'szy part of
+ o277 .
the length. To this must be added the proportional error depending upon that of the

107 729

17 486

of side Mount Helena to Mount Diablo {(0'277)* + (0100 ) = = 0'295 metre.
For the side Mount Tamalpais to Mount Diablo we use the expression—

base measure, viz: 0'016 3 K = = 0"100 metre; hence probable error of length

Mount Tamalpais to Mount Diablo __ sin (7 — 5) sin (2 — 1) sin (12 — 11)
: Yolo Base ~ sin (10 — 9) sin (26 — 24) sin (34 — 33)

hence the function

F=1log sin (7 —5)+ log sin (2— 1)+ log sin (12— 11) — log sin (10— 9) — log sin (26 — 24)
— log sin (34 — 33)

Establishing and solving the transfer equations, we get ﬁz 89°796; also

my= == 1817 and rp = == 1°225; hence log. distance Mount Tamalpais to Mount Diablo

4779 637 68 and distance 60 205°71 metres. The probable error is about 'yyy'gey part
* 122 + o1y

of the length. Combining with this the proportional error arising from the base

. : 60 206
measure, or 0016 3 X %4_;6 = == 0'056 metre, we have probable error of length of

side Mount Tamalpais to Mount Diablo J(0'177* + (0°056)° = == 0°18 metre.

GENERAIL DESCRIPTION OF STATIONS FORMING THE YOLO BASE NET, CALIFORNIA,

Yolo Southeast Base, Yolo County: established in 1876 by G. Davidson. This
station is situated in the northwest quarter of section 19, township 8 north, range 2 east,
Diablo meridian, 3% miles west and 1% miles south of Davisville and about 25 metres
from the left bank of Putah Creek. ‘The geodetic point is marked as follows: The sub-

* Appendix No. g, Report for 18Ss.
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surface mark is a fine needle hole in a German-silver plug inserted in a copper bolt in
thé top of a granite block 35 inches long by 20 inches square at the base and dressed to
.12 inches square at the top and having the letters U.S.C.G.S. deeply cut on it. The
top of the block is 434 feet below the surface and a glass hemisphere is placed over the
copper bolt. ‘The surface mark is a fine needle hole in a copper bolt set inlead 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
and 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 33 feet above the
ground and capped with a granite slab, 40 inches square by 8 inches thick with a 11
inch hole in the center. Charcoal and charcoal dust were mixed with the earth in
filling in around the subsurface part of the structure.

Four reference marks were set, consisting of granite blocks 1 foot square and
14 feet high, with copper bolts and drill holes on thetop. ‘They were incased in brick-
work with their tops 18 inches below the surface. T'wo were set in line to Northwest
Base at distances of 18 feet 117 inches and 327 feet 10 inches from the center and two
in line at right angles thereto eastwardly at distancesof 2o feet five-eighths inch and 328
feet 5% inches from the center.

Yolo Northwest Base, Yolo County; established in 1876 by G. Davidson. This
station is situated in the extreme southeast corner of the southeast quarter of section 28,
township 10 north, range 1 east, Diablo meridian, 423 miles west of the railroad passing
through woodland, and immediately on the north 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 exception that the hollow brick pier was carried to a height of only about 12
feet above the surface, and the letters N.W. were substituted for S.E. on the granite
blocks. No reference marks were established.

Vaca, Solano County; established in 1876 by W. Eimbeck. This station is situated
in the southern part of section g, township 6 north, range 2 west of the Diablo meridian,
on the dividing ridge between Solano and Napa counties, about 7 miles a little north of .
west from Vacaville. ‘The mountain slopes gently to the eastward, but is much more
precipitous on the western slope. ‘The station can, however, be approached from either
side. Mr. A. J. Raney, living in 1880 at Gordon Valley, to the ‘westward of the
mountain, is referred to as knowing the Iocality well. The underground mark is a
soda-water bottle filled with sand, buried neck upward; the top is 118 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 havinga
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° o2’ east (true), distant 15°g metres, and zenith telescope pier sonth
58° 42’ east (true), distant 72°1 feet from the geodetic point.

Monticello, Yolo County; established in 1876 by W. Eimbeck. This statlon is
situated in the extreme northeast corner of* section 4, township g north, range 3 west of



132 UNITED STATES COAST AND GEODETIC SURVEY,

- the Diablo meridian, on the highest summit of the mountain range lying between the
Sacramento and Berryessa valleys, about 5 miles northward from the town of Monticello
in the lower portion of Berryessa Valley. It may be most readily approached from this

town, from which it is visible. Its location is well known to the people of the neigh--

borhood. The lower underground mark is a loaded metallic cartridge placed ball
-downward in a half inch. hole, 124 inches deep, drilled in the bottom of a 6-inch round
Tole 1 foot deep excavated in the sandstone rock, the top of the cartridge being 2-5 feet
below the surface. Over this was placed a stone about 4 inches square and 1 foot long,
with a copper bolt in the top, its top being 1°1 feét below the surface. A rough stone
foundation was laid over this and crowned with a large stone coming even with the
surface. As a surface mark a copper bolt five-eighths by 5 inches, with a silver pin in
it, was set in cement in a hole drilled in this stone. The bolt projects about one-fourth
inch above the stone. A rough stone theodolite pier was then built to a height of 3'84
feet and capped with a flat stone 32 inches square, having crosslines on it. Reference
marks are the transit pier '31°288 feet north and 37637 feet east of the station; tlie
latitude pier 317413 feet north and 8823 feet east of the station, and the vertical circle
pier bearing south 38° 17’ east (true) and distant 19786 metres from the station.
Aount Diable, Contra Costa County; established in 1852 by R. D. Cutts. Mount

Diablo is a prominent and well-known peak of the coast range of mountains about 2614 .

miles to the eastward of San Francisco. The station is on the highest summit, about 3
feet from the starting point for the public lands survey of California, and can be readily
approached by a graded wagon road reaching the summit (1876).

The geodetic point is marked by a cross cut on a copper bolt firmly c._emeuted ina
hole drilled into the solid rock of the mountain. Over this a brick pier was built 3 feet
3 inches above the surface (1892), and a three-fourth inch ‘copper bolt cemented in a
hole in the top, with a cross cut on it, marks the point.

The reference marks are the latitude and transit piers built of brick, distant nearly
due west 16784 feet and 171792 feet, respectively, from the geodetic point.

Alount Helena, Napa County; established in 1876 by W. Eimbeck. This station is
situated on the summit of Mount Helena, which is about 12 miles distant in a northerly
direction by wagon road and trail from Calistoga, a station on the Southern Pacific
Railroad 73 miles from San ‘Francisco. It is 7 feet 13{ inches distant in a southeast
direction from a basaltic rock, with a large drill hole in it, marking one angle of the
boundary between Iake 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 on the top of a
copper bolt, one-half inch in diamgtei‘ by 5 inches long, set in cement in a drill hole and
projecting about one-fourth of an inch above the bed rock. Over this was erected a
brick pier for the theodolite to rest on, having a half-inch drill hole on the top to mark
the station. The reference marks 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 the
eastward, distant 58 feet 214 inches; vertical circle pier about southeast, distant 109 feet

3% inches, and the collimator pier a little west of north, distant 7 feet 74 inches from
the geodetic point.

Mount Tamalpais, Marin County; established in 1852 by R.D. Cutts. 'This station is
situated on the highest part of the peninsula north of San Francisco Bay, about ro miles
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distant from the Golden Gate, on the western and highest of three peaks on 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-marked in 1831 as follows: The underground marL 13 2
stone bottle set in concrete, neck up, 20 inches below the 'surface, around and above
which was built a solid stone and concrete pier, hexagonal in shape, 36 inches in
- diameter at the base, and battermg to 26 inches at the surface of the ground. The
surface mark is a copper bolt in an irregular shaped stone set in the middle of the pier
even with the surface, ‘The pier was continued with the same diameter (26 inches) to
a height of 53 inches above the ground, having on its top a %4-inch copper bolt with a brass
screw in center as a station mark. At a height of 24 inches above the surface another
stone bottle was set, neck up, in the solid concrete pier.

Three other concrete piers will serve as reference marks—one bearing north 76° 47°
west (tmc) distant 18°36 feet; one north 79° 48" west (true), distant 2320 feet, and
one north 5° 54’ east (true), distant 41°12 feet from the geodetic point. '

Holton Basc Linc, Indiana, 189r.
LOCATION, MEASUREMENT, AND LENGTH.

This base is located in Ripley County, southeastern Indiana, with its middle point
in latitude 39° 03’'3, and in longitude '85° 22’2 west; the azimuth at the south end is
175° 53"'S. The length of the base is 5750 kilometres or 342 statute miles nearly, and
its approximate height above the sea le\ el is 283 metres. Besides the measure of the
base by a contact-slide apparatus, test measures were made with a bar-in-ice apparatus
and also with metallic tapes. ‘The last two means as applied to the measures of length
seing new to the Survey, a full account of the apparatus and methods employed by the
observers was required, and will be found in Appendix No. §, Coast and Geodetic
Survey Report for 189z, pp. 329~503. The general charge of the measurement of the
Holton Base was with Assistant A. T. Mosman, the measures and experiments with the
bar-in-ice were conducted by Assistant R. S. Woodward, and the experiments with
metallic tapes were intrusted to Assistants Woodward and O. H. Tittmann. In conse-
quence of these several operations the party remained in the field during June, July,
August, September, and part of October.

As the result of the office computation, a report was submitted Augnst 23, 1894, by
Assistant C. A. Schott, giving in Appendix No. 5, Coast and Geodetic Survey Report
for 1894, Part 2, in'a systematic and sticcinet manner, 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 Mosman in October and November,
1890; it is on a nearly level tableland between the villages of Holton and New Marion.
The line passes over grassy soil and plowed fields, and in part through woods. At cer-
tain places and times the ground was found wet and springy. [ts elevation was obtained
by spirit-level with the line of levels from Sandy Hook, New Jersey.

The whole length of the base was measured twice with the contact-slide apparatus,
5-metre steel rods Nos. 13 and 14, once forward and once backward; two extra measures
were made of part of it. One kilometre of the base was measured four times with the
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bar-in-ice apparatus and its 5-metre 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 bage are marked b) stone monuments, in Wthh are inserted
copper bolts with cross lines on their tops The subsurface mark is a bolt in a limestone
. post. Section stones
weresetat 1°2,2°1, 3,
4, and ;5. kilometres
from South Base, also
at 3'9and 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 100-metre
line or hectometre,
and repeatedly meas-
ured withthe sameap-
paratus for the pur-
pose of testing the
combined length of

Culbertson. the 5-metre contact-
. slide barsand of stand-
Statate Miles
e — e =———— ardizing the metallic
Kilometres tapes.
= == e

Length of the 5-
) metre steel bar No.
77.—This being the bar, when immersed in melting ice, to serve for the determination
of the lengths of the rods Nos. 13 and 14, the first step taken was to find its value in
terms of the International Prototype Metre, for which latter No. 21 was selected. We
have the following 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.

. : Length of
Date. . B,; at o® C.
July, 1801 (in office vault) l 52-—11 Op==1 40

February and March, 1892 (in vault) 52— 15 "4 =0 "7
April to May, 1892 (in vault) §i—11 I S
July and August, 1592 {on field comparator south of office building) ‘ 510 —16 *6p 30 qu

Weighted Mean 5-—1 6 20 TYu*F

It was noted, however, that for Woodward and Siebert, observers, there obtained an
- effect of a personal equation which made the length 5m — 18 oM 4= 1' 3.

*When referred to the Internatinnal Metre, this probvible error mnst be increased to & 171x (Report of 139z, p. 3a1).
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Determination of the coefficient of expansion of reds Nos. 13 and 14.—Observations
were made for this purpose in the office vault by Assistant Tittmann and Mr. L. A.
Fischer, in May, 1891, with the following results:’

For rod No. 13 0000 o1 776 l
0 E T Lo the centigrade scale
14 | ©'000 oIl 714
+ 29

The length of the 5-metre contact-slide vods Nos. 13 and ry.—Four different determina-
tions weré made, two or three of which were of a confirmatory character only.

(a) Comparisons in the vault at Washington, of Nos. 13 and 14 with No. 17 in melt-
ing ice, observers Woodward and Tittmann, July, 1891 Whence

No.13= = 5. + 1 278 and No. 14 = gm + I 297K, at the temperature 22°2 C,
4 . +=3

and using for the length of No. 17 the Woodward-Siebert value.*

(b) Comparisons of the combined length or of = (13 and 14) made at the hecto-
metre line in the Holton camp, observers Woodward and Siebert ( July to October, 1891).
Twelve measures of this line were made with No. 17 and twenty-one, by Mr. Tittmann,
with the rods Nos. 13 and 14 under a variety of conditions. Whence we get

= (13 + 14) = 10m+ 2°608mm at 22°2 C,
+5

(c) Comparisons of & (13- 14) at north end hectometre of the Holton Base,
Four measures were had with No. 17 and thirteen measures with the two rods, in
September, 1891, Whence we get

2 (134 14) = 1om + 2:609mm at 22°2 C.
+=6

(d) Comparison of the = ( 13+ 14) at the Holton Base kilometre 3°9 to 4°9. This
distance was measured 4 times with No. 17 and 6 times with the rods in August and
September, 1891. Whence we have for the above temperature

2 (134 14) = 10m + 2°618mm.
: =  5Q)
The value finally adopted is ;

1047 + 2*610Mmm at 22°°2 C,
x5

The measurement of the base.—The measurement of the base proper with rods Nos,
13 and 14 was made between July 28 and August 13, 1891, Assistant Tittmaun being
aided by Mr. J. F. Hayford and part of the time by Prof. J. H. Gore. Special measures
were continued up to October 6. Pages 110 to 114 of the Coast and Geodetic Survey
Report for 1894 (part 2) give all needful information respecting the results in 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 joining these rods, their combined length must be increased by 0’030 millimetre for slant of knife-edges.
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Section of base.  Eorverd Bacomrd Diflr
7, ’ . mm.
S. Base to 66th bar 330'002 4 330°001 S 406
66 139 364946 2 364943 9 +2-3
139 240 505 ‘075 S 505 ‘077 2 —1y
240 420 899 °964 5 899 'g68 4 -39
420 600 900 '063 9 900 ‘063 6 +o-3
T 600 7% 9o0 "018 7 900 '021 4 —2°7
750 So | 999959 99°994 2
730 Soo 993 4 991 7
Mean. ‘994 6 993 © “+1°6
(800)  (875) (374874 7 3747875 I (—o0-4)
(875) {gS0) (525128 1 525125 4) (+2°7)
Sum. go0 '002 S 900 "000 5 +2°3
Soo 980 900004 9 900 '00T 7 +32
Mean, goo ‘003 S 9oo oI L 427
gS0 I oo . 997945 I 99°946 0 —0°9
1000toN.Base | 5007799 4  500°799 4 0o
= 5 500814 4 5 500815 8 —I4
Mean 5 500815 1 '

The above tabular results when further condensed become as follows:

Bar number. Igipgg::r Length. Forward. Backward. ngfer'
. mm. min. mm.

S.B. to 240 240 I 200 + 244 + 2279 +1°5
240 420 1S0 900 | — 35°5 — 316 -39
420 600 150 900 + 639 + 636 403
600 730 . IS0 ) + 187 + 214 —27
780 930 200 1 000 — 15 — 60 +4°5
950 N.B. 120 600, 47445 47454 —o0'9
] 5 500 +8145 +815°7 —172

This difference for the space 750 to ¢So is derived from the several measures
involved.

The length of the base, 5 500'815 metres, given above is yet to be corrected for the
small change made in the length of the combined rods, viz: — 550 X o'or millimetres
or — 5°5 millimetres. We may also substitute the length of the base kilometre as
derived from the bar-in-ice apparatus (9gg-gg6 6 metres) for the value derived from
the rod measures (999996 S): whence the length of the base, 5 500°80g metres.

For the reduction to the sea level, Mr. Siebert connected bench mark LXVII of the
transcontinental line of spirit levels with North Base and the base:-line levels. ‘The north
end was found 2743 metres above the southern end and the average level 4°jo1 metres -
above the latter. We have height of North Base 28165 metres and of the average base
283'31 metres, and adding 1'16 metres for height of bars above ground, we have
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284°47 metres. From this must be subtracted o'61 metre, a correction to the line of
levels between Sandy Hook and St. Louis at mark LXVII, making the reduct1on to
sea level = — 0°245 5 metres and the length of the hase 5 5007564 metres

Probable. ervor of the measure with the contact-slide rods.

Let s, = length of first section and &; the difference of forward and backward measures,

5. = length of second section and d, the difference of forward and backward measures,
etc. ete.

s» = length of # section and d, the difference of forward and backward measures,

then the mean error of a single measure of the unit of length, here assumed one kilo-
metre, »2, = \/ I:‘{d:l and the mean error of a double measure l:d‘i:l
2n )

the probable error of a double measure of length L becomea r=06745 \/ [‘MJ
4n
We get

m,= == 2°01 millimetres and » = == 224 millimetres.

The probable error of =2 (134 14) has been estimated at & 0°oo5° millimetre, and
since there'are 550 double bars, the error arising from this source is =+ 2°75 millimetres.
The question of the relative temperature of the rods (axes) and the attached thermometers
was inquired into, but the relation was too uncertain to admit of a general deduction.
Whatever error may arise from this cause is included in the above value of . Any
error in the correction of the thermometers would be felt as a constant, and supposing
it to be 2= 0% 03 C. the effect on the base would be £ 1°94 millimetres. An uncertainty
in the height of the base of &= 0'G metre would produce an error of - 0'53 millimetre,
Combining these four probable errors, we find for the base == 4°1 millimetres or about
155509y of the length.*

At the south end the triangulation station was 6 millimetres inside the line as
marked by the monument. As a side of the triangulation, therefore, we have
5 500°558 metres and its logarithm 3740 406 8. '

+= 4 .ox=3 .

As already stated, certain experimental work undertaken at the Holton Base had
for its object the inquiry into the practicability of applying long metallic tapes or wires
for the measurement of principal base lines. The practical methods applied and the
apparatus used, as well as the theory of such measures, are given in Appendix No. §,
Coast and Geodetic Survey Report for 1892, Chapter IV, pp. 413—490, and it will here
suffice to exhibit the differences in length resulting from certain measures by bars and
tapes. A condensed account of the facts brought out will be found in Coast and Geo-
detic Survey Report for 1894, part 2, pp. 114-116. At Holton two 1oo-metre steel
tapes, supported generally at intervals of 1o metres, were standardized at the camp
hectometre under given tension and temperature, and were subsequently used on the
base itself. It was thought that whatever advantage and disadvantage a tape measure
may have over a bar measure could here be realized; it is evident that’ the main
advantage of .the tape lies in its long unit of length and the ease with which measures
of a line can be repeated when once the ground has been prepared. But to secure

#*For final result see further on.
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these advantages a standard length must be provided for by othér means (i. e., bar
‘measures) and the ground must be suitable for the driving of stakeés and maintaining
their horizontal and vertical alignment. The main uncertainty in the results from tape
measures lies in the difficulty of kuowing the temperature of the tapes under various
atmospheric conditions during the day as well as dunng the night; hence what we
have to fear are constant errors due to this cause,

Three measures by Assistant Woodward in August aind October, 1891, with the

..

. m. :
bar-in-ice No. 17 gave the length of the camp hectometre /A, = 100039 16

oI

The same distance was gone over 77 times between August 6 and October 9, 1891,
with tape No. 85, and S5 times between August 1 and October g with tape No. 88,
the temperature during these measures ranging between 32°°1 C. and 3°'5 C. The
resulting lengths of the tapes were: :
mamn,
7, = IOOnOo 50417094 7 ¢

7, = 100'005 95+ 1091 4 £

with the probable error of a sing/e measure of the length of the tape No. 85, +=o0'17
millimetre and of the tape No. 88, 3= 0’22 millimetre. The standard lengths of the

tapes being known, 3o measures of the base kilometre were made and compared with
m. wem. mn.

the supposed true length A"= 1 000 — 374 2= 0'4, viz:

. ~ Error of
DS Timeof dey or mght, Mool meseare
true value.
hom.  Rlm i,
Sept. 8 525to 7 12 pom. 3 + 32
23 627 932 4 — 30
30 633 755 2 — 034
Oct I 6 50 S o7 2 — 06
2 6 48 7 55 2 + =270
3 256 438 4 — 46
7 10 02 TI 3T a.m. 5 — 100 *
§ 744 95Spm 5 — o4

The day measures are considerably in error, while the night measures appear fairly
correct.

The following table exlnblts a c.omparxbon between the results of the bar and tape
measures of the length for the several sections of the base. Two sets of results are
given for the tape measures, one depending solely on night (after sundown) measures,
the other depending on night and day measures and after a certain correction had been
applied for the case of insolation. Some results of August 27 and 28 and all of September
4 were rejected. .
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Bar minus

Sectign of base line. u;I:z:)s.uctis. L::é%i%‘n?f Liiﬂ:%_gé;ti‘n_gt‘l%is It‘ig?]t

, . . measures.
m. mim. mul. . mm.
South Base to 1 -2 km. 7. I 2004 23°6 4 300 .4 300 — 67
12 km, 271 km. I goo— 336 . — 300 — 302 — a6
21 km. 30 kni. iy goo+ 63 S + 677 + 654 — 39
3okm. ' 3°9 km.. 6 goo+ 200 + 170 + 1674 + 30
39 km. 4°9 km. 30 1 000— 3°8 — 36 — 372 — o0°2
4°9 km. North Base. (12 and 7) 6004745 O 47509 475070 — 579
Sum ' 5 5004-S15 'o 5 500 5 500 —17°D

' : 48320 +828 4

From 46 tape measures, covering 6 sections of the base, the observer deduces the
probable error of a measure (of a single tape) = 055 millimetre, and that of the single
measure of a kilometre =4 1'74 millimetres, which equals nearly g7¢557 part of the
length ; yet the length of the base from the bar and tape measures differs 17 millimetres,*
that is, by its'ggstypw part. ‘The observer assigns == 3°68 millimetres for the probable’
error of the base from tape measures. ‘The reduction to sea level for the tape measures
is — 0°245 o metre and the length of the base is 5 500°'557 metres.

We may take the simple mean or } (5 500'564+ 5 500°587) or 5 500°576 =77
millimetres, where the probable error appears largely increased in consequence of the

above discrepancy between the bar and tape’results; it is about y77 357 part of the
length.

Length of base between monuments 5 500°576 and its logarithm 3°740 408 17

+= 4 + 32
Length of base as side of triangle 5 500°570 and its logarithm 3740 407 70
+=. 4 o= 32

ABSTRACT OF RESULTING HORIZONTAIL DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS
. FORMING THE HOLTON BASE NET, 18S9-go.

Holton North Base, Ripley County, Indiana. November 13 to November 18, 1Sg0. 3c-centimetre
theodolite, No. 118. Telescope above ground 30°94 metres. A. T. Mosman and W. B. Fairfield,

observers.
No of . Resulting direc- Approximate Corrections Final seconds
di °t9 Objects observed. tions from station probable from hase-net in
irection. adjustment. error., adjustment. triangulation.
o ’ 124 77 V4 (44
24 Glasgow ~ . 0 00 0Q0°00 +012 —0°35 59 ‘65
25 Correct ' 66 03 33°34 ‘10 +o-18 33752
26 Holton South Base 109 00 45 °4I "I “+o-16 .45°57
27 Greeni 215 -36 23°49 ‘19 000 2349

Probable error of a single observation of a direction (D. and 2.) = x=0//"70.

#And 23 millimetres as finally given.
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OESERVED AND ADJUSTED, AT THE STATIONS
FORMING THE HOLTON BASE NET, 1589-go-—continued.

Holton South Base, Ripley County, Indiana. November 6 to November 12, 1S8go. 30-centimetre
theodolite, No. 118, Telescope above ground 30-9f metres, A. T. Mosman and W. B. Fairfield,

ohservers.

No. of i . Resulting direc- Approximate .Correclions Final seconds

direction Objects observed. tions t:n::m station probatile from base-net o in
" . adjustment. error, adjustment. triangulation.

. o 7 ’2 14 7’ : o

21 Holton North Base 0 0 00'c0  +0°II —0-°13 5957

22 Glasgow . : 40 32 07°5I R - I —0°16 0735

23 Correct : 106 58 54°57 ‘12 4014 5471

20 | Green ) 308 26 09"05 17 . “4o-°15 09 "20

Probable error of a single observation of a direction (. and R.) = = 0//-68.

Mud Lick, Jefferson County, Indiana. August 29 to September 1, 15g0. 3o-c'entimetre thecdolite,
No. 118. A. T. Mosman and W. B. Fairfield, observers.

o 4 ’” 144 L4 144
29 Correct . o o0 o0°Co +0°14 +o-47 o047
30" Culbertson 71 51 23722 IX —0'19 2303
25 Stout 247 58 54769 1T —o0 28 5441

Probable error of a:singlé observation of a direction (/2. and R.) =0’/ 72.

Reizin, Ripley County, Indiana. September 21 to September 28, 1859. 30-centimetre theodolite,
No. 118. Telescope above ground 35°5t metres. A. T. Mosman, observer.

| -4 1 ’ ’r . 44
3 Glasgow : 0 00 00°00  ==0°Ij —0°14 5986
Tanner 161 59 13794 13
Stow ) 215 26 34°50 12
I Culbertson 255 56 07°78 ‘T4 —a’I5 o7 *63
2 Correct 318 50 47°95 ‘12 4029 48 24

Prohable error of a single observation of a direction (0. and R.) = £ 0//'79.

Culbertson, Switzerland County, Indiana. June 7 to June 19, 1Sgo. 30-centimetre theodolite, No. 118
Telescope above ground 35°SI metres. W. B, Fairfield, observer.

o 7/ 1% 77 V4 144
6 Reizin o 00 00°00 +0 08 —042 59°55
Stow 71 44 14742 ‘1L
Dry Ridge - gh 4I 06°-92 ‘T3
4 Mud Lick 265 16 5027 * ‘10 —004 T 50723
5 Correct - 328 10 57°51 10 +0°46 5797 '

Probable error of a single observation of a direction (0. and R.) = +=0"/"64.
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS
FORMING THE HOLTON BASE NET, 13S9-go—continued.

Glasgow, Ripley Count_v, Indiana. June 24 to July 1, November 21 to November 23, 1Sg0. jo-centi- .
metre theodolite, No. 11S. Telescope ahove ground 35'S1 metres. A. T. Mosman and W, B,
Fairfield, observers. )

No. of - Resulting direc- - Approximate Corrections  Final seconds
1 °'t-° Objects observed. tions from station probaldie  from base-net in
direction. . adjustinent. error. adjustment,  triangulation.

. o 7 ’ z7 ’” .
15 Reizin ' O 00 0000 +o0'1r . —0°33 59 67
16 Correct - 58 15 =27°56 ?2 ~+o-5r1 25 07
17 Holton South Base 101 36 56°I5 ¥ —007 5608
18 Holton North Base 132 04 02°37 e “+o-41 0278
19 Green 154 19 34747 I3 —052 53795

Probable error of a single observation of a direction (D, and R.) = *=0/"77.
* The directions marked by a * depend on the probable error + o' 15 of **Correct'” duriug the second occupation.

Correct, Ripley County, Indiana. July 3.' to August 27, and November 25 to November 30, 18go.  30-
' centimetre theodolite, No. 118. A, T. Mosman and W, B. Fairfield, observers.

o /7 £ 77 144 Fd4

7 Glasgow o OO 0000 +0 (;: : —o23 5977
S Reizin 8o 35 719°93 ix +o-15 2008
Culbertson 165 51 3S°47 ‘15 -lo-1r1 2858

10 Mud Lick 211 o6 09°'57 B () —0°49 09 08
I Stout ’ 241 49 0223 ‘14 —+0-84 03 o7
12 Holton South Base 289 48 14°74 16% “+or22 14°96
13 Green 303 52 3377 T2 —0 I 33°36
14 Holton North Base 319 51 0537 . I6¥ —0 19 o8 18

Probable ‘error of a single ohservation of a direction (0. and R.) = &= 0’/-54.
*The directions marked by a *depend on the probable error + ¢ “150f * Glasgow " during the second occupation.

Stout, Jefferson County, Indiana. August 29 to September 13, 1890. 30-centimetre theodolite, No.
147. Telescope above ground 41°91 metres. J. B, Boutelle, observer.

< / 144 74 144 . Fes
Tripp . 0 00 0000  #£0°I3 .
36 Green 32 33 05°'72 24 “+o-14 a3 *S6
37 Correct 74 oI 21°01 20 —0°17 2084
33 Mud Lick III 17 21°59 22 “+o0 03 . 21 *62
Holman 224 28 07°'36 : ‘32
Miller 287 48 14°'96 26

Probable error of a single observation of a direction (D, and R.)= == 1//'38,
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND' ADJUSTED, AT THE STATIONS
FORMING THE HOLTON BASE NET, 1859-go—completed.

Green, Jennings- County, Indiana,

30-centimetre theodolites, Nos. 118 and 147.
telle and W. B. Fairfield, observers.

July 11 to August r4, and November 19 to November 20, 1Sgo,

Telescope ahove ground 46'79 metres. J. B, Bou-

No. of to Resnlting direc- Abproximate Corrections Final seconds
airedtion,  Objects observed. tons from station " probable: fromisenct - neitation.
-] /7 77 144 144 ’7
Tripp O 00 00°Co +0°12 '
Weed Patch 49 57 43,. ‘52 . 20
3I Glasgow 222 I3 20°'09 16 +o-15 20°24
32 Holton North Base 235 33 52°'93 22 4010 5303
33 _ | Correct . 250 or 2§°54 *20 —o'15 2539
34 Holton South Base 257 24 24718 ‘18 +o041 24°59
35 Stout ’ 326 29 45°14 20 —o0°'5I 4463
Probable error of a single observation of a direction (0. and R.) = £1//'15.
FIGURE ADJUSTMENT.
N Observation equations.*
),

o=-+o017+ (14) — (12) 4 (23) — (21) + (26) — (25)
o=+4073+ (7)—(12)+(23) — (22) + (17) — (16)
o=+013+(34) — (32) 4+ (27) — (26) 4 (21) — (20)
o=+0'50+(34) — (31) -+ (19) — (17) 4 (22) — (20)
o=+133 4 (24) — (27) +(32) — (31) 4 (19) — (18)
o=+4114 4 (33) — (31) + (19) — (16} + (71— (13)
o=—0784 (3)— (2)+ (8)— (7)+(16)—(15)
o=+o49+4 (6)— (5)4+ (9)— (8)Y+ (2)— (1)
o=+41'93+4 (37) — (36) + (35) — (33} + (13) — (11)
o=— 2254 (29) — (28) 4 (38) — (37) 4+ (11) — (10)
o=+076+ (30) — (29) + (10) — (9) 4+ (5) — (4)

o=-F4'5 —0°76(7) — 2'858(12) + 3°64(14) — 223(16) + 5'51(17) —'3°55(18) + 0'73(24) + 2°26(25)

— 2°99(26)

o= 21+ 1'g8(17) — 358(18) + 1'60(19) +0°73(24) — 1'36(26) +0°63(27) + 2°98(31) —525(32)

+2727(34)

o=-+13'9=0'76(7) —7°64(