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For the effective prosecution of a geodetic survey, it is indispensable that the latitudes and longi-

tudes of a certain number of the principal stations of the triangiilation should be obtained from astronomical

observations, independently of their values as computed from the triangulation. The great accumulation

of observed zenith distances of stars for latitudes, and of observed transits for longitudes in the geodetic

survey of India, gave rise to the conviction that the material thus laboriously collected might be utilized for

compiling a star catalogue, a conviction which has resulted in the publication of the accompanying list of

star-places for January, 1892, with the necessary constants for the reduction of their places to other epochs.

In order that the method by which the latitude and longitude observations were employed in the

construction of the catalogue may be understood, a few introductory remarks seem necessary.

To begin with the Right Ascensions. These are purely differential, that is to say they are obtained

by measurement of the difference of Right Ascension of the catalogued star and of some adjacent Nautical

Almanac star observed with it; the latter being considered for the purposes of this Catalogue as errorless.

For convenience of reference the name of the comparison Nautical Almanac star or stars thus employed is

entered in the fifth column of the Catalogue.

In determining differences of longitude in India with the help of the electric telegraph, the method

adopted as being the most direct and trustworthy was to record at both stations, by one and the same clock,

the times of transit of certain stars at intervals of from one to three minutes, arranged in groups of

eight or ten. The clock at the eastern station was employed first, and when two groups of stars had

passed, the clock at the western station was similarly used. During the passage of each group the whole

apparatus remained in statu quo, excepting only the necessary change in altitude of the transit telescope, so

that when all corrections for collimation, level, and azimuth have been made, the interval between the

transits of any two stars at either station represents the difference of their right ascensions. Each station

furnishes a record of this description. As it is obvious that only approximate star places are required when
this method is adopted, B.A.C. stars were freely used; for the differences of longitude depend solely upon
the time occupied by a star passing from the meridian of the eastern, to that of the western observer.

It was however found convenient for reasons connected with the subsequent computation, which need not

be entered into here, to introduce a Nautical Almanac star into each group ; the transit observations there-

fore furnish the difference of right ascension between this Nautical Almanac star and every other star in
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the group. It has thus most fortunately happened that this practice, which was originally introduced for

a totally different purpose, has rendered possible the determination of the Right Ascensions of nearly all

the stars used in the longitude observations.

It would be superfluous to enter into any minute details of the instruments employed, especially as

they are given at considerable length in Volumes IX, X and XV of the Account of the Operations of the Great

Trigonometrical Survey of India, suffice it to say that the transit telescopes are by Messrs. T. Cooke and Sons

of York, their effective aperture is 5 inches, and their focal length slightly over 5 feet. Their diaphragms are

wired to carry two horizontal, and twenty-five vertical, wires in tallies of five each, the mean distance be-

tween them being a
-

4 seconds of time, with a double interval between the tallies. The whole number of

vertical wires was never used, the ordinary number being eleven or fifteen, equally distributed on either side

of the central one. The collimation was adjusted by a pair of collimators, one to the north and one to the

south, and the level by reflection of the system of wires from a mercury trough, with the aid of a Bohnen-

berger eye-piece. The azimuthal deviation was in almost all cases determined by reference to a pair of

circumpolar stars, one at the upper, and the other at the lower culmination. A zenith distance not exceeding

24 south or north was laid down as a limit for the longitude stars. The transits were recorded by electricity

on a chronograph, in a way which calls for no special mention here, and it was found that the probable
error of the estimated time of a star passing one wire was about os

'O4, and consequently about o"
- oi for

the whole group of fifteen wires. A full longitude determination consisted generally of six nights' work, on

each of which the same groups with some few exceptions were employed.

In forming the Catalogue the times of transit of every star in a group, including the Nautical Almanac

comparison star, were first purified from all known sources of error, and hence the difference of the right

ascension of each star from that of the comparison star became known. The true right ascension of the

comparison star at the moment of observation was then computed from the Nautical Almanac data, and

hence the true right ascension of every observed star was obtained for that instant.

The place thus found was then corrected by the " Quantities for correcting the places of Stars
"

given

in the Nautical Almanac, to reduce it to January 1 of the year of observation, using the proper motion, for

this short interval, as given in the best catalogue available.

It was now quite simple to reduce the place to January 1, 1892 (which date is taken for the epoch

of the Catalogue) as far as precession and nutation were concerned, but it became a matter of great doubt

and difficulty to decide upon the proper motion; for in some cases the intervals between the date of ob-

servation and the epoch of the Catalogue, are so considerable, as to make it by no means an unimportant

matter what proper motion is used for bringing up the place to the latter date. It was believed that the

observations on which this Catalogue was founded were sufficiently accurate to give a reliable indication of

what proper motion a star had been endued with since it had been last observed at some standard observa-

tory ;
and to this end a sort of short history or abstract of its places, as determined from the Greenwich

Catalogues of 1860, 1864, 1872 and 1880, was compiled, among which the places found from the longitude

observations were inserted in their proper position according to date.

All these positions were then by the application of the precession and secular variation brought up
to the epoch of January 1, 1892, proper motion being entirely neglected.

An examination of these showed the movements of each star due to its proper motion for a period of

time of from twenty to thirty years, and from a consideration of these a proper motion was deduced which

seemed to involve the minimum of discrepancy in the results, assuming that the proper motion in right ascension

was proportional to the time. There seems to be in some cases evidence of this assumption being unsound,
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but the quantities involved are so minute that it would be unsafe to base any theory upon them, and the proper

motion assigned in all cases, and entered in the Catalogue, was such as to best represent the star's position on

the supposition of uniform motion in right ascension. The finally reduced right ascension on January 1, 1892,

as given in the Catalogue, is the mean of all the places found from the longitude observations brought up
with the proper motion obtained as above.

The formulae employed in computing the annual precession in right ascension and its secular varia-

tion are as follows :

Precession in seconds of time = 3-0726 + [0-1260838] sin a cot N.P.D.

Secular variation do. = [2- 1138] sin a cos a cosec3 N.P.D. -f- [3-9878]^ cos a cot N.P.D.

+ 0-00322 L'

where a is the star's right ascension in arc, and N.P.D. the north polar distance, both to the nearest second,

and p in the latter formula is the annual precession in R. A. The formula for p is deduced as follows from

that given at page 617 of Volume I of Chauvenet's "Manual of Spherical and Practical Astronomy/'
2nd edition :

p = m + n sin a cot N.P.D.r

where m = 46" -0623 + o"- 0002849 *

n = 20" 0607 o" 0000863 t

t being the number of years elapsed since 1800.

Substituting 92 for t and dividing by 15 to reduce to seconds of time, we obtain

m = 3
s

-0726

log n = 0-1260838.

The North Polar Distances were determined from zenith distance observations made with the Astrono-

mical Circles Nos. 1 and 2, Strange's Zenith Sectors Nos. 1 and 2 and in a few with Troughton and Simms'

Zenith Telescope. Detailed descriptions of the first two kinds of instruments will be found in Volume XI
of the Account of the Operations of the Great Trigonometrical Survey of India, and it will suffice to say that

each of the Astronomical Circles has an effective aperture of 3-46 inches and a focal length of 53 "84 inches

and that each of the Zenith Sectors has an effective aperture of 4 inches and a focal length of 48 5 inches.

The Zenith Telescope is of the usual pattern and has an effective aperture of 2 5 inches and a focal length of

30 inches.

The general principles on which the North Polar Distances were determined is as follows :

the latitude of each station being obtained from observations to a great number of stars, it was presumed that

the errors of stars' places cancel in the mean and that the latitude is practically correct. The observations

of zenith distances from which the latitude was determined were also accepted so that each observation gave

an equation as follows :

north polar distance = co-latitude + zenith distance

the upper and lower signs applying to stars south and north of the zenith respectively. As, however, the

Astronomical Circles gave the latitude as determined by north stars different from that as determined by
south stars, the co-latitude as determined by north stars only was used in the above equation when a north

star was under consideration and similarly for south stars.
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The North Polar Distance was thus obtained for the date of observation at a particular station: the

necessary corrections to reduce to January 1 having been already computed, were applied and the mean of

-t^t/V the results taken to represent the star's north polar distance on January 1 of a certain year as deduced

from observations at a particular station. The same procedure was applied at each station where the star

was observed, the results being the north polar distances of the star on January 1 of certain years.

The star's places were then brought up to January 1, 1892, proper motion being entirely neglected.

Just as in the case of the right ascensions, these places were examined and that value assigned to the

proper motion which seemed best to accord with the observations.

The proper motion was then applied and the mean of the results taken as the star's North Polar

Distance on January 1, 1892.

In a few cases when a star was observed with the zenith telescope, the results of the observations are

the sum of the north polar distances of that star and of another whose place was found in the English,

French or German Nautical Almanac, and taken from there as correct : the star's place was then found by

simple subtraction.

The formulae employed in computing the annual precessions in north polar distance and its secular

variation are as follows :

Precession in seconds of arc = [ i -3021751] cos

Secular variation = [i 1638] p sin a -t- [3'936oJ cos a.

The magnitudes of the stars contained in this catalogue were taken from the Greenwich Catalogues

where possible, in all other cases they are copied from the B. A. C.
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