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The present Volume of the Account of the Operations of the Great Wgonometrical Survey of India, brings to a 
close the description of the Electro-Telegraphic Operations for the determination of Differential Longitudes undertaken 
by this Survey. 

The account of previons work in this direction will be found in Volumes IX and X of the same series ; the present 
volume is chiefly a continuation of these, but it ia also in part a revision in consequence of some improvement8 in the 
methods of computing instrumental corrections, which the reader will find detailed in Part 111. 

The volume ia divided into four p a .  Part I contains six chaptera descriptive of the instrumental equipment 
and electrical apparatus, the method of observing transits, the arrangement of the observatories, the details of the 
measurement of personal equation, an explanation of the computations as arranged in tabular form, and many other 
similar matters, by a study of which i t  ia hoped that the reader may be placed in a position to follow for himself the 
observations contained in the book. These introductory chapters are to a great extent the same as those of Volumes IX 
and X, only such changes and corrections having been made in them as were required to bring them up to the standard 
of the most recent practice. 

Part I1 contains in tabular form the computations of the arcs measured during the seasons 1885-86, 1887-88, 

1889-90 and 1891-92 : they are as follows :- 
In Season 1885-86. In Season 1887-88. In Season 1889-90. In Seaaon 1891-92. 

Agra-Mooltan. Madras-Bangalore. Agra-Mooltan (revision). Calcutta-Waltair. 
Deesa-Mooltan. Bangalore-Nagarkoil. Agra-Kunrachee. WaltabJubbulpore. 
Agra-Amritsar. Madras-Nagarkoil. Agra-Kalianpur. Waltair-Madras. 
Amritsa+Mooltan. Nagarkoil-Mangalore, Kalianpur-Bombay. Waltair-Bolarum. 
Moo1 t an-Kurrachee. Madras-Mangalore. Jubbulpore-Kalianpur. Bolarum-Bombay (revision). 
Peshawar-Mooltan. Bellary-Mangalore. Mooltan-Quetta. Fyzabad-Dehra Dun. 
ArnritswPeshawar. Mangalore-Bombay. Kurrachee-Quetta. 
Dehra Dun-Amritsar. 
Dehra Dun-Agra. 
~x~er imehta l  arc at Dehra Dun. 

The last of the arcs of season 1886-86, in which both transit instruments were placed on the same meridian, and 
closely contiguous to each other, was undertaken with the view of investigating the causes of certain instrumental errors 
which are discussed in Part 111, 

Part I11 contains two chapters explanatory of the reasons which led to certain improvements in the methods of 
computing instrumental corrections, and describes some experimenta which were made on the collimation of the 
two transit instruments employed. These experiments have brought out the interesting fact that the circuit-errora which 
had previously led to much discussion, aa well as to some dissatisfaction, were in all probability due to imperfections in 
the object-glasses of the collimatorcl. However, a method of calculating the collimation-constant so as to eliminate the 
d e c t  of this imperfection has been adopted, and no uneasiness aa to ita vitiating the results need be entertained. Thia 
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part alao contains the arcs given in Volumes I X  and X recomputed on this method, but only in an abridged form, as it was con. 
sidered superfluous to reprint all the details of each star observed. The reprint contains therefore only the re-determination 
of the collimation and level-constants, and the results of each arc in the several pivot positions, with its concluded value. 

I n  Part I V  will be found the details of the simultaneous reduction of all the circuits formed by the arcs of longi- 
tude measured in India, the process of reduction is explained in Chapter I. The work is for the most part exhibited in 
tabular form, and the chapter concludes with a table giving in a synoptical form a list of the finally adopted astronomical 
values of all the Indian arcs, and a comparison with their geodetic values. The two arcs Bombay-Aden and Aden-Suez, 
though not forming part of any triangular circuit, nor entering into the final reduction, are of importance aa forming two 
of the connecting links between Greenwich and Kalianpur, and they have consequently been recomputed on the same 
system. The comparison of the geodetic and astronomical values of the arcs, as exhibited in this last table, is very in- 
teresting, but this is not the place to enter into any elaborate discussion on the evidence thus given of the necessity of 
corrections to the accepted elements of the terrestrial spheroid. Chapter I1 of this Part contains a few remarks and rough 
calculations on the general tendency of the evidence. 

As the simultaneous reduction is not a work of any great labour, it was intended originally to embrace the whole of 
Burma, and as much as possible of Baluchistan, and even Persia in the scheme. Unlike the simultaneous reduction of the whole 
principal triangulation of India, which would have been too vast a work to cope with, and which was consequently divided 
into five main figures to render i t  a t  all manageable, there is no difficulty in combining all the arcs hitherto measured, 
and many more. if necessary, into one operation. It has been hcwever considered advisable that for a time such 
purely scientzc investigations as those described in this volume should give way to more directly remunerative work, 
and as it seemed uncertain how long they might remain in abeyance, i t  waa decided to complete at  once the reduction of 
all such data as were available, rather than postpone i t  indefinitely, until the original scheme had been fully worked 
out. Although the introduction of every additional arc would theoretically have some effect on the final corrections of 
those included in the present reduction, such effect would be insignificant, and would scarcely justify any further delay in 
the computation and publication of the final results. 

At the end of the Volume are Appendices containing the calculations necessary for deducing the geodetic positions 
of the stations in Part 11, at which the observations have been made, by means of triangulation laid out for that purpose; 

also a short discussion on armature-time, and the velocity of transmission of electric signals along a telegraph-wire. Ag one 
of the chief objects of these measurements of differential longitudes is a rectification of the elements of the terrestrial 
spheroid by a comparison of the values of the several arcs as determined (1) geodetically, and (2) astronomically, it 
follows that the geodetic positions of the terminal stations of the arc8 must be above suspicion. A perfectly reliable 
triangulation connecting these stations with the principal system has been in all cases easily effected, and its errors may, 
for all p q o s e s  of the longitude operations, be considered rejectaneous. 

The origin of longitudes for the Indian Survey is the Kalianpur* Hill Station, the value for this being taken 

at  7 7 O  41' 44"-75. This has long been known to be considerably in ei-.or, but for reasons which need not.here be 
entered into, i t  has not been deemed advisable to make any change therein as yet. It was originally obtained by trian- 
gulation from the Madras Observatory, the longitude of the latter place being assumed to be 80° 17' 21". 

Now that telegraphic communication between Greenwich and Kalianpur is completed, the most direct way of 
obtaining the longitude of the latter independently of triangulation is as follows :- 

Longitude of Mokattam ... 3P 16 33!60t 
Increase for Suez ... 1 16 43'95t 

>J Aden . . . 12 25 42-20 

33 Bombay ... 27 50 0'33 
2, Kalianpur ... 4 50 2 1 - 7 5  

Longitude of K~lianpur ... 77 39 21-83 - -- 
* This is not the Kalinnpur Observatory, which stands 4G feet further to the west. 
t There values were rupplied by the late Sir C) ,  h r ~  from observationr taken in connection with tho tmnait of Venun in 1874. 



The value thw obtained is, up to the present time, the most dired and trustworthy, and is not likely to be much 
improved. It diiYers, however, considerably from the value adopted in the Indian graticule as given above, partly 
because tke triangulation connecting Madras and Kalianpur was not of very high excellence, but chiefly because the longitude 
of the Madras Observatory had been determined without the aid of the telegraph, and depended solely on observations 
of the eclipses of Jupiter's satellites, and moon-culminating stars-methods which are admittedly far inferior in p,recision to 
that afforded by the electric-telegraph. The longitude of the Madraa Observatory has been mixed up with the subject of 
Indian longitudes in a way which is likely to produce false ideas on this point, and it should be borne in mind that it has no 
more to do with the longitude of Kalianpur; the true origin of Indian geodesy, than any other station in India ; i t  was 
introduced originally by Colonel Everest as being the only place in this country where observations of absolute longitude 
with regard to Greenwich had been made. It would be better that it should be entirely left out of any discussion on this 
question in future. Its longitude, if at any time required, may be deduced as follows :- 

0 1 11 

Longitude of Bombay as above . . . 72 49 0.08 
Increase for Bolarum ... $ 42 12'02 

J> Madras . . . I 4 3  39'23 

Longitude of Madras Observatory*. . . 80 14 51 '33 

All the longitudes above given are observed differences of time (reduced to arc) as deduced by means of the telegraph ; 
they are quite independent of the elements of the terrestrial spheroid, but are not cleared from the effects of any local attrac- 
tion existing at any of the stations of observation. 

I n  previous volumes the correction to the original value of longitude of Kalianpur has been assumed as - 2" 30" 
the investigations of the present volume show it to be - 2' 22"- 92 ; but it would even now be somewhat premature to 
say definitely that this correction may be taken as h a l .  For further information on this subject the reader is referred to 
Chapters X and XI  of Volume.11. 

The whole network of longitude arcs measured and reduced in India, up to the time of publication of this volume, 
embraces 55 arcs varying in length from 148 miles to 695 miles,t connecting 25 stations, the differences of longitude ranging 
between 1 second and 44 minutes. The difference of longitude between the most eastern station, Moulmein, and the most 
western, Quetta, is zh 2m 27''61 corresponding to a distance of about 2055 miles; and the difference of latitude between 
Peshawar the most notthern and Nagarkoil the most southern station, is 25' 50: which corresponds to a distance 
of about 1815 miles. The distribution of the various stations is shown in Plate V at the end of the volume. There are 
two other arcs of inferior importance, not shown in the plate, which do not form part of the main network, viz., Vizaga- 
patam-Madras and Vizagapatam-Bellary, the station at Vizagapatam having been superseded by one at the neighbouring 
Cantonment of Waltair. 

Operations for determining differences of longitude, undertaken in the United States and Europe, and similar in 
scope and general principles to those described in this volume, appear to be liable to errors of about the same magnitude. 
The accuracy now attained is such that, though not quite equal to that of the latitude observations, it is yet quite sufficient 
t o  afford valuable evidence as to the trustworthiness of the adopted data for the elementa of the earth's figure, and the 
direction and amount of change that may hereafter have to be made in them. 

The average correction made to each of the arcs by the simultaneous reduction in Part IV is o"o~ 7 (e ow-26) 
corresponding in Indian latitudes to a distance of about 25 feet. The probable error of a determination of latitade 
is only o".04, but it should be remembered in making this comparison that there is no check upon the latitudes, such as 
is furnished by the circuit equations in the case of the longitudes. If the probable error of an arc of longitude be 
determined from the residuals only, as is done in the case of latitude, i t  is reduced to about 15 feet; it is not claimed 

* The exact point of the Madras Observatory referred to ia the centre of the present Meridian Circle, which ir believed to be 13 feet emt and 6 feet 
mrth of Colonel Lambton's origin, oids note attached to page nG, of volume XIII of the Accwnt the ~ p w ~ t i o , , , ,  cf-c. 

t These are the direct distances between tho stations ; the distances mcanured along the telegraphic lines, which in many cases are nomewhat 
circuitous, may be considerably greater. The longest line of wire wed ia between Walt& and Jubbulpore a d i a b c e  of 1176 miles, for which one inter- 
mediate translating relay was found indispensable. 
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that the work ie reliable within this narrow limit, but the fact is merely mentioned to show that the test applied to the 
former is, by reason of the circuit equations, in reality more severe than that applied to the latter. The reader will find 
a discussion on the probable errors and weights of the several arcs in Part IV. 

It may be advisable here to state, that the elements used throughout the computations of the Great Trigono- 
metrical Survey of India are those commonly known as "Everest's Consbanta, 1st set "; and although more recent 
determinations of their values have been available of late years, i t  was obviously impossible, as well as undesirable, to 
revise and correct the whole of the enormous mass of computations, that have accumulated from time to time, in accordance 
with the more modern values of the elements, more especially as even now they cannot be considered as jinally settled. 

If the reader will refer to Volume 11, Chapter X, he will h d  much interesting information on this point. The 
data for a re-determination of the earth's figure, since that chapter was written, have been vastly augmented. The principal 
triangulation and its final reduction are now complete, and the same is true of all the arcs of longitude measured up to 
the date of the publication of this volume. There remain however still a good many blanks in the scheme drawn up for 
observation of latitudes, but these are being gradually filled up, and the progress is likely to be more rapid, now that the 
officers lately employed on longitude observations are available for the former work. 

The measurements recorded in Part I1 of this volume were made by Major (now Colonel) (3. Strahan, B.E., Major 
(now Colonel) W. J. Heaviside, B.E., Captain S. G. Burrard, B.E., and Lieut. G. P. Lenox-Conyngham, R.E. The various com- 
putations have also been carried out by these officers. The descriptive chapters in Part I were written by Captain Burrard, 
on the basis of the first six Chapters in Volume IX, which were due to Lieut.-Colonel W. M. Campbell, B.E. For the des- 
criptive chapter of Part 111, and the superintendence of the recomputation of the arcs contained therein, and also for Part 
IV, I am solely responsible. I am much indebted to Babu Cally Mohun Ghose, whose previous experience in work of this 
nature was of great value, for assistance rendered in the simultaneous reduction ; and also to Mr. Peychere who has passed 
the work through the press. The index chart at the beginning and the plates at the end of the volume were engraved 
in the Head-Quarters Office of the Survey of India Department in Calcutta. 

I have much gratification in placing on record here my thanks for the ready co-operation of the Telegraph De- 
partment in this work. It was commenced in 1875, and has been carried on intermittently up to the present time, and 
on no single occasion has there been any friction between the officers of the two departments. Ready and willing aid 
has always been rendered to the Survey Officers by the Director General of Telegraphs and the officers of his department, 
without which i t  would have been impossible ever to have secured this valuable collection of data for the furtherance 
of geodetic investigation. 

G. STRAHAN, COLONEL, R.E., 

Deputy Surveym General, 

In charge Trigonometrical Surv y r .  
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CHAPTER I. 

DESCILIPTION OF THE INSTRUMENTAL EQOIPMEm; 

The Instrumental Equipment was the same with some trifling exceptions as that described in 
Volume I X  of the Account of the Operatiom of the Great Trigonometrical Survey of Indict, but for 
the sake of convenience the description as there given is now repeated with the necessary alterations. 

The Transit - Telescopes arcs, by Messrs. T. Cooke and Sons, of 'Pork, sister instruments of nearly 
identical dimensions : they are marked No. 1, and No. 2. One of these is shown in Plate I in position 
for the observation of the reflection of the wires in the mercury trough. The focal length is slightly over 5 
feet, and diameter of object-glass the whole of which is effective is 6 inches. There are two wire diaphragms, 
one of which carries a single vertical, and a pair of horizontal wires-about 1' apart-crossing the centre of 
the field ; and the other a set of 26 vertiwl wires, arranged in groups of 6 each, for the observation of transits. 
The latter diaphragm is worked by a micrometer-screw, and the former may be called fixed, although 
there is provision for adjusting its position as required. The twenty-five vertical wires were conveniently 
named A, B, $o., to Y, the central one being M :  their mean distance apart is about 36".6=2*44 equatorial 
seconds, and the groups are separated by double intervals. The micrometer head (which is hidden in 
Plate L by the lamplstand) .is oomprised of two plates, one graduated to show'revolutions, and the other 



to indicate divisions, of which there are one hundred in the revolution : the two plates are connected by a 
set of toothed wheels. The value of a revolution was found to be almost identical in the two instru- 
ments, viz., Is = 33".76. Tile micrometer head is protected by a cap, which, being screwed on after 
setting to a particular reading, insures it against being accidentally moved, and there is a small window 
of talc through which the setting can be inspected, lest it should have been disturbed in applying the 
cap, which is not an unlikely contingency. This setting is of great importance, as upon it the collimation 
of the telescope depends. A screw (which is also hidden in Plate I )  is provided for moving the eye-piece 
rapidly across the vertical wires during observations, so that the star may be kept close to the centre of 
the field. The set of eye-pieces comprises direct eye-pieces of various powers, with prisms for oblique 
use, and a Bohnenberger eyo-piece, A, Plate I, for use with the mercury trough. The latter eye-piece 
has been invariably used for all work, including star transits, its shape being convenient for the observa- 
tion, in a sitting posture, of stars close to the zenith. 

Two kinds of wire illumination are provided :-lst, the ordinary dark wires in a bright field ; and 
2nd, bright wires in a dark field, the arrangement being as follows :-A lamp is placed opposite one end 
of the transit axis, which is perforated and fitted with a lens, whence that end is designated the 'c Illu- 
minated Pivot ", a term constantly used to define the position of the instrument. When observing, a 
second lamp, though not required, is always plaoed opposite the other end of the axis to neutralise any 
effects of heating on the instrumental adjustment ; see Plate I. I n  the centre of the axis there is a light 
plate, revolving on an axis at right angles to both telescopic (optical) and transit axes, (cut out in the 
centre so as not to interfere with rays from the object-glass) and capable of being moved through an 
angle of 46", by a rod passing along inside the tube of the telescope with a handle projecting close to the 
eye-piece. I n  the centre of the opening in this plate, and therefore at  the intersection of the optical and 
transit axes of the telescope, a small silver reflector is placed at the end of a fine supporting arm. 
When the plate is inclined at 46" to the transit axis, the light from the illuminating lamp is reflected 
directly on to the wires by this small reflector, and the result is a bright field with dark wires. When 
the plate is turned so that its plane coincides with the transit axis, the light of the illuminating lamp is 
intercepted by a set of four mirrors which are attached to the plate, and reflected towards the eye-piece, 
between the telescope tube and an inner tube provided for the purpose; these four sets of rays con- 
verge slightly, so as to strike upon four prisms which are attached to the frame carrying the wire dia- 
phragm, two on each side of the telescope, slightly above the plane of the wires. The latter prisms 
again reflect the light at right angles, so that the rays are brought nearly into the plane of the wires which 
thus beeome illuminated by the light from the prisms on each side, the field remaining dark. Both 
kinds of illumination are fairly satisfactory. 

There are two setting circles, B, B, attached to the tube of the telescope, one on each side near the 
eye-end, each 7; inches in diameter : they are graduated to 20 minutes, with verniers reading to 1 minute, 
and each is provided with a cQarse level. These circles are not permanently fixed to the telescope tube, 
but can be turned round and clamped in any position, which admits of a change of adjustment for setting 
by declinations direct, or by zenith distances, &c., when the instrument is set up for use at a new station. 
There is no provish for clamping the telescope when set. 

The object-glass is fixed in its cell, so as to be pinched at three points only; and the cell, instead 
of being screwed into the telescope tube, has close contact with it only at three equidistant points where 
i t  is attached by screws, an arrangement which admits of the object-glass (complete in its cell) being put 
on in three different positions. 

The frame of the telescope consists of three principal pieces, &z., the axis, C, the object-half, D, 
and the eye-half, E, which pack separately for travelling. The shape of the axis is a central cube of a 
inches side, supported by conic frusta of 98 inches axial length, and 9+ inches in diameter at their junction 
with the cube, tapering to 3 inches diameter, and terminated by enlarged cylindrical shoulders, 39 inches 
diameter and 2+ inches wide, into which the steel pivots are fixed, the axis having been shrunk on to 
them. The pivots are 1.9 inches diameter, perforated by an opening 0.9 inch diameter, and they pro- 
ject 1.9 inches from the axis shoulders. The total length of axis is thus 37.3 inches, while its length from 
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shoulder to shoulder is 33.6 inches : the thickness of the metal is about 0.37 inch througliout the cube 
and cones which were cast in one piece, the cube being strengthened by internal ribs. The conical parts 
were turned both inside and out to ensure as perfect symmetry as possible. The weight of the axis is 
about 66 Bs. Of the four faces of the cube parallel to the axis, one pair are perforated by openings of 
8* inches diameter, to allow of inter-collimator observations while the transit telescope is in position. 
These openings can be closed with caps, F, Plate I, and they are crossed by spokes which support the 
illuminating plate already described. I n  the other pair of faces openings of 6.8 inches diameter are cut 
for the attachment of the telescope half-tubes. 

The two halves of the telescope are each attached to the axis by 12 powerful steel bolts, 
which pass through a flange at the base of each tube, G, G ,  Plate I, inch tliick and projecting 0.7 inch, 
and screw into the metal of the cube. Each tube i s  further steadied by its flange fitting into a sunlien 
annulus cut in the face of the cube. The two half-tubes are quite plain, except that about 1+ inches from 
the base of each, brackets, B, H, Plate I, are cast upon them to support levels, which for reasons given 
in Vol. I X  have not been used. The object-half is about 2 feet 8h inches long from its base to tlie outer 
surface of the object-glass, and weighs (with dew cap but without levels) 32 Bs. The dew cap, K, is 6 
inches long, increasing the length of the object-half of the telescope to 3 feet 2+ inches, or 3 feet 'i* inches 
from the (transit) axis of rotation to the end of the dew cap. 

The eye-half tube is only 1 foot 1% inches long from its base to where it is cut off for the attach- 
ment, by four brass screws, of the " eye-end", A. The eye-end is composed of two concentric tubes to 
allow of the focussing adjustment which is performed by two opposing screws acting on a stud, $1; it 
is 6 inches long measured to the plane of the wires, 3% inches diameter, and weighs 6 Ws. The weight 
of the eye-half altogether (without levels) is 40 Bs. The total weight of the telescope proper is thus 
65+32+40=137 Bs. 

The pivots formerly rested on nearly semi-cylindrical bearings, N, of gun-metal, of the same length 
and diameter as themselves, but cut away in the lower part so that there was contact only on two arcs of 
about GO0 each. The under surface of these bearings was spllerical, and exactly fitted the upper surhce 
of the beds, P, P', on which they rested, and to which they were loosely attached by a bolt passing through 
a slotted hole ; so that the whole formed a universal joint, which allowed the bearings to adjust themselves 
under the weight of the telescope, and insured the equal bearing of the pivots throughout their length. 
These were found i n  practice to be unreliable and were exchanged in 1885 for rigid V-sllnped bearings 
of gun-metal. These new bearings are cast in one piece with tlleir beds, P, P', and rest on foundation 
plates of iron, Q, Q, which lastly are placed on the masonry piers, R, R. Each foundation plate, Q, rests on 
three feet, projecting very slightly below its lower surface. One pivot bed, P, has tllrce foot-screws I)y 
which the level of the transit axis is adjusted, and the other, P', has a provision, S, for the adjustment in 
azimuth. The pivots are protected from dust by well fitting caps, T, 2'. The weight of each pivot-bed 
with foundation plate is about 40 Bs., thus bringing up tlie total weight of the telescope complete to 
137+80=217 %s. 

Adjusting Telescope artd Cottimators. 

Each transit telescope is provided with a small, light telescope of 9 or 10 inches focal length, sup- 
ported by an axis of the same length as that of the large telescope, the object of which is to facilitate 
the adjustment of the collimators to their proper places before the transit telescope is put in position. 
This small telescope has a level attached, FO that the bearings of the transit telescope can also be approxi- 
mately levelled before placing the large telescope upon them. 

With each transit telescope is a pair of collimators, each having an object-glass of 29 inches 
diameter and 24 inches focal length. One of each pair is furnished with a micrometer in the eye-piece 
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for measuring horizontal displacements ; the other rests on circular bearings on which it can be turned 
round its optical axis. A peculiar feature about the collimators is the following arrangement, designed 
to prevent lateral disturbance owing to change of temperature. The instrument is really supported 
on only two legs under its axis, while i t  is merely steadied by a third leg projecting to one side, and 
attached to the instrument by a hinge allowing of motion in a horizontal plane. Of the two legs 
under the axis, one rests on its bed in a fixed position, while the other is allowed to move freely in the 
line of the axis ; the foot of the third leg is allowed play on its bed in any direction. Thus when a 
movement of the feet is rendered necessary, by a change of the dimensions of the instrument relatively 
to its supporting pillar owing to a change of temperature, it is assumed that it will take place in the 
line of the axis. I f  the instrument rested as usual on three feet equally, the direction of such a 
movement would altogether depend on the friction between the feet and the pillar. The idea is an 
ingenious one, and the stability of both collimators even under extreme variations of temperature has 
been found most satisfactory, a result which may fairly be supposed to be due, at  all events in part, to 
this construction. 

The Chronographs. 

The chrono,oraphs were made by Messrs Eichens and Hardy of Paris, the latter taking charge 
of the electrical arrangements : they are exactly alike, marked by the makers A and By and one is shown 
in perspective in Plate 11, to which all the references in the following description apply. 

The instrument may be said to consist of three parts, all supported by a rectangular foundation 
plate of iron furnished with three foot-screws for levelling :- 

l e t .  The clock work, A, for driving and regulating ; 
2nd. The revolving drum, B, carrying the paper on which the record is impressed : 
3rd. The table, and carriage, C, carrying the recording pens. 

The regulator is of a novel construction designed by M. Foucault. It consists of a pair of go- 
vernor balls, Dl D, connected by a train of toothed wheels with a small fan revolving on a vertical spindle 
(at the rate of about 30 revolutions per second) inside a fixed cylinder in the circumference of which 
little windows are cut for the passage of air. An outer cylinder, E, with a corresponding set of windows, 
fits closely over the fixed one, and is connected with the governor balls in such a way by a rod, F, P, 
that, as the latter rise owing to an increase of speed, the outer windows come into coincidence with the 
inner and allow the air to pass through, whereby the resistance offered to the fan is increased and the rate of 
the machine checked. The two instruments present a curious difference in the action of this regulator, 
the cause of which could not be traced by the maker himself. I n  one, B, the outer fan-cylinder never 
rests for an instant, but maintains a constant state of oscillation, while in the other, A, it preserves one 
position pretty steadily for a while, and then shifts to another. 

The governor balls revolve on a vertical spindle which rests on a lower cup-bearing just below 
Q-hidden in Plate I1 by the driving wheels-and works in an upper bearing in the bar, W, where a cup 
with covering cap is provided for oil. The bar, 7 7 ,  screws on to the upright pillars, X, X. 

The connection of the governor with the outer fan-cylinder is effected by the light rod, F, in the 
following manner :-An upright arm, G, is mounted on pivots, which are hidden in Plate I1 by the drum 
of the driving weight, and carries counterpoises-also hidden-which press its upper end towards the 
governor. The upper end is forked, and between the members of the fork the rod, F, is pivoted. 
Another rod, H, is similarly pivoted, and extends to the upright spindle of the governor, where i t  carries 
a round headed adjustable pin, I, which works in a collar fitting round the spindle, and attached to the 
governor balls so that i t  revolves with them, and moves up or down the spindle according as the balls 
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rise or fall with the increase or decrease of speed. I n  the middle of H at J there is an adjustable pin 
which fits into a hole in the end of a yoke, K, thus affording a movable joint at  J .  K is itself pivoted 
on the fixed frame-work, M, at  its other end, and affords a tie to the rod, H, of such a nature, that so long 
aa the joint at J does not rise or fall, the arm, G, must maintain a constant position. 

The outer fan-cylinder, E, is hung on a bearing above it-exactly over the vertical spindle of the 
fan-by an open frame-work, attached to which is a small projecting horizontal tongue, L, the position 
of which is adjustable. The rod, F, rests on L and has a small pin which fits loosely in a hole in A, and 
thus provides a movable joint between the two. Now if the governor balls fly out owing to increase of 
speed, the collar with the pin, I, and consequently also the pin at  J, must rise, and the upper end of G 
will be brought forward towards the fan-cylinder carrying with it the rod, F, which thus by its action on 
L causes the cylinder to revolve. L can be adjusted until the best position of the windows in the outer 
cylinder relatively to those in the internal k e d  cylinder has been secured. 

The rod, H, is continued beyond G, and carries at its extremity a counterpoise, N, which can be 
~crewed along H-through a small range-and clamped wherever desired, thus affording a means of 
regulating the rate of the instrument, that ,is to say, its mean rate as distinguished from the uniformity 
of rate, the regulation of which is effected by the governor and fan. The mean rate will increase as the 
position of Nis  shifted towards the governor, and vice versa"; for the nearer N is to the pin, I, the less will 
be the pressure of the latter upwards against the collar, and therefore the greater must be the rate of revolu- 
tion of the governor to cause the balls to rise. The collar is fixed to the lower end of a cylinder, which 
fits round the spindle and runs over it on two sets of friction rollers, 0, 0, between which the jointed 
arms, Y, Y, are attached, connecting the cylinder with the balls, D, D. On the spindle are clamped two 
stops, P, P, to limit the range of the cylinder-and therefore of the balls and collar ; and when the instru- 
ment is going properly the cylinder must always oscillate between these stops without touching either. 
This condition is ensured by varying the amount of the driving weight which is composed of separate 
discs of lead, while the consequent rate of revolution is,regulated by the counterpoise, N. 

The motion of the governor is communicated to the fan by a chain of toothed wheels as follows :- 
At Q there is an enlarged toothed surface on the spindle which gears on one side with the last driving 
wheel, R, and on the other with a small toothed wheel, 8, revolving in a horizontal plane. Just below S, 
on the same axis-to which i t  is firmly but not rigidly connected-is an exact duplicate of S (hidden 
in Plate 11) which runs free of Q owing to its lower level, and gears on the other side with 2: a set 
of teeth on the spindle of the next toothed wheel, U. The teeth, T, are on it lower level than the upper 
wheel, S. Lastly the wheel, U, gears with a set of teeth on the spindle of the fan, the lower bearing of 
which is a t  7. The object of the duplicate wheel, 8, is to save the machinery from a dangerous jar in 
case of sudden stoppage, such as would occur if the cord of the driving weight were to break. As has 
been stated a slight relativo movement of the two members of S round their common axis is allowed 
for, which is regulated by a stiff spring so as to break the jerk. 

The lower bearing, 7, of the fan-spindle requires careful adjustment which, however, when once 
obtained may be looked upon as permanent, unless intentionally disturbed. It consists of a conical cup 
bearing, with a relieving capstan-headed screw under the point of the spindle, which can be raised or 
lowered with reference to 7 ,  while the whole bearing can also be raised or lowered, and clamped by screw 
nuts. I ts  position should be such, that vertical shake of the spiudle is just perceptible to the touch : the 
least jam preventing such shake will stop the instrument instantly. When proper adjustment of all 
the parts has been secured, the great secret to ensure a good rate is oil-plenty of oil on all the bearing 
surface where there is friction under rapid motion. The lower bearings of all the vertical spindles 
should be plentifully supplied, and as they are all cup-shaped the supply remains pretty constant: 
their upper bearings also require occasional touching. But the most important point is the contact 
between the pin, I, and its collar, where from its situation the oil will not remain long. I n  nineteen 
cases out of twenty, when the rate of the instrument decreases, a drop of oil between the pin and the 
collar is sufficient to set it right again. Occasionally the fan makes a screeching noise, when the rate mill 
at once fall off : this is a sign that n touch of oil is wanted on the upper bearing of the fan-spindle. 



When packing the instrument for travelling, the system of arms, F, B, 8, are removed in one piece 
by loosening one of the pivots on which Q works ; the yoke, K, and the fan-cylinder, E, are also taken off. 
The bar, 77 ,  is then taken off the upright pillars, X, X, which allows of the removal of the governor in 
one piece, after which W is replaced. The driving weight is of course taken off and the cord wound up. 
The whole of the clock-work is enclosed when the instrument is at  work in a liglit iron-framed cover to 
keep out dust, which is not shown in Plate 11. It is fitted with a glass roof and glass windows at  the 
sides, which latter draw out and allow the hands to be inserted for putting the clock-work together, or 
taking it to pieces, or for necessary adjustments, and thus the removal of the cover is never necessary. 
The winding arbor, 2, protrudes through a hole in the cover to admit of the weight being wound up. On 
the other side-not visible in Plate 11-a handle also passes through the cover, and acts by a screw 
on a clamp fitted round the axis of the wheel, IZ, by which the instrument can be stopped. When sup- 
ported on its usual wooden stand without any hole in the ground for the descent of the driving weight, 
the instrument will go for about 60 minutes ; but the cord is long enough to admit of continuous motion 
for about t h e e  hours, if the weight is allowed to descend. 

The drum is 11% inches wide, 3 feet 1.6 inches in circumference and weighs about 45 Es. Each 
instrument has three spare drums. The paper used is 11: inches wide, and about 3 feet 29 inches long; 
i t  is put on with common paste. Tlie direction of revolution is shown by an arrow. 

The connection of the drum with the driving clock-mork is carried out as follows :-The axis of the 
last driving wheel, R, which gears with the governor at  Q, and is therefore directly controlled by it, is pro- 
longed through the protecting cover at  a, to an outer bearing which is not seen in Plate 11, being hidden 
by the supports of the drum. On a there is an enlarged fixed nut, P, with teeth along the edge of its verti- 
cal surface, and there is also a movable nut, y, with similar teeth, which can be made to gear with P or not 
at  pleasure, by means of a lever (invisible in Plate 11) which works on the pin, 8. Rigidly attached toy  
is a toothed wheel which gears with the teeth round the edge, E, E, of the drum. When /3 and y are dis- 
connected by the lever the drum is cut off from the clock-work, and can be turned as desired by hand. 
Tlie clamp to stop the clock-work, which mas referred to above, acts on the axis, a. 

The axis, 5, of the drum is very strongly attached to the cylindrical portion by an interior dia- 
phragm, and is supported on bearings carried by stout uprights, one of which is seen in Plate I1 at 3. 
'l'he other end of tile axis, 5, terminates in a toothed wheel (invisible in Plate 11) exactly similar to the 
toothed wheel, 0, with wliicll it is connected by a third similar wheel, K, so that the drum and 0 revolve in 
the same period. The wheel, K, can be d r a m  out on its axis to disconnect 0 at pleasure from the drum. 0 is 
fixed on the end of a long screw-spindle which runs through t11e table, A, X, and is seen projecting at p. 

The carriage, C, rests on the table, X, A, and is furnished with a clip projecting downwards and 
grasping the screw-spindle, p, so that as 0 and p revolve, tlie carriage travels along the table from left to 
right. The clip can be released by the handle, V, when the carriage may be moved by hand and placed 
where desired. The carriage rests on three wheels, a, p, p, and is steaclieci by three others acting upwards 
against the sloped under surfaces of the table, X ; only one of the latter is visible at a, the other two being 
behind the table. Of these wheels the position of a only is adjustable, its axis being carried by an arm 
with a hinge at one end and a raising or lowering screw at the otlier, by means of which a can be pressed 
down with more or less force against the table. Such pressure should be employed as to bring the lower 
wheels, u, into close contact with the table, so that there may be no perceptible shake of the carriage 
when tested by hand. All these wheels have adjustable bearings for their own axes, and if ever the 
carriage is taken to pieces for cleaning, it is particularly necessary to put it together again carefully 
without changing the position of similar pieces, or a proper fit will not be obtained. 

The carriage bears the recording apparatus shewn in Plate 11. ' A  slab of mood, a, is attached to 
the metal plate, 71, and is connected with the carriage by hinges at  c, c. A screw (invisible in Plate 11) 
below a provides a raising or lowering adjustment to regulate the pressure of the pens on the paper. 
On a are mounted two pairs of electro-magnets, d, d and e, e, with adjustments for changing their position, 
and each pair has an armature,f,f, carried by arms, g, g,  the ranges of which are regulated by suitable 
screm-studs on the upright bar, h. A spring acts ngainst eacli armature pressing it away from the core 
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of its magnet. The armature arms are pivoted on an upright arm similar to h, which cannot be seen in 
Plate 11, being hidden by the coils, d,  d, beyond which they extend over the drum, carrying the two 
pens, i, j, at their extremities. The arms are jointed, and have other means for adjusting the pens as 
desired. The pens themselves are specially made for chronographic recorders, so as to carry a large 
supply of ink. 

From the ends of the coils of each electro-magnet two silk covered spiral wires, k, k, k, k, are carried 
down to binding screws on the stand of the chronograph at I ,  whence other wires, m, m, la, n, are led 
away to the batteries, &c. ; so that one pair, my m, completes the clock circuit, and the other, n, n, that 
i n  which the observer's key is placed. The effect of a signal by break of either circuit is therefore to 
demagnetize the coils in that circuit and release the armature, which is then jerked away by 'the spring 
provided for that purpose, causing the pen to make an outward jerk, i.e., away from the other pen. 

The pens can be adjusted to trace parallel lines as near together as desired, or actually coincident- 
the latter being generally the best-the signal jerlrs being made outwards ; but they cannot follow each 
other at  a much less distance than half an inch, representing about 14 seconds of time. This difference 
is called the " Pen Equation", and is always applied as a correction in the reductions. 

The Etectricat Arrangement8 of the Chronographs. 

The Electrical Apparatus is collected on a board called the cc  Commutator board", and consists of 
(1) a commutator by mettns of which the various changes in the connections are made as required 
from time to time ; (2) a translating relay which is used for the transmission of clock or other signals 
through the line to the far station ; (3) a receiving relay required for receiving the signals from the 
distant station and passing them on to the chronograph, if for record thereon, or to the sounder, if for 
conversation; (4) a tell-tale relay required to inform the observer whether his signals are passing to line 
or not; (6) a talking key, and (6) a sounder for purposes of conversation and conventional signals 
in  connection with tile work. The commutator board is conveniently placed close alongside of the 
chronograph on the same stand, and the local batteries are arranged on shelves below it. The exact way 
in which these instruments are used will be more fully explained in Chapter 111. 



CHAPTER 11. 

OBSERVATORY A R R A N G E ~ N T S ,  AND PREPARATIONS FOR OBSERVING AT A STATION. 

Obaervatory Accommodation. 

The observers always carry about with them portable observatories, consisting of canvas roof and 
walls on a wooden frame-work with shutters and curtains to admit of a meridional aperture from the 
ground upwards. These observatories are sufficiently large to hold the transit telescope only : the chro- 
nograph, clock, &c., are otherwise provided for by building proper shelter, if suitable accommodation in 
existing buildings is not available as i t  generally is. A small room of about 8 x 10 feet is all that is 
absolutely required for this purpose, though more space is convenient. This room should be as close as 
possible to the observatory tent-say within 10 yards-because the observer is constantly called on to 
visit one from the other. For the protection of the clock from changes of temperature the shelter should 
be as substantial as may be. 

Buildings for Instruments. 

The necessary preparations for observing at a station-assuming the existence of a clock room- 
are confined to building pillars for the transit telescope and its collimators, and one for the clock to be 
hung against when it is not convenient to hang it against a wall of the room. The pillars are founded 
2 or 3 feet below the ground level, according to the nature of the soil; and the excavations for the 
foundations are made slightly larger in plan than necessary, so that when the pillars are built there is no 
contact above their base, and insulation from ordinary tremors is ensured. The vacant space thus left 
round the pillars is afterwards filled in with dry sand. 



OBSERVATORY ARRANGEMENTS. 

The Tramit Pillars and Observatory Fittings. 

The transit pillars (Plate I )  are about 24 x 18 inches in horizontal section from their base to 
about 3 feet 2 inches above the ground, above which they are only 133 x 13+ inches, the inner face being 
all in one plane, thus leaving a ledge round the other three sides : the small upper portion is about 2 
feet high, making the total height of these pillars 6 feet 2 inches. They are 2 feet 4 inches apart, and 
are always built of brick, and capped with slabs of stone which are carried about with the apparatus : the 
foundation plates of the instrument rest on the upper surface of these slabs, which is polished so as to 
allow the plates to be moved about in making the first rough adjustments. After these adjustments have 
been approximately secured, i t  has been found advisable to put a disc of paper eoaked in beeswax under 
each foot of the bed-plates, to prevent accidental movement on the smooth surface of the stone. When 
the soil is yielding it may be advisable to base both pillars on one foundation, so as to diitribute 
the pressure, but on firm soil the pillars may more conveniently be quite disconnected. The foundation 
pits are always conneaed by a narrower excavation about 18 inches deep, which contains an insu- 
lating layer of dry sand of at l a s t  a foot in depth, on which the mercury trough is placed in position 
for observation. The trough requires to be carefully covered to keep out sand and dust, and is further 
protected by a wooden platform-on which the observer's feet rest when observing zenith stars-with an 
aperture over the trough, which can be opened or closed at pleasure. Even with the greatest care 
to protect the mercury frequent filterings are necessary which however is not of much consequence, as 
the operation is always performed by native assistants who seem to take considerable pleasure in it. 

A pair of perforated iron staples are built into the masonry of the upper, or smaller, portion of each 
transit pillar, on each of its north and south faces, for the purpose of supporting upright iron bars passed 
through the perforations, which are left just clear of the brick-work. These bars rise about 3 feet 
above the pillars, and carry a moveable table to support the lamp which illuminates 'the Bohnenberger 
eye-piece when mercury observations are being taken, (Plate I). Only one pair of upright rods, one 
on each pillar, is necessary at the same time-or indeed at any time-but it is a convenience for the 
observer always to have the instrument in the same relative position to himself when making mercury 
observations, to ensure which he, and therefore the lamp and its supports, must change positions from 
the north to the south side of the instrument, or vice versd, when the latter is reversed on its bearings. 
Similar staples let into the outer (east and west) faces of the pillars support stands for the axis lamps, 
both of which should always be kept in position during observation to cancel as far as possible any 
effects of unequal heating. 

The equipment of the observatory tent is completed with a set of steps on which the observer stands 
for mercury observations, (Plate I), two or three stools on which he sits while taking transits, and a light 
wooden frame, by means of which four men can lift and reverse the telescope on its bearings whenever 
desired with the greatest ease, and generally with hardly appreciable disturbance of azimuthal adjustment. 
A table and chair for an observatory assistant, who acts as recorder, are also provided. 

The Collimator Pillars. 

The collimator pillars are about 30 x 18 inches in plan, founded generally from 2 to 3 feet 
below the ground surface, and insulated as in the case of the transit pillars. Their height is such 
as to bring the axes of the collimators and that of the transit telescope as nearly as possible into the 
same horizontal plane. They are built about 3 inches to the west of the meridian of the transit tele- 
scope and generally about 15 feet distant from it. This interval of 3 inches from the meridian is 
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introduced, in order that the steadying foot of the collimator may not fall inconveniently near the edge 
of the pillar. Light and easily moveable frames are provided to cover the collilnators and protect them 
from the weather. 

The Clock Pillar. 

The clock pillar is founded and insulated like the others. The lower portion is generally about 
36 x 24 inches up to within a few inches of the ground level, where it is decreased to 24 X 24, leaving a 
ledge 12 inches wide in front, and carried up at these dimensiorls for about 6 feet 8 inches. The ledge 
is convenient for supporting the clock when about to be bolted to blocks of wood which are built into 
the pillar for the purpose. It is very important that this pillar should have weight or rigidity sufficient 
to withstand the oscillation of the pendulum without vibration, which would have an immediate effect 
on the clock rate. 

A11 the pillars should if possible be built some little time before they are required to allow for 
settlement and thorough drying, and great care should always be bestowed on the ' bond' of the brick- 
work. 

Chronograph Stand. 

A wooden stand is carried about for tlie chronograph, which also accommodates the commutator 
board and the batteries for tlie clock, pen, and relay circuits. The line battery is generally in the Tele- 
graph Office ; but occasionally nccornmodation for i t  must be provided, which however gives no trouble. 
as, if convenient, it may be placed outside the building in packing cases. 

Arrangeme lzt of Wires. 

The most convenient arrangement of the numerous connecting wires required, has been found to be 
as follows :-In the observatory tent, where only two wires are necessaiy, they are brought down through 
the roof to the outer face of one of the pillars, then round the pillar to its inner face, where they are 
finally fixed, leaving sufficient free end for convenient attachment to the observer's key, or tappet, to 
carry which when not in actual use a small shelf is affixed to tlie inner face of the pillar. Or as is some- 
times more convenient,, only one wire need be introduced through the roof in this way, while the other 
may be led back under the surface of the grounci as shewn in Plate I. I n  this case neither wire need 
necessarily be covered, except the ends of one just inside the observatory and cloclc room, and this plan 
therefore is a good one in case of economy of covered wire being advisable. I n  the clock room all wires- 
including those to the clock, to the observatory, to line and to earth-are carried over head and collected 
in one bundle before they are brought 'down to the corilmutator board through a convenient hole, in 
wllicll they are first passed as a bundle and then separated and brought up to their respective binding 
screws. Should the line wire be brought directly into the clock room the necessity of having a lightning 
discharger must not be overloolred, and in this case an efficient earth-plate must also be provided. When 
the observatory is close to the Telegrapli Office, the line wire and earth connections can be made through 
the office commutator, and neither earth-plate nor lightning discharger is specially required. As a rule 
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it is most convenient to make all local, i.e., observatory and clock room circuits of metal throughout, 
avoiding the necessity of an earth-plate for them. 

Batteries. 

The tt  Menotti " battery, which is the form adopted by the Indian Telegraph Department, is used 
for all purposes, and 11as the advantages of great constancy while it is easily kept in order. It is not so 
compact or portable as some other forms ; but this is of emall consequence in India, as it can be obtained 
by giving a few days notice at any Telegrnpl~ Office, and need not therefore be included in the portable 
equipment. The number of cells required for local purposes in each observatory may be put at about 
sixteen. A special line battery is only required when the observatory is some distance from the Telegraph 
Office, which can generally be avoided, and its strength depends on the length and condition of the 
lime in use. Ten cells are considered sufficient for every hundred miles between the stations. 



CHAPTER 111. 

SYSTEM OF WORKING DURING SEASONS 1885-86, 1887-88, 1889.90 AND 1891.92, AND THE 
PROGRAMME OF OPERATIONS. 

m e  Syetem olt which the Obeet*vatwna were taken. 

There are various ways in which an equipment, such as that described in the preceding pages, may 
be employed in obtaining the difference of longitude of two stations connected by a telegraph line:-(1). 
Each clock may graduate the chronograph at  its own station, and the observers (fist one and then the other) 
may, by means of their tappets, send a number of signals at arbitrary times to be recorded on both chrono- 
graphs. The differences of the two clocks are thereby known, and if the error of each is determined by 
the corresponding observer by local transits, the true difference of time and therefore of longitude is 
obtained: (2). The observations of transits at one station (each alternately) may be transmitted 
through the line, so that those taken at both stations are recorded on the same chronograph in terms 
of the same clock: (3). The signals of one clock (each alternately) may be transmitted, so that a, 
record of the same clock time is obtained on both chronographs, while a t  the same time transits are 
recorded locally at  each station; and (4). At both stations (each alternately) the two clocks may be 
made to work the two pens, thereby giving what is called a "Direct Comparison of Clocks " ; their errors 
being determined before or after the comparison by local transits (or preferably both before and after), the 
difference of longitude follows a t  once. Of these methods the third has been employed on all arcs con- 
tained in this volume. The alternation of the clocks is necessary to eliminate the quantity represented 
by p, which is the retardation of the electric current along the line wire and through the relays. The 
elimination is only complete when the retardation of the current is the same in both directions. 



. SYSTEM OF WORKING. 

Programme of Bach Night's Work. 

The programme was always laid out by sidereal time, so that the same stars were observed night 
after night, a point of considerable importance both as regards convenience in the observatory and 
advantage in reduoing the work, especially with reference to clock rates. Six complete nights' work 
has heen usually considered sufficient, though this number has been often exceeded according to the 
observers' opinion of the trustworthiness of their work. Reversal of pivots has been always adhered to 
on systems, which differed a t  different times and which will be described in detail in the separate accounts 
of each season's work. Two pairs of circumpolar stars for determining the deviation of the telescopes 
were included in each night's programme and always observed when possible. 

The Electrical Arrangements of the Obeervatoriee. 

The electrical arrangements for securing the chronographio record and communicating between the 
stations, are as follows :-Each pen magnet is placed in a short circuit, with a weak battery, which can be 
connected at pleasure by means of the commutator, (1) with the clock, (2) with the observer's tappet, 
and (3) with the armature circuit of the receiving relay which is in connection with ,the line wire. 
I n  the first case the pen records the local time and is called the Clock Pen" ; in the second it is used 
for transits or other observations and is known as the- " Observer's Pen" ; and in the third it records any 
signals transmitted from the distant station and repeated by the receiving relay. I n  the last case the 
signals are generally those of the distant clock, used either for the comparison of clocks or for the 
observation of transits. A second relay is employed for the transmission of signals through the line by 
"translation", i.e., the relay coils are placed with a weak battery in a local circuit, into which the 
clock, or the observer's tappet, can be introduced as required by means of the commutator, and 
the armature of the relay is in circuit with the line battery and line and thus passes on the signals to the 
distant station. 

Betardatiolt of Signals. 

It is thus evident that the retardation :of a signal, passing, say, from one clock to the distant 
chronograph, is composed of three parts:-(1) due to the translating relay, (2) due to the line, and 
(3) due to the receiving relay, including the pen action, at the distant station. A similar return signal is 
affected in the same way by different retardations but of like nature, because the two translating relays 
are of the same pattern and similarly adjusted; while the same is true of the receiving relays, and of the 
pen actions. The line wire of course remains the same in both cases, but unfortunately there are no 
means of determining whether the rate of signal remains constant in both directions, or whether it is 
affected by the induced currents from neighbouring wires, which are frequently found to interfere with 
the clock signals. 
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A point in the management of the chronograph which requires attention, is the distance between 
the pens in the line of their (apparent) motion, which cannot be conveniently made much less than half 
an inch, or about the equivalent of 1.5 seconds of time. This difference is called the " Pen Equation," 
and it has always been deduced and applied as a correction to the readings. To guard against errors in 
the assumed value of the equation, a systematic change of pen duties llas always been observed : for in- 
stance, in the middle of every set of transits the clock and observer's pens are changed, so that for one 
half of the observations the equation is positive, while for tlie otlier half it is negative; and similarly 
when comparing clocks the pens are exchanged between tlie local and distant clocks during each compa- 
rison. The value of the pen equation is determined each night by actual measurement of tlie dis- 
tance between the corresponding seconds on tho chronograph sheets, when both pens are actuated a t  
the same time by one and the same clock. 

It is necessary to bear in mind that the actual pen equation is the absolute linear distance be- 
tween the pens, and as this has to be converted into seconds of time before heing applied as a correction to 
tlle observations, the conversion milst therefore be dependent on the rate of the chronograph. Hence, 
when transcribing the chronographic record, that rate must be carefully watched with a view to applying 
a special correction to the pen equation, in cases where the variations of the rate exceed certain limits. 

The Commutator Board. 

A simple outline plan of the commutator board is given in Plate I11 on a scale of about one 
third real size, while symbols for tlie clock, idiometer, observer's tappet, chronograph recording pens and 
the several batteries, kc., are added, in order that the various wire circuits may be traced. 0 1 1  the com- 
mutator board, C, C, is the commutator itself, R, R, the translating relay, S, 8, the sounder, D, D, the 
talking key, and I?, If, a bar which is used as an "earth " ; F is the receiving relay, and Q a tell-tale 
relay which is so arranged as to cause the sounder to work while the clock beats are being sent to the 
distant station, a stoppage of the transmission of the signals being thus at once notified by the cessation 
of the sounder's action. Permanent wire connections betwc.en the different instruments on the board 
are sliown by double lines ; and those wires which are only temporarily attached a t  each station are indi- 
cated by single lines. 

The commutator, C, C, and tlre switches, My N, are each composed of plates of brass whicli are 
mounted on blocks of ebonite so as to be perfectly insulated from each other: tlie separate plates are 
shaded. The circular indentations, with numbers for reference, indicate holes between the plates which 
can be filled at  pleasure by tlle insertion of pegs, so as to bring two plates into connection. Tlle letters 
on the several plates indicate the parts of the apparatus with which they are connected, either perma- 
nently, or by wires attaclied temporarily to binding screws provided for the purpose, all of which can be 
traced in Plate 111. Thus the plates marked Bc, Bc, and Rc are connected by wires to the copper poles 
of the batteries for A and B pens and the translating relay respectively ; while A,, BZ, and R Z  are sin& 
larly connected with the zinc poles of these batteries. iY is connected with a wire which passing through 
the break-circuit apparatus of the clock is carried to the earth, B, E. I is similarly connected with the 
star-frame of the idiometer; while a second wire attaclied to the wire-frame of the same instrument 
is carried to the earth. 0 is iutended for the observer's tappet--or signalling key-and can be 
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connected with the one used at the transit telescope, or a t  the idiometer, as required, by means of the 
switch, N. The line wire is attached to L. The plates similarly lettered, viz., three marked BZ and two 
marked AZ, are connected by bars passing underneath the ebonite mounting. The plate marked Bc 
which is inconveniently placed for the attachment of a temporary wire, is permanently connected to the 
binding screw marked Bc. The two plates without any marks are simply dummies through which other 
plates can be connected. The long plate marked X is connected with the earth, E, E, and the latter is 
furnished with a number of binding screws for attaching several wires. The latter plate is called the 
'earth ' because it is introduced as a convenient means of completing the commutator local circuits which 
are all purely metrtllio. For the purpose of line signalling a real earth-plate is required, and E, E is 
connected therewith as shown. 

The following are the ordinary combinations effected by the commutator in the course of observa- 
tions, the connections of which can be readily traced by reference to Plate 111. The pegs used for 
completing the various circuits are numbered consecutively throughout the commutator and the 
switches M, N. 

No. I. The clock recording time by pen A, ... ... Pegs 6, 4, 8. 
3, 2s 1, B, ... ... 1, 2, 10. 

3s 11. ' Determination of pen equatiop, clock time being recorded 
simultaneously by both pens on the chronograph, Pegs 2, 14, 8. 

,, 111. Observation of transits with local clock- 
Observer, pen A : clock, pen B, ... ... Pegs26,20 ,17 ,8 :2 ,10 .  

9s B: 9 ,  A, .a. ... ,, 25,16,10 : 6 , 4 , 8 .  

3, IV. Observation with the idiometer- 
Observer, pen A : clock, pen B, ... ... Pegs 26, 20, 17, 8 : 2, 10. 

19 B : I, 8, - S o  ... ,, 26,16,10 : 6 , 4 , 8 .  

.,, v- Clock comparisons, both clocks recording time on the chronograph- 
Local clock, pen A : distant clock, pen B, ... Pege 6, 4, 8 : 23, 22, 19, 10. 

9s B: 9s A, ... ,, 2, 10 : 23, 22, 18, 8. 

VI. Transmitting clock signals for use at the distant station,Pegs 1, 9. 

,, VII. Observing transits and transmitting clock signals to distant station- 
Observer, pen A : clock, pen B, ... ... Pegs 26, 20, 17, 8:1, 12, 10. 

9s  B:  9 8 s  -9. ... 1 9 26, 16, 10 : 1, 13, 8. 

,, VIII. Observing transits with clock time received from the distant station- 
Observer, pen A : distant clock, pen B, ... Pegs 26, 20, 17, 8 : 23, 22, 19, 10. 

9s B :  9 s  A, ... ,, 25, 16, 10 : 23, 22, 18, 8. 

,, IX. For talking or interchanging conventional signals, Pegs 23, 24. 

It will be noticed that in all of the combinations given above the different circuits combined are 
brought into one simple circuit, so that a break of circuit at any point entirely stops the current in the 
whole. There is no branching of circuits, which should always be carefully avoided. 

The commutator affords tlie means of measuring the ret,ardation due to the local instruments, by 
causing the clock time to be simultaneously recorded on the chronograph by both pens, one worked by 
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the clock direct and the other through the translating tell-tale and receiving mlays, which is done thus :- 

A pen direct : B pen through relays, ... . Pegs 1, 13, 8 : 23, 22, 19, 10. 
B ,, : a ,, ... ... ,, 1, 12, 10: 23, 22, 18, 8. 

If the retardations of the receiving relays and of the chronograph pens could be looked upon 
aa respectively equal at the two stations, it is evident that the above experiment would give an exact 
measurement of the retardation of a transmitted signal recorded on the distant chronograph, only except- 
ing the retardation of the line wire. Unfortunately such equality cannot safely be reckoned upon ; 
but the experiment should prove a useful guide in testing the condition of the adjustments of the local 
relay a. 

Belatiom with the O m e r e  of the Telegraph Departmelzt. 

- Throughout the operations all the Officers of the Telegraph Department wl~ose co-operation 
has in any way been required, have continually shown the greatest courtesy and readiness to ' give every 
assistance in their power. I n  many instances the prosecution of the longitude observations has un- 
avoidably caused considerable trouble in the several Telegraph Offices involved ; but this has invariably 
been cheerfully undertaken, and the relations of the officers of the two departments have always been 
most c o r m .  

Arcs m e w r e d  during Seasom 1886-86, 1887-88, 1889-90 and 1891-92. 

Diagrams illustrating the arcs measured each season will be found in the detailed account of the  
operations of each season. It may be remarked here in passing that the system hitherto in force of so 
selecting the stations for longitude observations as to form triangular circuits, has been adhered to as 
being the only really reliable means of gauging the accuracy of the results. 

Bedzlctiolz of the Observatwna. 

An abstract of the observations and the reduction of the results are given for each season separately 
in tabular form. Full explanation of these tables, and of the methods employed in wrying out the 
reductions contained therein will be found in Chapter V. All these reductions were made under the 
superintendence of Colonels G. Strahan and W. J. Heaviside, Captain 8. G. Burrard and Lieutenant 
G. P. Lenox-Conyngham. 

The object held in view in drawing up the tables, was to afford all the data necessary for any 
reader who might wish to examine the reductions and reproduce the resdts arrived at. 

The geodetic elements of the several stations of observation are given in the Appendix, at  the end 
of the volume ; and in the case of stations connected with the Principal Triangulation of the Great 
Tripnometrical Survey of India by special minor triangulation, an abstract of Qe latter is fumiahed. 



CHAPTER IV. 

PERSONAL EQUATION. 

The relative personal equation of the observers has always been determined by the observation of 
'divided transits ', in which both observers use the same telescope, one taking the transit of a star over 
the first ten wires and the other completing the observation of the same star over the last ten wires, 
whence, by reduction to the central wire, a value of personal equation is a t  once obtained. This method 
repeated with numerous stars-the observers alternating their order of observation-affords an excellent 
value of their relative personal equation. I t  has long been known that the value of personal equation 
may be influenced by very slight causes, prominent among which may be reckoned the direction of a 
star's motion across the field, whether from left to right or right to left, and its apparent velocity. 
Two distinct equations have consequently been recognized in these observations. If an observer 
using a diagonal eye-piece seats himself at a telescope with his face to the north, stars will cross the field of 
view apparently from right to,left; if on the other hand he places himself facing south, stars will cross 
apparently from left to right and in general with faster motion (owing to their lower declination) 
than in the former case. The term ' aspect' is used in this volume to indicate the direction of 
the observer's face and therefore of the star's motion, but it does not necessarily agreo always with the 
position of the star with reference to the zenith, because a star very near the zenith may be observed 
equally conveniently under either aspect. I n  determining the personal equation therefore an approxi- 
mately equal number of stars were observed under both aspects, and two separate equations obtained to 
be applied to transits of stars of N. and S. aspect respectively. 

Colzseqzaelat Precautions. 

In  consequence of this twofold equation, it is evident that each star should be observed a t  both 
stationa under the same aspect, and in the case of stations differing but little in latitude no difficulty 
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arises; but if the difference of latitude is great, a star which is oonsidembly south of the zenith a t  one 
station may be considerably north at the other. It becomes necessary therefore t o  avoid using any stars 
within certain limits of declination, whenever the latitudes of the two stations of observation differ by 
more than 3" or 4"; for supposing the stations to be mO apart in latitude, and no to be the limit (which 
may be considered as about 2") within which each observer can conveniently observe a star with a false 
aspect--i.e., as north when it is really south of the zenith, and vice ver8t.f-there will be a zone of 
m0-2%' of declination within which no stars can be used. 

&ploynaent of the Idiometer. 

A full description of this instrument, designed by Lieut.-Colonel W. M. Campbell, for the pur- 
pose of measuring the absolute personal equation of rm observer, will be found in Volume IX, Chapter V, 
Section 9. It was supposed that its employment would act as a check on abnormal variations of perso- 
nality, and that the results deduced by it might be incorporated with those obtained by the usual method 
of divided transits. This expectation was not fulfilled, great discrepancies were found to exist between 
the two systems and the idiometer has not been used during the four seasons under review. 

Persimal Equation h t r o c r i b h g  the Chronographic Becorh. 

The chronographic record is transcribed-that is converted into a numerical reoord-with the aid of 
a glass scale of diverging lines, by which the position of a star's transit-signal between two second-signals 
of the clock can be measured in tenths of a second, while hundredths may be readily estimated by eye. It 
is evident that there ia some room for the effect of a personal equation in this operation, which was 
guarded against tl~roughout the measurements contained in this volume by the records of both stations 
being always transcribed by the same person, so as to eliminate any constant equation of reading. 

B a a l  Remcarh. 

The remarks in this and the preceding chapters apply to the operations of each of the four seasons 
contained in this volume. As the work proceeded, small changes in matters of detail suggested 
themselves; and to render these clear it will be more convenient to the reader from this point 
to give a separate account of the work of each season, showing how the experience of each contributed to 
improvements in the following one. 



CHAPTER V. 

DETAILED DESCRIPTION OF THE METHODS OF OBSEBVINQ AND OF REDUCING THE RESULTS, 
WITH FULL EXPLANATION OF THE TABLES. 

Instrztmenta2 Constants. 

mre Intemals. The whole system of transit wires-twenty-five in number-is attached to the 
micrometer slide, by means of which the central wire of the system can be placed in a position of no 
collimation error, or, as is generally more convenient, in a position for which that error has been deter- 
mined. The usual practice was to observe the transit of each star over the fifteen central wires, but i t  
was a very common occurrence to miss one or more wires ; and the custom was frequently varied pur- 
posely, for instance, when it mas desirable to observe two stars of nearly the same right ascension, the 
first fifteen of the twenty-five wires were used for the first and the last fifteen for the second star. 
The combination of these circumstances, viz., the readily adjustable collimation error of the central wire 
and tile frequent variation in the groups of wires over which transits were observed, led to the system of 
reducing the observation on each wire to the central wire, in preference to using the mean of the wires. 
For this purpose the equatorial intervals between each wire and the central wire must be known with 
accuracy ; these were carefully determined in seconds from observations of transits of slow moving stars. 
These equatorial intervals being known, the computation of time intervals for every star observed, and 
the reduction thereby of the observations to the central wire, can be rapidly effected. This method has the 
great advantage of showing at  a glance the accordance of individual wire observations in each transit, and 
leads to the detection of mistakes-such as observations of wrong stars, or mis-readings of the chrono- 
graphic record-at an early stage of the reductions. The stability of the wire intervals was found 
to be satisfactory. 

Telescope mrometer. The determination of collimation and level errors being made by means 
of the telescope micrometer, the value of its screw was required; and i t  was considered desirable to 
ascertain the regularity of the screw thread by testing this value at different parts of its length. With 
this object the micrometer head was first set to zero and the time of transit of a slow moving polar star 
over any one wire noted ; then without moving the telescope the micrometer was set on to 100 and the 
time of transit over the same wire again noted ; thence to 200, 300 and in succession up to 3,200, a range 
which embraces a little more than the whole breadth of the wire system. 
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This process was only carried out in the case of Telescope No. 2. With Telescope No. 1 the 
value of the screw was determined by measuring with it the wire intervals, the values of which had 
been previously ascertained from transits of circumpolar stars. 

Cotlimator Micrmneter. Owing to the system adopted for measuring the collimation error of the 
transit telescope, the value of the screw of the collimator micrometer was required in terms of the  
telescope micrometer: this was readily obtained by directing t l ~ e  transit telescope on the collimator, by 
measuring the distance between the two vertical wires of the collimator, h t  by means of its own mi- 
crometer, and then by that of the telescope. 

The foregoing instrumental constants being known, the first operation in actual observations is 
the determination of the collirnation correction for the central wire, which was carried out as described 
in the next section. 

I n  all arcs measured previous to the year 1885, the details of which are printed in Volumes IX 
and X, the collimation of the telescope was tested by reference to a pair of collimators approximately 
horizontal in the following way. One collimator, N, always placed to the north of the transit telescope, 
was provided with a fixed pair of crowed wires, 'while the other, S, placed to the south, possessed a 
similar fixed cross and also two vertical wires moveable by a micrometer. The cross' of N was always 
placed as nearly as possible in the meridian and that of S sliglltly to one side, SO that the observer looking 
through S saw the two crosses separated by a convenient distance, A, which he measured by the mi- 
crometer of S. Proceeding to the transit telescope he then observed the cross wire of N and S on the 
central transit wire, obtaining a mean micrometer reading of each. The reading of S so found, tor- 

rected by A converted into terms of the telescope micrometer, was assumed to give the reading of a 
fictitious point exactly opposite the cross of N collimator and this latter reading being combined 
with the observed reading of N, the mean of the two was taken as the reading of the telmcope micro- 
meter when the central transit wire was exactly collimated. This last reading was na.med Go. No 
attempt was however mado to observe star transits with the micrometer set at  Co, in order to avoid the 
necessity of a collimation correction, but a convenient round number-called C,-was always adopted 
and generally used throughout the observations a t  a station. The difference between C, and C,, which 
difference was called c, was taken as the collimation error of the central transit wire. 

The sign of Co-C, is always reversed by change of pivots. Two determinations of coUmation 
error were generally made every night and the mean of the two adopted for the correction-constant for 
collimation for the night. In 1891, however, it was discovered, that owing to the faultiness of the object- 
glasses of both the collimators and the telescope, the reading of S corrected by A did not give the reading 
of a fictitious point exactly opposite the cross of N collimator, and that it was in fact impossible 
to determine the reading of the telescope micrometer, when the central transit wire was exactly colli, 
mated. The new plan was introduced of using one value of Co througllout an arc and the value adopted 
was the mean of the several individual determinations taken during that arc ; the effect of any error in 
this adopted value will be cancelled in the mean of observations taken in the two pivot positions of the 
instrument. A mean value of Co per arc instead of a different value every night has been employed in 
the reduction of all the arcs printed in detail in Part I1 of this volume. This change of' method in  
dealing with the collimation constant is most important and necessitated the entire recomputation of all 
the arcs measured previously in India and printed in Volumes I X  and X. The subject is however bu t  
b~iefly dealt with here, as in Part 111 of this volume, the experiment8 on the object-glasses, the reasons 
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for the adoption of a mean vilue of C,, and the results of the recomputation of all previous arcs are 
given in f u l l  detail. 

Diurnal A berration. 

The effect of the diurnal aberration on the time of a star's transit was not lost sight of, although 
tor all tlie arcs measured-or indeed for any ever likely to be measured-that effect is inappreciable when 
the observations taken at  both stations are combined. The correction for diurnal aberration is a constant 
quantity for each station, and as it must, like that for collimation, be multiplied by secant of each star's 
declination to obtain the correction in time for that star's observed transit, the two corrections may be 
combined. The correction used for aberration was - obozo7 x the cosine of the latitude, and this, 
converted into terms of the micrometer and applied to c,, gave c, which was used as the correction- 
constant for collimation and aberration combined for each night. 

Determination of Level Error. 

The dislevelment of the instrument was always obtained by the use of a mercury trough. Suppos- 
ing the telescope to be perfectly levelled, then the central wire, if collimated, will exactly coincide with 
its reflection from the mercury when the telescope is directed towards the nadir ; and if the levelling be 
disturbed by a certain angular quantity, the wire must be moved by the micrometer through a space 
representing the same angle, in order to regain coincidence wit11 its reflection. This coincidence was 
always observed several times; the mean micrometer reading being called M, i t  is evident that the 
dislevelment is the difference between M and C, (the reading of no collimation error) ; this difference is 
called b, and is the level correction-constant for combination with the constant for each star to correct 
the time of transit for dislevelment. The sign of b is governed by the same considerations which apply 
to  c, as already explained. As a rule three determinations oE dislevelment were made each night, and 
their mean used to obtain b for all the star observations of the same night; but occasionally the means 
of the first and second, and of the second and third, were used for the stars observed during the corre- 
sponding intervals. The mean value of C, for the arc was employed, as being the most reasonable 
determination : any error in the value will cause a corresponding error in the dislevelment, but this will 
have no effect on the value of an arc, resulting from the mean of observations taken in both pivot 
positions of the instrument, as with I.P.B. the level correction-constant is (C, - M) and with I.P. W. 
it is (M - C,). 

An abstract of collimation and level determinations is given in Table I for each season, the ar- 
rangement of which will be readily followed with the help of the foregoing explanation, while to 
facilitate reference, a recapitulatory explanation of the symbols employed is given immediately preced- 
ing the table. 

Tccbte IT-Deductioa of Deviation Correction from Star Observations. 

In  order to determine the azimuthal deviation of the transit telescope from the meridian, two 
pairs of circumpolar stars were always 'observed when possible, one star of each pair being observed a t  
upper culmination, and the other at  lower culmination. These were so arranged that one pair c-ted 



near the beginning and the other near the end of the night's work. Table I1 contains the values of 
deviation corrections deduced from these observations. When a star is designated by a number followed 
by a name, such as Groombridge, the reference is to the Catalogue from which tile star was taken. The 
fist eight columns require no explanation beyond a remark that the same clock was always used for 
both stars of a pair; on rare occasions, however, when one of them was observed in the middle of a set 
of transits which were being recorded with the time transmitted from the distant clock, it was more 
convenient to use that clock for the azimuth star also, although its companion star had been observed 
with the local clock. The clock employed is noted by the letter in the column headed " Clock in use"; 
and when both clocks were used for one pair of stars, the observed time by the distant clock is entered 
in brackets, in column 10, with the corresponding local time below it, the latter being deduced by means 
of the clock comparisons which were always made. When both stars of a pair were observed with the 
distant clock no such conversion is required. The quantity A, in column 9, is the azimuth-constant for 
each star, equal to m sin t sec &where is the zenith distance, positive when south and negative when 
north, 8 the declination, and rra a constant numerical factor for converting divisions of the telescope 
micrometer into ueconds of time : m will be referred to again. This formula gives the sign proper to A 
under all circumstances, if the declination of a lower culmination be considered the supplement of the 
actual declination. 

The " Observed Time of Transit ", in column 10, is the mean of the times observed on 
all wires after the reduction of each to the central wire. The Corrections for Collimation and Level ", 
columns 11 and 12, are those obtained by multiplying the corresponding oorrection-constant given in  
Table I, by the proper constants for each star, viz., m sec8 for collimation, and m cost sec8 for level, 
the symbols being as above. The stars in Table 11 being all well known, it was not thought necessary 
to enter their declinations ; but the approximate latitudes of the stations are given in order to facilitate 
the re-computation of the corrections if required. The factor rn was introduced because the collimation 
and level corrections were originally obtained in terms of the micrometer, and i t  was more convenient to 
retain that denomination-and employ it for the deviation correction also-than to convert into seconds 
directly. The values of the telescope micrometers, as determined by observation from time to time*, varied 
so slightly that the mean value, I div. = 0 ~ 0 2 2 5  (equatorial) has always been used for both instruments, 
therefore m = oh 0225. Column 13 contains the "Correction for Pen Equation, Q," required to reduce the 
observer's record on the chronograph to that made by the clock ; it was daily obtained by observation 
as explained in Chapter 111, Section 5. The " Correction for Clock Rate", column 14, is required for 
the interval between the transits of the two stars forming a pair ; it was always applied to the later obser- 
vation, and the interval was so small that a very accurate knowledge of the rate was not necessary. 
Column 16, headed "Seconds of Corrected Time of Transit", contains merely the sum of the 
quantities in the five preceding columns, the seconds only being entered. The " Riglit Ascension", 
in column 16, was computed from the Nautical Almanac in the case of stars found therein ; for other 
stars it was computed by the "Quantities for correcting the places of stars", or, previous to 1891, by 

\ Airy'a Day Numbers. I n  the latter case the term involving the longitude of the moon was not lost sight 
of, but it was never used in the reduction of Right Ascension as its effect on the stars employed was found 

' t.o be inappreciable. When a lower culmination was observed, the computed Right Ascension at  the time of 
ervation, increased by twelve hours, is entered. 

O$ The "Apparent Clock Corrections", in column 1'7-being the differences between the two preceding 
hs-afford the means of computing the deviation correction a,, as follows :-Let AT be the true 

n, while At and At, are respectively the corrections obtained by the upper and lower cul- 
of a pair; then we have the two equations, AT = A t  - Aa,, and AT = At, - A, a, (where 
11e values of the azimuth-constants for the two stars respectively) by combining which 
d, and there remains one equation from which a,-expressed in terms of micrometer 

- of Part I1 of this volume. 
* Vide page a 
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divisions-is deduced, and entered in the next column. The sign of a is positive or negative; according 
as the plane of rotation of the telescope cuts the horizon to the west or east of the north point; and thus 
the quantity Aa affords the correction for deviation to be applied to the time of transit of any star, for 
which d is computed by the formula given above. 

During the last arc of the season 1885-86, when both telescopes were at Dehra D h ,  advantage 
was taken of the natural suitability of the place to erect a meridian mark, and this latter was used in 
preference to Star Observations for the determination of the Azimuthal Deviation. I n  1892 on the 
Fyzabad-Dehra D&n k c ,  when one telescope was at  Dehra Dbn, the meridian mark was again made 
use of. The northern horizon of Dehra Dtin is bounded by a range of hills, which f u l a  all the con- 
ditions necessary for the site of a meridian mark. Their crest-line is some 4000 feet higher than the 
astronomical observatories in Dehra Dbn and never less than 9 miles distant. Signals on these 
hills appear well-defined images in a telescope at Del~ra Dbn adjusted to stellar focus, and any small 
error in the position of the meridian mark itself can exercise no appreciable effect upon the determi- 
nation of the azimuthal deviation. The exact point of the crest-line of the hills, that is situated on the 
same meridian as the longitude station of Dehra D&n, was determined by Lieut.-Colonel G. Strallan; 
a pillar was built over the spot, a mark-stone inserted and a lamp shewn from tlle latter on nights of 
observation. During the longitude operations every evening before and after work, the observer record- 
ed the reading of the micrometer, when the meridian lamp was intersected by the centre wire of the 
telescope : these readings were called &. 

The azimuthal deviation from the meridian in divisions of the micrometer-screw- was then found 
from the following formulae* :- 

For I.P.E. a = (C, - OM) cosec. 84" I 7' + (C, - M) cot. 84" I 7' ; 
, I . .  a = (C,- C, ) cosec. 84" I 7' + (M - C,) cot. 84" I 7'. 

On the four nights that observations were taken in 1886, the readings named CM and the resultant 
values of deviation were as follows :- 

. * The angle 84' I 7' ia the zenith distance of the meridian mark at the longitude station : C, is the mean reading of the telescope micrometer deduced 
h m  the several determinations of the col~imati6n error: the latter terms of both formtilm is due to. the dislevelment of the transit axie, the determinstios 
of which togpther with the meaning of the symbol M are explained in Bectiop 4 of thin chapter. 
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In 1892 on the six nights that observations were taken on the Pyzabad-Dehra Dfin Arc, the read- 
ings named C, and the resultant values of deviation were as follows :- 

Table 111. Abstract of Observed Palws  of Personal Equation. 
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Table 111 contains an abstract of the individual values of personal equation observed during the 
seasons 1885-86, 1887-88, 1889-90 and 1891-92, by the method of divided transits with the same telescope, 
as described in Chapter IV. The heading of the table shows which transit telescope was in use, and the 
results are entered in two groups according as the stars observed were of north or south aspect; lastly the 
observations are entered in three columns under the dates on which they are made, the first giving the 
number of the star in the British Association Catalogue, the second its declination and the third the 
difference in seconds of time between the reduced transits by the two observers. The letters 8, H, B 
and C symbolize respectively the four observers, Colonel G. Strahan, Lieut.-Colonel W. J. Heaviside, 
Captain S. G. Burrard and Lieutenant G. P. Lenox-Conyngham, and the subscripts R; and S refer 
to the aspect of the stars observed. The quantity S - H is obtained by subtracting the time of transit 
as noted by Lieut.-Colonel Heaviside from that noted by Colonel Strahan, and must be added algebrai- 
cally to Lieut.-Colonel Heaviside's observations to make them comparable with Colonel Strahan's. 

Table 17. Deduction of the Pinal Palzces of the Relative Perxonal Equation. 

I n  Table I P  the mean results of Table 111 are abstracted in two divisions, according to the 
aspect of the stars observed; the dates, telescope used and mean values of the equation are given. 
The final values of the equation adopted for use in the reduction of the observations follow the table. 
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I n  Table P the star observations are given in abstract, and their reduction is carried out to the, 
determination of the quantities 6L - p and 6L + p. 6L p (generally) is the difference between the 
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corrected times of transit of the same star over both meridians, the time a t  east being always sub- 
tracted from that at  west station. Here it is evident that, if the clock in use were rated to keep true 
time, and if its beats were recorded a t  both stations synchronously-and also if there were no errors 
of observation, and no personal equation-then the difference between the times of transit of the same 
star a t  the two stations would be exactly equal to the difference of longitude. But the result actually 
obtained is affected-in addition to errors of observations and personal equation-(1) by the rate of the 
clock during the interval between the transits a t  the two stations, and (2) by the retardation of the beats 
of the clock transmitted through the wire and relays to the distant station. A correction for clock-rate 
is applied in these tables, but the retardation-which is called p-remains for elimination a t  a later 
period. 

m e  Sign of p. 

The correction for p changes its sign according to the clock in use. The retardation always causes 
the times of observations made at the far station, i.e., the station receiving the clock beats through the 
line, to appear slow as compared with those obtained from the clock at its own station, because the 
time at  the far station is recorded by beats of the clock, which are generated an instant earlier than they 
are received, the interval being p. Therefore whichever clock is in use, p has the effect of increasing 
the time recorded at  the distant station, and as tlie difference between the observed times of transit 
is always obtained in Table 7, by subtracting east from west time, the correction it requires is + p 
when east clock, and - p when west clock, is used. I t  should be noted that the quantity P includes 
all sources of retardation, those arising from the instruments employed in the observatories to generate 
the signals transmitted, or to record those received, as well as the simple time of trammission of a 
signal through the line wire between the stations. 

There is no may in which p can be determined separately for each clock, i.e., for the transmission 
of signals in opposite directions through the line, and it is therefore necessary to consider it the same for 
both. Any variation from such equality is probably very small in proportion to the whole quantity, and 
as it arises chiefly from irregularities in the action of relays and chronograph pens in the observatories, 
it must be itself irregular, and liable to elimination in a series of observations. 

Explanation of Table 7. 

This table is arranged in groups, each exhibiting the results of the measurement of one arc. 
The names of the stations and their approximate latitudes and longitudes are entered a t  the head, 

and below this, the central part of the body of the table is divided into halves-the left hand and right 
hand portions being assigned to the observations a t  the east and west station, respectively : outside of 
these to the left and right are some columns common to both stations. 

Beginning from the left hand, 
Column 1 contains the astronomical date. 

,, 2 contains tho British Association Catalogue number of the star observed. 
,, 3 contains the star's approximate declination. 

Columns 41 and 9 shew the aspect under which the star was observed a t  each station ; N and S meaning 
that the observer sat facing the north or the south, respectively. 



Columns 5 and 10 indicate the position of the instrument, and give the correction-constante for each group 
of observations. The letters I.P.E. or I.P.W. mean that the illuminated pivot of the 
transit telescope was east or west, respectively-a position that was never altered during the 
work of any one night except for some of the arcs measured in the season 1886-86. c and b are 
the correction-constants for collimation (including diurnal aberration) and level, abstracted 
from Table I. a is the deviation correction abstracted from Table 11, and is generally the 
mean of the several values of a for each night. c, b and a are expressed in divisions of the 
micrometer. Q is the correction for pen equation in seconds of time, the sign of which 
usually changes after each group. 

Columns 6 and 11 contain the mean observed time of transit a t  each station for each star. The 
transit of a star was generally observed over Wteen wires, the individual observations were 
reduced to the central wire, and the mean of all is here given. These reductions are effected 
by multiplying the known equatorial wire-intervals by the secant of the declination of the 
star observed, and applying the products to the observed times of individual wires by 
addition or subtraction as the case may be; 

I 

Columns 7 and 12. I n  these columns, under the head of <' Total Correction ", the sum of the corrections 
for collimation, level, deviation and pen equation, Q, is given. With the data afforded, vie,, 
the latitude of the station, the declination of the star, the value of the telescope micro- 
meter (i.e., I~ = 08* 0225, vide page 2 of Part I1 of this volume) and the constants c, b, ar 
and Q, the separate corrections can be computed, and the quantities in columns 7 and 12 
checked. 

Columns 8 and 13 contain the seconds of the corrected times of transit, obtained simply by taking the 
sum of the quantities in the two preceding columns. 

Column 14 contains the difference between the corrected times of tramit of each star a t  the two stations, 
east time being always subtracted from west. 

,, 16 contains the mean of each group in the preceding column. 

,, 16 contains a correction required on account of clock-rate ; the quantity in column 16 is a dirext 
difference between two observed times by the same clock, and is therefore effected by the 
rate of that clock during the interval between the observations. The corrections for rate 
used in this table are deduced in Table 71. 

L 

The quantities in the seventeenth column are obtained from Table I?? The last column contains 
the sum of the quantities in the three preceding columns, entered under the head of SL - p or SL + p, 
according as it is deduced from observations with east or west clock, respectively. 

Table TI. Deduction of Clock-Bate Correctwru, finom the Observations of Tra&t8. 

Clock-rate corrections for the intervals between nights of observation were found by comparing 
the corrected transits of the same stars on successive days, and are entered under the head a. In 
doing this the effect of change in the right ascensions of the stars observed was not lost sight of, but 
this effect was found in all cases to be quite inappreciable. For all the arcs measured each observer 
obtained a value of the rate-corrections, a, for each clock, and from the means of these quantities, hourly 
rate-corrections, /3, are interpolated for each night of observation. The correction to be applied to the 
difference of observed times of transits, is simply the quantity /3 for the night, multiplied by the differ. 
ence of longitude in decimals of an hour, and these products are shewn in this table. . 



CHAP. V.] EXPLANATION OF THE TABLES. 

Table 711. Deductim of the Diference of Longitude, A L ,  and the Retardation of Signale, p. 

The final results are arrived at  in this table. 
Column 1 contains the astronomical date, and column 2 which is divided into two parts, gives the 

instrumental position. 
Columns 3, 4, 6 and 7 are the results obtained by the method of transits at  both stations wit11 the same 

clock, and are abstracted for each date from l'able P. Means for each instrumental posi- 
tion and a general mean follow as before. The final value of A L  is obtained by taking 
the mean of the final values of A L  - p and A L  + p which are given at the foot of columns 
5 and 8. The value of p is obtained by taking half the difference of the final values of 
AL - p and A L  + p from columns 6 and 8. 
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CHAPTER VI. 

DETAILED ACCOUNT OF THE OPERATIONS OF EACH SEASON. 

Arcs measwed during the Season 188686. 

In the annexed diagram the arcs measured during the season 1885-86 are shown in black lines, 
and numbered for convenience of reference. Two arcs previously measured, which are required to 
make clear the connection of this season's operations with former work, are indicated by dotted lines. 

Q Peshawar 

Karachi 
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The descriptions contained in the preceding five chapters apply throughout to the work of this 
season, and it is only necessary to remark in passing tliat the system of changing pivots was as 
follows :-On the arcs numbered (6); (8) and (12) the telescope a t  the eastern station 11ad its pivots 
reversed in the middle of work every night, (i. e. between the second and third groups of stars) and 
that at  the western station at  the close of each niglit's observations. Subsequently it was decided that 
the uncertainty of the telescope taking up at  once a permanently stable position immediately after 
reversal more than counterbalanced the advantages aimed at, viz., the systematio variation as far as 
possible of the circumstances under wl~ich the observations were made, and on the remaining arcs, 
numbered (3), (9), (lo), ( l l ) ,  (13) and (14) in the diagram, the telescope a t  the eastern station was 
revel*sed after the h t ,  third and fifth nights, and that a t  the western station after the second, 
fourth and sixth. 

I n  consequence of the magnitude of the circuit errors that had appeared in previous seasons, 
it was decided to intercl~ange observers on one arc of this season, and also to measure an experimental 
arc at  Dehra Dun. The arc Agra-Amritsar was the one selected for the interchange of observers, 
and accordingly after four nights had been completed, Major Strahan moved from Agra to Amritsar 
and Major Heaviside from Amritsar to Agra : four more nights' work was then added, Major Strahan 
using Major Heaviside's clock, chronograph and telescope, and Major Heaviside using Major Strahan's. 
The result arrived at  by the observations taken, when Major Stral~an was at  Agra and Major Heaviside 
a t  Amritsar, differed from the result, when Major Heaviside was at  Agra and Major Strahan was at  
h r i t s a r ,  by on-031. On the experimental arc at  Dehra Dun the two telescopes were placed on the 
same meridian, one a few feet south of the other, and the wliole procedure was gone tlirough of measur- 
ing their difference of longitude: the result was most disappointing; the difference of longitude 
was known to be on. oo but the final value derived from 120 stars came out ob I 9. 

At the close of the field season 1883-84 owing to the occurrence of objectionably large circuit 
errors*, the two transit instruments had been sent to England to be examined by the makers and to 
have certain defects, if possible, remedied, and Major G. Strahan, who was on furleugh in England, 
was asked to inspect the instruments, when the makers reported their work complete; through the 
kindness of the Astronomer Royal a site mas placed at  his disposal in the enclosure of Greenwich 
Observatory, shelter was afforded for the telescopes and clbronograph, and electric communication with 
the standard sidereal clock was allowed. Major Strahan made an exhaustive examination of both 
telescopes, and declared himself satisfied that the instrumental defects had been removed. I n  October 
1886 a further series of experimental observations were taken at  Agra by Major Heaviside, and the 
results obtained were sufficiently satisfactory to justify the resumption of regular operations. 

Tlie behaviour of the instruments throughout the season 1885-86 was such as to give every c o d -  
dence in their perfection, but when the results came to be reduced, it was found that there waR still a 
mysterious source of very appreciable error. Out of five verificatory circuits, three exhibited large errors 
between a quarter and a third of a second of time, and the result of the experimental arc at Dehra 
Dun shewed that there might be an error of on* 19 in a single arc. A few years afterwards the cause 
of these errors was discovered, (vide Part IV of this volume), and the introduction of a mean value 
of C,, in place of the niglitly values as formerly used, reduced the average circuit error of the season 
1886-86 from o"i81 to 0 ~ 0 3 6 :  the value of the experimental arc at  Dellra Dun was also reduced 
from oh I 9 to oh 07. As is explained in Part IV, the original circuit errors have been proved to be in 
no way due to bad observations, but to faults in the object-glasses of the collimators, and the effect of 
these latter is so entirely eliminated by the use of a, mean C,, that there was no necessity whatever 

- --- 

* Vide Section 10 of Chapter VI  of Volume X of the Account of the Opsratiw of the &sat Trigommetrical k e y  of I&. 
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to re-observe the arcs of 1885-86: t,heir reduction, as printed in Part 11, has been carried out on the 
new method, and their values, as originally computed, have been rejected and are not shewn in this 
volume. The final values given on pages I 22-130 of Part I1 may be accepted without hesitation. 

I n  March, 1887, the experimental arc at  Dehra Dun was re-measured in detail on four separate 
occasions, four full nights' work being devot,ed to each measurement. On the first occasion Capt. 
Burrard mas a t  the southern station with Telescope No. 1, and Mr. Eccles at  the northern with Telescope 
No. 2 :  during the second measurement Mr. Eccles worked with Telescope No. 1 at the southern 
station and Capt. Burrard with Telescope No. 2 at the northern. The telescopes were then interchanged 
between the stations, and during tlie last two measurements Telescope No. 1 was north, Mr. Eccles 
observing with i t  on the tilird occasion and Capt. Burrard on the fourth. These four measurements 
being carried out for experimental purposes only, the details of their reduction have not been included 
in this volume. The resulting values of the arc obtained from the observations were +oh or, +oh 02, 

+oh 04, and +obol, from which i t  may be concluded that tlie varlue +obo7 obtained in 1885-86 was 
unusually large. (An error in the adopted value of Personal Equation would readily account for it). 

Personal Equation. 

Personal Equation was measured nine times during the season 1885-86 as follows :-Firstly at  
Agra between Majors Strahan and Heaviside before the commencement of the longitude work proper; 
secondly at Amrit<sar between Major Strahan and Lieut. Burrard; then on three occasions a t  Amritsar 
and once at  Mooltan between Mnjor Heaviside and Lieut. Burrard. Major Strallan also measured his 
equation wit11 Major Heaviside at  Karachi in February, and with Lieut. Burrard at  Amritsar in March, 
and again at  Dehra Dun in April. The determinations of the value of the equation were made in 
accordance wit11 the system detailed in Chapter 1V and call for no special remark. An abstract of ifhe 
results is given in I'able 17, page 26, Part 11, and on pages 27 and 28 will be found a description of 
the method that was adopted of dealing with the unusual variations, that appeared in the equation 
that season. 



Arcs meamred dzcrilzg the Season 1887-88. 

The following diagram illustrates the operations of the season 1887-88. The arcs measured are 
shown as before by black lines, and those previously measured by dotted lines. One of the arcs included 
had already been observed in 18'76-77, and is necessarily represented by both a black and a dotted line: 

There were no changes in procedure from that of the previous season. The telescope at  the eastern 
station had its pivots always reversed after tlie first, third, and fifth nights of observation, and that a t  the 
western station after the second, fourth, and sixth nights. 

The arc, Mangalore-Bombay, had been previously measured in 1877, but had not then been 
satisfactorily completed : it was therefore re-observed in 1888, and the mean of its two measurements 
has been included in Part IV in the Simultaneous Reduction of all the Indian Brcs. 
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4. 
Personal Equation. 

Personal equation was measured three times during the season 1887-88 as follows :-Firstly at  
Madras before the commencement of the longitude work proper; secondly n t  Nagarkoil between the 
measurement of the arcs Bangalore-Nagarkoil and Madra~-Nagarkoil, and lastly at Bombay after tlle 
conclusion of the season's operations. An abstract is given in I'able IP., page 149, Part 11, the results 
obtained from north and south stars being kept separate as usual. 

Arcs measured during the Seaeon 1889-90. 

The following diagram illustrates the operations of the season 1889-90. The arcs measured are 
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shown as before by black lines, and those previously measured by dotted lines: arcs re-measured are 
necessarily represented by both a black and a dotted line. 

I n  consequence of the magnitude of the circuit errors that had appeared in the season 1885-86, 
it was decided that two arcs of that season's work, viz., Agra-Mooltan and Mooltan-Karachi, 'should 
be revised in 1889-90, and that an additional arc Agra-Karachi sllould also be included and measured. 
During this season however the effect on the circuit errors of the introduction of a mean C, into the 
computations was first discovered, and it was then seen that the observations of 1886-86 gave excellen$ 
results, and that no necessity existed for revising any of the arcs. This was not however found out till 
the arc Agra-Mooltan had already been revised and Agra-Karachi measured in 1889, but the proposed 
revision of Mooltan-Karachi was abandoned. I n  the simultaneous reduction in Part IV, the mean of 
its two measurements has been adopted as the final observed value of the arc Agra-Mooltan ; the measure- 
ment of 1889-90 was not however regarded by the observers as deserving of the same weight as that of 
1886-86 : it was the first occasion that Lieutenant Lenox-Conyngham had been employed on astronomical 
observations, and after its completion the coils of one of Captain Burrard's relays were found to possess 
an abnormal resistance. 

The Zonqitude of Ealialzpur. 

Kalianpur is the origin of the Great Trigonometrical Survey of India, the pivot on which the 
whole triangulation has been hung : i t  is a small deserted village of no political importance, situated in 
the territories of the Nawab of Tonk, within three miles of the large city of Sironj. It lies near the 
centre of the Indian continent, at  the junction of the two most important series of triangulation in 
India, viz., (1) the Great Arc which follows tlle meridian of 78" from Cape Comorin to the Himalayas, 
and (2) the Great Longitudinal Series that runs from Karachi to Calcutta. 

I n  1889-90 the distances in longitude of Kalianpur from Agra, Jubbulpore and Bombay were 
determined directly by electro-telegraphic operations, and for this purpose a special line of telegraph 
had to be constructed 30 miles in length from Bamora, a station of t.he Indian Midland Railway, to the 
observatory at  Kalianpur. The difference in longitude between Greenwich and Kalianpur has tllus 
been directly determined by the electro-telegraphic method. It was essential that this should be 
done, as though Kalianpur had been previously connected by triangulation n.ith Bombay, Agra, and 
Jubbulpore, its longitude as deduced through the triangulation would have been dependent on the 
values of the earth's axes, that have been adopted in the Indian Survey, and which are known to be 
in error. 

Personal E q u a t h .  

The observers, Captain Burrard and Lieutenant Lcnox-Conyngham, met for the determination 
of their personal equation four times during the season 1889-e0, firstly at  Dehra Dun before the com- 
mencement of regular longitude operations, secondly at Agra between the measurements of the second 
and third arcs, thirdly at Mooltan between the measurements of the fifth and sixth arcs, and lastly at  
Karachi after the season's work had been completed. Ah abstract of results is given in l'a61e ZV., 
page 234 of Part II., the values by north and south stars being kept separate as usual. 
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Arcs measured dzcring the Season 1891-92. 

The following diagram illustrates the operations of the season 1891-92. The arcs measured are 
shown as before by black lines, and those previously measured by clotted lines: arcs re-measured are 
necessarily represented by both a black and a dotted line. 

Bombay 

Calcutta 

The site of the longitude station at Vizagapatam, from which the arcs Vizagapatam-Madras and 
Vizagapatam-Bellary had been measured in 1877, had been lost* and mas no longer available in IS91 ; 
a new station was consequently selected at Waltair, within two miles of the old, and four new arcs 

A Bornan Catholic W i o n  bhool had been erected on the spot. 
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measured from it; tho measurement of the arcs Waltair-Madras and Waltair-Bolarum completed 
the network over eastern India, and rendered the two earlier arcs measured from Vizagapatam 
redundant : they are however included among the recomputed arcs in Part I1 of this Volume, though 
not shown in Plate V, nor employed in the simultaneous reduction. 

The telegraph line from Waltair to Calcutta mas 660 miles in length and ran along the coast; 
o k n g  to the amount of moisture in the atmosphere and to the defective insulation of the line, the, 
electric currents mere very weak, and the observers experienced much difficulty in obtaining satisfactory 
signals, but they succeeded in completing the arc. On the following arc, Waltair-Jubbulpore, the line 
ran from Waltair to Jubbulpore via" Calcutta, so that the same length of wire along the coast had to 
be used as in the preceding arc with the 760 miles from Calcutta to Juhbulpore in addition. The 
observers here entirely failed to make any signals pass, and they were compelled to introduce a, 

translating station at  Cuttack, where the signals from one observatory mere received, and passed on to 
the other by means of a relay: as was feared, this arrangement largely increased the value of p, which 
is greater on this arc than on any other measured in India. 

The aro Bolarum-Bombay was first measured in 1875-76 ; i t  was re-observed in 1891-92, because 
its former measurement was somewhat incomplete. The result of the observations taken in 1891-92 
m e r e d  from that obtained in 1876-76 by obo8, a discrepancy that justified the revision. 

I n  1891-92 the old longitude stations a t  Calcutta and Bolarum mere no longer available owing 
to the encroachments of surrounding buildings, but they were easily identified, a.nd new sites were 
chosen within a few feet of the old. This has necessitated the application of a small geodetic correc- 
tion to the value of the arcs Calcutta-Waltair, Waltair-Bolarum and Bolarum-Bombay, as measured in 
1891-92, to enable these latter to be compared with arcs previously measured. 

Personal Equation. 

The observers, Captain Burrard and Lieutenant Lenox-Conyngham, met for the determination of 
their personal equation as follows :-Firstly at  Karachi before the commencement of regular longitude 
work, secondly a t  Bombay about the middle of the season, and thirdly a t  Dehra Dun when the operations 
had been brought to a close. Ai abstract is given in Table IP., page 3 I 6 of Part 11, the results obtained 
from north and south stars being kept separate as usual. 

Diflcu lties experienced in Zeve lling. . 
I n  Section 4 of Chapter VI  of Volume X qf the Accou~zt of the Operatiom of the G ~ e a f  Trigo- 

nometrical Survey of India, reference mas made to the difficulty of obtaining distinct reflexion of the 
spider lines in the mercury trough a t  Calcutta owing to the extremely unstable nature of the soil ; a, 

tremor, i t  was stated sufficient to obliterate the reflected image of the wires, would be set up on the 
surface of the mercury by the wheels of a passing carriage long before even the sound of the carriage 
could be heard, and a cough or sneeze would often render the image invisible for a second or two. 
Many expedients were tried with a view to overcoming this difficulty, but without success. The following 
method, which was suggested for use in India by General Walker who received it from a continental 
astronomer, was adopted to render the surface of the mercury less liable to tremors. The mercury 
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is placed in a very shallow copper trough, the surface of which has been amalgamed with mercury 
by means of sulphuric acid: the effect of this amalgam is that the surface of the copper becomes, 
so do speak, "wetted," and vibrations of the ground are not communicated to the mercury. A 
trough was constructed, and on the arc Calcutta-Waltair, measured in December 1891, the above 
method was tried and found to be a complete success : perfectly distinct reflexions were obtained even 
when vehicles were passing within a hundred yards. As an experiment, the ordinary trough was also tried 
at  the same time, but with the same result as formerly : distinct reflexion was never obtained, and generally 
not even a faint vibrating image was visible till after midnight, when tr&c had ceased. 

I n  the trough the depth of the mercury does not exceed ,L,th of an inch, and i t  might be 
objected that owing to this small depth the surface of the mercury would lose its horizontality : but the 
level of the telescope was frequently tested both with the continental and the ordinary trough, and their 
results were never found to differ. 

It has been proposed a t  various times to throw a network of longitude arcs over Assam and Upper 
Burma, and to connect Moulmein (at present the most easterly longitude station in India) with Singapore 
and Bankok: the connection of Gwadar and Bushire on the Persian Gulf with Quetta and Karachi 
was also at one time contemplated, and the re-determination of the absolute longitude of India, east of 
Greenwich, has been suggested by means of the Teheran telegraph wire. These proposals, though not 
abandoned, will not probably be carried out for some years, and so the network of longitude arcs 
thrown over India proper has been treated in this volume as completed, and the circuit-errors have been 
eliminated by the aimultaneoua reduction in Part IV. 

The extension of the longitude arcs east and west to Bankok and Bushire will increase the 
amplitude of the Indian Arc of longitude by 184 degrees : the connection with Greenwich vi& Teheran will 
be interesting, as at present our knowledge of the absolute longitude of India depends upon two very 
long arcs, Bombay-Aden and Aden-Suez, both employing a submarine telegraph cable, and also on the arc 
Suez to Greenwich whose accuracy is not yet proved. None of these arcs enter into any circuits, and 
their observed values have consequently not as yet been subjected to any external check. 
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EXPLA.NA!CION OP TABZE I. 

" Abtract of Detemimtiim of O o l l h t h  and Amel Correction- Cbnstmt8." 

The method followed in making the observations to determine Collimation and Level correction-con- 
stants is fully explained in Part I of this volume. 

The resulta obtained are given in Abstrad in the following table, and the meaning of the symbols used 
therein are here briefly recapitulated. 

The contents of the table are divided into groups, one for each arc measured ; and, in each group, the 
left and right hand sides contain data belonging to the East and West stations, respectively. 

All the tramit wire8 are moueabk by the teleuccrple micrometer, on the reading of which, therefme, the 
collirnation of the tekscope depends. 

I n  1884 the Telescopes were sent to Measrs. Cooke & Sons in England to be overhauled and have the 
Telescope tubes strengthened. Among other alterations the micrometer screws of. both Telescopes were 
entirely renewed ; and whereaa that of No. 2 had previously worked with a reverse motion to that of No. 1, 
they were both now made identical in every way. 

Column 1 contains the astronomical dates. 

,, 2 & 11 contain the names of the stations, and indicate the telescope in use at each. 

,, 3 & 12 show the position of the telescopes on each day. I.,P. E. (or W') meaning, Illuminated 
Pivot East (or West). 

J ,  . 4  & 13. Headed C,. This is the reading of the telescope micrometer, when so set that the centre 
wire is collimated, as found by observation. 

,, 5 & 14. Headed C,. This is the reading of the telescope micrometer as set d h g  the obsma- 
tion of star transits. The setting is arbitrary and is generally constant for each station. 

,, 6 k 15. Headed q. This is the collimation correction-conatant. I t  is equal to C,-C,, or C,-C,, 
when the position of the telescope is I. P. E., or I. P. W., respectively, a mean value of C, 
being used per arc. 

,, 7 & 16. Headed c. This is simply c,, altered to include the correction-constant for diurnal aber- 
ration. c is used in combination with each star's constant for computing the correction for 
collirnation, which therefore includes the correction for diurnal aberration. 

,, 8 & 17. Headed M. M is the .reading of the telescope micrometer when the centre wire and its 
reflection from the mercury coincide. 

,, 9 & 18. Headed b. This is the level correltion-constant. It is equal to Co-M, or M-C,, when 
the telescope is I. P. E., or I. P: W., respectively, a mean value of C, being used per arc. 

All these quantities are expressed in divisions of the telescope micrometer head, the values of which 
were in 1885-86 as follows :- 

Telescope No. 1, 1 & ~ i o n  = o:o2228: Telescope No. 2, l'division = 0'0Z255. 
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Qened 

Mecm - 99.2 - 

Mesn 0. 

I .PE.  - 103.1 
I.P. W . 9  97'2 - 
General 
Mean = 100-a - 

I 0 

d  
+0'8 

-2-4 

-2.4 

+om8 

t0.8 

-2.4 

-1.4 

-0.2 

-0.2 

-1.4 

-1.4 

-0.2 

+r.8 

+0.6 

+0'6 

-ass 

-2.a 

+0'6 

+0.6 

-2.2 

-2.2 

+0.6 

+0.6 

-2.2 

Lmel 

I C. 

100.0 

100-o 

100.0 

100.0 

1m.o 

100~0 

100'0 

100.0 

95.0 

100.0 

95.0 

100.0 

M 

100-a 

100.9 

97.2 
98.8 

100.5 

102-a 

roa.4 

101'0 

100.5 

98.8 

100.9 

,,., 

95' 1 

9a.5 

95'1 

103.3 
lo3.8 

97'5 

96-3 

IW. I 

104.1 

I b 

-1.2 

+1.8 

I 

+xm5 

-3'1 

+x's 

-0.6 

-0.4 

-5'9 

-3'4 

-3'3 

-3'9 

I 01 

-0-8 

+0.8 

-0'8 

+oS8 

-0.8 

+oe8 

-0'2 

+oq2 

-5.2 

+oma 

-5'2 

+0*2 

1 0 

d d d d d d  

-1.6 

0.0 

-1.~6 

0.0 

-1.6 

0.0 

-1'0 

-0.6 

-6.0 

-0.6 

-6.0 

-0.6 



q TABLE I. ABS!l%ACT OF DE!L'ERMINATIONS OF COLLTMATION AND LEVEL COB;BIECTION-CONflTANTS. 

* On December 22nd at A h t s a r  C, for Azimuth Btar 514 wan 95-0. 
t On December 26th at Agra C. for 61 Cephei when obrened I.P.% wes 17.0. 

batronl. 

D8te 

1886 
Dec.21 

,, 22 

23 

,, 24 

, 26 

,, 87 

,, 28 

9, 29 

1886 
Jan. 6 

6 

,, 9 

,, 10 

,, 12 

,, 14 

,, 19 

Instru- 
mental 

m ~ o i t i o n  

I.P.E. 
I.P. W. 

I. P. 7 .  
I.P.E. 

L P .  E. 
I.P. W. 

I.P. JV. 
I.P.E. 

P . E .  

LP. W. 

I.P.W. 
I. P. E. 

1;P.E. 
1.P. W. 

I.P.W. 

I.P.E. 

I.P.W. 

I.P.E. 

I.P.E. 

I.P.W. 

1.P.W. 

I.P.E. 

I. P. 6. 

'* 
3 

d 
R 

t 
Y 

4 

h H 

E. 
8 " 
6 
P2 

i! a 
2 

lbmarks 

Mean Co 

I. P. E. - 103-5 

I. P. 7. - 100'4 - 
General 

Mean = - 

Mean C. 

I.P.E. = 16.0 

I.P. W. - 15.1 - 
Genenl 

Afea~~ = 15.6 - 

Collimation 

19.7 
18-a 
16.8 

26-9 

17.7 

17.7 
27.1 

. 

15-5 
18.3 

29.5 

1 

27.5 

26.7 

28.6 

18.0 
15'1 

24'3 

25'5 
28.1 

99.9 
Iol.9 

104-0 

lol.r 

105.7 
xo5.1 

100.7 

101'0 

99.2 

98.9 

104.7 
I04.2 

104.1 

102,4 

a 
0 

3 
'" 

A " 

2 

D - 
W 
2 
E 
P2 

5 

h 
CP 

& 
8 
Op 
2 
k! 

% 
4 

g 
# 

Remarks 

Mesn Co 

L P. E. - 18.6 

I. P. W. - 26'4 - 
General 

Mesn - 27'5 - 

MeanO. 

L P . 6 .  - 104.3 

I. P. 7. - 100.3 - 
he4 
M- -102'3 

F c  

c . I c . ~ c , ~  

30.0 

17'0 

27.0 

17.0 

27'0 

'7.0 

27.0 

t 
I - o  

0 0  

30'0 

30.0 

30.0 
30'0 

15.0 

100'0 

100'0 

100.0 

100'0 

100.0 

105.0 

105-0 

Level 

f o . o - a - ~  

+ a s s  

-0'5 

+oS5 

+o'5 

-0'5 

-0.5 

+oS5  

-0-5 

2 

+1'5.+1'7 
-1.5 

-1.5 
+a ' s  

+ a s s  

-1'3 

+a '3  

+ a m 3  

-2'3 

'2'3 

-2.7 

-1-7 

M 

26.4 
17.1 

vf'0 
29.4 

30'3 

18.7 

27.1 

17.7 

16.6 

18.0 

18.5 

18.0 

31-I 

4 . 8  

30.9 
17-a 

19.1 
18.7 

27'1 

16.4 

98'3 

101.9 
100.7 

lor '8 

102.7 

1 0  

103'4 

103'3 

103'3 
103.2 

'03.5 

107.4 

109.4 

115.5 

o 

d d d d d d  
-3.3 

+1*7 

-1'3 

-0.3 

-0'3 

-1'3 

-1.3 

-0.3 

-1-3 

I 

-3-3 

-3.3 
+I '7  

-3.3 

+1*7 

-3.1 

'I.5 

+ I ' S  

-3'1 

-3'1 

-3.5 

-3'5 

( b  

30.0-1.5 

-0'8 

-0'5 

-1'4 

-1.1 

-0'1 

-0.9 

-0.8 

-,,I 

-1.7 

+3'4 
+oS3  

-1.6 

i-1'1 

-0.4 

+ I ' I  

-3'2 

+0.8 

+oS3 

+O'f 

+I.O 

-6.1 

-13.1 

Instru- 
mental 

paition 

I.P.E. 

I. P. 7 . .  

I. P. E. 

I.P. W. 

I.P.E. 

I.P.W. 

I.P.E. 

I.P. 7 .  

I.P.W. 

LP. W. 

I.P.E. 

I. P. E. 

1 P . W .  

I.P. W. 

I.P. E. 

Level Collimrtion 

M , /  

100-o 

160.4 

97'3 
97'3 

94'5 

100-6 
.loa.a 

99'8 

97'0 

95'7 
98.1 

101-o 

100.8 

101.8 

98'9 
100.4 

101'0 

103'9 

lO5.7 
106.5 

98'8 
100.6 

99'3 

15'3 
16.7 

16.2 

15'5 

17.6 

'5'9 

17.0 

17.8 

16.4 

17.0 

14'3 

18.0 

C. 

103.1 

102'8 

100.0 

IOI '5 

103.8 

103,8 

99.6 

99'f 

103.6 

100.4 

104'0 

99.3 
1oo.1 

101'1 

103.8 

104'4 
105*o 

~rao'a 
100.1 

ror'a 

15.1 

16-7 

15.7 

15.3 
15.1 

16.5 

'5'5 

16.2 

16.7 

15.3 
14.6 

14.4 

14'7 

15.8 

b 

+ 1.8 

-5'6 

+ I . x  

'5'1 

+0'5 

-1.9 

-3'4 

-1-4 

+0'5 

-0.4 

-1.1 

-1.8 

+ I "  

-0'9 

,-a'a 

I C. 

100'0 

1w.o 

100'0 

100.0 

100.0 

100-o 

100'0 

100.0 

16.0 

16.0 

16.0 

16.0 

16.0 

15.0 

15.0 

I c, 

+ a m 0  

-2.0 

+arn0 

-2-0 

+ 1.0 

-1.0 

+2'0 

-2.0 

+ o a 4  

+0*4 

-0.4 

-0.4 

+oa4  

-0.6 

+oS6 

( 0 

d d d d d d  

+:-a 

-1.8 

+I"  

-2.8 

+1 '2  

-1'8 

+ I * %  

-1.8 

-0'4 

-om) 

-1.1 

-1.2 

-0.4 

-1'4 

-0.2 



TABLE I. ABSTRACT OF DETlT&MINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTbNT8. 5 

+ C. - 15.0, M - 13.3 fm obwrratiom with E Clock, C, - 10-0, M - a 0  '8 for obeervatiom with W Clock. 

b 

AI3tm.L 
Dste 

1e86 
Jan.27  

,, a8 

,, 29 

,, 81 

Beb. 2 

,, 8 

Fub. 9 

10 

11 

,, 12 

,, 17 

,, 18 

F e b . 2 4  

Mar. 4 

. 11 
18 

,, 19 

, 

4 

h -.( 

ti 
Z 

8 
C( 

9 
3 
0 

8 

2 

;4d 
5 
P 
r( 

G 
V 

3 
5 w 
g 
PC 

i 

I - 
K 
V 

2 
3 
9 
4 

Bemarka 

Mean Co 

I.P.E. = t & ~  

1.P.W.- 104.t - 
Qenersl 
lean - - 

Mean& 

I. P. E. - 104.6 
I. P. W. - 107.6 

- 
Qeneral 
lean-106.1 - 

Mean C, 

I. P. E. - 23.2 
I.P.W.= 22.2 - 
General 
Mean = 22.7 - 

Instru- 
mental 
~oe i t ion  

I.P.E. 

I.P.w.103'1 

1.P.T. 

I. P.E. 

I. P. E. 

I.P.3p.105'3 

I. P. E. 

I.P.W. 

1.P.W. 

I.P.E. 

I.P.E. 

I.P.Tp.108-1 

I.P.W. 

I.P.E. 

I.P.E. 

I.P.W. 

LP.U'. 

L P.E. 

g 
8 

C5 
N 

o 
P, 
g 
0 

A 
0 

5 
H m 
4 
E 
4 

h 
N 

2 
g 
0 - 
a 
5 
Pi 
4 
S 
0 
0 
Z 

- 
3 

2 
m 
g : - 
g 
a 
B 
a! 

W 
PI 

Remarks 

Mean Co 

I. P. E. - 19.0 
I.P.W. = 17'0 - 
&nerd 

Mean = 18.0 - 

Mean C, 

I. P. E. = 19.2 

I.P. TP.- 21'2 - 
General 

Mean = 20.2 - 

Mean C, 

I. P. E. = 104- I 

I. P. W. - 106.9 
General 

Mean = 105.5 - 

Instru- 
mental 

 mit ti on 

I.P.E. 

I.P.3. 

I.P.W. 

I. P. W. 

I.P.E. 

I.P.E. 

I.P.E. 

I.P.E. 

I.P.W. 

I.P. W. 

I.P.E. 

I.P.E. 

I.P. W. 

I.P. W. 

I.P.E. 

I.P.E. 

I. P. W. 

I.P. W. 

Collimat ion Level 

M 

d * d  
13.3 

'9.9 
zI.7 

21'3 

20,4 

-15'4 

14.7 

, 13.9 

16-8 

19'2 

19.9 

19.0 

18.1 

19'5 
Ig.9 

23.4 
22.8 

20' I 

r7'5 

21.1 

106.9 

107.6 

106.1 

105'3 
106.1 

103.8 

104.1 

106.3 

106.9 

106.5 

105'7 

Level Collimation 

o 

d d d d d d  

+0'3 

-1.9 

-1.9 

+o'3 

-4'7 

-1'9 

+5-3 

-1.9 

-1.9 

+om3 

+oa3 

+3'1 

-1.5 

-0'1 

-1-1 

-1'5 

+Oms 

+om9 

( b 

d  
+4-7 

-2.8 

-2'9 

-3.3 

-2'2 

-1.6 

-1'8 

+Im3 

+I.o 

+2'9 

+o't 

+2'1 

-0'7 

+I" 

+ 0.8 

-0.1 

+ 1 -6 

+ 1'1 

+0.6 

7 
106.7 

107'4 

107.4 

r"5'5 
lOj.5 

106.9 

106.6 

106.9 

109.2 

110.6 

111.4 

109.0 

109'7 

109'5 

104.2 

103.4 
105.0 

IOI'Z 

102.7 

107'4 
106.3 

108.8 

101'1 

103.6 

lO7'7 
IIo.5 

21.4 

21.6 

23.0 

23.8 

23'9 
24.0 

21 -7 

24'1 

23.0 

za. j 

23.2 

c, I 

4-1'1 

-1.1 

-1.1 

+ f n 1  

-3'9 

-1'1 

+6-I 

-1.1 

-1.1 

+I'I 

+I'I 

+3'9 

-0.7 

+Oaf 

-0.3 

-0'7 

+1'3 

+1'7 

-1'1 

-0.6 

+oa7 

-4'3 

-3'3 

-1'9 

+4'l 

+o" 

+z-7 

+4'8 

+3'2 

+3'0 

-1'1 

-O'7 

-1.3 

-1.5 

+0.9 

-0'2 

C. I 
107.4 

Io3.6 

103.9 
103.8 

107.7 
10i.8 

108.8 

Io4.8 

102.8 

lo4.8 

106.4 

106.9 

104.3 
Io3.6 

106.8 

105.3 

l07.7 

21.9 

lo*6 

. 23.1 

23.4 
24'0 

31.6 

21.7 

23.7 
a3.8 

21.9 

21.8 

I 0 

+I-2 

-2'8 

-2.8 

-3.8 

-3-8 

-2'8 

-0.8 

+I'4 

+1'4 

+4'0 

+I-o 

+1'4 

-0.6 

-1'3 

-1'3 

-0.3 

-O'3 

-1'3 

-1'3 

C. I 

105'0 

105.0 

105-0 

105.0 

110'0 

105'0 

100~0 

105.0 

105.0 

105.0 

105.0 

110.0 

22'0 

22'0 

23.0 

22'0 

24'0 

21'0 

C. 

20.0 

19.9 

18.6 

19.6 

16.5 

17'4 

16.8 

17.2 

18.8 

17.5 

19.0 

18.4 

18-5 

19.4 

18.6 

'7'5 

23.3 
22.6 

20.1 

18'7 

18.1 

20.9 

20.2 

106.7 

Io8.4 

106.7 

107'4 

104.3 

104.5 

103.7 
Io3.8 

106.8 

105.8 

106.8 

I C. 

d * d  
15.0 

ao'o 

z0.0 

15'0 

15.0 

2o.o 

18.0 

18'0 

18.0 

25'0 

22.0 

18'0 

20.0 

105.0 

105'0 

105.0 

105'0 

105'0 

105.0 

I c, 

d  
+3'0 

-aSo 

-2.0 

-3'0 

-3'0 

-tmo 

0.0 

+2'2 

+2'2 

+4'8 

+rS8 

+a.a 

+oe2 

-0-5 

-0'5 

+om5 

+O'5 

-0.5 

-0.5 
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r 

Ashnl .  
Date 

1866 
Apr. 1 

,, 2 

,, 8 

,, 10 

$9 11 

,, 12 

Apr.20 

1, 21 

,, 22 

I] 23 

,, 24 

,, 25 

May 6 

,, 6 

,, 7 

8 

b 

.z 
3 
a 

N 

i 
? 
3 
H 

6 
$ 
FI 

d 
8 
FI 

- 
CU 

L2 

9 
E 
M 

G 
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2: 
FI 
4 
VI 

FI 

z 
0 
PI 

m - 
5 
2 
P 
FI 

1 
W 

Bemarke 

Mean Co 

I. P. E. = 15.5 

I.P. W. - 16.6 - 
General 

hiean - 16.1 - 

Mean Co 

I. P.E. 13'4 

1.P.W. P. 14'5 - 
chv3rsl 

rdml I 14.0 - 

Mean Co 

I.P.E. -12.5 

I.P.W. = 13.6 
- 

General 
Mean = 13.1 - 

Instru- 
mental 

polition 

I. P. E. 

I.P.W. 

I.P.U? 

I. P. E. 

I.P.E. 

I. P. E. 

I.P.E. 

I.P.W. 

LP.W. 

I .P.E.  

I.P.E. 

I P .  W. 

I.P. W. 

I .P.E.  

I .P.E.  

I.P.W. 

!3 
3 

A 
-I 

g 
5 
2 
m 
M 

V 

& 
4 
m 
E a 
3 

h 
r( 

ti 
A 

5 
U, 
2 
a 

3 
C 

=; 

i 
H - 
z 
P 
n 
2 
3 

Inatru- 
mental 
paition 

I.P.E. 

I .P.E.  

I.P.W. 

I.P.W. 

I. P.E. 

I.P.W. 

I .P .E.  

I.P.E. 

I. P. W. 

I.P.W. 

I. P.E. 

I.P.E. 

I.P. W. 

I .P.W. 

1 P . E .  

I .P.B.  

Collimation 

- 
Remarka 

Mean Co 

I. P.E. = 13'5 

I.P. W. = 11.1 - 
aeneral 

1 12.3 - 

Mean Co 

I. P. E. - 10.0 
1.P. w .  = 6.3 - 
Gened  

M m  1 8.2 - 

Mean Co 

I.P. E. -- 7-6 

I.P. 7P. - 11.4 - 
General 

Mesn = 9'5 - 

C. 

14.1 

16.1 

16.8 

16.7 

16.6 

16.1 

15.8 

15.5 
16.0 

1'5.7 

12.9 

14'5 

14'7 
13-0 

15'5 

14.7 

13.1 

13'3 

13.8 

12.4 

14.0 

14.9 

13.8 

14.a 

12.3 

rI.5 

13.7 
12.4 

13'4 

Level 

M 

14'9 

15.6 

15'9 

17'4 
18'7 

16.8 

15.1 

14.0 

15.2 

13.8 

13'3 

13.2 

13.4 

14.2 

15.6 

13'2 

,3.6 

15'9 

'5'9 

14'2 

17.Z 

1a.9 

13.6 

10.1 

,,., 

12.9 

14.1 

12.0 

12.9 

C o l l i d o n  

M 

15.1 

13'9 

'3'9 

9'3 

7'3 

8.6 

10.4 

13'8 

14.0 

10'1 

7.8 

10.8 

,I.l 

9'0 
11.0 

9'8 

7 -4 
5m6 

10.6 

12.3 

9'3 

13.7 

11.9 

13.6 

12'1 

II.g 

5'8 

6.4 

6e3 

( C. 

13'0 

17.0 

17.0 

' 

16.0 

15-0 

15.0 

12-o 

15.0 

15.0 

13'0 

13.0 

.I4'0 

14'0 

12'0 

1ro 

14.0 

1 b 

+I.o 

-0.4 

+aao 

+O*I 

+1.6 

+1'6 

-0.1 

-0.7 

+O'9 

+0.6 

-1.9 

+I.7 

+O'Z 

+2'5 

-0.4 

-0'7 

C. 

13.1 

12.6 

13'7 
13.6 

9.9 

11.1 

II.9 

13.3 

14'5 

11'5 

II.6 

9.2 

9'7 

10.5 

9'0 

7.4 

7" 

4.6 
6.0 

10.5 

9'9 

10.2 

10.9 

10.4 

Io.8 

11.0 

12'4 

6.5 

7'9 

7.7 

Level 

b 

-2.8 

- 1.6 

-4.0 

-a" 

-1.6 

-3'4 

-2.8 

-1'8 

+ 1.8 

-"7 

-3'3 

-3'3 

+3'3 

+1'5 

+2'3 

+3'a 

1 el 

+3'1 

+om9 

+0*9 

+O.I 

+]-I 

+I.I 

+amo 

+I'O 

+I'O 

+I'O 

+I'O 

0.0 

+0.9 

+I" 

+'-I 

+oS9 

1 o 

d d d d d d  

-3'5 

-3.5 

-3'1 

-3.1 

-3-5 

-3.1 

I 

-2.6 

-2.6 

+I'O 

-4'0 

-2.6 

-2-6 

-0.3 

-0'3 

+3'7 

'3'7 

( C. 

15.0 

15-0 

10'0 

10'0 

35.0 

10'0 

10.0 

10.0 

10.0 

5.0 

10.0 

- 

10.0 

10'0 

10.0 

5-0 

5.O 

1 o 

d d d d d d  

+2'3 

+O.I 

+O.I 

-0.7 

+oa3 

+0'3 

+rer 

+o.a 

+0'2 

+0'2 

+oS2 

-0.8 

+O.I 

+0'3 

+0'3 

+O.I 

I al 

-1-7 

-2.7 

-1'3 

-2.3 

-2-7 

-2.3 

-1.8 

-1.8 

+I-8 

-3.1 

-1.8 

-1.8 
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+ o 4-51 

+oeor 

-o.or 

+oSol 

-0.01 

-0'04 

-0'02 

0'00 

-0.02 

+oaor 

-0.02 

+0'01 

+ 13'4 

+ 13.5 

. 
+ 3'3 

+ 1'9 

+ 6.9 
+ 3.4 

- 7.6 

- 8.8 

- 5.6 

- 6.8 

- 4.6 

- 7.1 

II) J 

- o 8-16 
- o 2-07 

+ 2 51-46 

+ 3 8-19 

- 0 9-39 
- 0 4-13 
+ 2 57-43 
+ 3 4-03 

42.35 

II'ag 

31-54 

50'34 

45.28 

6-40 

31"3~ 

51'24 

8.69 

34'85 

49-91 

47'29 

2.16 

35'51 

51-36 

46'54 

3-13 

36-51 

~a.80 

45'84 

1.68 

d 

- 15'5 

-21.7 

- '3'4 

- 8.6 



10 TABLE 1% DEDUCTION OF DEVIATION COR;B;ECTION, a, FROM STAR OBSERVATIONS. 

Star 

614 Qr. 72 

8UremMinoria 

51 Cephei 

~Unrae Minoria 

735 56r. 72 

514Gr.72 
I 

8 Ursta Minoria 

A ,, 
735 Qr. 72 

414 Qr. 72 

8 Ursss Minoria 

A ,, 
735 Qr. 72 

614 Gr. 72 

8 U w  Minoria 

A ,, 
735 Gr. 72 

514 Qr. 72 

8 Ursae Minoris 

51 Cephei 

,, 
~UremMinoria 

735 Qr. 72 

514 Qr. 72 

8 U r n  Minoria 

A ,, 
735 Qr. 72 

514 Qr. 72 

8 U r n  Minoris 

A ,, 
735 Gr. 72 

514 Ctr. 72 

B Urea Minoria 

, 
735 Gr. 72 

E 

Corrections for 
Devia- 

3 

5 
h 

g 
5 
B 

1885 

Dec. 21 

m 82 

,, 23 

2 4  

Obaemed 

8 - 
E 

3 
5 
4 

,, 26 

,, 27 

,, 28 

,, 29 

U 

L 

U 

L 

U 

U 

L 

L 

U 

U 

b 

b 

U 

U 

L 

L 

U 

U 

L 

U 

U 

L 

U 

U 

L 

L 

U 

U 

L 

L 

U 

U 

L 

L 

Colli- 

'3 a 
4 
FS 
0 

I. P. E. 

I.P.E. 

I. P. E. 

I.P. W. 

I. P. W. 

I.P. W. 

I. P. W. 

I. P. E. 

I, P. E. 

I. P. E. 

I. P. 6. 

I. P. W. 

I. P. W. 

1 P. TP. 

I.P. W. 

L P. E. 

r 

-0'88 

+re16 

-1.54 

-2.11 

+Z'I~ 

-0'35 

+omso 

+o.36 

-0.37 

-0.08 

+oerl 

f1.61 

-1.62 

-0'35 

+o'50 

+0*36 

-0'37 

-0.15 

+oa50 

-0-14 

+oa79 

-2'12 

+~.Iz 

+o')j 

-0.65 

+4'09 

-4.12 

-0.88 

+rm26 

-2.12 

+2'12 

-0.88 

+ 1-26 
-2.12 

+z'm 

E 

,, 
,, 
W 

,, 

E 

,, 
W 

,, 

E 

,, 
W 

,, 

E 

,, 
W 

I. P. E. 

I. P. E. 

I. P. E. 

I. P. E. 

I. P. W. 

1P.W. 

I. P. W. 

L P. W. 

I.P. W. 

I.P.E. 

I. P. E. 

I. P. E. 

. I .  P. 6. 

I. P. W. 

I. P. W. 

I. P. W. 

I. P. W. 

I.P.E. 

I. P. E. 

i 

5 

3 

a 

2 

2 

5 

3 

2 

a 

5 

3 

2 

2 

5 

' 2 

z 

2 

3 

3 

3 

3 

2 

a 

3 

3 

2 

2 

3 

3 

2 

i 

3 

3 

a 

3 

,, 
E 

,, 
,, 
W 

,, 
,, 

E 

,, 
W 

,, 

E 

,, 
W 

,,, 

E 

,,, 
W . A  

,, 

r 

-0.jj 

+oa39 

-0.56 

+ o S ~  

-0.47 

-0.07 

+0'08 

+ I ' ~ I  

-1.41 

-0.17 

+om19 

+oeo5 

-0.06 

-0.13 

+oa14 

4-0.44 

-0'47. 

-0'30 

+om33 

-0.47 

-0.63 

+1'48 

-1'59 

+o'48 

-0.53 

-0'16 

+o'18 

-0.23 

+oez5 

-0.66 

+o-71 

-0.06 

+0.06 

-0-60 

+os65 

-0.2254 

+om349.36 

-0.4028 

+1.1179 

-1-roo6 

-0*2254 

+oS3493 

+ I ' I I ~ ~  

-1.1006 

-0.2254 

+oe3493 

+ I - I I ~ ~  

-1'1006 

-0'2154 

+o'3493 

+ I ' I I ~ ~  

-1.1006 

-0'2254 

+o'.~93 

-0.4028 

-0.4028 

+ I ' I I ~ ~  

-1'1006 

-0-2254 

t0.3493 

+ I . I I ~ ~  

-1.1006 

-0'2254 

+oe3493 

+1'1179 

-1.1006 

-0'2254 

+oa3493 

+ I * I I ~ S )  

-1.1006 

Time of 

h m  r 

5 25 46.33 

843.23 

6 47 8.93 

7 24 19-25 

7 30 0.71 

5 25 44-31 

6 8 45.91 

7 24 13.88 

7 30 6-09 

5 25 43.09 

6 8 46-51 

7 24 7.94 

7 29 60.80 

5 zj 42-15 

6 8 45.13 

7 24 5-14 

7 30 5-13 

5 1538'18 

6 8 40.87 

6 47 5.17 

6 34 2-68 

72353'67 

7 30 4'53 

5 25 35.45 

6 8 42.09 

7 24 1-95 

7 29 46.60 

5 25 35-63 

6 8 36-30 

7 z.+ 7.69 

7 29 36'33 

5 25 33.72 

6 8 34-65 

7 24 6.59 

7 29 27.75 

8 

+1-69 

-1.59 

-1.59 

-1.58 

-1.68 

+lm58 

-1.58 

-1.69 

-1'59 

+I-60 

-1.60 

-1.60 

-1.60 

+I'~c) 

-1.69 

-1.59 

-1'59 

+1'59 

-1.59 

-1.69 

+ 1-59 
-1.59 

-1.59 

+1.64 

-1.64 

-1.64 

-1.64 

+1'63 

-1'63 

-1.63 

-1.63 

+1.61 

-1.61 

-1-63 

-1-63 

r 

-0.01 

0-00 

+o'oz 

+oaoz 

+o'oz 

+oSo3 

+0'02 

+oSoq 

+o'oz 

+o'o5 

+o'od 

+omol 

+oao6 

+O.OI 

+omo6 

+omol 

+oa06 

+over 

r 

46.68 

43'29 

5.24 

15-99 

0.80 

45'47 

44'93 

13-96 

2-74 

44'44 

45-24 

8.00 

57.54 

43-16 

44-12 

4-35 

2-72 

39.12 

40.16 

3-01 

4.43 

+0'055xm49 

3-48 

38.02 

39.33 

4-14 

41'03 

36-15 

36.14 

3.28 

31-54 

34'39 

34.42 

1-24 

28.90 

h m  r 

5 25 4 - 4 8  

6 8 44'51 

6 47 8.87 

7 37 2-95 

7 43 10.04 

5 25 48-48 

6 8 44-40 

7 37 2.10 

7 43 1o.70 

5 25 48-49 

6 8 44-29 

7 37 1-29 

: 43 11.36 

5 Zj 48'50 

6 8 44-19 

7 37 0'53 

7 43 12-02 

5 15 48-49 

6 8 44'13 

6 47 9'85 

6 47 9'85 

i3659.27 

7 43 13-24 

5 25 48'47 

6 8 MVIa 

7 36 58.77 

7 43 13'81 

5 a5 48'45 

6 8 44-13 

7 36 58'33 

7 43 14.38 

5 25 48'44 

6 8 4.13 

7 36 51-89 

7 43 14-95 

m  r 

+ o 1-80 

+ o 1-22 

+ o 3.6.3 
+IS 46.96 

+13 9-24 

+ 0 3-01 

- o 0.53 

+IZ 48-14 

+13 1-96 

+ 0 4-05 
- o 0'95 

+IZ 53-29 

+ 13 13-82 

+ o 5-14 

- o o.oj 

+12 56-18 

+13 9-30 

+ 0 9'37 

+ o 3-97 

+ o 6.84 

+I3 5-42 

+IS 7-78 

+13 9-76 

+ o 10.45 
+ o 4.79 

+I2 54'53 

+I3 32-78 

+ o 12'30 
+ o 7-89 

+ 12 55'05 

+13 36.84 

+ 0 14.05 
+ o 9-71 

+ 11 55'65 
+13 46.05 

d 

- 1'0 
- 3'1 

- 10'0 

- 6.2 

- 8.9 

- 8.7 

- 9'1 

- 9-2 

- 5'9 

- 9'4 
- 5'1 

+ 1'5 
- 0.9 

- 9'8 

-17.2 

- 7.7 

- 18'8 

- 7'5 

-21.7 

d 



TABLE n. DEDUCTION OF DEVLATION CORRECTION, a, FROM 8TAR OBSERVATIONS. I I 

P 

A 

1 
5 
fs 
2 
Q 
4 

, 

# - -  

- 
6 

.A 

3 3  
g n  
4 

1885 

Dec. 21 

,, 22 

,, 23 

,, 24 

,, 26 

" 27 

z 
a 

; 
5 

E 

,, 
W 

,, 
,, 

E 

,, 
,, 
W 

,, 
,, 

E 

,, 
W 

,, 

E 

,, 
,, 
W 

,, 
,, 

E 

,, 
,, 
W 

,, 

E 

,, 
,, 
W 

,, 
,, 

u 
-3 
2 

I 

i 

1 
a 
4 

. 

? G  
Q .S 
i . 2  
jtjh 

I. P. E. 

I. P. iP. 

L P. E. 

I. P. TP. 

I. P. E.  

I. P. w. 

Star 

6 Ursse Xinoria 

61 Cephei 

,, 
AUrsse Minoria 

735 Gr. 72 

514 Or. 72 

8 Unue Minoria 

51 Cephei 

11 

A Uram Minoris 

735 Gr. 72 

8Ursre Minorin 

51 Cephei 

A U~EB Mibinoris 

735 Gr. 72 

514 Gr. 72 

L U r n  Minoria 

51 Cephei 

91 

h U r n  Minorin 

785 Gr. 72 

514 Gr. 72 

L Umm Minoris 

51 Ccphei 

A Minoria 

735 Gr. 78 

514 Gr. 72 

L Unue Milloria 

61 Cephei 

11 

AUraa Minoria 

785 or. 72 

Obsemed 
Time of 

~""'t 

h m  J 

6 21 25.64 

6 59 31-24 

6 46 39.70 

7 37 8.18 

7 42 23.47 

5 38 21.53 

6 21 20.17 

6 59 42.52 

6 46 48.02 

7 36 44-36 
7 42 38.70 

6 21 19.79 

6 59 42-64 

7 36 44'18 

7 42 40'30 

5 38 18.29 

6 21 15.29 

6 59 43-78 

6 46 42.57 

7 36 31.77 

7 42 46.37 

5 37 48.37 

6 21 57.80 

6 58 49.31 

7 36 30'37 

7 42 32-96 

5 38 13.82 

6 21 12-53 

6 59 34-21 

6 46 34-75 

7 36 32.90 

7 qr 14.22 

Devia- 
tion 

Constant 
a 

+o.~3az 

-0.3789 

-0.3789 

+1.0589 

-1'0386 

-O"ZIIZ 

+om3322 

-0'3789 

-0'3789 

+1.0589 

-1'0386 

+0'3322 

-0.3789 

+ 1.0589 
-1'0386 

-o'zrIz 

+o.33zz 

-0'3789 

-0'3789 

+cmo589 

-1.0386 

-O*ZIIZ 

+om332z 

-0.3789 

+ 1.0589 
-1'0386 

-0.2112 

+oS3322 

-0'3789 

-0.3789 

+rao589 

-1'0386 

3 
.E! 
g 
3 

L 

U 

U 

L 

U 

U 

L 

U 

U 

L 

U 

L 

U 

L 

U 

U 

L 

U 

U 

L 

U 

U 

L 

U 

L 

U 

U 

L 

U 

U 

L 

U 

" 
s . i  - 3  

8 
%: 
.D 

n 

m 8 

-12 38-49 

-12 27.52 

+ o 26.36 
- 0 0'75 
+ o 45.72 

-12 31-87 

-12 35'93 

-12 30'67 

+ o 28-93 
+ o 10.77 
+ o 39-21 

-12 32-94 

-12 32.03 

+ 0 21'39 

o 30.92 

-12 30'33 

-12 30.96 

-12 39-53 

+ o 27'58 

+ 0 24'20 

+ o 34-63 

-12 2-33 

-13 11'03 

-11 40.17 

+ o 30.69 
+ 0 38.43 

-12 24-28 

-1% 29-81 

-12 21-54 

+ o 37'04 

+ o 21.22 

+ 0 54'34 

I z 
t 
2 
0 
c" 
.t: 
B 
% 
0 z 

3 

I 

3 

a 

2 

3 

3 

3 

2 

2 

2 

3 

3 

2 

1 

3 

3 

4 

3 

2 

2 

4 

3 

2 

z 

2 

5 

3 

3 

3 

2 

2 

ColLi- 
-.tion 

8 

-0.45 

+o-55 

+om55 

-1'48 

+rS50 

-2.19 

+ 1-06 

-1.29 

-1.29 

+3'46 

-3.50 

-0-45 

+oa55 

-1.4 

+ I * ~ o  

-omj3 

+I-06 

-1.29 

-1.29 

+3'46 

-3.50 

+om31 

-0'45 

+0-55 

-1'48 

+1'50 

-0.73 

+I-06 

-1.29 

-1'29 

+3-46 

-3.50 

.I., 

0 u 
361. 

$ 2 3  g . e  E 
g.6 

d 

- 15'4 

- 18.9 
- 22.a 

- 7'5 

- 7.4 

- 9.1 

- 13.5 

- 1'0 

- 4'5 

- 1'2 

- 2'1 

- 2'4 

- 5.0 

- 126.4 
- 127'8 

- 3'7 

- 10.2 
- 10'2 

- 11.1 
- 15.8 

3 -  
j] 
w w  
O 0 

;il 

8 

23'00 

36.39 

42.51 

3-70 

24.3~ 

20.31; 

20'33 

39-19 

45-19 

51'33 

31'49 

17.03 

41.39 

39'90 

40.44 

18.83 

15.15 

39-09 

41-98 

36-13 

37.39 

50.82 

55.16 

50.02 

28.58 

34-81 

12.75 

13.93 

32.47 

31-89 

37-55 

19-47 

g 
.isB- 
Bg 3.: ,a 

3 8 . 3  
d Y  

h m  J 

6 8 44-51 

6 47 8.87 

6 47 8-87 

7 37 2-95 

7 43 10-04 

5 2.5 48-48 

6 8 4 - 4 0  

6 47 9.12 

6 47 9-12 

7 37 2.10 

7 43 10.70 

6 8 4 - 2 9  

6 47 9.36 

7 37 1-29 

7 43 11.36 

5 a5 48-50 

6 8 44-19 

6 47 9.56 

6 47 9.56 

7 37 0'53 

7 43 IVOZ 

5 25 48.49 

6 8 4.13 

6 47 9.85 

7 36 59-27 

7 43 13-24 

5 25 48-47 

6 8 44-12 

6 47 9'93 

6 47 9'93 

7 $j 58-77 

7 43 13-81 

Correctionn 

F"' 

J 

-0.3~ 

+oSq7 

+om47 

-1.13 

+Iaao 

-0-87 

+ I'W 
-1.46 

-1.46 

+3'51 

-3'73 

-0.20 

+oe28 

-0.69 

+oS73 

-0.80 

+om91 

-1.32 

-1.32 

+3'2o 

-3.40 

+0.08 

-0'09 

+o0r3 

-0.31 

+oS33 

-0.30 

+om34 

-0'49 

-0.49 

+1'19 

-1.27 

for 

"" 
Equ- 
tion 

Q 

J 

-1.87 

-1.87 

+1'87 

-1'87 

-1'87 

+1'90 

-1.90 

o-oo 

o'w 

0.00 

o'w 

-2'11 

-2.11 

-2.11 

-2.11 

+ ~ ' I I  

-2.11 

-2'11 

+~'Io 

-2.10 

-2.10 

+2'1o 

-zero 

o'w 

0.00 

o'oo 

o - w  

o'w 

o - w  

0.00 

0.00 

o'oo 

3 s  
.$ 4 

q G  

J 

o-oo 

-0.08 

+omoa 

-0'02 

+o'oz 

-0.08 

+o'oa 

+omo,3 

+o'o2 

-0.04 

+0'03 

-0.08 

+oSo2 

-0.04 

+oS03 

+om02 

-0.04 

+oeo3 

-0.08 

+oSoz 



IZ P O L E  17. DEDUCTION OF DEVIATION CORRECTION, a, FIEOM STAR OBSERVATION8. 
ppp-~-p 

* 
O m  

G g  
%-5J 
E g  
&8 4 z  

~n 8 

-12 23.45 

-1% 26-95 

+ o 28-50 

+ o 51'43 

-12 21'76 

-12 21-24 

+ o 35.72 
+ o 51-54 

+ I 24-10 
+ I 29'18 

+ 13 37'12 

+14 4'57 

+ 1 27.14 

+ I 39.35 

+13 27.52 

+14 5-63 

+ x 41-53 

+ 1 45'30 

+13 37'89 

+13 53.15 

+ I 42.2~ 

+ I 49.68 
+ 13 25-16 
+14 7-66 

+ I 45-14 

+ I 55'40 

+I3 19.00 

+13 53-89 

+ 1 49-02 

+ 1 59-09 

+ 1 59'45 

+ a 14.28 
+xz 52-18 

+ 13 50.82 

2 .s h k -  
. , , p ~ g  
sa,a 
griis 
4 2 e . s  
2 s z a  d e g Q  
h  J 

5 25 48'45 

6 8 44-13 

7 36 58-33 

7 43 14-38 

5 25 48'44 

6 8 44-13 

7 36 57-83 

7 43 14-95 

6 8 4.07 

6 47 10'84 

7 36 54-42 

7 43 17-85 

6 8 44.q 

6 47 10'94 

7 36 53.97 

7 43 18-14 

6 8 44'26 

6 47 11-02 

7 36 5a-go 

7 43 19'00 

6 8 44.35 

6 47 11.01 

7 36 51-68 

7 43 xqma9 

6 8 44-51 

6 47 1oy8 

7 36 52.41 

7 43 19.64 

6 8 4 - 7 9  

6 47 10.82 

6 8 45-04 

6 47 10.74 

f 36 51-36 

; 43 20'29 

Y( : a 
2 n n  
gi.jo 
z.28 

d 

- 6.6 
- 10.9 

+ 1'0 

- 7'5 

- 7'1 

- 13': 

-17.1 

-18.1 

- 3'9 
- 7'3 

-lO.I 

-20.2 

-14'4 

- 16.6 

-14.a 

-lorn9 

-1;-9 

" 
C1 

k - 
M 
1 
8 

P 
8 

3 

E 
a 

2 
0 
0 a 
9 
G - 
9 
B 
G Q  
Q 

e 

C 
m 

m 

3 .z 

2 
4 

C 
m 

Ow 

3 
.$ 
d 
P4 
$ 
8 a 

3 .a 

4 

1886 

Dea. 28 

,, as 

1986 

Jan. 6 

6 

,, 9 

,, 10 

18 

,, 14 

,, 19 

3!.5 l a  
o~ 

' ~ " o  

g . 3  
1 

r 

11'90 

11-08 

29-81 

22'95 

10.ao 

5.37 

22-17 

23'41 

19.97 

41.66 

17'30 

13-28 

16-95 

31-59 

26-45 

12-51 

1-73 

35-72 

15-01 

15-85 

62-14 

21.33 

a7-42 

11.63 

59'43 

15-58 

33-41 

25.75 

55'77 

11.73 

45.79 

56.46 

59-18 

29-47 

Devb. 
tion 

constant 
A 

-0.2112 

+oS33aa 

-1.0386 

-0.2112 

+oa3322 

+1.0589 

-1.0386 

+0'3310 

-0.3791 

+1.057o 

-1.oqo6 

+o'33ao 

-0.3791 

+ 1.0570 
-1.0406 

+oS33ao 

-0'3791 

+r*og70 

-1'0406 

+om3320 

-0.3791 

+1'057o 

-1.0406 

+0*3320 

-0.3791 

+x'o570 

-1'0406 

+o.33206 

-0.3791 

+0'3320 

-0.3791 

+1'057o 

-1.0406 

O b m e d  
~ i m e  of 

h m  J 

5 38 12-11 

6 11 12-99 

+1.058973629*17 

7 42 23-69 

5 38 9'20 

6 ax 

7 36 19'30 

7 42 30.59 

6 7 18-30 

6 45 43-15 

7 23 1 3 - q  

7 29 20.99 

6 7 15-87 

6 45 32a35 

7 13 j o * ~ j  

7 29 11-86 

6 7 0.59 

6 45 26.61 

723 18.76 

7 29 25'51 

6 6 59-46 

6 45 24-23 

7 23 25'77 

7 29 16-71 

6 6 56-73 

6 45 18'41 

7 23 31.97 

7 a9 30.66 

651.58 

6 45 16.63 

6 6 40.68 

6 44 62.87 

7 23 48.05 

7 a9 u-o,~ 

$ 3  
. $ A  a 
3 s  

J 

+oS06 

+o.o2 

+oSo6 

+o.o~ 

+oa17 

-0.01 

+omog 

-0.01 

+o-06 

-0.01 

+oe06 

-0.02 

+oa06 

-0.02 

+o-06 

+0.06 

-0.02 
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a 
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+oeo5 
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-0.37 

-0.37 

+r-13 

+o.28 
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-0.1187 

-0.1750 

-0.1748 

+o'7134 

+oS339o 

-0'1187 

-0.1750 

-0.1748 

+om7r34 

+o.3310 

-0.1151 

-0.1700 

-0.1698 

+oS695g 

+oS331o 

-0.1151 

-0.1700 

-0.1698 

+0'6958 

+om33ro 

-o.rlgr 

-0.1700 

-0.1698 

+oa6958 

+oS331o 

-0'11j1 

+om3.310 

-0.1151 

-0.1700 

-0.1698 

+oS6958 

11 26 35-69 

II 53 21.0~ 

rz 36 36-45 

12 36 4.23 

12 40 8-31 

11 26 19.06 

rl 53 13'66 

12 36 39.54 

12 36 47-07 

12 40 13-50 

1 1  40 2.56 

12 6 60.17 

1% 48 49-f8 

12 48 56-70 

12 5a a-22 

11 39 58-92 

12 6 56.62 

12 48 52-19 

12 48 60.72 

11 52 1.28 

11 39 57-16 

12 6 52'90 
I 

12 48 53'66 

12 49 1-61 

12 52 8.70 

1 1  39 23.20 

12 6 10.57 

r 

1 1  39 19.05 

12 5 62-53 

12 49 17.75 

12 49 25'13 

12 52 55.92 

a 

36-95 

19.72 

35-12 

42.90 

5'81 

30.~9 

12-39 

38'21 

45.74 

11-w 

6.16 

57.66 

46-31 

53.83 

4.40 

63-31 

54-22 

49.46 

57'99 

2.96 

60.81 

50.35 

,5am47 

0.42 

12.80 

27.49 

7.35 

23.30 

j9'34 

14.17 

21'55 

56-75 

h m  a 

1 1  27 41.19 

II 54 15.14 

12 48 16.68 

12 48 z4:40 

12 51 47.27 

1 1  27 41-38 

1 1  54 25-08 

1 2  48 16.6j 

12 48 24.36 

12 51 47'43 

11 17 39'51 

11 54 25-59 

12 48 16-88 

IZ 48 24.60 

12 51 46.37 

11 27 39'65 

11 54 25.56 

ra 48 16-88 

'2 48 14'59 

12 51 46-40 

11 27 39'79 

11 54 a5.52 

12 48 16.87 

12 48 14-59 

12 51 46-43 

' X I  27 40'99 

1 1  54 25.20 

11 27 41-19 

rl 54 25'14 

12 48 16-68 

12 48 24.40 

'11 5' 47'27 

rn 8 

+ I 4.24 

+ I 5-42 

+rr 41-56 

+II 41-50 

+II 41-45 

+ I 11.09 

+ I 12.69 

t 1 1  38.44 

+I1 38.62 

+I] 36.43 

-12 26.65 

-12 32.07 

- o 29'43 
- o 19-23 
- o 18-03 

-12 22-66 

-12 28.66 

- o 32.58 
- 0 33-40 
- o 16-56 
-12 a'-02 

-1% 24.83 

- o 35-60 
- o 35'83 
- o 26-37 

-11 46-50 

-11 42-15 

- 1 1  42.11 

-11 34'20 

- o 57'49 
- 0 57'15 

- I 9-48 

d 

- 2.6 

- 0.1 - 0'1 

- 3'5 

- 2.3 - 2'5 

+ 12-a 

+13.1 
+ 12.9 

+ 13'5 . 

+18'5 
+ 19'4 

+ 8.5 

+'om) 
+ 10.9 

- 9-8 

-17.7 

-13.8 
- 14-2 
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TABLE II. DEDUCTION OF DEVIATION CORRXCTION, a, PROM STAR OBSERVATIONS. 2 I 

Star 

1191 Qr. 73 

1192 ,, 
79 ,, 
aumm %orin 

1270 @r. 72 

1191 Qr. 72 

1192 ,, 
79 ,, 
a Ursat Minoria 

1270 Qr. 72 

1191 Qr. 72 

1192 I, 

79 ,, 
a Ursra Minoria 

B" 
Y 

4 

a 
4 

9 

.- * a 
'3 
5 ' B  

O,,semed 
Time of 
hit 

h m  r 

12 q8 24'85 

12 48 32-59 

12 52 16.97 

13 16 52.17 

1345qSeja 

124826'33 

12 48 33.64 

12 52 8.03 

13 16 41.10 

13 45 45.83 

13 48 23-31 

12 48 30'60 

[a 52 16-44 

13 16 qG-40 

h U  a 
& 

F 
O2 

g 

Nom.-The deviation corrections for both Stations of the Experimental Arc at Dehra Ddn were deduced from the readings 
cd a meridian mark and not from Star Observations. The method of deduction ia fully explained in Part I of this Volume. 

3 

.8 

Derie- 
tion 

constant * Colli- 
mation 

r 

-0.56 

-0.56 

+zSog 

+z.j5 

-0'49 

-0.56 

-0.56 

+2'09 

+ae;5 

-0.49 

+0.22 

+o-zz 

-0.81 

-0.98 

j - 

1886 

Apr. 20 

,, 21 

" 

13 45 40.17 

12 48 21.30 

12 48 28.72 

12 52 18-63 

13 16 45-71 

13 45 34.81 

12 48 23.06 

IZ 48 30'34 

12 52 8.23 

13 16 30.45 

13 45 32-55 

ra q8 22.03 

12 48 28-89 

12 52 12-30 

13 16 30'68 

13 45 27.62 

-0.1592 

-0.1197 

-0.1795 

+0'7245 

co.88.3~ 

-0.1592 

-0.1797 

-0'17gj 

Eo'7q5 

+om88.32 

-0'1j92 

-Om179j 

-0.1795 

+o-7245 

+oe883a 

-0.1592 

-0.1797 

-0'1795 

-t 0.7245 

+oa8832 

-0.1592 

-0.1797 

-0'179j 

+o'7z45 

to.8832 

-0.1592 

-0.1797 

-0-1795 

+oS7a45 

+o.S832 

,, 

E 

! 
Q 

U 

U 

L 

L 

U 

U 

U 

L 

L 

U 

U 

U 

L 

L 

I. P. 2. 

I . p . 6 .  

2 2 L P . K  

Corrections for W 

5 

3 

-3 

3 

3 

4 

4 

3 

3 

3 

5 

2 

I 

3 

3 

5 

3 

3 

3 

2 

5 

a 

3 

2 

z 

5 

3 

3 

z 

z 

1270 Gr. 72 

1191 Qr. 73 

1192 ,, 
79 ,, 
aUmm Minoria 

I270 Qr. 72 

1191 Gr. 72 

I192 I, 

79 ,, 
a Uram Minoris 

1270 0 r .  72 

1191 Gr. 72 

1192 ,, 
79 ,, 
aUrsat Minoria 

1270 Gr. 72 

+0"9 

-0.86 

-0.86 

+3'22 

+3.92 

-0.76 

-0.56 

-0.56 

+2.09 

+z-55 

-0'49 

-0.56 

-0.56 

+2-09 

+2'55 

-0-49 

,, 

,, 24 

25 

E 

,S 

,, 
W 

,, 

E 

,, 

,, 
W 

,, 

E 

,, 
,, 

W 

a 

-0.33 

-0'33 

+oa97 

+I'ZO 

-0'30 

-0.21 

-0.21 

+om62 

+oV7j 

-0.19 

+0'21 

+o.ar 

-0.62 

-0.77 

U 

U 

U 

L 

L 

U 

U 

u 
L 

1, 

U 

U 

U 

L 

L 

U 

23Ll' .u? 

+o'19 

-o.zo 

-0.20 

+0'59 

+oa73 

-0.18 

' -0'39 

-0.39 

+r'14 

+1'4a 

-0.35 

-0'39 

-0.39 

+rm14 

+1'42 

-0.35 

Q 

8 

-3.09 

-2.09 

-2.09 

+2'09 

-2-og 

- ~ . I o  

-2.10 

-2.10 

+ 2-09 
-2'09 

-2'10 

-z.ro 

-2.ro 

+2'09 

j, 

,,, 

W 

-2'09 

-2.10 

-2'10 

-2'10 

+Z-IO 

-2.10 

-2'08 

-2'08 

-2.08 

+2'05 

-2.05 

-2.02 

-2.02 

-2'02 

+1'99 

-1-99 

-=lo 

r 

o S w  

+omo9 

0.00 

+oeo9 

o m w  

I. P. 3 .  

I.P.E. 

+o.q 

0.00 

+oeo9 

o'w 

+o.o9 

0.00 

+omo9 

rg 

s 

21.87 

29-61 

17-94 

58.01 

45'93 

23.46 

30'77 

8.64 

46.51 

43.15 

21.65 

28.93 

12.91 

46.74 

,, 

E 

n 

,, 
W 

,, 

E 

,, 
,, 

W 

,, 

38.55 

18.14 

25.56 

20.34 

52-46 

31'86 

20.03 

27'31 

9-38 

36.47 

29.75 

19.06 

25-92 

13'51 

36.64 

24.88 

h n  r 

12 q8 16.19 

11 48 23.91 

12 51 49.21 

13 16 30.35 

13 45 43-61 

12 48 16.11 

12 48 23-83 

[a 51 49.52 

13 16 30'73 

13 45 43-58 

12 q8 16.03 

12 48 23-15 

12 51 49'84 

13 16 31-09 

13 45 43-56 

12 48 15.95 

1 2  48 23.67 

I2 51 50'15 

13 16 31.42 

13 45 43'53 

12 48 15.87 

12 48 23'59 

12 51 50'45 

13 16 p.71 

13 45 43-51 

12 q8 15.79 

12 48 23'51 

12 51 50.75 

13 16 31'98 

13 45 43.48 

n 8 

- o 5.68 

- o 5-70 

- o 28.73 
- o 17-66 
- o 1-32 

- o 7-35 

- o- 6.94 
- o 19-12 
- o 15.58 
+ o 0'43 

- o 5-61 

- o 5'18 

- o 23-07 
- o 15.65 

d 

-25.6 
-25'5 

- 24.4 

-13-I - 13.5 

-15.6 

-19'3 - 19.8 

-19.9 + o 5-01 

- o 2'19 

- o 1-89 

- 0 30'19 
- o zr.04 
+ o 11.67 

- o 4.16 

- 0 .J'fZ 
- o 18-93 
- o 4.76 

+ o 13.76 

- o 3'27 

- o 2.41 

- o 22.76 
- o 4-66 

+ o 18-60 

-30'9 
-31'2 

-31.5 

-16.4 - 16.8 

- 17.8 

-21.6 - 22'5 

- 22.4 



T ' L E  La. ABSTRACT OF OBSERVED VALUES OF PEBSONBL EQUA!CION 

Between Major8 Strahan, Heao&sade and h t .  Bwrrard. 

PI 
0 
m 
PI 
2 
m 
pl 

5 
8 
54 

! 
5 
I2 
m 

O B S ~ Y E D  WITH TXL~COPE No. 1. O s e ~ ~ v l u ,  WITH TPLBSCOPP 
No. 2. 

A t  A G U  

November 18,1885 

8 1 . / 9 - H  

Osasutvlu, WITH TBLEBCOPE NO. 1. 

166 

189 

281 
849 

401 

409 

425 

466 

610 

666 

687 

A t  

November 11,1885 

8 1 c .  1 8 - H  

AQEA 

November 12,1885 

,I 8-H 

0 I 

+ 30 14 
+ 46 24 
+ a8 22 

+ a 9 2 9  
+ 28 8 

+ 37 7 
+ 42 52 

+ 36 39 
+ 42 3 
+ @ l o  

+ 46 32 

A t  

D~cember 80,1885 

star 1 . / 8 - B  

a 
+ 0.08 

+ '09 
- -06 

+ '11 

+ '17 

+ -06 

+ -09 
+ '04 

+ -02 

+ -08 
+ -03 

+ '14 

-00 

+ 0.065 

f o.011 

+ 0.04 

-oo 

+ -06 

+ -05 
+ '06 

+ '07 

+ -08 

*oo 

+ '19 
. + -06 

+ 0.06s 

& 0.011 

189 

267 

888 
349 

877 

401 

409 

426 

466 
492 

510 

644 
666 

a 
+ 0.02 

+ -06 

+ -01 

+ -09 
+ -03 

+ -07 
'00 

+ -18 

+ -08 
+ .05 

+ -20 

AMRITSAB 

December 81,1986 

1 l .  / 8-B 

8 
+ 0.03 
+ -10 

+ -05 
- -05 

+ -06 

+ -09 

- -09 
+ '06 

+ 009 
+ -12 

+ -15 
+ -12 

+ -09 
+ -07 
+ *oa 

+ -12 

+ 0.064 

A 0.011 

+ 0'03 
.oo 

+ -08 
+ -03 
+ .oz 

+ -08 
+ . IO 

+ -06 

*oo 

- -02 

+ -20 

+ -05 

+ -07 
+ ' IS  

+ '07 

+ 0.061 

j: o'oro 

0 ,  

+ 46 a4 
+ 28 2 2  

+ 40 44 

+ a 9 2 9  
+ 40 ax 

+ a8 8 

+ 37 7 
+ 42 52 

+ 36 39 
+ 4 3 4  

+ 42 3 

+ 37 23 
+ w x o  

109 

168 

166 

189 

267 

253 

349 

877 

401 

409 

426 

466 

492 

610 

644 

566 

+ 0.065 

A. 0.01 I 

+ 0'10 

+ -09 - 0 2  

- -02  

+ -09 
+ -10 

+ '08 
+ .03 

+ -10 

+ '03 
+ '21 

+ 0x8 

+ '04 
-oo 

+ 0.072 

B 0-0x2 

a - 0.08 

+ -04 

'oo 

- -04 

- '15 

+ -03 
+ '05 
+ '10 

+ -07 
+ .06 
+ '08 
+ -05 

- -01 

+ 0.015 

0'013 

+ 0.03 

+ -01 

+ '04 

+ -05 
- -12 

+ '04 

+ .o5 
+ -02 

+ '04 
- '10 

+ '05 - '03 

+ -04 

+ -13 
+ -23 - '02 

+ '08 - '02 

+ '11 

+ 0.033 

f 0'012 

67 

78 
120 

165 

178 

269 

291 
848 

877 

409 

4% 

466 

492 

610 

666 

676 

687 

156 

173 

259 

297 

343 

877 

409 

425 

466 

602 

610 

666 

676 

180 

la 
211 

247 

307 
8% 

865 

388 

439 

448 

477 

583 

666 

677 

0 f 

+ 29 7 
+ 34 46 

+ 30 14 
+ q 6 q  
+ 28 22 

+ 40 44 

+ 29 29 
+ 42 21 

+ 28 8 

+ 4a 52 

+ 36 39 

+ 43 4 
+ qa 3 

+ 37 23 
+ 40 10 

0 I 

+ 33 6 

+ 38 50 

+ 37 53 

+ f g a 3  

+ 37 8 
+ 42 21 

+ 37 7 
+ 42 52 

+ 36 39 
+ q o o  

+ 42 3 
+ 40 10 

+ 36 34 

+ 19 40 

+ 12  35 
+ 14 51 
+ 18 34 
+ ao 51 
+ 9 18 

+ a3 59 
+ 3 o 
+ 16 29 

+ 5 33 
+ 16 51 

+ 19 31 
+ a 1 4 3  
+ a 0 1 5  

0 f 

+ 37 19 

+ 43 38 
+ 32 57 
+ j 3  6 

+ 38 50 

+ 37 53 
+ 39 23 
+ 37 8 
+ 42 21 

+ 3 f 7  
+ 42 52 

+ 36 39 
+ 43 4 
+ 42 3 
+ 40 10 

+ 3 6 3 4  
+ 46 33 

M m ( S N - E N )  

8 
+ o-a2 
+ '06 
- -01 

+ .OI 

- -06 
+ -10 

- '10 

+ '08 

+ -06 
+ -12 

+ '23 
+ *or 

+ -03 
+ -16 

- '02 

+ '1% 

+ '09 

211 

247 

307 
825 

866 

439 

448 

477 

683 

666 

130 

148 

178 

211 

3519 

247 

307 
826 

866 

888 

489 

448 

477 
638 

666 

M a  (SN- BN) 

la7 I + 9 41 

+ 0.065 

A o-015 

0'00 

+ '10 

- 'or 

-00 

- -02 

+ .oa 

+ -07 
+ -15 

+ -06 

+ -07 
- '01 

+ .o7 

+ '08 
+ -0% 

+ -06 
+ -13 

+ -08 

+ '11 

+ -05 

+ -07 
+ '07 

+ 0.056 

& 0-007 

102 

187 

164 

191 

205 

217 
229 

242 

274 
286 

811 

321 

868 

888 

400 

487 
446 

458 

688 

64a 

658 

+ 14 51 

+18.1q 
+ lo 51 

+ 9 18 

+ 23 59 
+ 16 29 

+ 5 33 
+ 1651 

+ 19 31 

+ a1 43 

+ 19 40 
+ 1244 

+ 24 o 

+ 14 51 
+ a7 6 

+ 18 34 
+ ao 51 

+ 9 18 

+ 23 59 

+ 3 o 
+ 16 29 

+ 5 33 
+ 1 6 5 1  

+ 1 9 3 1  

+ 21 43 

164 

191 

206 

217 

ZZ9 

242 

274 

285 

821 

868 

888 
400 

437 

446 

468 

638 

642 

666 

+ 15 49 
+ 9 41 
+ 28 42 

- 4 a9 

- 5 15 
+ 20 18 

+ a7 6 
- r 46 

+ 5 52 
+ jr 12  

+ 4 18 

+ 31 a5 
+ a 9 2 8  

+ s o  

- I 7 
+ 4 46 

+ 1746 

+ 14 45 

+ r g 3 1  
+ 10 17 
+ a1 43 - 

Mean(8a-Ha) 

+ 28 42 

- 4 29 

- 5 15 
+ ao 18 
+ 27 6 

- I 46 

+ 5 5% 
+ 31 12 

+ 31 25 
+ 29 a8 

+ 3 o 

- I 7 
+ 4 4 6  

+ 17 46 

+ 14 45 

+ 1931 
+ 10 17 

+ a 1 4 3  

&fw (Q - B,) 



T D Z E  IIZ ABS!I!R4C!C OF OBSERVED VALUES OF PEMONAL EQUATION 

Between Major Heavkide md Z h t .  Bward.  

8 

3 m 

fi 

E 
4 

6 
E 

f 

. 

At MOOLTAN 

Jan- 24,1888 

O s a g ~ w  WITH T r u e o o ~ ~  No. 1. 

666 

667 

698 

7 a  

881 

877 

904 

916 

958 

967 

981 

January 7,1888 

ster Deolinstion H-B 
' I I 9Yti0n 

0 8 

+ 34 a7 

+ 30 59 

+ 3 3  19 

+ 4 0  53 

+ 39 43 

+ 34 35 

+ 31 a9 
+ 4 0  35 

+ 3 8  a4 

+ a  a6 

+ 3 9  r r  

877 

493 

666 

8 
+ 0.06 
+ -05 

+ '12 

+ '13 

+ '14 

+ '14 

+ -14 

+ -17 

+ '16 

+ -09 

+ -19 

+ 0.1a6 
f 0~009 

+ 0.08 
+ .08 

+ '13 

+ .SO 

+ 
+ '03 

+ -16 

+ '10 

+ -18 

+ *a1 

+ .06 

+ *17 

+ '88 

+ * o g  

+ 0-IZI 
& 0.010 

At AMBITSAB 

January 10,1888 

Btar I Declination 

B b r i e t b  

g41 

687 

712 

741 

764 

780 

789 

808 

8&4 

852 

866 

898 

gql 

0 r 

+ 41 11 

+ 43 q8 

+ 4 0  lo 

848 

877 

409 

4% 

465 

492 

610 

666 

676 

687 

624 

666 

January IS, 1888 

1-w 

+ ao 15 

+ 7 I 

+ q z g  

+ 1 9  lo 

+ 9 11 

+ 9 4 

+ 14 32 
+ 6 5 9  

+ ax a8 

+ a5 9 

+ 4 14 

+ y  43 

+ 1 6  I 

+ a 6  t 

8 
+ omro 

.w 

+ -1s 

0.073 

f o'oa5 

+ 0.03 
+ -03 

+ 0.030 
f 0.000 

0 I 

+ 37 8 

+ 41 ar 

+ 3 7  7 

+ 4 2  5a 

+ 3 6 3 9  

+ 43 48 
+ 41 3 

+ 4 0  10 

+ 3 6  34 

+ 46 33 

+ 31 45 

+ 3 a7 

8 
+ 0'21 
+ -06 

+ '24 

+ .08 

+ '09 

+ '1% 

+ o-15a 
f 0.0~3 

+ 0.03 
+ '14 

+ -aa 

+ 0'130 
f 0'037 

610 

666 

676 

6% 

666 

Mean CHN - BN) 

8 
+ 0'14 

+ -08 

+ '13 

+ -20 

+ -03 

+ '07 

+ -05 

+ *IS 

+ *IS 

• w 

+ '03 

+ 

0 8 

+ 41 3 

+ 10 

+ 3 6 3 4  

+ 4 6  33 

+ 3 a 4 5  

+ 3 a7 

588 

666 

1 .  
- 

+ 0.084 
A 0.011 

+ 0-18 

+ *a0 

+ -10 

+ '05 

+ -1% 

+ -15 

+ -13 

+ - 1 0  

+ -13 

+ 'aa 

+ -08 

+ '13 

+ 0.140 
* 0.011 

+ 19 31 

+ 11 43 

811 

358 

888 

4Kl 

437 

446 

458 

6aa 

642 

666 

607 

841 

M m ( H s - B s )  

+ 4 18 

+ a9 a8 

+ 3 o 

- 1 7 

+ q 46 

+ 17 46 
+ 1 4 4 5  

+ 19 31 

+ l o  17 

+a: 43 

+ a 0 3 1  

+ f Ia 

MW 

666 

801 

I 

+ 19 31 

+ a1 43 

+ l o  31 



TABLE III. ABSTRACT OF OBSEETED VALUES OF PERSONAL EQUATION 

Betweem dlajors Strahcm, Heaviside and Lieut. Burrard. 

h 
0 
m 
A 
d m 
L 

E 
A 

4 
u 
g. 
w 

OBBXRVED WITH TRLRBCOPE NO. 1. OBBRRVID WITE TRLIBCOPE NO. 2. 

At 

March 25,1886 

Equation 
Star Declination 1 .  I s - B  

AMRITSAR 

h h  26,1886 

Equation 
Star Declination I i s-B - 

At 

Febnury 1,1886 

Equation 
Star Declination I i 

2908 

2959 

3027 

3060 

3238 

3252 

3060 

3100 

8144 

8162 

3178 

a238 

3252 

3268 

3281 

8297 

3375 

3416 

3439 

3446 

8468 

821 

831 

861 

877 

916 

941 

958 

dnon~mons 

974 

1123 

1207 

1219 

1228 

KARACHI 

February 2,1886 

Equation 
Star Declination I I s-H 

0 I 

+ 3 3  8 

+ qq 9 
+ 4 0 3 8  

+ 3 8  3 

+ 34 9 

+ 3 7  o 

821 

831 

861 

. 877 

888 

916 

974 

998 

1008 

1023 

1097 

1105 

1123 

1175 

120f 

1219 

1228 

0 I 

+ 39 43 
+ 27 13 
+ 28 46 

+ 3 (  35 
+ 40 35 
+ 16 I 

+ 38 24 

+ 28 39 
+ 28 39 

+ 37 13 

+ 31 33 

+ 3 9 4 r  

+ g j  28 

8 
+ 0.19 

+ -18 

+ -25 
+ '25 
+ '18 

+ '18 

0 I 

+ 3 8  3 

+ 3 8 &  

+ 3 5  6 
+ 3 7 . 1 7  

+ 34 51 

+ H  9 
+ 37 o 
+ 3 6  20 

+ 40 45 

+ 3 5  51 

+ 35 31 
+ 32 29 
+ 35 33 

+ 35 48 

+ 3 7  58 

J 

+ o.02 

- '03 

- '01 

+ '0.3 

+ '01 

- '04 
+ '03 

-00 

- -01 

- .or 

- '02 

- ' 1 1  

- '03 

+ 0 . ~ 0 5  
f 0.010 

+ 0.19 
+ '16 

+ .14 

+ '08 
+ '15 

+ '23 

+ 0.158 

f 0.014 

0 I 

+ 39 43 
+ 27 13 
+ a 8  46 

+ 3 4  35 
+ 37 52 

+ 40 35 

+ 28 39 
+ 4 a  5 

+ 38 52 
+ 26 40 

+ 31 38 
+ q a r g  

+ 37 13 
+ 32 45 

+ 31 33 

+ 39 41 

+ 35 28 

a 
+ 0.12 
+ - 2 2  

+ -18 
+ -20 

+ '19 

+ -14 
+ '22  

+ - 2 1  

+ '23 

+ .  '18 

+ - 2 2  

+ -30 
+ '30 

+ '22 

+ '2.3 

Mean (SN - Bh.) 

I. 

J 

+ 0.01 

+ -03 

+ -05 
- -07 

+ -04 
- -01 

- -06 

+ '02 

+ -02 

- -03 
- '03 

+ .oj  
- '04 

+ -03 
- -02 

+ '05 

+ '01 

+ O ' Z I I  

& 0.008 

+ 0.12 

+ .18 
+ -18 

+ 
+ 'zr 

+ .z8 

+ .18 

+ '23 

+ -25 

+ -14 
+ - 1 2  

+ -2; 

+ -25 

+ . l o  
+ '23 

+ -23 

+ 0.201 
f o - o ~ o  

- 0.013 

f 0.007 

+ 0.07 
+ '05 
- -04 

+ so3 
- -01 

- '02  

+ -01  

+ -04 
+ -04 
+ -01  

'00 

+ 0.016 

f 0'007 

3046 

3069 

3088 

K Cancri 

8123 

3194 

.3206 

3316 

8309 

3318 

cLeonb 

3343 

3355 

3361 

3423 

3460 

Mean (SN - HN) 

2958 

eHydrm 
2978 

3013 

3 

3069 

+ 0.003 

f 0.006 

+ o.01 
- -05 

+ '01 

'00 

+ -03 

- '01 

+ '02 

+ '02 

+ -02 

- -04 

+ '03 
- -02 

+ .05 
+ -05 
- -03 

+ '02 

+ '06 

+ 0.010 

f 0.005 

+ g o  40 
+ a 8  21 

+ 28 21 

+ 1 1  8 

+ 22 28 

+ 25 40 
+ 2 0  17 

- 4 38 
+ 26 26' 

+ ao 43 
+ a 4  18 
+ 2 1  8 

+ 21 43 

+ 1 3 3 6  
+ za  30 

+ 1 9  6 

808 

845 

901 

8Arietis 

999 

1034 

1068 

1087 

1096 

1143 

1 T a d  

+ 1 0 3 0  

+ 6 5 0  
+ 6 16 

+ 5 46 
+ 30 40 
+ 28 2 1  

808 

845 

901 

933 

950 

909 

966 

8 Arietis 

1041 

1052 

1068 

1079 

1090 

1135 

1146 

1162 

1195 

+ 21 18 

+ 9 38 

+ 1 7  52 
+ 1 9  18 

+ 2 0  37 
+ 20 44 
+ 9 zr 

+ la 33 
+ 1 7  28 

+ z o  34 

+ u 45 

Mean (Ss - Bs) 

+ z r 1 z 8  

+ 9 38 

+ 17 52 
+ 17 33 

+ 3 54 

- 8 3 
+ 1 7  26 

+ 19 18 
+ 3 16 

+ 2 4  19 
+ 9 21 

+ 16 22 

- 5 28 

+ 19 20 

+ 23 56 
+ 5 42 

+ 23 37 

Mean (Sg - H s )  



T a x !  III. ABSTBACT OF OBSERVED VALUES OF PERSONAL EQUATION 

Between Hajor Straharc and Liezct. Bzcrrard. 

h 
0 

! m 

' 

I 

w 
o 

$ 
Irl 

OBSE~VED WITH 

at DEHRA 

Mt~g 1, 1886 

Equation 
Star Deolination I I s-B 

TPLBBOOPP NO. 2. 

DON 

8985 

8998 

4010 

4018 

4069 

4131 

4177 

4UU) 

4217 

4238 

4258 

4285 

4311 

4336 

4345 

Equation 
8-B 

8 + 0.10 

+ '18 

+ ' r r  
+ '16 

+ -17 
+ '05 

+ '13 

+ -19 

+ '17 
+ '28 

t '21 

+ -26 

+ -18 

+ '18 
+ -16 

+ -10 

+ -13 

+ 'a8 
+ *a1 

+ 'a1 
+ 'a0 

+ 0.184 

i 0 . o q  

+ 0.23 

+ -14 
+ *at 

+ '16 

+ -19 
+ -18 

+ '17 

+ '13 

+ -17 

+ ' a 8  

+ -19 

+ *a7 
+ '2% 

+ -21 

+ -26 

+ '11 

+ '30 

+ '17 
+ 'a8 

+ -19 

+ 0.119 

& 0.007 

Star 

3966 

3998 

4010 

4069 

4128 

4177 

4188 

4217 

4233 

4258 

4285 

4311 

4346 

4360 

4384 

McB 
4420 

4433 

4453 

4467 

619 

0 I 

+ 56 16 

+ 35 34 

+ 3 8  36 

+ 41 33 

+ 43 & 

+ 54 4 

+ 4 j  10 

. + 5 6  ar 

+ 52 10 

+ 33 53 

+ 41 30 

+ 3 9 5 4  

+ 3 8 . 8  

+ 56 35 

+ 38 56 

May 3. 1886 

Declination 

0 8 

+ 56 16 

+ 35 34 

+ 3 8  36 

+ 43 44 

+ 33 42 
+ 43 lo  

+ 3 9  39 
+ 5 1  10 

+ 33 53 
+ 41 30 

+ 39 54 
+ 3 8  8 

+ 3 8  56 
+ 31 a4 

+ 36 a5 

+ 39 8 
+ 41 a4 

+ 4 0  45 

+ 3 4  42 
+ + o  45 

+ 42 41 

8 
+ 0.17 
+ -08 

+ -13 
+ 2 7  

+ '17 
+ -25 

+ -17 
+ -ao 

+ -19 

+ '23 

+ -18 

+ . a 1  

+ -13 

+ '09 

+ -13 

+ 0.173 

& 0.010 

+ 0.17 
+ -20 

+ 
+ -14 

+ .a3 
+ 
+ I 

+ 'a4 

+ -25 

+ ' a 3  

+ .18 

+ *a6 

+ 'a2 

+ -29 

+ 0.226 

& 0.006 

(8x - Bx 

4031 

4049 

4079 

4110 

4139 

4166 

4168 

qZga 

4260 

426f 

4277 

4299 

4328 

4367 

4393 

4440 

4499 

4M)9 

%29 

8979 

4031 

4039 

4066 

4094 

4110 

4189 

4156 

4168 

4250 

4267 

4277 

4299 

4316 

+ 16 17 

+ 4 17 
+ l o - 1 8  

+ a 1  11 

+ 26 39 
+ 1 8  25 

+ 5 56 
+ 1 9  o 

+ 9 1 5  
+ X I  3 

- o 57 
+ r 4  11 

+ a r  51 

+ I !  34 
+ a 8  lo 

+ ro I 

- 4 10 

+ 14 a4 

+ 19 39 
+ 4 14 

+ 8 54 
+ 1 6  17 

+ 4 7 
+ a 1  6 

+ 2 32 

+ a 1  11 

+ a 6  39 
+ 1 8  25 

+ 5 5 6  

+ 9 2 5  
+ 11 3 

- o 57 
+ 14 11 

+ a 8  10 

Man (41 - BII ) 



a 6 TABLE fi. DEDUCTION OF THE FINAL VALUES OF THE B;ELATIVE PEESOl'?AL~EQUA!LTON 

Fi~znl Palues of the Equation Adopted. 

Between Major8 Strahan and Heavkide. 

The observations for Personal Equation had a peculiar interest attaching to them this season, as i t  was the first occasion on 
which three observers had been mutually concerned. In  all previous years the accuracy of the final value of the equation adopted 
could only be judged of by means of its probable error, and this was invariably infinitesimal : this season each of three observers 
had determined his relative equation with the other two, and a valuable check was therefore available. The result was not satisfac- 
tory : though the probable errors of the finally adopted equations between any two of the observers remained as minute as heretofore, 
the equations themselves contradicted each other so that the equation measured directly between Majors Strahan and Hea6side differed 
considerably from that deduced through observations made separately by each observer with Lieut, Burrard, In consequence of this 

I m 

rn m 
B 

BY STARS OF NOBTH ABPECT 

Between Major Strahan and Lieutenant Burrard. 

Astronomical 
Data 

1885 

November 11 

91 12 

I) 1s 

1886 

February 1 

I) 2 

BY STARE OB SOUTH ABPEOT 

h t r o n o m i d  
Date 

1886 

November 11 

ss la 

9) 18 

1886 

February 1 

3, a 

(0 m 
U3 
r13 

2 

Telescope 

in w e  

No. 1 

,, 1 

,, 2 

No. a 

,, 2 

1885 

December 80 

II a1 

1886 

March 25 

PI 26 

1 

I, 3 

No. 1 

I, 1 

No. 1 

,, 1 

N o . 2  

,, 2 

Telescope 

in uw 

No. 1 

1 

,, 51 

NO. a 

" a 

Betzoeen Zajor  Zeaviside and Lieutenant Burrard. 

Value of the Equation 

8, - B, 
a 

+ 0,015 
+ -065 

+ o*ao5 
+ -211 

+0'173 

+'184 

m z 
F 4  

Mean 

a, - =, 
8 ,  

+ 0.065 
+ -064 

+ -06s 

- 0.013 
+ m o o s  

Value of the Equation 

Qenersl 
Mr. I M- 

General 
Mean 

SN - % 
6 

+ 0.065 

- 0.005 

S, - H, 
8 

+ 0.061 
+ -061 

+ 0.71 

+ 0.016 
+ '010 

S, - B, S, - B, 8, - B, 
8 8 

December 80 No. 1 + 0.033 
+ 0.040 + 0-045 

,, 1 + '056 

Sa - H, 
8 

+ 0.065 

+ 0-013 

+ 0.208 

+ 0.179 

H, - B, 
a 

+ 0.030 

H, - B, 
a 

+ 0.030 

1886 

March 25 

19 26 

=Y 1 

II 8 

No. 1 

1886 

Jai~nary 7 

January 10 I No. 1 I + -084 I + -084 

January 16 I No. 1 / r ,157. I + .rSz 

January 24 / 0 1  I + - 1 2 6 1 +  - 1 2 6  

January 10 I No. 1 I + -140 1 + -140 

January 16 I No. 1 I + ,130 ( -130 

January % 1 No. 1 1 + -121 1 + -121 

No. 1 

,, 1 

No. 2 

,, 2 

No. 1 

+ 0.158 
+ '202 

+ 0.226 
+ '219 

H, - B, 
8 

+ 0.073 

+ 0.180 

+ 0.223 

H, - B, 
8 

+ 0.073 
1886 

January 7 



FINAL VALUEB OF THE EQUA!I?ION ADOPTED. 27 

dieoardance the deduction of the 6nal values of the equation became a matter of some difficulty, the more especial1 as on some arcs all 
three observers had taken a share in the work ; it was hally decided that a graphic repreaentation would meet t I e case, and the ac- 
companying diagram was constructed : the diviaiona proceeding horizontally represent two days each, and those vertically hundredths 
of a second of time. 

The curves* were drawn as follows :-A straight horizontal line was taken to represent the zero or basis from which the 
several equations were measured, and a8 Major Strahan was the only observer who had worked throughout the season and taken 
part in all the arcs, his name was attached to it. Major Heaviside's curve was drawn next: the dates on which he had 
observed for Personal Equation with Major Strahan formed the abdcisdle of the points plotted, and the values of the equation on 
those dates the ordinates: as however they had only observed together twice, viz., on November 12th and February 1st Major 
H=visideJs curve is of necessity a straight line joining the extremities of the ordinates on those dates. Lieut. BurrardJs curve was 
plotted last : he had observed four times with Major Heavieide and three times with Major Strahan, and thus seven points on his 
' c m e  were known : hia equations with Major Heaviside were measured vertically downwards from that officer's curve on the dates of 

'* Thm liner are not in wality curver, but the derignrtion may perhap be allowed to p m  rur ou5ciently exact for the p w p e ,  



3t% FINAL VALUES OF THE EQUATION ADOPTED. 

observstion, and hie equations with Major Strahan were referred to the zero line. The thick black lines at the top and bottom of the 
diagram represent the dates, during which thc measurement of each arc was carried on, and the dotted lines t h g h  the equation 
curves are drawn at the middle of each arc, and give the interpolated value of the Personal Equation to be adopted for that am. 
The values thus deduced and finally adopted were as follows :- 

a 

. { S, - H, = + -053 
For the Arc Agra-Mooltan 

S, - Hs = + -056 
S N - H N  = + '041 

,, Deesa-Mwltan ... { 
Ss - H, = 3- '047 

S, - B,= + '199 
,, Dehra Ddn-Amritsar . . . 

S s - B s  = + sly4 

S N -  B N =  + '187 
J Dehra Djn-Agra . .  { 

S, - B, = + '211 

S, - BN = + -177 
Experimental Arc, Dehra D(n . . . { 

Ss - B, = + '227 
I n  these equations the general symbols S-H, and S -B signify quantities which must be added to times observed % 

Major Heaviside and Lieut. Burrard respectively before they are compared with those observed by Major Strahan : similarly the 
general ~ymbol H-B signifies the quantity that has to be added to times observed by Lieut. Burrard before they can be compared 
with those obeened by Major Heaviside, the subscripts N and S referring to what has been usually called in these YO~UIIXE the 
aspect* of a star. 

The above method of deduction by curves ia, it may be stated, not wholly satisfactory, and was only employed as the choice 
of evils. I t  is in the first place based upon the assumption that the Personal Equation between two obsenerere varies with perfect 
uniformity between the consecutive dates on which they observe, a most improbable occurrence. I t  gives too an m d d y  high 
weight to the equation of those two observers whose curves chance to be drawn first: the straightness or uniformity of these  curve^ 

depend on the number of points in their path that can be plotted, as a bend or change of direction occurs at each, and in the curve 
that happens to be drawn last the known points must of necessity largely outnumber those of the second curve. In the accom- 

anying diagram, for instance, only two points were  lotted of Major Heaviside's curve, being derived from the two dates on which 
ge had observed with Major Strahan: in Lieut. Burnard's cune not only were the results of his observations with Major 
Strahan plotted, but also those of his observations with Major Heaviside : during the period therefore that all three CWYW occur 
together only a half weight attaches to the third observer's work. If the three observers were of equal experience, this would 
constitute a most serious objection to the graphical method of deduction : in 1885-86 however it happened that from December 30th 
to February lst, the only period in which all three curves occur together, was the first occasion on which Lieut. Burrard had 
been employed on longitude work, and that the contradictory results were largely due to hie not having acquired a fired habit of 
observing ia but a justifiable hypothesis. 

* The aspect of a star is said to be north when the obsemer stands on the mouth aide of the pien facing to& the north. T ~ M  0 0 c d o ~ J  ~ . P P ~ U  whm 
a 0  8- IIUJ be a few minute8 13. of the zenith at tmmit, vide Vol. IX, page 3a. 



TABLE P. OBSERVATIONS . OF TI1ANSITS WITH E CLOCK, AND DEDUCTION 

OF THB APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

3 
t2 - 
.! 
$ 
4 

1885 

Nor.= 

N o v a  

P 

I 
4 
a 

a0 m 
f 
2 
'f: 

% 
m 

'0, 

" 
90 
z 
'0, 

" 
00 
'2 
'0, 

C;: 

c 
'0, 

I 

STAB 

B.A.C. 
Number 

968 

974 

993 

1017 

1026 

a Ceti 

957 

974 

8Arietin 

1025 

1128 

1175 

1m 

1219 

I 

s Teuri 

963 

974 

993 

10% 

AGRA (E) u. s?" IU', h n g .  da I F  114 

T R ~ B I T ~  OBBEEVICD AT E 

D 
nation 

o I 

+ 4031 
+ 2838 
+ 42 5 

+ 33 48 
+ 2838 

+ 3 38 
+ 2448 
+ 28 38 
+ 19 18 
+ 2838 

+ 37 13 

+ 32 45 
+3133 

+ 3941 

+ 23 45 

+ 4031 
+a838 

+42 5 

+ 28 38 

g 
-m 

3 

N 

N 

N 

N 

N 

8 

S 

8 

8 

8 

N 

N 

N 

N 

8 

N 

N 

N 

N 

g 
if 
.z w - 
f 
6 

f: 
" P  

0 

+ 

f: 
0 
b 

+ 

(1 

O 

+ 

r: 
" P  

0 

+ 

:: 

+ 

AND MOOLTAN (W) k t .  30" l l ' ,  h g .  

TEANUITS OBBEEVED AT w 
By Strahan, 

In- 
strumental 

Pw&ion 
and 

~ o m c t i o n  
Constants 

I. P. E. 
d , + 0.8 

: TI;:: 
8 

Q + 1-50 

r 
Q - l.jO 

I. P. W. 

, - 2.4 ti 

;I];:; 
r 

Q + 1.52 

.i a 
3 
g b o  
. $ + +  

a 6 g r l  
$&' 

I I 
z g  

U 

rO M 
? 
O 

+ 

'% 
" 9 0  
b 

+ 

c: 
P 
O 

+ 

3 
O 

+ 

2 
? ?  
O 

+ 

u 

-5 

4 

N 

N 

N 

N 

N 

8 

8 

8 

8 

s 

N 

N 

h' 

N 

S 

N 

N 

N 

2 

seconds 
of 

Correct- 
~e 

8 

40.09 

39-96 

17.92 

30'85 

zImza 

13-62 

40.17 

39.85 

61.08 

21-13 

39-59 

15.10 

52-62 

7-10 

37.01 

38.71 

38-60 

16.61 

19-85 

4a 46' 66. 

DifEerence of 

with 

M~~ 
Observed 

TYne 

hfJl J 

3 038.43 

a 38-39 

7 16-26 

11 19-25 

13 19.65 

2 56 12.20 

58 38.63 

3 a 38-28 

4 59-57 

I j  19.56 

33 3 38.97 

42 16-51 

46 54-04 

50 8.45 

3 40 38.47 

3 o 37'23 

2 37.17 

7 15'12 

13 18'42 

1' 

Correoted 

( W - E )  

By each 
Star 

O J  

26 18'68 

18-70 

18-72 

18-73 

18'74 

26 18-70 

18-69 

18.87 

18.80 

18-80 

26 18-71 

18-66 

18.80 

18'79 

26 18'74 

26 19-04 

18.97 

18.95 

Tele~cops No. 

COrreo- 
tion 

8 

+1.66 

+1'57 

+I-66 

+I-60 

+1'57 

+rmqz 

+X'S4 

+x's7 

+I' ~ I  

+1'57 

-1.38 

-1.41 

-1'42 

-1'35 

-1.46 

+ I . &  

+1'43 

+I'd9 

+1'43 18.95 N 

Times 

Mean 

of 
amup 

\ 

h 
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0 . 5 z 
E'f: 

S 
*b 
E'O, 

"0, , P 

E'O, 

1 

~~n~ 
of 

Correct- 
Time 

8 

58-77 

58-66 

36.64 

49'58 

39'96 

32'32 

58.86 

58.72 

19-88 

39'93 

56-30 

33'76 

rr'qa 

25-09 

55-15 

57-15 

57'57 

35.56 

By Heaoiside, 

=- 
s t m e n t a l  

Position 
and 

~ o m c t i o n  
Constants 

I.P.E. 
d , - 

b - 1.2 
+ 

J 
Q + I-50 

8 

Q - 1-50 

I. P. W. 

, o.o 
+ 

a +20.2 
38-80 J 

Q + 1.50 

with 

M~~~ 
Observed 

Tima 

h a  J 

3 a6 57.60 

28 57'19 

3 3 3 5 5  

3748'24 

39 38-49 

3 az 30.41 

24 57.32 

28 57.25 

31 18.25 

39 38.46 

3 59 58'04 

4 8 35-39 

13 13'02 

16 27';o 

4 6 57.19 

3 26 56-30 

28 56-01 

33 34.14 

Telsrcops No. 

~ ~ t ~ l  

Correc- 
tion 

8 

+rB17 

+1'4f 

4 

+1'34 

+ 1-47 

+ 1.91 
+1'54 

+1-47 

+1'63 

+1'47 

-1.74 

-1.63 

-1.60 

-1.81 

-1'44 

+ 1.45 
+1'56 

+ 1.42 

39 37.23 +1'57 



T ? L E  P. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 
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% 
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2 
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31.79 

9'20 

33'90 

61-05 

47'18 

47-02 

59-15 

10'36 

3-17 

31-03 
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58-95 

3 
, 

N 

N 

N 

N 

N 

8 

8 

8 

8 

8 

N 

R 

N 

?I 

N 

8 

8 

8 

8 

8 

N 

N 

N 

N 

C~l~~tion 
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40 6-90 

42 28.23 

45 10-94 
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+I-61 
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lbaO 

1444 

p End. 

1485 

1608 

1602 

1614 

1627 

1668 

1691 

1637 

. 

AGRA (E) Lat. a7a 1U, h n g .  Bb 14.: 

T E A R ~ I T ~  OB~ERVED AT E 
STAB 

Deoli- 
nation 

D I 

+ a8 7 

t 1517 

+ 21 59 

+ 2850 
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+I -91  

+la84 

+1'87 

+1'71 

+1*68 

+1'71 

+1'7O 

-1.43 

-1.39 

-1.53 

-1'46 

- 

with 

M~~~ 
Observed 

Time 

A m  r 

6 27  54.41 

39 45'43 

4319.73 

48 19-96 

630 19-61 

33 47.57 

3435.14 

36 31-51 

6 6 5 5 . ~ 1  

8 15.72 

18 14.00 

a3 0-30 

5 5948'25 

6 3 15.81 

13 3'39 

15 51'77 

6 37 55.65 

3945'04 

42 19-27 

48 19-55 

- --- 

2 

Seconds 

Corrcct- 
Time 

a 

54-63 

43'95 

18-21 

18-46 

19.70 

47.66 

35-31 

31-58 

57-13 

17-61 

15.84 

2'17 

49'96 

17.49 

5-10 

53'47 

54-22 

43'65 

17.74 

18-09 

Tebrcope No. 

~ o t a l  
coneC- 

8 

-3.08 

-2.09 

-3.02 

-2.08 

-1'94 

-1'94 

-1'95 

-1'93 

+1.61 

+1'61 

t1 .60 

+1'59 

+1'59 

+ 1-59 

+x's9 

+1'59 

-1.77 

I 

-1.78 

-1.80 

1 

of 
Correct- 
ed Timo 

r 

53-18 

41.60 

16.71 

17.04 

18-16 

46-09 

33'74 

30.14 

55-84 

6 3  

14-51 

60.88 

48.62 

16.12 

3.80 

52.20 

52-88 

12-34 

16.47 

16-76 



TABLE 7? OBSERVATIONS OF !J!RANSITS WITH W CLOCK, AND DEDUCTION 4 7 

OF THE APPARENT DIFFERENCE OF LONGITUDES, A L  + p. 

. 

DEESA (E) M. aa" 16: LOW. B 4~ 64' : AND MOOLTAN (W) Lat. 31.7' II', ikng. 4h 86" 66'. 

d 
$ 3  
.o * k  

f 
'p 

TRAITSITS OBSERVED AT E 
a 
,2 - 
3 
$ 5 0  

$ + +  
, S $ O I  * *  

$ R M  
4 1 1  

Q a?$ 
V 

h 

TEAITBITS OB~ERVED AT W 

By Strahum, 

In- 
8 strumental 

Y 

+ 
4 a 

Y) 

* 
8 

$ -- 
2 

8 

S 

8 
, 

N 

N 

N 

N 

8 

8 

8 

S 

N 

N 

N 

N 

S 

8 

S 

8 

Difference of 

1885 

Deo.11 

Dec.12 

B 

Seconds 

Correct- 
ed ~i~~ 

8 

19-15 S 

Corrected 

( W - E )  

By each 
Star 

with 

M~~~ 
Observed 

h9lB J 

6 30 20.90 

41-21 

9 .78  

31.19 

57-02 

1 7 - 4 8  

5 7 2  

2-11 

49-81 

17'39 

5-06 

53-46 

54.16 

43'58 

17-75 

17.99 

19-11 

47.16 

34.71 

31-08 

By Heaciside, with 

In- 

I strumental M~~~ 

ObBsned 
and 

Correetlon 1 Time 
Consta~lts 

Times 

Mean 

of 
Group 

Teleaevps No. 

~~~~l 
Comc- 

tion 

8 

-1.75 

3248.98 

3436.59 

36 33-01 

6 6 55-09 

8 15'55 

18 13.84 

aa 0.21 

5 59 48-09 

6 a 15'6.3 

13 3'29 

15 51-69 

6 27 55'57 

39 44-96 

42 rg -a j  

48 19'43 

63020.76 

ja 48-83 

34 36-40 

36 j2'f9 

2179 

2191' 

2199 

2208 

2014 

2021 

2110 

1971 

1986 

2047 

2067 

2156 

2223 

2237 

2270 

2173 

2191 

'2199 

2208 

-1.77 

-1.81 

-1.82 

+ 1 - 9 j  

+1'g3 

t 1 . 8 8  

+ t a c p  

+1*78 

+1.76 

+1.77 

+1'77 

-1.41 

-1'38 

-1.48 

-1'44 

-1.65 

-1.67 

-1.69 

-1.71 

d 
o - 0 . 6  

1 :  
J 

& - 1'70 

I. P. W. 
d , - 6.0 

: 
Q + 1-70 

Q - 

Tehcops No. 1 

3547.67 

37 j 5 . d  

39 31-13 

6 9 54-02 

11 14-61 

21 I 

a4 59.20 

6 a 46.94 

5 14-49 

16 2 -10  

18 50.44 

6 3054.66 

I.P.E. 

~~~~l 

Come- 

tion Correction 
Constants 

I. P. W. 
d , - 

I2;:: 
8 

& -  1-71 

I. P. 3. 
d , + o.6 

: 
J 

Q + 1-70 

8 

Q -  1-70 

D I 

+ 1946 

+1745 

+ 1321 

+ 1 2 4 9  

+ 35 11 

+ 35 15 

+ 30 34 

+ ja3a 

+ a3 8 

+1949 

+ l a %  

+ 11 43 

+ 40 o 

+4155  

+ 34 6 

+3813  

+1946 

+ 17 45 

+ 1 j 2 1  

+ I 1 4 9  

41 43'99 

45 18-12 

51 18.40 

6 3.3 19-51 

35 47'57 

37 35'15 

39 31-60 

h m  8 

6 33 19.68 

Seconds 
of 

Correct- 
ed Time 2 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

9 

N 

N 

N 

N 

.8 

8 

8 

8 

2 58-13 

58.63 

58.65 

58-70 

a 58.48 

58.62 

58'50 

58-54 

a 58-5a 

58'55 

58.49 

58'43 

2 58.55 

58'46 

58-42 

58.46 

2 68-49 

58'47 

58'47 

58'54 

-1.80 

-1.83 

-1.83 

-1.84 

+ I * @  

+ I - @  

I 

+1-45 

+1-45 

++"45 

+1'45 

+1'45 

-1'95 

-1'95 

-1.95 

-1.95 

-1.94 

-1'94 

-1'97 

-1.98 

*&, 
s N 

u, 

17-88 

45.84 

33-43 

29.89 

55.50 

16.10 

14.22 

60.65 

48-39 

15-94 

3-55 

51.89 

51.71 

42.04 

16.17 

16-45 

17'60 

45-63 

33'18 

29.62 

0 

.& 
h n 

qO, 

E n 

.a 
m, 
I n 

s N 

O 

+ 
% 
" 

b 

6 
0 

2 1  . 
0 

6 
0 

" 
+ 

a- s s  
O 

+ 

2 
? 
O 

+ 

h 

3 
O 

+ 

w 

", 
" 

z " 
", 
" 

0 

f 
% 
" 



48 TABLE 7. OBSERVA!CIONS OF 'P1WINSIT8 WITH W CLOCK, AND DEDUCmOH 

OF !CBE APPABJ3NT DIFFEBENCE OF L O N O E S ,  AL + p. 

DEESA (E) &at. aa" 16', ~ o n g .  dh 4~ 64': 

TBMSITS OB~EEVED AT E 

AND MOOLTAN (w) Lot. 80" 11: w. 

 ANSI SIT^ OBSEBVED AT W 

By &p.abon, 

In- 
0 & st-entd 

with 

y~,, 

Observed 

T i m  

b m  a 

6 6 55-03 

8 15-56 

18 13'73 

ax 0.9 

5 5947'96 

6 a 15'47 

13 3'09 

15 51-49 

6 27 55-47 

39 44-90 

41 19-05 

48 19-39 

6 30 20.57 

32 48-58 

3436.11 

36 31.60 

4 4~ 68 .  

Corrected Tim- 

+ 

By esch 
8ter 

m r  

a 58-51 

58.52 

58-61 

58.64 

a 58.55 

58.56 

58-44 

58-45 

a 58.55 

58'53 

58-53 

58'56 

a 58-53 

58.48 

58.60 

58.58 

Number 

Telsrcqps No. 

~~a 
Comc- 

tion 

J 

+1.76 

+1'76 

+1'74 

+1'75 

+1 '70  

+ I -69  

+I'70 

+1'70 

-1.61 

-1.61 

-1.64 

-1.63 

-1.71 

-1'71 

-1'7s 

-1.73 

w'th 

ye, 
obened 

me 

i n ,  r 

6 9 53.70 

II 14-24 

21 lZ.49 

2458.89 

6 a 46-64 

5 I 

16 1-66 

18 50.07 

6 30 54-19 

42 43-61 

45 17-74 

51 18-11 

6 33 1 9 . a ~  

35 47." 

37 34-85 

39 31.~9 

Tslsscops No. 

~~a 
aom. 

tion 

J 

+ I - &  

+1'60 

+1'59 

+ 1-89 

+ 1.57 

I 

+1'57 

+1'5f 

-1'79 

-1.79 

'1'80 

-1'79 

-1'83 

-1.86 

-1.86 

-1-84 

1 
$ . 
4 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

I 

N 

8 

8 

8 

8 

nation 

o I 

+ 35 11 

+ 35 15 

+ 3034 

+ 31 32 

+ 23 8 

+1949 

+ as 34 

+a143  

+ 40 o 

+ 41 55 

+ j q  6 

+ 38 13 

+ 19 46 

+ 17 45 

+ 1321 

+ l a 4 9  

1885 

Deo.13 

i 

2 

of 
Correct- 
d ~i~~ 

a 

56-79 

17-32 

15-47 

1'84 

49-66 

6 

4'79 

53.19 

53-85 

43.29 

17-41 

17.76 

18'86 

46-87 

34-39 

30.87 

1 

BewnQ 
of 

Correct- 
d f i e  

r 

55.30 

15-84 

14-08 

60.48 

* 

48-21 

I 

3-23 

51.64 

52'40 

41.81 

15-94 

16.31 

I 

17.39 

45-35 

32-99 

29.45 

By Eeaairids, 

In- 
etmmental 

and 
Correction 
Constante 

I, P. 6. 
d - 0.6 

- 3'9 
a - 7.t 

r 
Q t 1-70 

r 
Q - 1-70  

2014 

Unl 

2083 

2110 

1971 

1986 

2047 

2067 

2166 

2%8 

2237 

2870 

2178 

2191 

2199 

8208 

omup 8 m rn 

D 

- 
5 " 

N 

N 

N 

N 

8 

S 

8 

8 

N 

N 

N 

N 

8 

8 

8 

B 

, y 
% ," 

. 
00 .n , , 

. 7 
00 .n 

I ,  

0 . 
00 

I 

and 
Correction 
Constants 

I. P. W. 
d , , z , 2  

b + 2.8 , - 
r 

Q + 1 - 7 0  

r 
Q - I-;o 

- 
O 

f 
0 

f . 
0 

f 
0 

I 

0 

+ 

h 

0 

+ 

j $  b 

+ 

h 

f 
O 

+ "  

.I 

00 u) 

* 

h 

5 
00 u) 

" 

o& " 

.D 

aO, 



TABLE P. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUWION 

OF THE APPAREJ!TT DIFFERENCE OF LONGITUDES, AL - p. 
- - -  

* Owin to the  irregular rate of the Chronograph the Pen Equation had to be applied grsphically on the record before the star ~ i~ne ls 'were  zesd off, end oon- 
q u m t l y  in tgm cane Q - 0.00. 

* 
8 
3 
h .= 
4 

1885 

Dec.21 

1Deo.22 

AQRA (E) U. 27" lo', h g .  B IF 14' : 

T W ~ I T ~  O B ~ E E ~ E D  AT E 
\ 

8.A.C 
Number 

1830 

Is44 

1857 

1935 

1876 

1896 

1907 

1925 

2014 

2021 

2082 

2110 

1971 

1986 

*Gem. 

2067 

1830 

1844 

1857 

1936 

STAB 

Dacli- 
nation 

o I 

+ 39 8 

+ 3716 

+ 3353 

+ 37 58 

+ ao 15 

+ 15 56 

+ I a 48 

+ aa a4 

+ 3 5 1 1  

+ 3 5 1 5  

+ 30 34 

+ 32 32 

+ a3 8 

+ i g 4 9  

+ 11 34 

+ ar 43 

+ 39 8 

+ 3 7 1 6  

+ 3 3 5 3  

+ 37 58 

a 

$ 
m 

3 

N 

N 

N 

N 

S 

8 

8 

S 

N 

N 

N 

S 

8 

8 

S 

N 

N 

N 

N 

AND AMRITSAR (w) ~ a t .  310 3g, h n g .  

T E A X ~ I T ~  OB~EEVED AT W 

4h 69- 39. 

By S t r h n ,  

In- 
strumental 

Position 
and 

Correction 
Constante 

I. P. E. 
d - 3.3 

b - 2.5 
a - a.1 

r 
Q + 1-59 

J 

Q - I \ ~  

L P. W. 

, - 
: 1 i:: 

8 

Q + 1.58 

with 

M~~~ 
Observed 

l?me 

h m  r 

5 41 14'95 

43 14-14 

.45 5.53 

5711-78 

5 47 35'99 

50 53'29 

5a;6.33 

54 46'70 

6 957.03 

I 1 

1115.75 

15 1-16 

6 2 49.93 

5 17.46 

16 5'07 

18 53-48 

5 41 14:77 

43 14.11 

45 5-45 

57 11-61 

4 
-: 
2 " 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

S 

9 

s 
S 

N 

N 

N 

N 

Te.eleacvpe No. 

~~~~l 

Correc- 

tion 

J 

+ I ' M  

+1'44 

+ r e 4 5  

+ I ' M  

+1'43 

+1'45 

+1.45 

+1'45 

-1.13 

I 

-1-73 

-1.74 

-1-73 

-1'74 

-1.74 

-1-73 

+ I - 5 8  

+1'57 

+ 1-56 

Tebrcops No. 

~~~~l 

Correc- 

tipn 

J 

+oa14 

+0'12 

+omo9  

+oSxa 

0.00 

+0'05 

-0.04 

+o.oz 

-1-77 

-1.77 

-1.81 

-1.78 

-1.85 

-o.or* 

-1.86 

0-w* 

+la69 

+1'69 

+1.69 

+xS68 

Difference of 

2 
g 
i z  
.$ w - 

a 

fb~onds 
of 

Correct- 
ed l-irne 

J 

16.39 

15'58 

6-90 

13'21 

37-42 

54-74 

27.78 

48.15 

55-30 

15-81 

14.01 

0-4s 

48.10 

15-12 

3.33 

51-15 

16-35 

15-68 

7.01 

13.19 

1 

Seconds 
of 

Correct- 
~i,,, 

J 

51.04 

50'33 

41-71 

47-78 

11.07 

19'45 

4 7  

21-78 

29.92 

50.44 

48-70 

35'05 

21.80 

50.31 

38.08 

26.43 

51'04 

50.37 

41.74 

47-85 

By Heamiide, 

In-  
strumental 

Position 
and 

Correction 
Constante 

I.P.E. 
d 

+ I . a  
+ "' 

a -15.4 

t 
Q 0.00 

J 

Q - 1 - 8 7  

I. P. W. 
d , - a .8  - 5'6 

a - 7'5 
r 

Q + 1-90 

Corrected 

( W - E )  

By each 
Star 

with 

M~~~ 
Observed 

Time 

A m  J 

5 53 50'90 

55 50'21 

57 41-62 

6 947-66 

6 o 11-07 

329'40 

5 2'51 

7 22.76 

6 a a s 1 . 6 9  

13 S Z - N  

33 50'51 

3; 36'83 

6 15 14-65 

17 50.38 

18 39-94 

31 26-43 

5 53 49'35 

55 48-68 

57 40.05 

6 9 46-17 

Times 

Mean 

of 

a 
,2 
2 7 
g i , o  

$ + +  
o $ I I  

igrs" 
4 1 1  

m t  

12 34.65 

34'75 

34'73 

34-56 

ra 34-65 

34'71 

34.69 

34'63 

1134'6a 

34-63 

34'68 

34.63 

xa 34.60 

34.65 

34-75 

34.68 

11 34.69 

34.69 

34-13 

34.66 

9 

I 
4 

t; L: m m 
= Ern 

2 :  
? 
0 

+ 

5 F  
0 

+ 

2 
o 
b 

+ 

a0 
m 

H 
+ 

3 " 
+ 

f 
d "7 

:: 

d 
c. " 

% : 
: 

w o 
h 

2 
: 

w 

2 

G r O u l l l ~  

,‘e 
m , 

,,y 
d , 

. 

-5 & 
m = 

.$ 
d = 

. . 
, 

2 8  
b 

8 p 
O 

f 
0 

f " 

2 7  . 
$ 0  

+ 



50 TABLE 7. OBSERVATIONS OF TItANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIPFEEENCE OF LONGITUDES, AL - p. 

0 a 

d 
1 
3 
2 
2 
4 

1885 

Dec.22 

Dec.23 

B.A.C. 
Number 

1876 

1896 

1907 

19% 

2082 

2110 

2067 

1830 

1844 

1857 

1935 

1876 

1896 

WJ'l 

1925 

2014 

2021 

2110 

1971 

1986 

p Gem. 

STAB 

~ e c ~ i -  
nation 

o 1 

+ ao 15 
+ a5 56 
+ 1248 
+ aaa4 

+ 3034 
+ 3'232 

+a143 

+ 39 8 

+ 37 16 

+ 3353 

+ 37 58 

+lo15 

+ 25 56 
+1248 

+ as a4 

t 35 1 1  

+3515 

+ 3a 32 

+ a3 8 
+ 19 49 
+ ar 34 

A8RA (E) Lat. 27" lo', Long. 6b 1P 14I : 

TMBITB OBBEBVED AT E 

a 

$ .- 
3 " 

8 

8 

8 

S 

N 

N 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

8 

8 

8 

AND AMIWL'SAR (W) Lat. 31' 3g, Long. 

T E ~ B I T B  OBBEBVED AT W yl 

dad 

3 w 

8 

7 . 
O 

+ 

a 
g 
+ 

2 
? 
o 

+ 

. 
O 

+ 

f 
O 

+ 

I 
0 

+ 

2 8  - 
0 

+ 

a 
2 7 
fg.0 o 
A + +  

B I I ,  
PI PZ m 
8 B W 
," I I 

13. 
0 

3 
O 

+ 

f 
O 

+ 

9 
O 

+ 

f " 
+ 

00 

O 

+ 

3 . 
O 

+ 

m a 
" 

gh 69" 39. 

Difierence of 

% 

I 

Q 

t 
: 

d 
C 

z 
? 
d 
:: 

g 

:: 

01 

fi 
;?; 
:: 

3 
d 
:: 

rrr 

;?; 
2 

8 

i 
2 " 

6 

6 

8 

8 

N 

N 

8 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

8 

8 

8 

Corrected 

( W - E )  

Byeaah 
Star 

( 1 1 8  

1a34-75 

34'r1 

34-62 

34.6j 

'2 34'73 

34.66 

Ia 34'64 

Ia 34.72 

34'81 

34'73 

34.76 

la 34'68 

34.7" 

34-16 

34'77 

11 34-72 

34'71 

34'68 

la 34.70 

34'69 

34.76 

with 

Mean 
Observed 

6 010.46 

3 27-80 

5 0.87 

7 6 

6 33 50.85 

37 1 6  

631 28-46 

5 5348'20 

55 47'58 

57 38'91 

6 945.05 

6 o 9-a5 

326.60 

459'71 

7 19'98 

6 aa 31-34 

a3 51-88 

37 36-52 

6 15 a4.a~ 

17 51-75 

a8 39-36 

By Strahan, 

In- 
atmental 

pcBition 
and 

 ti^^ 
Constants 

1 . P . K  

I A:: 
a - 6'a 

8  
Q + 1.58 

8  
Q 0.00 

I.P.E. 
d , - 0.3 

b - 1.a , , 
8  

Q + 1-60 

8  
Q - 1.60 

By Eeavi.de, 

In- 
atrumental 

Position 
and 

Correction 
Conetantn 

I. P. W. 

b - - 5.6 a'8 
a - 7.5 

8  

Q +I.V 

8 
Q - 1.90 

I.P.E. 
d 

+ ,., 
b + 1.1 
a , ,., 

r 
Q + 2-11 

' 

J 

Q - a.11 

Times 

Mean 
of 

Chcup 

. . 
d 

.g 
w. 

% 
5 '0  

-t 
'+'. 

ti: 

. f- 
d 

ti 

. - m 

'+' .. 
$ 

8 

.. 
2 

Telescope No. 

~ ~ t ~ l  
Correc- 

tion 

8  

+1'5o 

+1'5a 

+ 1-50 

+x's3 

-0.04 

-0.04 

-0.07 

+1.60 

+1'59 

+x's8 

+I-& 

+1'55 

+1'56 

+1.52 

+1'55 

-1.6~ 

-1.62 

-1.63 

-1.64 

-1'66 

-1.65 

with 

M~~ 
Observed 

Time 

54735'88 

50 53-24 

52 26.41 

5446.65 

6 a1 14-05 

q 5-43 

6 18 51-75 

5 41 14.06 

43 13.35 

45 4.77 

57 10.86 

5 47 35'19 

50 52-49 

5a 15-60 

5445.83 

6 9 56.19 

1116.74 

24 61-42 

6 249.10 

5 16.67 

16 4.20 

2 

8eco"ds 
of 

Correct- 
ed ~i~~ 

8  

37-38 

54.76 

I 

48-18 

14-01 

0.39 

51-68 

15.66 

14'94 

6-35 

11.46 

36'74 

54-05 

a7-12 

41-38 

54'57 

15'1a 

59-19 

47-46 
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and 

Correction 
constants 

I.P. TP. 

a - 2.8 
b - 2.4 
a + I .o  

J 

Q + 2-10 

8 

Q - 2-10 

.2 

1 
6 

a n :  : 
+ 

0, 
p 
0 

+ 

0 

0 

S 

+ 

with 

xean 
Obsened 

Time 

h m  8  

5 53 38'00 

5537.41 

57 28.74 

6 9 34-77 

5 59 59'09 

6 3 16.46 

449'46 

7 9-80 

6 22  21-24 

.23 41.81 

33 40'0.3 

37 26.35 

6 15 1q.01 

1 7  41-18 

28 29-26 

31 17'70 

J g + , ,  
2~ 

0 
U 

p 
0 

+ 

h h  
0 

X 
+ 

(I 

p 
0 

+ 

0 

+ 

with 

liean 

Observed 

h lll 8  

5 41 3.78 

43 3.06 

44 5 4  

57 0.57 

5 47 24'83 

50 4a.17 

52 15-25 

5435'53 

6. 945'98 

11 6-47 

21 4'73 

2451'09 

6 2 38-80 

5 6.39 

15 53'92 

18 42'41 

Telescope No. 

~ ~ t ~ l  

Correc- 

8  

+1'57 

i 1 . 5 7  

5 

+x's7 

+x's1 

+ I ' 53  

+1'49 

+1'51 

-1'68 

-1.68 

-1.69 

-1.67 

-1-71  

-1.71 

-1 '71  

-1-71 

2 

Second8 
of 

Correct- 
ed Tirne 

8 

5-35 

4-63 

Ib.01 

1 4  

26-34 

43.70 

16.74 

37'04 

44-30 

4 . i9  

3.04 

49'42 

37-09 

4.68 

52.21 

40.70 



T ! L Z  P. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

I AQBA (E) Lat. 2P IV, ~ o n g .  6h 12= 14' : AND AMRITSAR (W) Lat. 31' 3g, Long. 4h 6 P  39'. 

d STAB 
Q 
r( 

Y 0 

B.A.C. Decli- $ 
Number nation .; 

d 
S 

1885 o I 

Deo.21 2338 + 39 30 N 

2381 + 41 5 N 

2416 + 36 58 N 

= +4053. N 

2330 + 1 6  7 5 

'2350 + 24 19 8 

2364 + 25 5 8 

2298 + 16 45 5 

2464 +ga I N 

2604 + 35 18 N 
2517 + 32 16 N 

2563 + 33 42 N 

2473 + I ~ I S  5 

2483 +I553 5 

2493 +27 g S 

2537 + ~j 45 5 

Dec.22 2338 + 39 30 N 

2381 + 4 1  5 N 

2416 + 36 58 N 

2429 + 4053 N 

2364 + 15 5 S 

By Straha ,  with Telercope K O .  1 I By Heam8ide. with TeI.rmpe W .  1 

Mean Total 

Observed Comec- 

Time tion 

, Seconds 
of 

Correct- 
ed Time 

Difference of 

Corrected Times 

( W - E l  2 * 0 : 
Mean 3 B By each 

of E Star 
Group 

rn r 
11 34-66 

2 4 
34'68 ,u, 0 

s b  
34'69 

+ 

34'74 

12 34'72 
X X 

34.71 .f ? 
d 0 
n: 

34-72 
E + 

34'73 

12 34-82 
m 

34-68 , 
d. 0 
m 

34'72 s + 

34'77 

'2 34'75 
.n * 4 

34'77 : p 
d 0 
w. 

34'76 
$ 2  + 

34'73 

1.2 34.71 
S - 

34.67 .V, ? 
d 0 
m 

34'65 
E 2 + 

34' 72 

0 - " a ." . 
12 34.65 o 

$ 2  + 

* Owing to the irregl~lnr r n b  of the Chronograph t h i ~ e n  Equation had to be applied graphically on tho record before the stnr sig~iala were read off, and con- 
soquently in these cases Q -. 0.m. 



FABLE P. OBSEXtVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION' 57 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 



s8 TABLE 7. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

$ , Y U  
$ 5  
.$ B 
[ 
6 

m a 

? 
O 

+ 

n n 

? 
0 

+ 

n n 

p 
0 

+ 

:: 
O 

+ 

4 
Q - 
8 
u 

1855 

Dec.84 

i 

4b 6 9  39 .  

Difference of $ V) 

3 ? ? 
2 ~ 0  ; + +  s l I  
,$g 

" O i l  

$2  
U 

0 

.' 
O 

+ 

.D 

8 
b 

+ 

3 
O 

9 

rO 

O 

+ 

Corrected 

p v - E )  

By each 
Star 

a 8  

11 3 . 6 0  

34-61 

34.56 

34'55 

11 34'54 

34-57 

1% 34-51 

34-69 

34-68 

34-60 

13 34'59 

34-63 

34-62 

34-61 

AND A m I T S B  (W) Lat. 31' 38', Long. 

TRANSITS OBBEBVED AT W 

a 
+ 

4 

"3 * 
Y' 
z 
z 

m " 

5 
2 

.D 

.p- 
f 
," 

n 

g 
d 
s 

Times 

Mean 
of 

C h ~ p  

rri 
ao , y 
t, 

Y) V) 

, y * rr) 

,: 

rri * 
,: 

rc. 

,: 

: , 
t 

a: 

,; 
2 

N 

N 

,N 

N 

8 

8 

N 

N 

N 

8 

8 

8 

8 

B.A.C. 
Number 

8338 

2381 

2416 

2429 

2330 

2364 

2464 

2504 

2517 

2663 

2473 

248a 

2488 

2637 

AGltA (E) hat.  2 7 O  lo', Long. 6h lam Ida: 

TEAXSITB OB~EBYED AT E 
STAB 

DecIi- 
nation 

o I 

+ 3930 
+ 41 j 

+ 3658 
+4053 

+16 7 

+a5 5 

+ 32 I 

+ 35 18 
+ 32 16 
+ 334a 

+la15 

+1553 

+a7 9 

+ 1345 

By Bwrard, 

In- 
strumental 

Position 
and 

C0lW~tioXl 
Conotanta 

I.P. W. 
d - 2.8 - 

a - 3.7 
8 

Q + 1.10 

8 
Q - 2.10 

with 

Y~~ 
Observed 

Time 

h a  J 

7 3 12-26 

g 40.06 

13 56-96 

15 48-16 

7 I aa-99 

7 16.91 

7 a1 14-17 

3041.40 

32 14.04 

3946.76 

7 23 4.42 

26 32.13 

28 31'26 

35 5'& 

T e h v p s  No. 

~ ~ t , , l  
Correa- 

8 

+I-89 

+1'89 

+ 1-89 
+1'89 

+ra90 

+1*89 

-1.19 

-2.19 

-2.30 

-2'30 

-1'31 

-2.30 

-1.31 

-2.31 

1 

secOnda 
of 

C o m t -  
Time 

8 

14.15 

41'95 

60.85 

50'05 

24'89 

18-80 

11-88 

39-11 

11-74 

44-46 

I 

39-83 

28.95 

3.36 

m'th 

M~~ 
Observed 

Time 

h m  8 

6 50 47'96 

57 5-71 

7 1 24.70 

3 13-89 

6 48 48-81 

54 41-67 

1 8 48-96 

18 6-02 

19 38-66 

27 11-38 

7 10 29-17 

13 56.8j 

15 55-95 

22 30.39 

T8kdcqps NO. 

~ ~ t a l  
Correc- 

8 

+I-59 

+ 1-61 

+ 1-59 

+1'61 

+1'53 

+I-56 

-1.60 

-1.60 

-1.60 

-1.60 

-1.65 

-1-65 

-1.62 

-1.65 

- 
'3 

N 

N 

N 

N 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

2 

*econ& 
of 

Correct- 
ed Tirne 

8 

49-55 

1-33 

16-29 

15.50 

50'35 

44-13 

47-36 

4-41 

37.06 

9-70 

27-51 

55-20 

54'33 

26-74 

By Strdam, 

In- 
strumental 

Poeition 
and 

Corntion 
Constants 

I . .  E. 
d , , o.3 

: I ;:: 
J 

Q + 1-59 

8 

Q - 1-59 



T ! L E  7. OBSERVATIONS OF !CRANSIT8 WITH W CLOCK, AND DEDUCTION 5 9 

OF THE APPARENT DIFFERENCE OF LONGITUDES, + p. 

* Thir d u e  hsr been ueed for o+ma330 end 2338; the other value -0.9 hru bees ueed for the & 

S 
Q 

'i3 .- 
E !  

$ 

1806 

Dec.26 

D60.2'7 

< 

B.A.0. 
Number 

2888 

2381 

24l6 

2429 

2980 

2364 

2461 

2501 

2517 

2568 

a473 

2493 

2587 

2838 

2381 

W 6  

2429 

2330 

2360 

2864 

2410 

AGRA (E) Lot. a7O lo', k g .  6h 14' : 

T w a r r a  O B ~ E R ~ D  AT E 

AND AM&ITYAR (W) Lid. 3r S, Long. 4L 6 P  39.. 

a 
T w s m a  Osa~svru, AT W 

  TAB 

Deoli- 
nstion 

o I 

+ 39 30 

+ 41 5 

+ 3658 

+ 40 53 

+ 1 6  7 

+ 25 5 

+ 32 1 

+ 35 18 

+ 32 16 

+ 3342 

+1215  

+ I 5 5 3  

+ 27 9 

+ 13 45 

+ 3930 

+ 41 5 

+ 3658 

+ 40 53 

+ 1 6  7 

+ a4 19 

+ 25 5 

+a211  

O 

P 

3 

N 

N 

N 

N 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

S 

8 

8 

8 

4 
pr 
3 

N 

N 

H 

N 

8 

8 

H 

N 

N 

N 

B 

8 

8 

8 

N 

N 

N 

N 

S 

8 

B 

8 

Te'slaroqps No. 

T ~ M  

Correc- 

J 

+ 1-55 

+1'57 

+1'56 

+1'57 

+1*58 

+1*56 

-1.61 

-1.61 

-1.61 

-1.61 

I 

-1.61 

-1.6a 

-1'61 

+1.67 

+1'67 

t1 .64 

+I-67 

+1.49 

+1'55 

+1'57 

+I-54 

9 

&con* 
of 

Correct- 
ed ~i~~ 

J 

44-41 

2.15 

2 1 . q  

10.32 

45-14 

39-08 

42-14 

59.29 

31'89 

4.74 

22-30 

50.06 

49.18 

23-61 

41.87 

59-59 

18.54 

7.78 

42.59 

23.57 

36.45 

~ 1 . 6 3  

By HcotnXde, 

In- 
mtrumental 

Posittion 
and 

Correction 
Constants 

I. P. W. 
d 

+ I .7  

; &! 
a (- 0.9 ) 

, 
Q +1'59 

J 

Q- 1-59 

I. P. E. 
d 

, , 3.3 : +I;:: 

J 

Q 

By &&ahan, 

In- 
,tmmental 

Pwition 
and 

Correction 
Constants 

I. P. E. 
d , + ,., 

+ 
0 - 3'7 

J 

Q +2'IO 

J 

Q 0'1% 

I. P. W. 
d , , ,.a 

b -  1.9 
U -13'5 

J 

Q o-oo 

with 

M~~~ 
Observed 

Time 

h m  J 

6 5042.86 

57 0'58 

7 I 19-53 

3 8-75 

648 43'56 

54 37-52 

7 843.73 

18 0.90 

19 33-50 

27 6-35 

7 I a 

13 51.67 

15 50-80 

az a5.22 

6 5040'20 

56 57-92 

7 I 16-90 

3 6.11 

648 41.10 

52 2a.02 

54 34-80 

7 010.09 

widh 

Observed 

Time 

h a  J 

7 3 16-86 

934.61 

135.3'59 

15 41.76 

7 I 1 7 ' 7 1  

7 11-59 

7 11 16-81 

30 33-69 

32 6'54 

39 39'30 

7 az 56.97 

2624.65 

28 a.3.83 

34 58-20 

7 j 16.76 

9 34-53 

'3 53'53 

15 41-64 

7 I 17.66 

4 58-63 

7 11-51 

12  46-79 

Telcrcops No. 

T ~ W  
Cameo- 

J 

+ze15 

+la16 

+2'15 

+am16 

+ ~ ' I I  

+ae13 

+oS04 

+0'05 

+0.04 

+oa04 

+oao l  

+o.or 

+ o e o j  

+O-OI 

-0.08 

-0.06 

-0.08 

-0.06 

-0.21 

-0.16 

-0.16 

-0.17 

1 

&con* PI 

Correct- I I 

Time 

J 

19-01 

36-77 

55'74 

44-93 

19.83 

13.73 

16-85 

33'94 

6.58 

39-34 

56.98 

24-66 

23-86 

58-11 

16.68 

34'47 

53-45 

41'58 

11.45 

58.47 

11.35 

46.61 

a r  

Ia 34.60 

34-62 

34'65 

\ 34.60 

12 34-69 

34'64 

ra 34.71 

34'65 

34-69 

34.60 

12 34'68 

34-60 

34-68 

34-60 

12 34.81 

34-80 

34.91 

34'80 

11 34.86 

34'90 

34-90 

34'99 

?? 
,w 

d 

--, 
,w 

d 
2 

a m  

c q  
m = 

S 
s? 
t , : 

0 

-90; 
m 

8 

2 
, y 

-? m , I: 

:: 
o " 
+ 

a 
V N  

? 
O 

+ 

a 
w a  . 

+ 

:: 
P 
O 

+ 

a " ' z .  . 
0 

+ 

:: 
? 
0 

+ 

0 
O 

I  

m 

0 

I 

O .  '2 
O 

I 2  

R 
g 
1 :  

9 
O 

O 

1 :  

Q ) h  

O 

I 

g 
t 
:: 

rn -? 

: 
rr) 

': 

h 

$ 
t 

f 
; 
r5 

s 
90 
d 

at m 
d 
C: 



60 P ! L B  I? OBSERVATIONS OF !l!RBNSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONQI!l!lJDES, AL + p. 

* Owing to the irregular rate of the Chronograph the Pen Equation had to be applied graphically on the record beforg the star nignsb were read off, and con. 
oequently in tkwe caew Q - o-oo. 

I 

3 
F1 
a a 

1885 

Deo.27 

Dec.28 

STAR 

B.A.C. 
Number 

2464 

2604 

2517 

2 5 8  

2478 

2 4 3  

2493 

2537 

2338 

2381 

2416 

2830 

a350 

2364 

8&m. 

W6Q 

a504 

2517 

2663 

2473 

2483 

2493 

2537 

' ~ e c l i -  
nation 

o t 

+ 32 I 

+ 3 5 1 8  

+ j 6 

+ 334a 

+ 1 a 1 5  

+ I 5 5 3  

+ 1.1 9 

+ 13 45 

+ 3930 

+ 41 5 

+ 3658 

+ 4 0 5 3  

+ 1 6  7 

+ a 4 1 9  

+ a 5  5 

+ aa11 

+ 32 I 

+ 3 5 1 8  

+ 3 2 1 6  

+ 33 42 

+ 1 z 1 5  

+ I 5 5 3  

+ a 7  9 

+ 1 3 4 j  

a 
+ 
Q 

F 
00 
;*m 

:: 
?' + 
m 

:: 

d 
m 

: 

z. 2 
k 
z 

t 
2 
+ 
m 

: 

f 
t 

O 

d 

$ B 

i( 

rr N 

p 
O 

+ 

- 
N 

? 
O 

+ 

rn 
N x 
+ 

2 
P 
0 

+ 

o 
$ 2  

O 

+ 

w a r n  

a 
f 0  

+ 

AGRA ($1 ];at. 27O 1% Long. dh I P  14' : 

TRANSIT~ OBSERVED AT E 

dh 69" 89*. 

DYerence of 
m 

'i3 N m 
* ? ?  St, 0 : I I 

F4*Zo: 
."OI I 

$ $2 
U 

? 
? 
O 

I :  

% 
O 

b 

1 

2 p 
0 

I 

" 

I 

? 
2 
0 

I 

m 

? 
O 

I 2  

AND AMRITSAR (W) Lat. 3t0 3g, Losg. 

TWNITS Osssavrz~ AT W 
Corrected 

'*-a) 

By each 
Star 

m r  

u 34-88 

34'85 

34'87 

3 4 . ~ 4  

I 9  34'93 

34.96 

35-02 

34.84 

r i  34-71 

3 4 7  

31-71 

34'54 

la  3.1'74 

34.69 

34-72 

34.71 

11 34.83 

34-71 

34-19 

34'71 

11 34-80 

34-13 

34-93 

34-72 

Times 

af... 
of 

Group 

rn -0 

,m 
d , : 

m 
m . P 
d 

a r :  

m 
\O .f 
W2 

m, 
,!- 

3 
m 

E z  

. f 

. F 
E 2  

with 

M~~~ 
Observed 

Time 

h m  J 

7 839.63 

1758'41 

19 31.04 

17 2-18 

7 lo  19'98 

13 49-14 

15 48.26 

aa aa-79 

6 50 37.49 

56 5 5 . ~ 2  

7 114.18 

3 3'38 

6 48 38-39 

5 ~ 1 9 . 3 9  

543a*a1 

7 o 7.44 

7 8 38.53 

17 55-71 

19 28.38 

a6 61-07 

7 10 18-90 

13 46-56 

15 45'55 

a2 20-09 

a 
8 

$ 
i 
3 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

5 

N 

N 

N 

N 

8 

8 

8 

8 

Telercops No. 

Correc- 

tion 

J 

-o.04* 

-1.65 

-1-68 

-0.01. 

- 0 . 1 7 ~  

-1.78 

-1.72 

-1.80 

+1-85 

+1'85 

r1.80 

+1'87 

+ 1-61 

+1.67 

+1.69 

+1.66 

-1.52 

-1.48 

-1.51 

-1-49 

-1.67 

-1-65 

-1'56 

-1.66 

By Hecawbide, 

In- 
atrumental 

Poaition 
and 

Correction 
Conatant. 

I. P. 1. 
d , - 3.3 

r 
Q -1.64 

L P. W. 
d , + 

: 
J 

Q + r m 6 3  

Q - 1 ~ 6 ~  

2 

Seconh 
of 

Corroct- 
~i~~ 

J 

39'59 

56.76 

29-36 

1.16 

19-81 

47-46 

46.54 

20'99 

39-34 

57-07 

IS.$ 

5-25 

40.00 

a1.06 

33-90 

9-10 

37.01 

54'23 

16.87 

59'58 

i 

44-91 

48'99 

18.43 

Tehcops No. 

~ ~ b l  

Correc- 

tion 

J 

-0'13 

-0.09 

- 0 ' 1 2  

-0.11 

-0.23 

-0.20 

-0.15 

-o'ao 

+a'10 

+ a410 

fa.07 

+amo9  

+a'- 

+aeo3 

+a 'o l  

+ a ' o ~  

-0.05 

-0.04 

-0.06 

-0.04 

-0.13 

-0.11 

-0.08 

-0.11 

with 

e n  

Observed 

Time 

h m  J 

7 a1 14-60 

3031'70 

31 4'35 

39 37.01 

f 22 54'97 

a6 aa.6a 

28 21-71 

34 56.03 

7 3 3"-95 

9 19.68 

1348.62 

15 37'70 

7 I 11-74 

453.79 

7 6-61 

12 41-81 

7 11 11-89 

30 28.98 

3a 1.72 

39 34'33 

7 aa ga-16 

a6 19-71 

a8 19-00 

34 53'26 

8 

$ 
.: 
4 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

6 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

1 

of 
Correct- 
ed ~i~~ 

J 

14-47 

31.61 

4-13 

36-90 

54'74 

11.42 

21-56 

55-83 

14.05 

31.58 

50.69 

39-19 

14.74 

55.75 

8-62 

43.82 

11.84 

18-94 

1-66 

34'29 

5a.03 

19-64 

18.91 

53.13 

By Strdan, 

ln-  
~trumental 

Poaition 
and 

Correction 
Conatants 

I. P. W. 
d 

- 
a -13'5 

6 

Q 0.00 

I. P. E. 

, + I . a  - 
a -10.9 

J 

Q + 1.11 

Q 0:- 



TABLB V. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 6 I 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL $- p. 

A ( X U  (E) Lat. !a?" 1(Y, k g .  6b lP 1 4  r 

WBITE OBBEEYED AT E 

AND A m I T 8 A B  (W) Lat. 81' 8@, Long. 4' 69" 89.. 

Tsarrsms OBEEXVED AT W Difference of 8 

a 

8ewnda 
of 

Correct- 
ed T h e  

8 

36-77 

54'57 

13.53 

a 

37'54 

18-56 

31'41 

6.59 

34'58 

51.72 

14-37 

57'08 

14.75 

42.38 

41.50 

15 -95 

Q 

2 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

s 
8 

BY H U ~ O ,  

In- 
strumental 

BY B W M ~ ,  

In- 
strumental 

Position 
and 

correction 
Constanb 

I.P.W. 
d , , a.8 

b - a.4 
0 - 7'5 

8 
Q+ 2-10 

8 
Q - a-10 

with 

M~~ 
Observed 

htI8 8 

65034'93 
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44'33 

44-25 

13 44-44 

44.34 

44'34 

44'37 

STAB 

B.A.C. 
Number 

2139 

2156 

2223 

2237 

2173 

2191 

2199 

2208 

I947 

2014 

2021 

2083 

1971 . 

1986 

2047 

2067 

a139 

2166 

2228 

2237 

2173 

2191 

1199 

2208 

1 

Seconds 
of 

Correct- 
~i~~ 

8  

54'05 

4-25 

53'70 

17-78 

19~08 

57-17 

44-68 

41.09 

49-02 

1-75 

23-39 

21.53 

55.66 

23.04 

10.77 

59-16 

49'7i 

59-97 

49.51 

23'57 

n4.89 

52'96 

40.51 

36-90 

Times 

Me- 

Q m u ~ 8  

m 

% 
E ,n. 

X 
, .a :: 

,, T. 
$ 
:, 

a 

E 2  

90, 
,, .* * d 

2 
.? 
s 

" 

$ 
-2 
f " 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

IT 

N 

8 

8 

8 

8 

Decli- 
nation 

o 1 

+ 38 32 
+ 40 o 
+4155 

+ 34 6 

+ 19 46 
+ 17 46 
+ 13 ar 
+ 1249 

+ 38 6 

+ 35 I I 
+ 3 I 

+ 30 34 

+ 23 8 

+1949 

+ 22 34 
+ at qg 

+ 38 31 
+ 40 o 
+4155 

+ 34 6 

+ 1946 
+ 1 7  46 
+ 1321 

+la49 

By Strohan, 

In- 
otrurnental 

Position 
and 

Correction 
Constants 

I. P. 7P. 

0 - 0'4 
b + 1.1 
a - 4'6 

8  
Q -1.67 

I. P. W. 

C - 1'4 - 0'9 
a + 0-3 

J 

Q + 1.72 

8 
Q- 1.72 

with Tslucops 

M~~~ 
Observed 

Tme 

' 
6 40 40'05 

4250.21 

54 

57 13-79 

6 45 1s.14 

47 43'27 

49 30'82 

51 17-23 

6 1 1  31.71 

21 45-53 

23 6-07 

33 4-21 

6 14 38-31 

1 7  5-91 

275jS5a 

30 41'87 

6 4035.90 

4r 46.20 

54 35'63 

57 9-61 

645 11- 1 1  

4739.08 

49 26.63 

51 23.05 

No. 

~ ~ t ~ l  
Correc- 

tion 
P 

J 

-1.64 

-1.61 

-1.64 

-1'67 

-1'69 

-1-68 

-1'69 

+1.66 

+1.65 

+1.6~ 

+1'65 

+ 1-66 

t1.66 

+1'66 

+1'66 

-1'78 

-1.79 

-1'79 

-1.79 

-1.78 

-1.78 

-1.78 

-1.78 

a 

seconds 
of 

~orrect-  
ed .iUe 

8  

38-41 

48'59 

38'06 

12-15 

1.3'57 

41-58 

29.14 

25'54 

33'37 

47-18 

7.72 

5.86 

40.03 

7-51 

55.18 

43'53 . 

34-11 

44'41 

33.84' 

7.82 

9-33 

37'30 

24'85 

21.27 

Telucops No. 

~~a 
Correc- 

tion 

J 

-1.72 

-1.70 

-1.70 

-1.75 

-1.85 

-1.86 

-1.88 

-1'88 

+1'54 

+1-53 

t1.5) 

+1*5a 

+rS46 

+lm46 

+1'46 

+1'45 

-1.98 

-1.97 

-1.96 

-2'00 

-2.06 

-2.08 

-2.09 

-2'09 

By Buward, 

In- 
strumentul 

Po~ition 
and 

Correction 
Constante 

I. P. W. 
d 

0 - 3'1 
+ I.o 

a 

8  

Q - 1.72 

L P . 2 .  

c3 - 3'5 
b - 6.1 
a . 

J 

Q + 1.76 

8  

Q - 1-76 

with 

M~~~ 
Observed 

Time 

6 26 55'77 

29 5'95 

40 55'40 

43 29.53 

6 31 30.93 

33 59-03 

35 46-56 

37 42-97 

5 57 47.48 

6 8 1-22 

9 ~ ~ 8 6  

19 PO-01 

6 o 54-20 

321'58 

14 9'31 

16 57-71 

6 26 51.6~ 

28 6 1 . ~ ~  

40 51-47 

43 25'57 

6 31 26.95 

33 55.04 

35 42.60 

37 38.99 



6 6 TABLE V. OBSERVATIONS OF TRANSIT9 WITH E CLOCK, AND DEDUCTIOX 

OF THE APPARENT DIFFERENCE OF LOPU'QITUDES, AL - p. 

AMRITSAK (E) Lot. 81" i~', L O H ~ .  4h 69" 39' : AND MOOLTAN (W)   at. 30' II', h u g .  dh 5ff. 

2 ., 
2 I ; .  2 2 

5 7 ;  
5 1 1  

;,- 
I I 

$gJ 

u, 

0, 
0 

I 2  

h 

2 . 0 

1 2  

v, 
0, 
O 

I 2  

h rn 
r 
0 

I 1  

f+j  - 2  

8 

I 

4 

a z 
d d 

5 
3  

a c 
f 

A N " 
3 

Difference of 
al a 

a" --. 
E 
.g 
Y 

Corrected 

(W - 

By each 
Star 

T a a ~ s ~ ~ s  OB~ERVED AT W 
Times 

E) 

~ e a n  

of 

0 8  

r j 4 . 2 5  

44-16 

4 - 1 8  

44.26 

13 44.19 

13 44.11 

44'14 

44.29 

4 - 2 9  

1344'29 

M8aa 

u ' a a  

TRAHSITS OBSERVED AT E 

1886 

Jan.19 

B 

8 ~ 0 n d s  
of 

STAB 

B.A.C. 
Kumber 

Time 

r 

12-59 

36-40 

56-94 

55-10 

q . 1 8  

13.42 

33 '59 

13.11 

57'21 

26-54 

14-08 

10.53 

Trkmops NO. 

~~d 
&met?- 

% 

-2 

1 

Seconds 
of 

Correct- .m 

Decli- 
nation 

I 

m 
r~ - 

' 3  
E :  

0 z' 
* % 
a 2  

m 
2 

- 3  

2 . 
f 

b 2 

0 

r 

+ 1 '85 

+I -83  

+ 1.83 

+1.80 

+1.77 

-1.88 

-1.88 

-1'88 

-1.92 

-1.99 

-2.01 

-leer 

p 

N 

N 

N 

N 

8 

N 

N 

N 

N 

8 

8 

8 

d am. 

r 

38-34 

52.24 

12.66 

10.84 

44'89 

39.11 

49.35 

38'83 

12-93 

4 ~ 1 5  

29-86 

26.31 

3 

N 

N 

N 

9 

N 

N 

N 

N 

8 

8 

8 

1847 

2014 

2021 

2082 

1971 

2189 

2156 

2223 

2237 

2191 

2199 

2208 

LI 
a 

H 
+ 

- " 
H 
+ 

- 
a 
o 

+ 

? 
o 

+ 

By Em&, 

In- - 
strumental 

Position 
and 

o I 

+ 38 6 

+3511  

+3515 

+ 3034 

+ 13 8 

+ 3831 

+ 40 o 

+ 41 55 

+ 34 6 

+ 17 46 

+ 13 11 

+ l a 4 9  

cm'th 

xean 
Observed 

correction 
Constants 

I. P. E. 

- o.2 - '" 
a -11'8 

' r 
Q + 1-87 

r 
Q - 1-87 

TeZercops No. 

~~~~l 
Correc- 

By Buward, 

In- 
strumental 

Position 
and 

h m  r 

6 I I  20.74 

ax 34.57 

~a 55.11 

3153-30 

6 14 17-41 

640 15'30 

41 35'47 

54 a5.w 

56 59-14 

647fi.53 

49 16-09 

51 11.54 

tion 

r 

+ 1-00 

+0'99 

+oa99 

+o.gf 

+0'94 

-1.80 

-1'82 

- - 1 ' 7 ~  

-1'84 

-1'91 

-1.93 

-1.93 

with 

xean 
Observed 

correction 
Constants 

I. P. E. 
d - 3.5 

b -13.2 

r 
Q + 1.41 

r 
Q - 1-41 

T h e  

h m  r 

5 57 37.34 

6 7 51'25 

9 11.67 

19 9-87 

6 0 43'95 

6 3641-01 

28 51.17 

4040.62 

43 14.77 

63344'16 

35 31-79 

57 28-24 



4TdBLB tT. OBSERVATIONS OF TXANSITS WITH W CLOCK, AND DEDUCTION 

O F  THE APPARENT DIFFERENCE OF LONGITUDES, A L  +.p: 

O w i n g  to the irregular rate of the Chnogrsph  the Pen Equation had to be applied graphically on the rewrd before the star signals were mad off, and con- 
sequently in t h e  cases Q = o-oo. 

4 
A 

1 
3 

1886 

Ju1.6 

Jan.6 

AMBITSAX (E) h t .  31' 36', h n g .  4 6gm 

!l!~arr81~8 OB~EBVED AT E 

B.A.C. 
.umber 

2381 

2416 

2429 

2464 

2364 

8 Gem. 

2442 

2473 

2489 

2504 

2517 

2563 

2537 

2617 

2832 

2639 

2381' 

2416 

2429 

%& 

2364 

2442 

2473 

ST= 

Deoli- 
nation 

o I 

+ 41 5 

+ 36 58 

+ 4 0 5 3  

+ 31 I 

+ a 5  5 

+ aa ra 

+ a 8  r 

+ 12 15 

+ 31 13 

+ 3 5 1 8  

+ ga 16 

+ 3342 

+ 1345 

+ 27 4 

+ 20 11 

+ 16 6 

+ 41 5 

+ 3658 

+ 4053 

+ 3 2  I 

+ 2 j  5 

+ 28 2 

+ 1215 

39 : AND MOOLTAN (W) h t .  30' fl', 

T B A H ~ I T ~  OB~EEVED AT W 

a 
P 

$ .- a 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

S 

8 

8 

with 

M~~ 
Observed 

~~e 

h m  8 

6 5 6  11-96 

7 040'91 

230.22 

8 a.03 

6 53 58'90 

59 34.08 

7 4 54.00 

9 4a.3.1 

rq la-91 

17 za-75 

18 55'44 

a6 r8'ar 

7 21 41-10 

31 49.93 

35 19-46 

36 49-88 

6 56 33-48 

7 0 41-46 

'2 31'49 

8 3-61 

6 54 0.46 

7 4 55'54 

9 43.94 

$ - 
3 

N 

N 

N 

N 

8 

8 

9 

S 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

9 

8 

By B m d ,  

In- 
atnunental 

Position 
and 

Correction 
Constants 

IIP.W. 
d , - 3,1 

b - 3.2 
a -13.1 

I 

e + 1'74 

4 

Q- 1.74 

I. P. E. 
d , + 

b + 0.8 
a 

4 

8 + 1'73 

Long. dh W 6B. 

Difference of 

Telucopa No. 

Correc- 

tion 

4 

+1.61 

+1-61 

+ I - 6 1  

+1'57 

+1'54 

+1'5z 

+1'54 

+1.48 

-1'91 

-1.88 

-1'90 

-1.89 

-1'98 

-1.93 

-1.95 

-1'99 

+1'89 

+1'84 

+1.89 

+1'79 

+ r a 7 4  

+I '77 

+ 1-66 

Corrected 

(W- 

By each 
star 

0 4  

13 44-55 

44-58 

44-57 

44.52 

13 44-50 

44-68 

44'54 

44.58 

13 44'53 

44'56 

4 - 4 7  

44-49 

13 44'54 

u'jj 

~ ' 5 8  

44-62 

13 44-54 

44.45 

41-67 

44.46 

13 44'50 

44'46 

44-36 

a 

: 
? 
8 

'% 
!- 

E 
d a 

d 
? 
d. d 

% W. 

W. 

'f: 

O 

@ *  

" 
8 

u,: 

9 

I 

O 

'0, 

H 
I 

'0, 

O 

I 

'0, 
9 
O 

5 
b 

I 

f 
0 

b 

I 

1 

f3econds 

Correct- 
~i~~ 

a 

23-57 

42-51 

31.83 

3.60 

60.4 

35.60 

55'54 

43.81 

11'00 

20.87 

53'54 

26.31 

45'11 

48-00 

17-51 

47'89 

25'37 

44.30 

33.38 

5-40 

a.ao 

51-31 

45-60 

Times 

E) 

M" 
of 

Q ~ O ~ P  

V) 

, 7 
, 3 

Y) h 

~1 

* i  

2 . 
d 

," 

2 , 7 
3 

2.2 . ." 

3 . $ ' , 

By Strahan, 

In- 
a t m e n t a l  

and 
Correo~ion 
Constants 

I.P. W. 
d - 0 ,4  

+ O m 5  
a -17.1 

r 
Q + 1-66 

8 

Q - 1-66 

• 

I.P. W. 

- 0.4 - O V 4  

a -17.8 

a 
Q % 1-69 

2 
3 ? ? 

Qgi , ;  
. l l ;  $ S S , ,  
$2; " 
; I  I  

g &pi 
U 

2 
7 
O 

I 2  

q " 
I 2  

% . " ?  
0 

I ,  

" 
Y 
0 

I 2  

2 " 
I " :  

rn 
'0 " 
1 , " .  

Telaacqa No. 

~ ~ t ~ l  

Co,,-rec- 

tion 

4 

+ I -76  

  fa 

I 

+1'68 

-0.04" 

+ r S 6 o  

+1'64 

+I '54 

+O'OI* 

-1'62 

+0'02* 

-1.63 

'1.78 

-o'oa* 

-omog* 

-o'io* 

+ 0 ' 4 *  

I 

+1'76 

+ I - 6 9  

+1'63 

+r.65 

-0.14. 

un2h 

M~~~ 
Obaemed 

Time 

h m  r 
7 lo  6.36 

14 25-38 

16 I 

a1 4 6 . 4  

7 7 44-98 

13 18-68 

18 38.44 

a3 26.85 

7 a7 55-52 

31 7'05 

32 37'99 

40 12-44 

f 35 31-44 

46 32.57 

49 2-16 

503a.61 

7 lo  9.83 

I 

16 16-29 

a1 48-17 

7 7 45'07 

18 40.1a 

a3 30.10 

a ' 

8econds 
of 

Correct- 
4 ~ i m e  

a 

8'1a 

17-10 

16.40 

48-11 

~ ' 9 4  

20.28 

4 0 . 4  

28.39 

55'53 

5'43 

38.01 

10.81 

29-66 

3a.55 

2-09 

32.51 

9-91 

28.75 

18-05 

49-86 

46-70 

41.17 

29.96 



68 !i'ABLE V, OBSEBVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OB THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

* Owing to the irregular rate of the Chronograph the Pen Equation had to be applied grsphically on the record before the star signah were read off, m d  con- 
sequent11 in these caaes Q = o ' w. 

Long. dh 46'" 66'. AMRITSAR (E) Lat.  31" 3 ~ 7 ,  Long. 4h 69" 

TEANBITB OBBEBTED AT E 

39*: AND MOOLTAN (W) Lot. 30" If' ,  

TEANBITB OBBEBVED AT W Difference of 

B y  Buward, 

In. 

a" atrumental 

f 
#, 

- 0  

B 

second8 
of 

Correct- 
ed Time 

8 

57'15 

7-10 

39'72 

12'51 

31'35 

34'10 

3-78 

13-18 

21.64 

53-33 

50'32 

45'33 

33.55 

10.53 

43-16 

15.89 

34'73 

37.68 

' 7-13 

37'57 

Corrected 

( W - E )  

O 

% 
m 

3 

N 

N 

N 

N 

8 

S 

S 

N 

N 

N 

9 

S 

8 

N 

N 

N 

8 

8 

8 

S 

with Tele~cqpe No. 1 

M~~~ ~ ~ t a l  seconds 
of 

Obecrved Correc. 
Correct- 

Time d Tirne 

Timea 

. 

By each 
Star 

'1)) 8 

13 44'45 

4-58 

44.61 

44-64 

13 44'46 

44-51 

44'58 

13 44-11 

44'43 

44-32 

13 44'54 

44'42 

44-38 

13 44.27 

~ ' a a  

44.30 

13 4-33 

44'15 

41-39 

44'36 

Number 

7 I I 

17 24.15 

18 56.78 

26 29.53 

7 21 4-69 

3251.40 

35 10-96 

656 21-25 

7 a 35'39 

8 7 "24 

6 54 4'03 

7 4 59-16 

947'46 

7 17 17-91 

18 60.59 

26 33-25 

7 11 52'11 

32 55-10 

35 24-55 

36 54-91 

a 
$ 2 =: 
8% o 

izjll 
Q I I  

By  Strahan, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. W. 
a - Oe4 

b - 0.4 
a 

4 

Q - 1.69 

I. P.'E. 
d - - 

a -11.8 

4 

Q + 1.6; 

4 
Q - 1-67 

nation 

o I 

+ 3 1 1 3  

+ 35 18 
+ 32 16 
+ 3342 

+1345 

+ 27 4 
+ lo 1 1  

+ 41 5 
+ 4053 
+32 I 

+ 15 5 
+a8 2 

+la15 

+ 35 18 
+ 31 16 
+ 33 41 

+1345 

+ 27 4 
+ 10 1 1  
+ 1 6  6 

1886 

Jan.6 

Jan.9 

v 

P 

+ 
Menn .z 2 g Q 

2489 

2504 

2517 

2563 

2537 

2617 

2632 

2381 

2429 

w 

2SM 

2442 

2478 

2504 

2517 

9663 

2537 

2617 

2692 

2639 

-167 

-1.63 

-1.67 

-1.65 

-1'80 

-1.71 

-1.76 

+re81 

+1'81 

+1'f7 

+1'75 

+lairs 

+1'71 

-1.65 

-1.65 

-1.66 

-1.71 

-1.67 

-1.71 

-1.71 

v i th  

M ~ ~ .  
Observed 
Tim. 

7 27 58'85 

31 877 

3241-41 

40 14-10 

7 35 33'17 

46 35'93 

49 5.56 

7 10 13.29 

16 19.97 

21 51-71 

7 7 48.74 

18 43'73 

a3 ja'oa 

7 31 12-24 

32 44-89 

40 17-60 

f 35 36'53 

46 39'44 

49 9-01 

50 39'36 

-m 

5 
rn 

N 

N 

N 

N 

8 

8 

8 

N 

N 

N 

8 

8 

8 

N 

N 

N 

8 

8 

8 

6 

lamgo 

21.51 

55.11 

27.88 

46.89 

49'69 

19.10 

29.07 

37-21 

9'01 

6.78 

60.91 

49'17 

26.16 

58-94 

31-59 

50'40 

53'43 

21.84 

53-21 

Telwcope No. 

~ ~ t a l  
Correc. 

4 

-1'70 

-167 

.-1'69 

-1.68 

-1.81 

-1'73 

-1.78 

-oSol* 

+1'67 

+ 1-62 

+1'58 

+1'60 

+1'53 

-1.71 

-1.73 

-1.71 

- 1.80 
-1.76 

-1.79 

-1.79 

and 
C0,tioII 
Constants 

I .P.E.  

c + 1'5 
+ o.8 

a -"" 
4 

Q - 1-73 

Z P . 3 .  
d 

+ 

!-;:; 
4 

Q + 1-71 

8 
Q - 1'71 

, ~1 
f .  

t 
s" 

f 

a 2 

s ?  

a 2 

d 

$ 
2 

2 
2 -  

3 
8 2 

2 
$ 

- 2 
O 

1 :  

rr) 

L f  
O 

I 

;I 
? 
0 

I 

2 
? 
o 

I 

:: 
p 
0 

I 

2 
O 

b 

I 

C 
o " 
, 

3 
= 

s 

o 

I 2  

'C 
O 

1 2  

rr. 
'2 " 
I 2  

% 

b $  
I 2  

rr) 

% " 
I 2  

e 
d 

8 
f 

n 
: 

5 

ao 
2 



P ! L E  P. OBSERVATIONS OF TRANSITS WITH w CLOCK, AND DEDUCTION 69 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

* Owing to the irregular rate of the Chronograph the Pen Equation had to be applied graphically on the record before the star eignals were read off, and con 
q u e n t l y  in these mer Q = 0.00. . 

r 
AMRITSAR (E) Lat. 31' 8&', h n g .  4h 6gm 39. : AND MOOLTAN (w) Lat. ROD IL', Long. dh 4 P  6 8 .  

V, 

2 ,  
* u  

Difference of 
Corrected Times 

(W-E) 

T E A N ~ I T ~  OBBEEVED AT W 

By Strahan, with Telescope No. 2 3 
FI - 

+ 
G 

m 

." 
S 

!" 
d 

* = 
? 
f 
". 

% 
'C. 

2 

" 
3 
f 

2 
3 
7 
". 

a 2 ~ 2  
cr , , 
3 . .  

$ b  0 
j l  I do 

3 

$ 

1886 

J.n.10 

J a l 2  

P 

STAB 
T s m s ~ r s  OB~EBVED AT E 

By Buward, with Telercope No. 1 

B.A.C. 
Number 

2381 

2416 

2429 

2464 

2364 

8Giem. 

2442 

2473 

2189 

2504 

2517 

2563 

2537 

2617 

2632 

2381 

2416 

2429 

2464 

2364 

8Gem. 

%2 

2473 

Decli- 
nation 

o I 

+ 41 5 

+3658 

+4053 

+gz I 

+ 25 5 
+ 2212 
+a8 a 

+la15 

+ 31 13 
+3518 

+ 32 16 
+ 33 41 

+ I345 

+ 27 4 
+ 20 1 1  

+ 41 5 

+ 3658 

+4O53 

+3a I 

+ a5 5 

+ 2212 
+ 28. 2 
+1215 

% 

$ 
m 

3 

N 

N 

N 

N 

S 

S 

S 

8 

N 

N 

N 

N 

8 

S 

S 

N 

N 

N 

S 

S 

S 

S 

~ ~ t ~ l  
Correc- 

tion 

s 
+om03* 

+1'7x 

t1.74 

+1'65 

+1'59 

+1'57 

+1.61 

+I-50 

-1.77 

-1.75 

-1.76 

-1.75 

-1.91 

-1'82 

- 1-86 

+1"75 

+"73 

+I'75 

+1'68 

+1'63 

+lS60 

+1'65 

+1'53 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. W. 

, - 3.1 
b + 0.7 

J 

Q + 1 - 7 1  

8 
Q - 1'71 

I.P. r. 
d , - 3.1 

b + 1.0 
a-16.6 

I 

0 +1'73 

Y~~~ 
Observed 

Tima 

h m  J 

6 56 $0'30 

7 047.47 

a 36.79 

8 8-59 

6 54 5-45 

59 40'79 

7 5 0.60 

g 48.86 

7 1419.35 

1 7  29.12 

19 1.87 

26 34.61 

7 21 53-49 

32 56-36 

35 15.88 

6 56 32.43 

7 051.44 

140.~4 

8 11-56 

6 54 9-31 

5944'64 

7 5 4-57 

9 52-05 

2 0 
a "  I 0  seconds Ifem 2 * ; m* ," of 

Correct- and Correct- Star 
ed ~i~~ 

8 

30.33 

49.18 

38.53 

10.24 

7'04 

42'36 

a.21 

50.36 

17-58 

0 

e 
b 
I " )  

2 ,  
y 
0 

1 2  

N 

N 

N 

N 

9 

S 

8 

N 

1 

E - 
b 
I 

5 
6 $  
I 

: - 
O 

I 2  

-Y 
a 
." 
0 

I 

97.37 

o-11 

31-86 

51-58 

54.54 

a4.o~ . 

34-18 

53.17 

42'.39 

14.z~ 

10.95 

46-14 

6.22 

54-30 

C] 
,, ? 

3 
2; 

, P 

m 

Constants 

I. P. E. 

, - I.a 
: 
J 

Q + 1.67 

J 

0 - 1-67 

5 
0 

% \ f !  
o 

f b  

N 

N 

N 

S 

9 

S 

N 

N 

N 

9 

9 

9 

9 

I. P. W. 

, , o.4 
b + 1.1 
a - 

J 

Q t 1.67 

L w  J 

7 lo 13-01 

14 32.01 

16 21-19 

a1 53.0~ 

7 7 49.97 

13 25-16 

18 45.08 

23 33'30 

7 a8 3-76 

s 

14'64 

33-61 

22.82 

54-62 

51'55 

26.73 

46.65 

34'84 

2'00 

J 

+ 1-61 
+xn60 

+lq63 

+1'60 

+1'58 

+1'57 

+1'57 

+1'54 

-1-76 

m r  

13 44'31 

44.43 

4429 

44'38 

13 44-51 

44'37 

44'44 

44'48 

13 4.4'42 

31 13.59 

32 46.25 

40 18-98 

7 35 31-93 

46 40- 78 

49 10.30 

7 10 17-02 

14 35.98 

16 25-26 

21 57-00 

7 7 53'92 

13 29'17 

18 49-13 

a3 37.36 

11.86 

44'50 

17'23 

36'12 

39.02 

8.52 

18'76 

31-69 

z7.00 

58.70 

55.58 

30'8.3 

50.81 

38-90 

-1.73 

-1'75 

-1'75 

-1.81 

-1.76 

-1.78 

+I'74 

+ I S 7 I  

+1'74 

+~'fo 

+ 1-66 

+1.66 

+ 1.68 

+1'62 

4-39 

44'37 

13 44'54 

44-40 

44-50 

13 44-50 

44.52 

44-61 

4-46 

13 44'63 

44'59 

44'59 

6-60 

C: 

2 
* 

m 

* 
s2 

2 
,,? 

% 

\f! 
" 9  

0 

1 

ff. 
- ? P I  

; 
I 

2 o 
b 

. 
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70 TABLE P. OBSERVATIONS OF mANSIT9  WITH W CLOCK, AND DEDUCTIOX 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + P. 

I 
# I 

4 
12 
4 

d 
.iJ 

.,= 

1886 

Jnn.12 

Jan.14 

. 

. 
AMRITSAR (E) Lat. 31" 38', Long. 4b 69- 39 : AND MOOLTAN (W) Lat. 300 11', Long. 4 45" 66'. 

E" 
Tsah-SITE OBBEEVED AT W Difference of uo 

B y  Strahan, with T e h c o p s  NO. 2 
STAB 

T s ~ x i s r ~ s  OBSEBYED AT E 

B y  Burraid, with T e h c o p e  No. 1 

~ ~ t ~ l  

Correc- 

8 

-1.65 

-1.63 

- 1 . ~ 4  

-1.64 

- 1 ' 7 2  

-1.66 

-1'69 

-1'70 

4-1-67 

+ l m 6 5  

+1'67 

+1'64 

+ 1-64 

t 1 . 6 3  

+ 1.64 

+1'6a 

-1.78 

-1.76 

-1-77 

-1.80 

-1.78 

-1.79 

-1.80 

+ 
8 e ~ o n b  

of By each 
M~~~ 

Observed 

h m  8 

7 28 7'77 

31 17-60 

32 50.29 

40 23-05 

7 35 41-96 

4644.95 

49 14'39 

5044.73 

7 10 22.57 

1441.54 

16 30.76 - 
aa 2-51 

7 7 59-42 

13 34.70 

18 54-61 

a3 42.84 

7 28 13-40 

31 23.30 

40 28-65 

7 35 47'51 

46 50.56 

49 19'99 

50 50.40 

Correct- 
Time 

8 

6-11 

15.97 

48'65 

21-41 

40'14 

43-29 

12'fo 

43'03 

24.a4 

43.19 

32'43 

4-16 

61-06 

36-33 

56-25 

44.46 

11.61 

21'54 

26-88 

45-71 

48.78 

1 8 ' ~ ~  

48-60 

In-  
~ t rumenta l  

Position 
and 

Correction 
Constants 

I.P. E 

, , 0.4 
b + 1 .1  - 8.6 

a 
Q - 1-67 

I.P. W. 
a - - 

0 - 5'3 
8 

Q + 1.71 

. 

8 
Q - 1.71 

B.A.C. 
Number 

2489 

2504 

2517 

2563 

2537 

2617 

2632 

2639 

2381 

2416 

2464 

2364 

6 Gem. 

2442 

2473 

2489 

2604 

2663 

2537 

2617 

2632 

2639 

D 

9 U 8  

13 44-51 

~ ~ t ~ l  Seconds & 
Decli- Position 4 Observed Correc- 
nation and Correct- .: 

o I 

+ 31 13 

+ 35 18 

+ 32 16 

+ 3342 

+1345 

+ 27 4 

+ 20 11 

+ 16 6 

+ 41 5 

+3658 

+ 40 53 

+ 32 I 

+ 25 5 

+ z a ~ a  

+ 18 a 

+1a15  

+ 31 13 

+ 35 18 

+334z 

+ 13 45 

+ 17 4 

+ ao 11 

+ 16 6 

0 -t % rn N 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

8 

8 

8 

8 

44-53 

4 - 5 9  

13 44-56 

44'70 

44'58 

44.60 

13 44-44 

4 - 4 2  

44'36 

44-38 

13 44'42 

44.56 

4 - 5 1  

44-48 

13 44-43 

4 - 4 5  

$ 
r 

O 

I 

," - e  

b j  
I 2  

z - " 
I ?  

'? 
b 

I 2  

C 

tion 

8 

-1.78 

-1.76 

-1.78 

-1.77 

-1.91 

-1.82 

-1.87 

-1.91 

+1'52 

+ I  

1 2  

+1'47 

+re45 

+ 1-42 

+ I ' M  

+ I - 3 8  

-1.97 

-1'94 

-1.96 

-2'04 

-1.99 

-a'oa 

-2.03 

-. 
f 
2 ,  

f 

C; 

u) 
O 

i; 

: 

conatants 

I .P.  P. 
d - 3.  I 

8 

'4 - 1-73 

I. P.  E. 

, - 3.5 
b - 6.1 

a 
Q + 1-72  

8 

Q - 1-72 

44-50 

13 44-42 

44'54 

44'5' 

44'49 

C! 

t! ,: 
T 

8 . f 
e 

". . q 
d 

:, 

$ 

f 

ed ams 

8 

21.61 

31'44 

4-12 

36.82 

55-68 

58.59 

28'12 

58'43 

39.80 

18-77 

48-01 

19.78 

16-64 

51'77 

I 

59.98 

a7.19 

37.09 

42-38 

1-29 

4.24 

33-69 

4-11 

A m  8 

7 14 23'39 

13 33.10 

19 5.90 

2638.59 

7 21  57-59 

32 60.41 

35 29.99 

36 60.34 

6 56 38.18 

7 o 7 

2 6 

8 18.31 

6 54 15-19 

59 50'35 

7 5 10.30 

9 58-60 

7 1429.16 

17 39'03 

a6 44'3.4 

7 22 3'33 

33 6-23 

35 35-71 

37 6-14 

I 

2 
E 

2 
? 
O 

vl 

% 
I 

2 

f 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

S 

8 

N 

N 

IY 

8 

8 

8 

8 

' I  1 2  

% , P 
f 
2 

2 
? 
O 

" - ' a  

? 

2 

e, 
$ 



!i!!BLZ 7. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

AMRITSAR (E) ];at. 31" St?, Long. dh 69- 

TEAN~ITS OBSERVED AT E 

39. : AND MOOLTAN (W) Lat. 30' I T ,  

T E ~ ~ I T ~  OBSEBVED AT W 

Long. 4h ;16P 6 6 .  

Difference of 
O 

4 
W ,  

.5~ B 

Q 

m 
n 
? 
O 

I 

2 ' 
? 
o 

I 

2 
9 

$ 0  

m 
8 
b 
I 

Corrected 

(W-E) 

By each 
Star 

m a  

1344.48 

44.47 

44.45 

44'38 

13 44'37 

44-43 

~ ' 4 1  

13 44-36 

44'44 

44-42 

44-38 

1344'33 

44-35 

44-39 

2 

seconds 
of 

Correct. 
ed ame 

8 

36-34 

55-28 

44-50 

16.29 

48-30 

8-16 

56-47 

13-64 

33'53 

6-16 

38.94 

0.65 

30.19 

0.56 

Timer 

Meen 
of 

Q ~ U P  

ur * . -+ 
3 

* P  
$ 
2 

8 
* ;d 

..rn 

8 2  

" 

$ - 
2 

N 

N 

N 

N 

8 

8 

S 

N 

N 

N 

N 

8 

8 

8 

with 

M~~ 
Observed 

Time 

h m  8 

65650.81 

7 I 9-78 

2 59-00 

830'92 

7 o 3-03 

5 11'88 

10 11.21 

7 1441'13 

I7 50'91 

1923.57 

26 56-18 

7 33 18'20 

35 47'77 

37 18'13 

Telascops No. 

~~~~l 
Correc- 

tion 

8 

+ I - O ~  

+1'03 

+I'Og 

+oa99 

+oa9o 

+o-95 

+om84 

-1-85 

-1.81 

-1'83 

-1.82 

-I '88 

-1'9.3 

-1'96 

By Buward, 

In- 
strumental 

u 

a 
.g v, r- 
2 2 2  
g a b  

F r l ,  I lq i i  
f i G h 2 ; m  

s m m  
d I I  

g &if 
U 

vl 

2 
O 

I 2  

h 

2 
L .  

I 

- 
b 
1 2  

c. 

F .  
0 

1 2  

1 

&xonds 
o 

Correct- 
ed l ime 

8 

51.86 

10.81 

60.05 

31-91 

3'93 

23-83 

12-05 

39'18 

49'09 

11-74 

54.56 

16'32 

45-84 

16.17 

+ 
2 

h 

: 
3 

A 

f 
$ 
!2 

: " 
.d 

z' 
$ 

By Heaoiaide, 

In- 
strumental 

position 
and 

Correction 
Constants 

I .P .E.  
d - 

- a" 
a -15.1 

8 
0 +I-88 

8 
Q - 1.88 

1886 

Jsn.19 

o I 

+41 5 

+ 36 58 
+ 4O53 

+ j a  I 

+ az 12 
+a8 2 

+1215 

+ 31 13 

+ 35 18 
+3216 

+ 33 41 

+ 17 4 
+ 20 11 
+16 6 

2381 

2416 

2x29 

24.64 

LGem. 

24&?, 

2473 

2889 

2504 

2517 

2663 

2617 

2632 

2639 

with 

M~~~ 
Observed 

Time 

h~ 8 

71034.44 

14 53'41 

16 42-61 

11 14-47 

7 13 46'53 

19 6.47 

23 54.76 

7 28 25-58 

31 35-44 

33 8'9 

4040.86 

747 "'62 

49 32.19 

51 2-59 

Tehcops No. 

lotal 
Correc- 

tion 

8 

+I.P 

+ 1.86 
+1.89 

+1'82 

+1'77 

+1'79 

+ 1-71 

-1.94 

-1.91 

-1'93 

-1.92 

-1.97 

-asoo 

-2.03 

5 " 

N 

N 

N 

N 

8 

S 

8 

N 

N 

N 

N 

8 

8 

8 

Correction 
Conetants 

I .P .E .  
d 

c - 3'5 
b -13.2 
a ear.o 

8 

Q +1'41 

8 
Q - 1.41 
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TABLE P. OBSERVATIONS OF TBANSITS WITH E CLOCK, AND DEDUCTION 73 

O F  THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

* Owing to the irregular mta of the Chronograph the Pen Equation had to be applied graphically on the r e c d  before the star ejgnale were read off, and con- 
oeqasntly in these wen Q - o'oo, 

I 

z 
E l .  

a 2 
! 

$ 

1886 

Jan.28 

Jan.29 

B.A.C. 
Number 

2200 

2223 

2237 

2270 

2191 

2208 

2286 

2299 

2014 

,2021 

2139 

a156 

2047 

2067 

20% 

2111 

2200 

2223 

2237 

2270 

STAB 

Decli- 
nation 

o I 

+ 4341 

+ 41 5.5 

+ 34 6 

+ 38 13 

+ 1 7 4 6  

+ 12 49 

+ 1 6 1 4  

+ 24 2 2  

+ 35 X I  

+ 3 5 1 5  

+ 3832 

+ 4 0  o 

+ 2 2 3 4  

+ 21 43 

+ 2 0  34 

+ 15 59 

+ 4341 

+ 41 55 

+ 34 6 

+ 38 13 

MOOLTAN (E) Lat. 30' ll', Long. dh 4Em 

TRANSITS OBSERTED AT E 

56* : AND KARACHI (W) Lat. 24' 61', 

Tsu-SITS OB~EBVED AT W 

Long. 6 280 13.. 

Difference of 

2 

3 FI 

6 

w n 
p 
0 

+ 

n 
w 
? 
0 

+ 

- 
U 

p . 
0 

+ 

Q 1 -  w 
? 
0 

+ 

r 
w 
0 
0 

+ 

Corrected 

' (W - 

By each 
Star 

m r  

~f 42.04 

41'98 

41'91 

42.0; 

17 42.01 

41'98 

42.13 

42-13 

17 41-83 

41'85 

41.94 

41.96 

17 41'98 

41'92 

41'94 

41-95 

I; 42.00 

41.93 

42.01 

41'99 

2 

seconds 
of 

Correct- 
ed ~i~~ 

r 

35.31 

46.11 

20'19 

20.63 

49-65 

33'57 

46.3; 

31.66 

54.36 

14'90 

41.38 

51.61 

2'42 

50'77 

8'38 

2.51 

30.23 

41.11 

15.23 

15'58 

with 

' 

Obaerved 

Time 

h m  s 

6 38 54.78 

43 5-67 

15 39-91 

51 38.54 

6 36 9'4.3 

39 53'43 

54 4.44 

55 49.64 

6 10 11-ox 

I1 31.53 

28 57'93 

31 8.14 

6 16 18.92 

19 7'33 

2 1  24.92 

25 19.04 

I 

6 38 49.82 

42 60.77 

45 34'i9 

51 35'18 

Times 

E) 

wmI 

of 

Omup 

o 

, 8 
N 
d 

". 
w , 0 
N 
3 

E: 

.m 
01 

,m - 
d 

s: 

, - 
d 

E Z  

n: 
OC , - * 

s: 

$ 
-; 
5 
'Il 

N 

N 

N 

N 

S 

8 

S 

9 

N 

N 

N 

N 

S 

S 

8 

5 

N 

N 

N 

N 

Telercops No. 

~ ~ t ~ l  

Correc- 

tion 

r 

-1.51 

-1.54 

-1.63 

+o'oz* 

-1.79 

-1.84 

-oe2o* 

-0'11' 

+1-52 

+ 1.52 

+1.51 

+ I ' S I  

+ 1'52 

+1'52 

+ 1.52 

+r .gz  

-1.59 

-1.59 

-1.58 

-1'59 

a 
'2 d N 

$ 7 ; 
- 3  o 

! + i  
I 

C U ~ ~ , c ; l  

* I  I 

i $g 
0 

, 

2 %  
0 

I 

Ch 
N 
cl 

b 

I 

p . 
0 

I 

Ch n 

. 
0 

I 

0 

b 

I 

By Burrard, 

In- 
etrumentsl 

Position 

~ n d  
Correction 
Constants 

I .P .  
d , , 

b - 0.6 
a _ 2 5 . 4  

s 
Q -1.62 

I. P. W. 
d - I . 9  

b + 0.7 
a + o . I  

n 
Q +1'55 

r 
Q - 1-55 

1 

of 
Correct- 
ed ~i~~ 

r 

53'27 

4.13 

38.28 

38.56 

7.64 

51'59 

4'24 

49'5.1 

12-53 

33'05 

59'44 

9 .6 j  

2 0 . 4  

8.85 

26.44 

20.56 

48.23 

59.18 

3.3'21 

33'59 

TeIcacope No. 

~ ~ t ~ l  

Correc- 

tion 

a 

-1.75 

-1.75 

-1.79 

-1';6 

-1.83 

-1.85 

-O.I;* 

- o . l j *  

+1'52 

+ 1.51 

+ 1.56 

+1.56 

+1'47 

+1'45 

+1'44 

+1'4z 

- 1 . ; ~  

-1.73 

-1-78 

-1'75 

,g 
.; 
2 " 

N 

N 

N 

N 

8 

6 

S 

8 

N 

N 

N 

N 

S 

S 

8 

6 

N 

N 

N 

N 

b 

a 
I 

q 

- * 
: 

w 
h 
ch 

L 
T 

c 

" 
90 
r+ 
- 
: 

0 a 
90 - 
d 

: 

d 

- 
d 

: 

By Heaaidide, 

111 

strumenta~ 
Pos~ t~on  

and 
Correction 
Constante 

I. P. E. 
d - ,.* 

- 2'9 
a - 9.5 

s 
Q -1.67 

I.P. W. 
d - 3.8 

- s3'm3 

a - r 4 . 4  

a 
Q + 1.65 

r 
Q - 1.65 

wilh 

1 

M~~~ 
Observed 

Time 

A m  s 

6 56 37-06 

; 0 47.86 

3 21.98 

9 22.39 

6 53 51-48 

57 35'42 

7 1 1  46.54 

1331.81 

6 27 52.84 

29 13'39 

46 -39.82 

48 50'05 

6 34 0.95 

36 49'32 

39 6'94 

43 1.09 

6 56 31.95 

f 042.84 

3 17.00 

9 17'33 





TABLE V. OBSEEVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 75 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

3 
FI 
3 
.i 
5 
$ 

1896 

Feb.2 

MOOLTAN (E) k t .  30" 111, Long. dh 45' 

TRANSITE OB~EI~VED AT E 

6 8 :  AND IURACHI ('8) Lat. 240 611, 

Tnarrsr~s OBSERVED AT W 

B.A.D. 
Number 

2014 

2021 

2139 

2186 

2047 

2067 

2084 

2111 

2200 

2223 

2237 

2270 

2191 

22~13 

2285 

2299 

k 
.: 

N 

N 

N 

N 

8 

8 

S 

6 

N 

x 
N 

4 

8 

8 

8 

S 

Long. db 18. 

a Difference of o .- 
Corrected T i m ~  , 2 2 2 g,: 

By esoh 
Star 

STAB 

Decli- 
nation 

o I 

+ 3511 
+3515 

+ 3832 
+ 40 o 

+ 2234 
+ 2143 
+2034 

+ 15 59 

+ 4341 
+4155 

+ 34 6 
+ 38 13 

+1746 

+1249 

+1614 

+a422 

m a  

17 41-92 

41'85 

42.05 

42.00 

I 

17 41-95 

12-00 

41.96 

41-98 

17 41.04 

Telucops No. 

~ ~ t ~ l  
Correc- 

tion 

8 

+ I ' I ~  

I 

+ 1-18 
+1'19 

+1'18 

+1'17 

+1'17 

+1'15 

-1.57 

-1.57 

-1.57 

-1.58 

-1-61 

-1.61 

-1.61 

-1.61 

with 

M~,,,, 
Obeerved 

Time 

h m  8 

6 951'47 

I I 

28 38.42 

30 48.63 

6 15 59.39 

1847.80 

21 5-46 

2459'56 

638 19-95 

42 40.90 

. 45 14.91 

51 15.26 

6 35 44-31 

39 28-58 

53 40'91 

55 16.26 

a 

g 
.- 
2 

N 

N 

N 

N 

S 

S 

S 

8 

N 

N 

N 

N 

8 

8 

8 

S 

1 

8'0nb 
of 

Comct- 
ed yime 

8 

52.65 

13.17 

39-60 

49-02 

60.57 

48.97 

6.63 

60.71 

28-38 

39'33 

13'34 

13-68 

42-71 

26.77 

39-30 

14-65 

By Buward, 

In- 
etrumental 

Position 
and 

correction 
~onetants 

I.. E. 

, , 4.7 - 3'3 
a - 7.7 
Q + 1.38 

8 
Q - 1-38 

By Strahan, 

In- 
strumental 

Position 
and 

Correction 
Constants 

1.P.E. 
d 

- 2.8 
- - ,.6 

8 
Q + 1.64 

8 
Q - 1.64 

u) 

, P 
G 
l= 

a? . 6 
% 

Telucops No. 

~~d 
Correc- 

tion 

8 

+1'53 

+ 1.52 

+1'53 

+ 1.52 

+ 1-54 
11-13 

+ 1.54 

+1-53 

-1-75 

-1'75 

7 

-1'75 

- 1 '75 
-1'76 

-1.75 

-1-74 

with 

M, 
Observed 

Time 

h m  8 

627 33-04 

28 53'50 

20'12 

48 30'30 

6 33 40.98 

36 29.44 

38 47'05 

42 41-16 

6 56 12-17 

7 o 22-92 

2 7 

8 57'45 

6 53 26.53 

57 10.45 

f I 1  23.19 

13 8.53 

0 - a 
41-04 

!d 

8emnd. 
of 

Correct- 
ed ~i~~ 

J 

34-51 

55'0~ 

21.~5 

31-82 

42'52 

30.97 

48'59 

41-69 

10.41 

21-17 

55'38 

55'70 

24-78 

8.69 

21'44 

6-59 

d 

" "  ? 
O 

+ 

$ 
O 

+ 

42'01 

17 42-07 

41'92 

41-14 

42-14 

U 

h 

? ?  
0 

I 2  

" 
f 
0 

I 

h "  

" , - 
3 

E: 

n 

- 
a 

dr 
.p - 
a 

c 

+ 

Q 1 d  " 
p 
0 

+ 

I 

- 3 
0 

I 

l= 

6 

% - 
d 

l= 



76 TABLE P. OBSERVATIONS O F  !CRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

MOOLTAN (E) Lat. 30' 11', Long. 4b 4p 

T n a ~ s ~ r s  OBSERVED AT E 

66': AND KBRAClII (W) Lat. 2 4  o'l', hng. 

TRANSITS OBSEILVED AT m 
By Buward, 

In- 
8 strumental 

Number nation .: and 

4h W 13.. 

& 
.: 
5 " 

N 

N 

N 

N 

S 

S 

S 

S 

N 

N 

s 

N 

S 

s 
8 

8 

1 

seconds 
of 

Correct- 
ed ~i~~ 

8 

47'22 

7.77 

34.21 

44.4 

55'15 

43'56 

61.22 

55'2; 

23.09 

3.3'92 

8.02 

8'34 

37'34 

21-29 

33'97 

19'28 

with 

Mean 

Observed 

Time 

h m  8 

6 9 45.31 

11 5.88 

28 32.32 

3041-55 

6 15 53-25 

18 41.66 

2 0  59'32 

a4 53'38 

6 38 25'19 

42 36-02 

45 1 0 . 1 2  

5110-45 

6 35 39'41 

39 2.3'41 

53 36.08 

55 21.38 

1886 

Feb. A 

Difference of 

Corrected Timm 

(W - E) By Strahan, 

In- 
struniental 

Position 
and 

Correction 
Constants 

I. P. E. 
d , - o.8 - I" 

a - 8.5 

r 
Q + 1.67 

I 

Q - 1.67 

Telueope No. 

Totnl 

Correc- 

tion 

8 

+ I ' ~ I  

+1.89 

+ 1 . 8 ~  

i 1 . 8 9  

+1'90 

+1.90 

 go 

i 1 . 8 9  

-2 .10  

- 2 ' 1 0  

-2.10 

- 2 ' 1 1  

-2.10 

- 2 . 1 2  

- 2 . 1 1  

-2.10 

o t 

+ 35 11 

+ 35 I j  

+38.32 

+ 40 o 

+ 22 34 

+ a 1 4 3  

4-2034 

+ 15 5 9  

+ 4341 

+ 4 1 5 5  

+ 34 6 

+ 38 1.3 

+ 17 46 

+ 12 49 

+ 1 6 1 4  

+ a 4 2 2  

2014 

2021 

2139 

2156 

2047 

2067 

2084 

2111 

2200 

2223 

2237 

2270 

2191 

2208 

2285 

'2299 

.g 
2 2 Z s ; .  

::; :, .,. 0 

= 
with Tclereqs 

Mean 

Observed. 

Time 

hW8 J 

6 27 27-59 

2848.07 

46 14-53 

48 24.75 

6 33 35.64 

36 24.02 

38 41.69 

42 35.81 

6 56 6-59 

7 o 17'49 

2 51'64 

8 51.38 

6 53 21-08 

57 5.13 

7 I I ;  

13 3.11 

" 

N 

N 

N 

N 

8 

6 

S 

S 

N 

N 

N 

h' 

S 

s 

S 

S 

A 
Q 

d 
u. - 
d 

f 

- 
g 
a 
d 

FI w, 

90 - 
t 

f 

I 
t- 
o. - 
d 

r- 

,ij 

correction 
constants 

I. P. W. 

- I .9 

r 
Q + a.oo 

8 

Q - 2.00 

$ 1 1  

Avoo. 

Total 

Correc- 

8 

+1'65 

+1.64 

t 1 . 6 7  

+1'68 

f1 .60  

+1'59 

+1'59 

+1'57 

-1 '67 

-1.64 

-1'71 

-1'6; 

-1.75 

-1.;9 

- 1  

-1.73 

2 

Second8 
of 

Correct- 
ed Time 

8 

29.24 

49-11 

16.20 

26.43 

37-24 

25.61 

'4.3.28 

37'38 

4-92 

rg'R.5 

49'93 

50.31 

19.33 

3'34 

16.01 

1-38 

By each 
Star 

9l8 8 

17 42.02 

41'94 

41'99 

41-99 

17 42.09 

42'05 

42.06 

42-11 

17 41'8.3 

41.93 

47'91 

41 '97 

17 41.99 

45.05 

42'05 

42.10 

Mean 

of 

G ~ P Q  

"Y m 

5.c' 

:: 

?- 
, P 
r; 

e:: 
' 

0 - 
, y 

m 
.* 
, 9 

N 
-+ 

2 
g ,. 

w w 
p 
O 

+ 

s 
9 
O 

t 

w .D 

9 
O 

+ 

ro 
u 

0 

+ 

g z m "  
+" 

6 1 1  

13s 
U 

h 
m 

0 

I 

m 

0 

1 2  

b 
m 

0 

I 

m 

0 

I 



TABLE IT OBSERVATION8 OF TRANSITS WITH W CLOCK, AND DEDUCTION 77 . 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

S 
FI 

3 
.g 

1886 

Jm.W 

J.o.38 

m 

3 . . 
g a  0 

i A $ ' l  ' 0  I 
A 14 1 

$ B E  
; I 1  

g&-$ 
U 

5 
0 

I 

m 
a " . 
o 

1 :  

0 

0 

I 

If 
? .  ? 

0 

I t  

0 

I 

m " 
0 

I 

A 

: 
4 

:: 
? 
n 
w 

:: 

m c 0 

n * 

* 
5 
a 
d 

f: 

z 
N 
t 

a * 
:: 

- 
.c 

f: 

4 ,  
0 

.g 2 B  

2 
7 

O 

I 

2 
0 
o 

I 

2 
P 
0 

I 

0 

I 

m - 
g 
I 

? 
O 

I 

4' a@ 13. 

Difference of 
Correoted 

( W - E )  

By each 
Star 

0 8  

17 42-13 

42.19 

42'a5 

41-14 

17 42-22 

42-18 

43'18 

41-17 

17 42-13 

41-22 

42.25 

42-20 

17 42-23 

42-a2 

41-21 

42-30 

17 4 ~ ~ ~ 0  

42'30 

42.36 

42'28 

1 7  42.16 

42-31 

41.24 

42.27 

66' : AND M A C H I  (w) Lat. 2.P 6l', h n g .  

TRANSITS OBSERVED AT W . 
Times 

Mean 
of 

*UP; 

E . 
% 

=: . y 
a 

2 B -  

8 . 1. 
d 

3 . - 
a * 

o: 

Y) m 

, n 
N 
d 

: 

m . g . 

B.A.C. 
Number 

2489 

2504 

2517 

2563 

%73 

%37 

2613 

263% 

2691 

2716 

27% 

2747 

2676 

2761 

2778 

2786 

2489 

2504 

2517 

2668 

2478 

2537 

2818 

2633 

MOOLTAN (E) Lat 30' 1 l', k g .  46" 

T s ~ x i s ~ ~ s  OBSE~VED AT E 
8 ~ a ~  

Decli- 
nution 

o # 

+ 31 1.3 
+ 35 18 
+3216 

+ 3342 

+1215 

+I345 

+ aa 37 
+ 20 I I  

+ 4335 

+ 42 46 
+3249 

+ 30 o 

+ aa a3 

+ 13 23 
+ 932 

+ 27 35 

+ 31 13 
+ 35 18 
+ 32 16 

+ 3342 

+ra15 

+1345 

+ la37 
+ ao 11 

- 
2 

N 

N 

N ' 

8 

8 

8 

6 

N 

N 

N 

N 

8 

6 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

1 

fhconb 
of 

Correct- 

8 

23.56 

33.39 

5'94 

38.80 

56.26 

57-51 

44-08 

30.03 

45-63 

2'89 

59-19 

31-35 

36.01 

30.04 

49.28 

37'64 

24'7% 

94-56 

7-20 

39.99 

57-63 

58.78 

45'33 

31-25 

By Heamaide, 

In- 
~trnmental 

Position 
and 

comotion 
Constants 

L P. E. 
d , , 

b - 2.8 
-34.6 

8 

8 +le64  

8 
Q-1-64 

I. P. E. 
d - - 

" - 9'5 
8 

Q + 1-66 

g 

5 
.: 
2 " 

N 

N 

N 

N 

8 

9 

S 

S 

N 

N 

N 

N 

S 

S 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

2 

fhconb 
of 

Correct- 
~h~ 

8 

5.69 

15-58 

48-19 

10.94 

38.48 

39'79 

26-26 

~a'ao 

27.76 

45'11 

41-54 

16-55 

18-24 

12.26 

31.49 

19-94 

6-91 

16.86 

49-56 

a 

39'79 

41.09 

17'57 

13-53 

tvith 

H~~~ 
Obaerved 

~ Q S  8 

7 28 4-10 

3113'91 

3246'58 

40 19'29 
1 

7 23 37-16 

35 38'44 

46 24-81 

49 10'77 

7 59 29-22 

8 I 45-56 

443.20 

6 18-26 

7 57 20'65 

8 8 14-21 

10 33-41 

13 21-68 

7 28 5-36 

31 15.29 

32 48.00 

40 20.70 

7 23 38-32 

35 39'62 

46 26.07 

49 ra'or 

Tebrcopa No. 

~ ~ t ~ l  
Correo- 

tion 

8 

+1'59 

+1.67 

+ I ' ~ I  

+1.65 

+ r.3~ 

+ 1'35 

+ 1-45 

+1'4.3 

-1'46 

-1'45 

-1.66 

-1'71 

- 1-81 
-1'95 

-1'98 

-1'74 

+rm56 

+ 1.57 
+ 1-56 
+1'57 

+ 1'47 

+I'47 

+1'5o 

+1'51 

By BwrMd, 

111- 

atrun~ental 
Position 

and 
correction 
Conatanta 

I. P. E. 
d 

+ o.3 

: 1 
8 

Q +1.70 

8 
Q-1-70 

I. P. W. 
d 

, - I.9 
: 

8 
Q + 1-61 

with 

H~ 
Obeerved 

Time 

h m  8 

j ro 21-88 

13 31'68 

15 4'15 

22 37'10 

7 5 54'63 

17 55'88 

28 42'43 

31 18-37 

7 41 47-30 

44 4'55 

46 60.98 

48 36-06 

73937'76 

5031.81 

52 51.06 

55 39'37 

7 10 23.15 

13 32.94 

15 562 

22 38'39 

7 5 56.27 

17 57.40 

28 43-87 

31 29-80 

Telucope No. 

~ ~ b l  
C o w -  

# 

+1.68 

+1*71 

+1"59 

+I.~o 

+1'63 

+1'63 

+I-65 

+ 1-66 

-1'67 

-1.66 

-1.69 

-1.71 

-1.75 

-1.77 

-1.78 

-1'73 

+1'57 

+ 1.62 
5 

+1'60 

+ 1.36 
+ra38 

+1'46 

+1'45 



78 TABLE 'P. OBSERVATIONS O F  TRANSITS WITH W CLOCK, AND DEDUCTION 

O F  THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

4 
a 
1 
.E 
.c) 

1886 

Jan.28 

Jan.29 

MOOLTAN (E) &at. 30' 11,' i h g .  dh &im 

TRANSITS OBSERTED AT E 

B.A.C. 
Number 

2691 

2715 

2734 

2747 

2676 

2761 

2778 

2iS6 

2489 

2504 

2517 

2563 

2473 

2637 

2613 

2638 

2691 

2716 

2784 

2747 

.; 
CJ * 

N 

N 

N 

N 

S 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

S T ~ B  

Decli- 
nation 

o I 

+ 4335 

+ 4'246 

+ 3.49 

+ 30 o 

+ 1 2  23 

+1323  

+ 932 

+ 27 35 

+ 31 13 

+ 35 18 

+ 3 2 1 6  

+ 33 42 

+ l a 1 5  

+ 13 45 

+ la37 

+ ao 11 

+ 4335 

+ 4246 

+3249 

+ 30 o 

66. : APiD KARACHI (W) Lut, aPO 61', Long. B 2@ 1 3 .  

!L'EANSITS OBBEEVED AT W Difference of 

By Buward, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I .P.  W. 
d , - I . g  

b - 0.6 
a 

s 
Q - 1.61 

I. P. W. 
d , - I .9  

::; 
J 

'4 + 1-53 

a 
Q -  1-53 

8 
$ - rz 
- 

N 

N 

N 

N 

8 

8 

8 

S 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

By Heaoirids, 

In- 
dmmentsl 

Position 
and 

Correction 
Constants 

I .P .E.  
d , - a.8 - 

', - 9.5 
8 

Q - 1.66 

1.P. W. 

, L 3.8 

: I,::: 
J 

Q + 1-66 

s 
Q- 1'66 

corrected a m m  . . 
with Telescope No. 2 

lldean ~ ~ t ~ l  8000nda 

Observed Correc- 
Time tion ed Time 

with 

Mean 

Observed 

Time 

A m  s 

7 41 48.31 

44 5'64 

47 2.23 

48 37'28 

7 39 39'05 

50 33-18 

5a 52.46 

55 40.66 

7 10 24-54 

1334.36 

15 7-00 

22 39-81 

7 5 57'35 

17 58.60 

28 45-15 

31 31.02 

7 41 49-65 

44 7'01 

47 3'44 

& 3 8 . 4  

h m  a 

7 5930.66 

8 148.0.3 

444'46 

6 19-62 

7 5 1 6  

8 8 15.39 

10 34-58 

13 22.95 

7 a8 6.68 

31 16.49 

3 1 

40 21'90 

7 23 39'55 

35 40.80 

46 17-28 

49 13-21 

7 6931.90 

8 I 

4 45'73 

6 10.80 

Telercops 3-0. 

Total 

Correc- 

tion 

J 

-1-49 

-1.50 

-1.65 

-1.69 

-1.78 

-1'87 

-1.92 

-1.73 

+1'52 

4-1'51 

t1.52 

+1.52 

+1'49 

+1'q8 

+ I - &  

+1'48 

-1.55 

-1.55 

-1'54 

-1.57 

-1.69 

-1'70 

-1.75 

-1.77 

- 1 8 1  

-1-85 

-1'87 

-1.79 

+1'5( 

+1'57 

I 

+1'54 

+1'40 

+ I ' ~ I  

+I-46 

+1'44 

-1.69 

- 6  

-1'79 

-1.79 

1 

seconds 
of 

Correct- 
~i~~ 

J 

46-81 

4-14 

0.58 

35-59 

37-17 

31-31 

50-54 

38'93 

26-06 

35-87 

8-51 

41-33 

58-84 

60.08 

46-65 

32.50 

48-10 

5'47 

1'90 

36-91 

J 

28.9; 

46.33 

4 7  

17.85 

19-45 

13-54 

3a.71 

21-16 

8-22 

18.06 

50.68 

23-44 

40'95 

42'21 

28-74 

14-66 

30.21 

5 

43'94 

19-01 

m o  

17 4'2'15 

41-19 

42-13 

42.26 

1 7  42-18 

41.23 

42-17 

42'23 

17 42.16 

42.19 

42-16 

42'11 

I7 42.11 

42-13 

42.11 

42-16 

17 42-11 

42.08 

41-04 

42.10 

2 , ; 
d 

E. 

;r. 
, 

" . 
7 

2 

'% . 
rl. 

6: 

.f 
7 

8 

z' 
0 

n b  

1 

" 
fl 

O 

I 

Y) 

O 

I 

2 
? 
O 

I 

O 

I 

% :  
0 

I 

. - FP 
0 

I 

!! - 
0 

1 :  

n * 
: 

- 
n 
t 

:: 

g 
N 
e 

0 

1 

0 

I -  

: 

% 01 

=i- 
h 



TABLE P. OBSEBVA!L'IONS OF TRANSITS WITH W CLOCK, BND DEDUCTIOH 79 

OF THE APPARENT DIFFERENCE OP LONGITUDES, + p. 
4 

a 

2 
8 
8 

z' 
O 

I 

O 

+ 

g 
0 

+ 

. 
t o  

M0OLTA.N (E) Lot. 800 111, k g .  4h 46' 66. : AND KARACHI (W) Lot. 2P 61: h a g .  

Tsaxsr~s OBSEBVED AT E , TBaxs~~s  OB~EEVED AT W 

dh 2P 16. 

Difference of 8 
.O 0 Q, 

3 ,g% 0 
g 8 a I I  

& I  I 
a * m  

2 7 . 
&'< 

8 

f S  
m 

0 

I 

0 

I 

Sf - 
0 

I 

p w  

0 

Corrected 

(W - 

By each 
Star 

m 8  

17 42-16 

42-12 

41.00 

41.16 

17 41'13 

42.20 

4-13 

41.11 

17 41-02 

I 

42'10 

4a-01 

17 41-23 

42-17 

4 STAB 
Fc By Bsrrard, with T s k ~ c o p s  No. 1 By Heaoiaide, with 

M~~~ 
Observed and Number nation 

a 
+ 
$ 

Q, - 
d 

:: 

j: 
n 
t 

:: 

"m 
P - 
d 

L' 

rg 

? - 

Times 

E) 

Mean 
of 

Group 

Z . 
2 

a: 

. 
a c  

.f 
7 

E:: 

a0 . ;. 

Tekacops No. 

~~~l 
Correc- 

tion 

8 

-1.86 

-1.91 

-1.93 

-1'81 

+I-& 

t1.57 

+1'56 

+I-55 

+ 1-43 
+l.y 

+I'd9 

+1'4f 

-1.69 

-1-70 

1886 

J-29 

h l . 8 1  

2734 

2747 

2676 

2761 

a778 

a786 

42-18 

42-11 

17 41-10 

42-11 

2 

Seconds 
of 

Correct- 
Bd Time 

J 

20.71 

I 

33-90 

I 

9-03 ' 

18.89 

51-50 

24-33 

41'78 

43.09 

19.60 

15-48 

31-00 

48.30 

-1'7l 

-1-77 

-1.80 

-1.86 

-1.86 

-1.l8 

I 

m :: 
b 

I 

44-71 

19-79 

21-46 

15-54 

34-73 

a3-16 

2676 

n 6 1  

2778 

2786 

2489 

2604 

2617 

2563 

2473 

2537 

2618 

2638 

2691 

2715 
t 

:: 

- 
3 
;. 
t 

'= 

+3z49 

+ 30 o 

+ az 23 
+13a3 

+ 93a 
+a735 

a:: N 

N 

8 

S 

8 

S 

t 

42.m 

0 I 

+ 2213 
+ 1323 

+ 931 
+2735 

s 

+ 31 13 
+ 35 18 

+ 31 16 

+334a 

+ ~ a r g  

+ 13 45 

+ 2237 
+ 20 11 

+ 4335 
+ 4a 46 

47 4.06 

48 39'14 

7 39 40'89 

5034.88 

51 54-16 

55 41-41 

$ 

XP. W. 
d - 

:.;:: 
8 

Q - 1-53 

I. P.Z. 
d 

0 + o.3 

1 
8 

Q +  1-40 

8 
Q - 1-40 

a454 

37.62 

39-36 

33'35 

5a.61 

40.96 I 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

-1.52 

-1.52 

-1'53 

-1'53 

-1.55 

-1.51 
s z  + 

N 

N 

8 

8 

8 

8 

446.49 

6 11-56 

7 57 23-16 

8 8 17-40 

lo 36-59 

13 14-w 

h n  8 

7 3940'13 

5034.21 

51 53-47 

55 41'81 

7 10 15.61 

13 35'38 

15 8-08 

aa 40.88 

7 5 58.50 

17 59-71 

a8 46.~1 

31 3a-18 

7 41 50.14 

44 7.61 

J 

38.55 

3za61 

51.90 

40.25 

a6.90 

36-69 

9-37 

42.21 

59.76 

60.98 

47'50 

33-47 

48.77 

6.13 

8 

-1-58 

-1.59 

-1.57 

-1-57 

+1'19 

+"3I 

+1.29 

+1'33 

+1.16 

+1'27 

+1'29 

+''a9 

-1.47 

-1.48 

8 

8 

S 

. N  

N 

N 

N 

8 

8 

8 

S 

N 

N 

I. P. 7P. 

- 3.8 

8 
Q - 1.66 

L P. 7P. 

, - 3.g - 
a -14'9 

8 
Q + 1-65 

J 

Q - 1-65 

h m  8 

7 57 12-57 

g 8 16-65 

10 35.83 

13 14.23 

7 28 7'49 

31 17-32 

3249'94 

40 22.78 

7 23 40.35 

35 41.64 

46 28.11 

49 14-01 

7 5931.69 

8 I 50.00 



80 TaBLB P. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

4 
Cl 
1 

d .g 

$ 

1886 

Feb.2 

MOOLTAN (E) ~ o t .  80D ll', tong. dh 46' 56.: AND KARACHI (w) h t .  W 61', Long. dh 2~ 1s. 

TRANSIT~ OB~ERVBD AT E 

By Bnward, vith Tehcope No. 1 

B.A.C. 
Number 

2489 

2501 

2617 

2563 

2473 

2537 

2613 

2634 

2691 

2715 

2734 

2747 

1 7 6  

2761 

2778 

2786 

STAB 

Decli- 
nation 

o I 

+ 31 13 
+ 35 l8 

+ 32 16 
+ 3342 

+1215 

+ 13 45 
+ 2a37 
+ 20 11 

.+ 4335 
+ 42 46 

+3249 

+ 30 0 

+ an 23 
+ 13 23 
+ 932 
+a735 

Tnaas~ra OB~ERVED AT W 
By Strahan, with Telsrcopa No. 9 

& 
-m 

2 " 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

d 

Difference of 
Correctad Times 

(W-E) 

.I 

.z h rn 

3 
g = b o  

In- 
strumental 

Position 
and 

Conection 
Constants 

I.P.E. 
d 

c - 4.7 

8 

Q + 1-38 

8 
Q - 1-38 

M~~~ 
Observed 

Time 

h m  8 

7 10 14-57 

I3 34-39 

15 7-03 

2239'87 

7 5 57'37 

1 7  58.66 

2845'11 

31 31'05 

7 41 49-12 

44 6.52 

47 nag? 

48 38'01 

7 39 39-78 

5033'75 

52 52'99 

55 41.41 

In- 2 * $ A I I  2 " s I I + 
~~d seconds strumental M~~~ ~~d Pc B CI 

8econda Mean 2 $ 
of Position oE By each : m a  Correc- Observed Correc- Correct- m and Correct- Bter of & I 1  

ed l-irne Cormtion Time .d T i l e  ""~6 = ' ~ r n  2 pPl Constants 

J 8 h m  8 J J f ) ) 8  

+I-18 15-75 N I .P .E.  7 28 6.39 +IS54 7-93 17 42.18 . 
h n n  ? t  5 31 16-16 17.69 42-11 . . +"I9 35'58 c , 2.8 

$ b  o n 
+I-17 8.20 N 3248'84 +1'54 50.38 42-18 - t 

a - 0.4 a f -  + I :: 
+I'I~ 41'04 N 8 40 21-60 +1'54 13.14 42-10 

Q + 1-65 

+1.'13 58'50 8 7 23 39'21 + 1-54 40'75 17 42'25 
0 01 

+ I ' I ~  59-78 8 35 40.45 +1'54 41.99 42-21 , 8 7 j~ ; b  0 n 
+1'16 46.27 8 46 26-91 + r.55 28.46 42-19 -t 

E: + I :  
i-1-14 32-19 8 49 12.87 +1'54 14-41 42.22 . 

J 

-1'54 47-60 N Q - 1.65 7 5931.66 -1.77 29.89 17 42.21 
h v) 

-1'55 4'97 N 8 149.05 -1.78 47'27 42.30 2 ;  2 2 , 
n 0 0 n 

-1.60 1'39 N 445.41 -1.76 43.65 42.16 * * 
r f -  + 1 2  

-1.58 36'43 N 6 20.51 -1-76 18-75 41-32 

-1.60 38-18 8 f 57 22'17 -1'77 20.40 17 42.22 

-1.63 32-12 8 8 8 16-26 -1.76 14'50 42.38 oD rr) * : g '  z z  
-1.66 81-33 8 5 -  . 

10 35-46 -1.76 33-70 42-37 o o ; n 
.c 

-1.60 39-81 8 13 13-87 -1.76 12-11 41-30 1 + I '= 



TdBLE v. OBSERVATIONS OF TRANSITS WITH W CLOCE, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

. 

a 
+ 

3 

CI 
!? 
;I 
d 

2 '  

rr. 

N 
t 

: 

h 

n 
0 

'= 

m 

n 
P 

2 

0 
4? 

a" 

j 
2 

1886 

Feb.3 

B 28m 19. 

Difference of 

3 ,  3 0 -  
- E i  
Z B  
ii 
Q 

I " 
+ 

r - 
? 
O 

+ 

- 
a 
0 

+ 

- - 
0 
0 

+ 

MOOLTAN (E) t a t .  3P If', h n g .  4 h  

TRANSITS OBSERVED AT E 
Corrected 

(W-E) 

By each 
Star 

m e  

1 7  42.27 

42-20 

42.19 

42-28 

17 41-23 

4 3  

42.z4 

42'32 

17 4 2 . q  

42-11 

42-24 

42-21 

I f  42'23 

42'34 

42'19 

42.26 

B A.C. 
Number 

2489 

2504 

2517 

2563 

W73 

2537 

2613 

2632 

2691 

2715 

2734 

2747 

236 . 
861 

2778 

K66 

$ 
3 Z 
g : ~  
$ 1 1  
PI & I .  
h r n m  
8 1  I 

f & & ?  
8 

h 

2 
b 

I 

m 
f s  
0 

I 

h 

Z 
0 

I 

m 

o 

I 

56' : AND KARACHI (m) h t .  24' 51', h n g .  

Tafi-SITS OBSERVED AT 
Timea 

Mean 

Of 

Gmup 

"7 

''A 
t 

"7 h 

, C * 
E '= 

m ,: 
N 
P 

-0 
v) , 
N 
P 

E: 

STAB 

Decli- 
nation 

o I 

+ 31 13 

+ 35 18 

+ 32 16 

+ 33 42 . 

+ 1 2 1 j  

+ 13 4 j  

+ 2237 

+ 20 11 

+ 43 35 

+ 4246 

+ 32 49 

+ 30 o 

+ 2 2  23 . 
+ 13 23 

+ 931 

+ q 3 5  

.: 
3 " 

N 

N 

N 

N 

8 

S 

6 

S 

N 

N 

N 

N 

s 

S 

8 

9 

4 
i 

N 

N 

N 

N 

s 

S 

S 

R 

N 

N 

N 

'N 

S 

S 

8 

8 

B y  Burrard, 

In- 
strumental 

P o s ~ t ~ o n  
and 

rorreclion 
Constants 

I, P. W. 
d , - - 

a - 3.4 
J 

Q+ a'oo 

a 
Q - 2.00 

B y  Strahan, 

In- 
strumental 

Polition 
and 

Correction 
~onstarlts 

I. P. A 
d , - o.8 

b - 1.8 
a - 8.8 

a 
Q+ 1.69 

' 

a 
Q - 1.69 

\ 

1 

Seconds 
of 

Correct- 
ed Tirne 

a 

24.79 

34.69 

7-36 

40.01 

57.66 

58.86 

45'44 

31.30 

46.91 

4.23 

0.55 

35.61 

37'31 

31.24 

50.56 

38'92 

with 

M~~~ 

Observed 

Time 

h m  a 

7 l o  22.89 

13 32.78 

15 5'46 

22  38'11 

7 5 55-78 

17 56 98 

28 43'54 

31 29'42 

7 41 49.00 

44 6.32 

47 2.65 

48 37'72 

7 39 39'4I 

50.33'36 

52 52.68 

55 41'04 

Tehcope  Xo. 

~~~l 

Correc- 

tion 

J 

+[*go  

+1'91 

+ I ' 9 0  

+ 1'91 

+1.8R 

+1'88 

+ 1.90 

+1.88 

-2.09 

-2.09 

- 2 . 1 0  

-2 '11 

-2'10 

-a.ra 

- 2 ' 1 2  

-2 '12 

3 

8econds 
of 

Correct- 
ed Time 

J 

7.06 

16.89 

49'55 

22'30 

39'89 

41.17 

27.68 

13.62 

29.00 

46-34 

42'79 

17-82 

19.54 

1.3'58 

.31';5 

a1.18 

with 

M~~~ 

Obsel~ed 

Time 

H m  

7 a8 5.42 

31 r j -22  

32 47'90 

40 20.65 

7 a3 38.30 

35 39'58 

46 26-06 

49 12.00 

7 59 30.68 

8 I 48.03 

444'5' 

6 19.55 

7 57 21.30 

8 8 15.37 

10 34'57 

13 22.93 

Telucops 3'0. 

~ ~ t ~ l  

Correc- 

J 

+'a64 

+1*67 

+1'65 

+1.65 

+ 1'59 

+X'S9 

+ 1-62 

+1.62 

-1.68 ' 

-1.69 

-1.73 

-1.73 

-1.76 

- rm79  

-1'82 

-1.75 



8 B FABLE P. OBSERVATIONS OF TIlANSITS WITH E CLOCK, BND DEDUCTION 

Q 
..A 

d 
3 
.i 
$ 

1886 

Peb. 9 

Feb.10 

PESHAWA'R (E) Lat.  340 U, hng. dh 4 p  

TRANSITS OBSERFED AT E 

2 2  : AND MOOLTAN (w) Lat. 300 11', 

TRANSITS OBSERVED AT w 

Long. a 4~ 6P. 

O 

$ 
z 
3 " 

N 

N 

N 

8 

Y 

8 

S 

N 

N 

N 

8 

S 

9 

S 

N 

N 

N 

N 

9 

. S 
8 

8 

STAB 

B.A.O. 
Numbor 

2638 

2691 

2716 

2617 

2649 

2659 

2672 

2793 

2798 

2856 

!a69 

2778 

2815 

2833 

2563 

2638 

2691 

2715 

2617 

2649 

2659 

2672 

Docli- 
nation 

o I 

+ 44 17 

+ 4335 
+ 4246 

+ 27 4 
+ 16 SF 
+I737 

+ a8 7 

+ 4333 
+qzzz 

+ 38 25 

+ 1 8  I 

+ 9 3a 
+a816 

+2431 

+ 3342 
+ 44 1 7  

+ 43 35 

+ 42 46 

+ a 7  4 

+ 16 50 

+173f 

+ 28 7 

.: 
; 

N 

N 

hr 

8 

8 

8 

8 

N 

N 

N 

S 

8 

9 

Y 

N 

N 

N 

8 

S 

S 

8 

3-0. 

~ ~ t ~ l  

Correc- 

tion 

a 

+1'7j 

+1.73 

+1'7j 

+ 1-73 

+I"i2 

+1'52 

+1'72 

-1'57 

-1.55 

-1.58 

-1'58 

-1.58 

-1'58 

-1'58 

+1'72 

+1'74 

+I'74 

+1'j4 

+ 1-71 
+Im71 

t1.71 

+1'72 

Difference of 

2 s  

E 
:: 

By Strahan, 

IU- 

strumcntal 
l'osition 

and 
~or rec t ion  
Constanta 

I .P .E .  

b + + 

a - O" 
a 

Q +1.65 

Q - 1~65 

I .P .E .  
d 

+ 

b +  1.0 
a - ~ . 6  

a 
Q + 1.65 

2 

S c c ~ n b  
of 

Corrcct- 
ed Time 

a 

60.83 

60.69 

18.01 

15-77 

45'85 

59'94 

15.60 

46-48 

44-28 

14.93 

zq.12 

4'57 

16-32 

35.81 

5a.37 

59'22 

59.0~ 

16.42 

14-14 

44-11 

58.26 

13-99 

By Buward, 

In-  
atrumental 

Position 

correction 
Constants 

1 P . X .  
d 

: : 3  
a +27" 

a 
Q + 2.20 

a 
Q- a.20 

I.P. r. 
d - 

b + o 8  
a + 

a 
Q + 2-19 

Corrected 

( W - E )  

By each 
Star 

Telescope 3-0.2 

~ ~ h l  

Correc- 

tion 

a 

+2'33 

+2.35 

+2.37 

+ae5z 

+2'60 

4-2'59 

+zm5z 

-2.06 

-aSoz 

-1'99 

-1'81 

-1.74 

-1.88 

-1.86 

+2'18 

+2'0j 

+zSo6 

+2'07 

+Z-ZI 

+2'29 

+2.28 

+a-zo 

with Telucope 

M~~~ 
Obscmed 

Time 

h m  a 

7 50 59-10 

59 58.96 

8 a 16.28 

7 47 14-04 

52 44'13 

54 58-22 

57 13.88 

8 15 48-05 

1745'85 

26 16.51 

8 8 n5'fo 

11 6-15 

20 17.90 

2137.40 

7 40 50.65 

50 57'48 

59 57'34 

8 2 14-68 

7 47 12-42 

52 42'50 

54 56.55 

57 la-27 

with 

M~~~ 
Observed 

Time 

h *  a 

7 50 31'08 

59 30.87 

8 I 48-16 

7 4645';s 

52 15-76 

54 29.88 

56 45'57 

8 15 20.99 

1718.79 

25 49'51 

8 758.39 

1038'58 

19 50.60 

za ro.og 

740 za.61 

50 29'56 

59 29.45 

8 I 46'7i 

7 46 44'37 

52 14.25 

54 28-29 

56 44-07 

Times 

~ e n n  

of 

ID 
? 

. S m m  - YIYl  

g ' b o  
* + A I I  E 

w l l  

2 sg 
I I 
" 

Scconds 

of 
Correct- 
ed yimo 

a 

33'41 

33.22 

50-53 

48.24 

18.36 

32.47 

48.09 

18.93 

16.77 

47.52 

56.58 

36.84 

48- 52 

8.19 

24.79 

31.61 

31.51 

48.84. 

46-58 

16-54 

50.57 

46-17 

m a  

o 27-42 

27'47 

27.48 

0 15-53 

27'49 

21-47 

27-51 

0 27'55 

I 

27'41 

o 27-54 

27-73 

27.60 

27'63 

o 27.58 

27.61 

27'57 

17-58 

o 27.56 

27.67 

27.69 

27-72 

I 
c;l 
4 

j $ g  

.O 
Yl ., 
o 

I 

f-2 

2 
0 

I 

v) 

" " 
O 

I 

2 
O 

I 

2 " 
0 

I 

rn 

O 

I 

m 
0 ": 

h 

O 

00 

$ 
h 

O 

w 
2 
2 
O 

2 
? 
z 
O 

'& 
? - 
N 

O 

h 
o 
!'= 
h 
n 
O 

G ~ u P ~ ~  

s ?  

O 

0 0 

, ? 

, p 

" N 

,\P 

E 0  

2 , 
'n' 

w 

;; 
? 
0 

+ 

* 
0 
p 
O 

+ 

;; 
p 
O 

+ 

I 
0 
o 

b 

+ 

8 
0 

, 0 0 8 -  
0 



PABLE P. OBSERVATIONS OF TflANSITS WITH E CLOCK, AN]? DEDUCTION 83 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 
3 

S 
FI 
C( 

.g 
8 -. 

- 
1886 

Feb.10 

Feb.11 

2 2  : AND MOOLTAN (W) Lat. 300 II', 

Taa~srra OBSEEVED AT W 

Long. 4h 46' 56'. 

Difference of 

'. % 
- 0  

2 w 
E C 

. 
o 

z !  . 
o 

0 
0 o 
0 

p 
0 

$ 8  
b 

8 
0 

b 

Corrected 

( W - E )  

By ench 
Star 

rn 8 

o 27-31 

27-52 

27-67 

o 27-67 

27-61 

27-58 

27.57 

17-54 

0 27'58 

27-76 

o 17-64 

27-17 

27.72 

27.76 

o 17-56 

27-61 

17-60 

o 27'58 

27.62 

27.69 

27'74 

27'74 

PESHAWAE (E) Lat. 34' U, ~orrg.  4h 46" 

TB~LNBIT~ OBBEBVED AT E 

2 

Seconds 
of 

Correct- 
ed Time 

a 

44-78 

42-64 

13-42 

22'45 

2-19 

51'22 

14.60 

34'05 

57'91 

57-82 

12'82 

42.92 

56.97 

12.69 

4.3'58 

41-35 

ramor 

~ 1 . 1 2  

1.54 

49.94 

13-41 

32-89 

Times 

~ e u n  

of 

Q r o n ~ $  

$ 
s" 
t; 
O 

5 .  

' 

0 
1- 

.'? 

E 0 

. h 
h 

5 .  

t; 
O 

2 
r'? 

6 

$ 
2 

N 

N 

N 

8 

8 

8 

8 

8 

N 

N 

8 

8 

8 

8 

h- 

h' 

N 

8 

8 

s 
8 

8 

B.A.O. 
Number 

2793 

2798 

2856 

2759 

2778 

2786 

2815 

2833 

2638 

2691 

2617 

264!3 

2659 

2672 

9 9 3  

2798 

2855 

2759 

2778 

2786 

2815 

2833 

;; 
.Z? V) - Imv)  

2 
$ b o  

a & ' '  
& l I b m 
b r n m  
? I  1 
E z m  
skp l  
U 

Im 
Im - 
o 

I 

~m m 

o 

I 

Im 

U) " 
b 

I 

; 
b 

I 

u) 

5 
o h  

I 

2 - 
b 

I 

2' 

f 3 e ~ ~ d s  
of 

Correct- 
ed Tlmo 

--- 

a 

17-41 

rg.Ia 

45'75 

54-18 

35'18 

23.64 

47'0.3 

6.51 

30'34 

30-06 

45-18 

15'15 

29'25 

44-93 

16-02 

13'74 

44'41 

53'54 

33'92 

22.25 

45.67 

5'15 

S T ~ B  

Decli- 
nation 

o I 

+ 4333 
+4222 

+ 38 25 

+ 18 I 
+ 932 

+ 27 3j 
+ 28 16 
+ 1431 

+ 4 17 
+ 4335 

+ 27 4 
+1650 

+173i 

+ a8 2 

+ 4333 
+ 42 22 
+ 38 Zj 

+18 I 

+ 9  31 

+ 27 35 
+ 28 16 

+a431 

$ 
g 
2 " 

N 

N 

N 

8 

8 

8 

8 

8 

N 

N 

' S 

8 

8 

S 

N 

N 

N 

S 

S 

s 
6 

8 

P 

I 

2 

.o 

m - 
O 

- 2 
h 

O 

Im - 
V) 

L 

O 

5 
L 

O 

vl 

r: 
n 
O 

;: 
V) 

L 

O 

By Strahan, 

In- 
strumental 

,.ition 
and 

correction 
Constants 

I.P. E. 
d 

+ I.4 

a - . + I'O 

a 
Q - 1.65 

T. P. W. 
d 

+ 4.0 
b + 2.9 
a - 6.6 

8 
Q + 1.66 

8 
Q - 1.66 

m'th 

M~~~ 
Observed 

Time 

h m  a 

8 15 46-14 

17 44.20 

26 15-oo 

8 8 24.0~ 

I 1 

13 51.80 

20 16-19 

22 35-64 

7 50 56-01 

59 55-91 

7 47 10'99 

52 41.1.3 

54 55.18 

57 10.83 

8 15 44.99 

17 42.76 

26 13-43 

8 8 22.66 

11 3.09 

13 51.43 

ao 14.91 

22 34'42 

Telmcope No. 

~ ~ t ~ l  

Correc- 

tion 

a 

-2.31 

-2.31 

-2-29 

-amlo 

-2.04 

-'L'I~ 

-2.18 

-2.1: 

+2'21 

+2-21 

+ a S q  

+2'I3 

+2'13 

+a'15 

-2.09 

-2'10 

-2.11 

-1.18 

-a.ao 

-2.16 

-2'15 

-2'17 

By Bward,  

In- 
strumental 

Paition 
and 

Correction 
Constants 

L P. W. 

- I.9 
+ 

a +17-7 

a 
Q - 1.19 

I.P. W. 
d 
, I.9 

b + 2.7 

a - 6.7 
a 

Q + 2.15 

8 
Q - 2-15 

Telescope No. 

~ ~ t ~ l  
Correc- 

lion 

8 

-1.56 

-1.56 

-1.58 

-1.60 

6 

-1.58 

-1.59 

-1'59 

+1'91 

+1.91 

+ 1.83 
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o 

h 

0 

t 
7 
h 

o 

Y) 

- 
o 

V1 

5 
h 

o 

m 

4. 
? 
o 

1 

Seconds 
of 

Correct- 
ed 

J 

13'35 

55'27 

50.53 

57.50 

20'12 

0.19 

41-31 

5-24 

59-21 

10.02 

31-56 

16.85 

7.71 

43'59 

25-01 

8'99 

50'93 

46-15 

53'23 

15.79 

8-01 

55-09 

37'01 

+ 23 5 

+ 3 9  4 

+ 3 9  7 

+2912  

+ 32 35 

+ 3213 

+ 28 3 

+151a 

+ 2 6 

9 

N 

N 

N 

N 

N 

8 

8 

8 



114 TABLE P. OBSERVATIONS OF !l?EANSITS WITH E CLOCK, AND DEDUCTION 

OF THB APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

* Owing to the irregular mta of the Chronograph the Pen Equation hsd to be applied graphidly on the record before the star o+& were read off, m d  eon- 
reqnently in these caeee Q - o'oo. 
h 

+ 
fa 
4 

-g 
Y 

4 

1886 

May 6 

May 6 

B.A.O. 
Number 

4233 

4258 

4285 

4311 

4223 

4250 

4267 

4n7 

4299 

4846 

4400 

4415 

4420 

4R33 

4351 

4993 

4338 

4758 

4285 

4911 

4209 

4223 

4250 

4267 

4277 

4299 

E X P E R I M E N T A L  ARO A T  D E H R A  DON. 

a" T E ~ B I T B  OBBEBVED AT E T W ~ I T B  OBBEE~ED AT W Difference of 
STAB 

Decli- 
nation 

o t  

+ 33 53 
+ 41 30 

+ 39 54 

+ 38 8 

+a512 

+ ga3 

+ I I  3 

- 057 
+ I ~ I I  

+ 38 56 

+ 3 9 8  

+ 39 6 
+ 41 24 

+ 4045 

+18 I 

+ 28 10 

+ 3353 
+ 41 30 

+ 3954 

+ 38 8 

+a444 

+a511 

+ gag 

+ I I  3 

- 057 
+ 1411 

9 

4 
a 

2 " 

N 

N  

N  

N 

8 

8 

8 

8 

S 

N 

N 

N 

N 

N  

8 

S 

N 

N 

N 

8 

8 

8 

8 

8 

8 

By Strahan, 

=- 
Skumental 

Position 
and 

Correction 
Constants 

I.P. W. 

d 
, + 

b + 0.2 
a - 6.6 

8 

Q + 1.62 

J 

Q - 1.62 

I .P .B.  
d , + o.3 

b + 1.5 
a + 3.6 

J 

Q + 1.63 

with 

Mean 
Oberved 

Time 

h m  8 

12 27 59'09 

3.3 14.1~ 

39 32-88 

44 42.75 

12 25 16.13 

3118.63 

35 47-08 

37 44'23 

42 29-10 

12 50 42.11 

13 4 27-66 

4 49-59 

6 18-57 

8 33.25 

12 53 17-72 

13 a 16-72 

ra 27 58-91 

33 14'06 

39 32'68 

4442'58 

ra 2341.114 

a5 15-91 

31 18.38 

35 46-78 

3f 43-91 

42 ~8.85 

Taluoope No. 

Total 
Corn- 

8 

+ 1-63 

+1'67 

+ 1-66 

+I-65 

+I-61 

+1'57 

+"57 

+1'54 

-1-1.57 

-1.60 

-1.59 

-1-58 

-1.58 

-1.59 

-1.65 

-1.63 

+reto 

+1.68 

+Iebs  

+1'68 

+1'7o 

+relo 

+1'7o 

+1'70 

+1*7o 

+rmfo 

2 By B w d ,  with Tslarcops No. 1 

I 

of By eaah 
Observed Corm- 

Correct 
d Tims 

8 

60.72 

15-82 

34'54 

44-40 

I 

ao'ao 

4'65 

45.7; 

30.67 

40'51 

26-07 

48.01 

16.99 

31.66 

16-07 

25-09 

60.61 

15-14 

~ ' 3 ~  

44-26 

43'44 

17.61 

20.08 

48.48 

45.62 

30.55 

N 

N 

N 

N 

8 

8 

8 

8 

9 

N  

N 

N 

N 

N 

8 

8 

N 

N 

N 

8 

8 

8 

8 

8 

8 

and Correot- 
ed Time 

8 

60'50 

15-57 

34." ' 

44.10 

17-49 

19-92 

48-31 

45'47 

30.34 

40'15 

25.81 

47.66 

16.64 

31-34 

I5'7O 

14.72 

60.10 

15'25 

33'95 

43'86 

43.05 

17.18 

19.69 

48'03 

43-19 

30.13 

C O ~ C ( ~ O ~  
Conatants 

I. P. W. 
d - 0.3 

8 

Q + 2.49 

J 

Q - 2.49 

I. P. W. 

, , o.3 
b + 2.5 
a + B . ~  

J 

Q + 3-10 

Stsr 
, 

m a  

-0 0.22 

0-25 

0.33 

0'30 

-0 0.25 

0.28 

0'33 

0'30 

0'33 

-0 0'36 

0.26 

0'35 

0'35 

0'32 

-0 0.37 

0- 37 

-0 0.51 

0'49 

0'41 

0.40 

-0 0.39 

0.43 

0' 39 

0.45 

0'43 

0.42 

Time 

h m  

12 27 57.94 

33 13'04 

393166 

4441'56 

1225 14'90 

31 11-29 

35 45'69 

37 43-82 

42 07-71 

12 50 40.10 

13 4 28-15 

4 50'08 

6 19.07 

8 33'79 

I2 53 15'59 

13 a 27-12 

11 a7 56-97 

33 I 

19 30.82 

4440.71 

12 a3 39-88 

25 17-09 

31 16.46 

35 44-83 

37 41'96 

42 26.92 

J 

+aa56 

+aa53 

2 5 5  

+2.54 

+2'59 

+aS63 

+am63 

+2'65 

+an63 

+o-o~* 

-2.44 

-2.42 

-2.43 

-2'45 

+O'lle 

-2-40 

+3.13 

I 

+3'13 

+ 3-15 

+j-17 

+o'oge 

+3-23 

+3.20 

+3'13 

+3'21 

8 

, . 
0 

8 o 
I 

qO, 
s !" 
o 

E 0 
1 

2 
5 ?  

; 
I 

r ? 
0 

s o 
I 

r P 

t$ 0 
I 

r . 

h m 

. 
0 

8 0  
I 

b 

+ 

'+ 

0 

o 
I 

0 0 

o 
I 

+ 
0 

I 

h -  

. 
O 

H . 
0 

2 
o b  

0 

+ 

I. 

E ?  
0 

+ 

h . . ,  
b b  

+ 

4 . -  

0 

0 

I 

0 

o 
I 

0 

I 

o b  0 0 



TABLB V. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 
-- - 

* Owing to the irregnlsr rate of the Chmnogreph the Pen Equation hed to be epplied graphically on the record before the star dgnab were wed offJ end con- 
reqnently in these owes Q = 0.00. 

v 

- 3  
Q 

3 
'4 e 

1886 

May6 

May7 

E X P E R I M E N T A L  

T m s 1 ~ 8  OBBEEVH) AT E 

B.A.C. 
Number 

4346 

4560 

. 4408 
1 5  

4420 

4351 

4373 

4387 

4393 

4233 

4258 

&G 

4311 

a 
4223 

4250 

4267 

4277 

4299 

4846 

4360 

W b  

44IS 

4420 

4433 

a 

-9 

3 " 

N 

N 

II 

N 

N 

N 

8 

8 

8 

8 
/ 

N 

N 

N 

8 

€4 

8 

8 

8 

8 

N 

N 

N 

N 

N 

N 

STAB 

Decli- 
nation 

0 ,  

+ 3856 

+ 31 14 

+ 39 8 

+ 39 6 

+ q r q  

+4045 

+ 1 8  I 

- 3 3 

+a146 

+a810  

+ 3353 

+ 41 30 

+3954 

+ 38 8 

+a444  

+ a 5 1 2  

+ gag 

+ 11 3 

- 057 

+ 1 4 1 t  

+ 3856 

+ 3r 24 

+ 39 8 

+ 39 6 

+41aq  

+ 4045 

A R O  A T  U E H R A  D ~ N .  

T U ~ I T ~  OBBEEVE~ AT W 

$ 
-2 
2 " 

N 

N 

N 

N 

N 

N 

8 

s 
8 

S 

N 

N 

N 

N 

8 

8 

8 

fl 

8 

8 

N 

N 

N 

N 

N 

N 

By Stcahan, 

In- 
stnunental 

Position 
end 

Correction 
Constants 

I. P. B. 
d 

+ 0.3 
b + 2'5 
a + 3.6 

J 

Q - 1-63 

I. P. Em 
d 

+ 0.3 

: 1;:; 
8 

Q + 1.60 

8 

Q -  1.60 

DifEerence of 

Tekrcops No. 

~ ~ t a l  

Oorreo- 
tion 

J 

-1.57 

-1.60 

-1'55 

-1'59 

-1'59 

-1.59 

-1'57 

-1.57 

-1.57 

-1'58 

+I-61 

+ l n 6 a  

+1.62 

+1'61 

c1.59 

+I -59  

+ 1-57 

+I'57 

+ l a 5 6  

+rS58  

-1.58 

-1.60 

-1.58 

-1.58 

-1.58 

-1.58 

By BuwardJ 

In- 
8trumentai 

Position 
and 

Correction 
Constants 

I. P. U7. 
d - 0.3 

b + 2.5 
a + 6.0 

J 

Q -3'10 

I. P. E. 
d 

+ 3.7 

J 

Q + 3-10 

J 
9 - 3 - 1 0  

with 

M- 
Observed 

Time 

h m  J 

12 5041.89 

5449'41 

'3 427'53 

449'42 

6 18-39 

8 33-10 

ta 53 17.46 

58 r'51 

13 o 48-15 

226.50 

12 1 7  59.04 

33 14.18 

3932.82 

4441'73 

1% 23 41.90 

15 16.06 

31 18.55 

35 46'97 

37 44.11 

4s zgwo 

11 5041'04 

6449.52 

13 4 27-66 

4 49-54 

6 18-56 

8 33.2% 

Corrected 

( W - E )  

By eech 
Btar 

m a  

-0 0.31 

0'33 

0.36 

0.32 

0'39 

0'28 

-0 ovzg 

0'35 

0.36 

0'34 

-0 0'34 

0.41 

0.32 

0'33 

-0 0.3s 

0.36 

0.37 

0.36 

0.39 

0'35 

-0 0.28 

0'13 

0.30 

0.31 

0.38 

0.25 

- 

a 

I 

2 

V) 

9 
0 

o 
I 

2 
0 

o 
I 

rr) 
h 

o 
I 

CI 

o 
I 

V) 

r r 

0 

o 
I 

3 
k Y  

S X  " "  .z w 

i; 

5 
0 

4 8  

% !  . 
0 

" - 8  . 
0 

f 
0 

!2 

second" 
of 

Correot- 
ed qyrne 

8 

40.32 

47.81 

25'96 

47.83 

16.80 

31-51 

15.89 

0.94 

46-58 

24'91 

60'65 

15.80 

31-44 

44-34 

43.49 

17-65 

10.11 

48.54 

45.68 

30.58 

40.46 

47-92 

16.08 

47-96 

16.98 

31-64 

Times 

Mean 

of 

Omup 

,, . 
0 

E 0 

I 

- 2 
@ 0 

I 

. fn 
0 

h o 
I 

. n  
0 

t 0 

I 

.f 
0 

o 
I 

ID 

2 ~ s  
3 ; n 
g = o  
; + +  
$ 1 1  
fi ~m 
8FsFs 
* I  I 

2~ 
0 

h 

0 

+ 

h z 
b 

+ 

h 

; 
b b  

+ 

h 

: : 2  
b b  

+ 

h h 

? 
0 

+ 

with 

e n  

Observed 
T'me 

h a  J 

12 5043'06 

54 50'53 

'3 4 28-65 

450'57 

6 19.48 

834.30 

12 53 18.61 

58 3.54 

t3 049'23 

a 17.61 

12 a7 57-01 

33 12.04 

3930.71 

4 4 0 . 6 7  

ra a3 39.95 

15 14-07 

3t 16.62 

35 48-13 

37 42.10 

41 17-06 

11 5043.05 

54 50'60 

13 4 28-64 

4 50.50 

6 19.45 

834'2.3 

TeIsrmps No. 

~~d 

Correo. 
tion 

J 

-3'05 

-3'05 

-3.05 

-3'06 

-3'07 

-3-07 

-2'99 

-1.95 

-3'01 

-3.03 

+3-30 

+3*35 

t3.35 

+3'12 

+j 'aa 

+ g m r j  

+omo5* 

+3'09 

+3 ' t7  

-1.87 

-2-91 

-2.86 

-2.85 

-2'85 

-1.84 

1 

8econd~ 
of 

Correct- 
ed ~ i m ~  

J 

40.01 

47-48 

25-60 

47-51 

16-41 

31-23 

15-6a 

0'59 

46-22 

24-58 

60.31 

15.39 

~4.1.  

44-01 

43-17 

1 f . q  

19.75 

48-18 

45-19 

30'13 

40.18 

47.69 

15-78 

47.65 

16.60 

31-39 



I 16 TABLE P. OBSERVATIONS OF TRANSI!lB WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

t 

f 
Q 

3 
.g 

1886 

May 7 

May 8 

- 

STAB 

B.A.U. 
Number 

4351 

4373 

4887 

4093 

4283 

4258 

4285 

4311 

4209 

4223 

4260 

4267 

4277 

4299 

4846 

4360 

MiJ8 

4415 

4433 

4361 

4373 

4387 

4893 

Decli- 
nation 

o t 

+ 18 I 

- 3 3 

+ z 1 4 6  

+ 28 10 

+ 3353 

+ 4130 

+ 3 9 5 4  

+ 38 8 

+ a 4 4 4  

+ 25 1 2  

+ 915 

+ I I  j 

- 057 

+ 1 4 1 1  

+ 38 56 

+ 3 1 a 4  

+ 3 9 , 8  

+ jg 6 

+ 4 1 2 4  

+ 4 0 4 5  

+ 1 8  I 

- j 3 

+ a 1 4 6  

+ 28 lo 

E X P E R I M E N T A L  

TEANEIIT~ O B B E E ~ D  AT E 

4 .- 
3 * 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

8 

8 

N 

N 

N 

N 

N 

N 

8 

8 

6 

8 

A R C  A T  D E H R A  D O N .  

T E ~ R ~ I T S  OBBEEVED AT W 

$ 
p 

4 

8 

8 

8 

N 

N 

N 

8 

8 

8 

S 

8 

8 

N 

N 

N 

N 

N 

N 

8 

8 

S 

8 

B y  Strahas, 

In- 
a t~rnenta l  
Pmition 

and 
Correction 
constants 

I.P:E. ' 
d , + o.3 

b - 0'4 
a - 3.8 

J 

Q - 1-60 

I. P. W. 
d , + o.I - O a 7  ,, 7.7 
r 

Q + 1.64 

8 
Q - 1.64 

, o 

2 
* a  
" 4  
1 :: 
g 

! 
0 

c 
b  

% 
0 

P 
0 

% 8  
? 
0 

.[ r h n  
a - n  
9 . .  

g b o  
A + +  

$ 1 1  

;sg 
, , , 
#$.b 
U 

b  

+ 

F 
0 

+ 

h 

:: 
b b  

+ 

5 
b 

+ 

$ 
b b  

+ 

with 

M~~~ 
Observed 

Time 

h m  r 

ra 53 17.61 

58 2-64 

r j  048.33 

2 26.64 

12  27 58-59 

33 13-68 

39 32.31 

4 q a . z o  

ra 2 jq r s5a  

25 15-10 

31 18.18 

3546.53 

37 43'72 

42 28-58 

12 50 41.58 

5449'09 

13 qaj .21 

449.08 

618.09 

8 31-74 

12 j I 

58 1-36 

13 047'94 

2 2624 

Difference of 

I 
14 
4 

m 

? 
0 

0 

I 

0 

o 
+ 

- 
5 

o 
I 

0 

o 
+ 

o 
+ 

1 

seconds 
of 

Correct- 
yime 

8 

15-14 

0.73 

46-39 

24-14 

60.05 

15'1a 

33.82 

43'73 

42-95 

17-06 

19.46 

47'86 

44-99 

29.92 

39.92 

47-40 

25.47 

47'34 

16-32 

j r -oo 

15.44 

0'45 

46.10 

14-43 

By B w a r d ,  

In- 
strumental 

Po~ition 
nnd 

Correction 
Conatanb 

I. P. E. 

c + 3.7 
b + 2 . j  

-13.8 

r 
Q - 3.10 

I. P. 6. 
13 

, + 3.7 
b + 3.2 
a + . 

J 

Q + 3-10 

8 
Q - 3-10 

Corrected 

(W-12) 

BY each 
Btar 

m r 

-0 0.25 

0.26 

0'33 

0.30 

-0 0.17 

0'23 

0.16 

0.12 

-0 0.17 

0'24 

0'19 

o .a j  

0-  a7 

0.23 

-0 0.03 

0. 03 

0.11 

0.11 

0' 15 

0.11 

-0 0.10 

0.16 

0.15 

0' 14 

Tslsrcope &o. 

~ ~ t ~ l  

C o m -  

tion 

8 

-1.62 

-1'65 

-1.61 

-1.60 

+1'63 

+1'67 

+ 1-66 

+1.65 

+ I * &  

+ I - 6 0  

+ 1-57 

+ i m 5 6  

+1'54 

+1'5f 

-1.63 

-1'66 

-1.63 

-1.63 

-1.62 

-1.62 

- 7 0  

-1.75 

-1.69 

- 1 6 7  

Times 

Me* 

Of 

~ ~ U P G  

V) 

.? 
0 

E 0 

I 

,, . 
0 

S 0 

I 

,, . 
0 

ti 0 

I 

" b  
B 0 

I 

, 7  
0 

E 0 

I 

2 

b c o n b  
o 

C o m t .  
ed lyrne 

--- 

r 

15-99 

0'99 

46-73 

a5.04 

60.22 

'5'35 

33-98 

43'85 

43-12 

17-30 

19-75 

48-09 

45-26 

30.15 

39-95 

47'43 

15-58 

47'45 

16-47 

31-12 

15.54 

0.61 

46.25 

24.57 

with 

M~~~ 

Observed 

Time 

h m  J 

12 53 18-75 

58 3-84 

13 049.38 

a 2767 

ra a7 56-75 

jj 11-81 

39 30'52 

4440'42 

1 1  a3 39.67 

a5 13-71 

j r  16.18 

35 44.58 

37 41.70 

42 26.62 

1 2  50 41-80 

54 50'32 

13 4 28-35 

4 50'23 

6 1 g . a ~  

8 33-90 

12 53 18-34 

58 3'35 

13 oq9.01 

a 27.34 

Tslercops No. 

~ ~ b l  

Come- 

Lion 

r 

-3.01 

-3.11 

-2.99 

3 

+3'3o 

+3'30 

+3'30 

+3'31 

+ j m 2 8  

+ 3-19 

+3'28 

+ 3-28 

+3'29 

+ 3.30 

-1'88 

-2.92 

- 2.88 

-2.89 

-1.90 

-2-90 

-1.90 

-2'90 

-aa91 

-1.91 



F ! L E  P. OB8ERVATIONS OF TIlANSITS WITH W CLOCK, AND DEDUCTION 117 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

* Owing to the irregular rste of the Chronograph the Pen Equation had to be applied graphically on the record before the mtar arignals were read off, find con- 
reqnently in these caeecr Q - 0.09. 

E X P E R I M E N T A L  A R C  A T  D E H R A  D O N .  

!I!RAN~IT~ OB~ERVED AT E TEAN~ITS OBSEEYED AT W 
S STAB 
FI By Stfaham, with Tehcops  No. 1 By Burrmd, with Telcrcops No. 1 

Position Position By each 
Correct- Star I I 

1886 

Nay 6 

. 

May6 

4457 

4479 

4519 

4543 

4552 

4470 

4496 

4509 

4529 

4563 

4692 

4606 

4628 

4652 

4678 

4699 

4fX.O 

4672 

4688 

4467 

4479 

1 1 9  

4552 

o I 

+ 3544 

+3738  

+ 4241 

+ 36 58 

+3652  

+ 241 

- 014 

+ I 9 3 9  

+ 414 

+ 2032 

+ 31 28 

+3158 

+ 35 14 

+ 3235 

+ 32 13 

+ 44 24 

+2912  

+ a 6 

- 821 

+ 3544 

+ 37 38 

I 

+ 36 52 

N 

N 

N 

N 

N 

S 

8 

8 

9 

8 

N 

N 

N 

N 

N 

N 

8 

9 

9 

N 

N 

N 

N 

I 

I.P. W. 

+ 

+ i:: 
r 

Q + 1-62 

r 
Q - 1-62 

I. P. 6. 
d 

+ 0.3 

: 
8 

Q + 1-63 

h m  r 

13 13 46.99 

18 41-10 

26 16.25 

30 10.11 

32 21.00 

13 15 51.40 

22 23-73 

a4 27.98 

28 18.83 

35 11'12 

13 41 6-57 
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OF THE APPARENT DIFFERENCE OF LON(3ITUDES, AL + p. 
- - -  - -. -- - - - 

3 a - 
I? .i 

1886 

May 7 

l a y  8 

C 

E X P E R I M E X T A L  

TWBITB OB~ERVED AT E 

A R C  A T  D E H R A  D ~ N .  

T E ~ ~ I T B  OBBEBVED AT TIT 

9 

4, 
-: 
5 " 

N 

N 

N 

N 

N 

9 

9 

8 

8 

N 

N 

N 

N 

6 

8 

8 

8 

N 

N 

N 

N 

N 

N 

8 

8 

8 

B.A.O. 
Number 

4592 

4606 

4652 

4678 

4699 

4640 

4662 

4672 

4688 

4467 

4479 

%Is 

4662 

4470 

4496 

&m 

4629 

4592 

4606 

4628 

4562 

4678 

4699 

4640 

4662 

4672 

STAB 

Decli- 
nation 

o I 

+ 31 28 

+ 31 58 

+ 32 35 

+ 3 2 1 j  

+ 44 24 

+ 29 12  

+ 1 5 1 a  

+ 2 6 

- 821  

+ 35 44 

+3738  

+ 4 2 4 1  

+ 36 52 

+ 241 

- 014 

+ I 9 3 9  

+ 414 

+ 31 28 

+ 31 58 

+ 3 5 1 4  

+ ja 35 

+ 3 2 1 j  

+ 44 24 

c z 9 1 a  

+ 15 1 2  

+ 2 6 

+ 

p 

2 " 

N 

N 

N 

N 

.N 

8 

8 

8 

8 

N 

N 

N 

8 

9 

8 

8 

N 

N 

N 

N 

N 

N 

8 

8 

8 

~ifEerenceof 

Telescope No. 

rpobl 

Correc- 

tion 

J 

-2.90 

-2.91 

-2.89 

-2'90 

-2.80 

-2.93 

-3'03 

-3'09 

-3 .15 

+3.30 

+3*30 

+3'31 

+3-30 

+3'28 

+ J . Z ~  

+3'29 

+3'28 

-2.89 

-2'89 

-2'89 

-2.89 

-1.89 

-2.89 

-2.91 

-2.90 

-2.92 

y( 

* y u  

S B  
8 
6 

i T  
b 

8 
0 

Z H  . 
0 

8 
0 

. 
0 

Corrected 

(W-E)  

By eaoh 
Star 

m J 

-0 0'2o 

0 ' 2 2  

0.24 

0 . 7  

0.19 

-0 0.24 

0.26 

0'23 

o m  a9 

-0 0'09 

0 ' 1 2  

0.11 

0.10 

-0 0'24 

0'24 

0'15 

0 ' 2 1  

-0 0'04 

0.08 

oeo j  

2 

8 e ~ o n b  
of 

Correct- 
ed ~i~~ 

u 

4.92 

10.78 

6.02 

28-61 

11-34 

58-99 

8.70 

49-14 

14'85 

48-06 

42-20 

17-40 

2 2 - 1 7  

51.48 

24.84 

29.10 

19-93 

4-41 

10'33 

5-79 

5-48 

28.07 

20.83 

58.49 

8-25 

49'33 

1 

seconds 
of 

Correct- 
ed lyme 

J 

4-71 

10.56 

5.78 

18-44 

21'15 

58'75 

8-44 

49'51 

14-56 

47-91 

42-08 

17.29 

22-07  

52'24 

24-60 

28.95 

19-72 

4'37 

10'25 

g-74 

5-45 

28-06 

20.80 

58.42 

8-18 

49'20 

By Buward, 

In- 
strumental 

Position 
and 

correction 
Constants 

I. P. E. 

+ 3 . 7  
+ 

a -13'8 
8 

Q - 3'10 

I. P. E. 

, + 3.7 
+ 3 ' 2  

a + .  
r 

Q + 3.10 

J 
Q - 3-10 

Times 

Mean 

of 

Group 

.I. 
O 

E 0 

I 

V) . ? 
0 

E 0 

I 

s . 
0 

E 0 
I 

.? 
0 

E 0 

I 

. ? 
0 

Telercope No. 

~~~~l 

Correc- 

tion 

r 

-1.62 

-1 .62 

-1 .6 . .  

-1.62 

-1.60 

-1.62 

-1.64 

-1-66 

1 6 . 5 - ~ 6 7  

+ 1-66 

+1.67 

+1.69 

+r .66 

+1'57 

+1 .56  

+1'61 

+1'57 

-1.68 

-1 .67 

-1 .66 

-1.67 

-1.67 

-1.62 

-1.68 

-1.73 

-1.75 

with 

M~~~ 
Observed 

Time 

h m  J 

13 41 7.62 

43 13-47 

51 8.67 

5734'34 

14 3 23-95 

1347 61-68 

53 11-47 

15 52'60 

14 o 17.71 

13 13 44.67 

r8 38-78 

26 13-98 

3a 18-77 

13 15 48.96 

za 21-31 

2425-66 

28 16-44 

13 41 7.26 

43 1.3'14 

46 8.63 

51 8'34 

57 30.95 

r4 3 13-69 

13 47 61-33 

63 11-08 

55 52'12 

By Strdan, 

In- 
strumental 

Position 
and 

Correction 
Constante 

I. P. E. , 

d , + 0 .3  
b - 0 . 4  
a - 3 .1  

J 

Q - 1.62. 

I. P. W. 
d 

1 i:; 
8 

Q + 1-66 

r 
Q - 1.66 

.- $ 
2 % 
g b o  + +  

:&,I  $ p.m * n n  2 I I 

$ 
8 

h 

a 
o 

+ 

h 
n 
? 
0 

+ 

I. 

.f- 
0 

+ 

h 

:: 
b b  

+ 

c 5  
0 

0.03 

0 .01 

0.03 

-0 0.07 

0.07 

0.13 

with 

arm, 
Observed 

Time 

h m  J 

13 41 6-54 

43 12.40 

51 7.64 

57 30.23 

14 j 22-94 

13 47 60'61 

53 10.34 

55 51'40 

14 o 

13 I j 46.40 

1840.53 

26 15.71 

3 2 ~ 0 . 5 1  

13 15 50.91 

22 13-28 

24 27'49 

28 18-36 

13 41 6.09 

43 1 2 ' 0 0  

46 7'45 

51 7'15 

57 29-74 

14  3 22'45 

13 47 60.17 

53 9.98 

55 5 1 . d  

+ 

2 

h 

o 
0 

1 ,  

a 
n 
p 
0 

o 
I 

n 
g 
0 

0 

+ 

h 

Li 

o 
+ 

0 

+ 

h 

: 
b b  

+ 

o 
+ 

h 

n. - 
0 

+ 
-- 

S O  
I 

*! 
0 

l o  
I 

-- 

8 
O 



rzo TABLE PI. DEDUCTION OF CLOCK RATE CORRECTIONS FROM THE OBSERVATIONS OF TRANSITS. 

Am 

1 p .. - 
h 

w a  -- d 

E, 4 
4 

a 

i E  
n 

i3 3 - 
2 0  
g fi FI 

-d - 
" E  
E i i  Y 

g j 
4 4 

I 

a 
% - 
2 B y  
4 
V 

!i 5 5 j n 
4 

- 

Rate Corrections for both Clocks Deduced from Transitr Obeened at both Stations, viz, r 

a, Corrections for the Intervals between Nights of Obaervations, and 
W 0 

m 
2 
E m 
s 3 

.g 4 
8 
g: 
4 

5 
a 
W 

- OI V1 

a 

. 
"7 " 
B, - 

i 
a 
2 

I n t e d l  

between Night. of 
Obmationr 

1885 

November 23 to 24 

,, 24 ,,26 

,, 25 ,, 26 
,, 26 ,, 27 
,, 27 ,, 28 

...... 

December 7 to 8 

11 8 ,, 9 

1, 9 J 1 

,, 1 , 12 
,, 12 ,, 13 

...... 

.....a 

December 21 to 22 

,, 22 ,, 23 
,, 23 ,,24 

,, 24 ,, 26 
,, 26 ,,27 

,, n ,, zs 
,, 28 ,, 29 

...... 

...... 

1888 

January 6 to 6 

IS 6 11 9 

,, g,, 10 

,, 10 ,, la 
, 12 ,, 14 

,, I4 ,, 19 
...... 

B, Hourly 

4 at E Station 
for 

E Clock 

t 

+ 1-33 

+ 1-13 

+ 1.36 

+ 0'86 

+ 0.29 

... 

- 0'13 

- 0.40 

- 1'34 

- 0.98 

- 1.06 

... 

... 

- 0.01 

+ 0.70 

+ 1.16 

+ 2'96 

+ a 

+ 1-05 

+ 2.19 

... 

... 

+ 6-45 

+ 10'23 

+ 2.48 

+ 4-23 

+ 4'25 

+ 10.75 
... 

W Clock 7- 
8 

- 6-41 

- 5'98 

- 6.23 

- 6.13 

- 6'27 

,.. 

+ 0.36 

+ 0.25 

+ 0.42 

+ o.07 

+ 0.26 

... 

... 

+ 1.30 

+ 2.46 

+ 2-40 

+ 5-17 

+ 2-56 

+ 1-55 

+ a-50 

... 

... 

- 1 

- 3'74 

- 1-13 

- 4'09 

- 5'53 

- 1 a . w  
... 

Interpolated by means of the Quantities m. Obaervations, 

Bstronomical 
Dates of 

Observatione 

1885 

November 23 

,, 24 

,, 25 

, , 26 

,, n 
,, 28 

December 7 

I, 8 

,, 9 

I, 10 

,, 11 

12. 

,, 13 

December 21 

,, 22 

,, 23 

,, 24 

,, 25 

,, 26 

,, 27 

,, 28 

,, 29 

1886 

January 6 

I, 6 

,, 9 

10 

,, 12 

,, 14 

,, 19 

Corrections for Nights of 

m st W Station 
for 

B for 

E Clock I 
J 

+ I 

+ 1.25 

+ 1-08 

+ 1.22 

- 0.04 

... 

- 0.11 

- 0'30 

- 1'22 

- 0.98 

- 0.96 

... 

... 

- 0.06 

+ 0.70 

+ 1.26 

+ 3-00 

+ 1'97 

+ 1-95 

+ 1.16 

... 

... 

+ 6.30 

+ 10'55 

+ 2.26 

+ 4-10 

+ 4'24 

+ 10.81 
... 

Correction to Obsened 
DBerence of Timer 

of Transit for 

W Clock 

t 

- 6.37 

- 6.07 

- 6-30 

- 6.06 

- 6-22 

... 

+ 0'31 

+ 0'35 

+ 0.29 

+ 0.29 

+ o'ao 

... 

... 

+ a.37 

+ 2-32 

+ 2.62 

+ 5.12 

+ 2.33 

+ 2.69 

+ 2.54 

... 

... 

- 1.70 

- 3-49 

- 1-33 

- 4-13 

- 5-52 

- 11.96 
... 

E Clock 1 
t 

+ 0.051 
+ '050 

+ '050 

+ '047 

+ '025 

+ -005 

- 0.007 
- -011 

- '011 

- '030 

- ,030 

- '041 

- '042 

- 0.001 
+ .or4 

+ -040 

+ '056 

+ .061 

+ '074 

+ '083 

+ '085 

+ -098 

+ 0.266 
+ '205 

+ -122 

+ -094 

+ -088 

+ -089 

+ '90 

W Clock 

t 

- 0.117 
- -113 

- -113 

- -113 

- .IIZ 

- '113 

+ 0'001 

+ .OOI 

'000 

'000 

.ooo 

,000 

*ooo 

+ o'oao 
+ 'ozr 

+ .or1 

+ 'oza 

+ -023 

+ 'oar 

+ .oa1 

+ '023 

+ -oar 

- 0.016 
- '014 

- -012 

- -016 

- '013 

- -025 

- -023 

W Clock I 
t 

- 0.268 
- '259 

- '256 

- '258 

- '257 

- '260 

+ 0.014 
+ -013 

+ '010 

+ .oo8 

+ '007 

+ -09 
+ -010 

+ 0.97 
+ '098 

+ '102 

+ '106 

+ 'to7 

+ -104 

+ '106 

+ -107 

+ '105 

- 0.071 
- -061 

- . O ~ I  

- '068 

- .loo 

- -108 

- ,100 

E Clock I 
8 

+ o.02~ 
+ -022 

+ -022 

+ 'ozo 

+ .OU 

+ .ooa 

. 
0.000 

- '001 

- '001 

- .ool 

- '001 

- '002 

- * m a  

0'000 

+ '003 

+ ,008 

+ '011 

+ '013 

+ -016 

+ '018 

+ -018 

+ .one 

+ 0.061 
+ ,047 

+ '028 

+ '01l 

+ .or0 

+ -020 

+ 'OSI 



FABLE PI. DEDUCTION OB CLOCK RATE CORRECTIONS FROM 'J!Hl$ OBSERVATIONS OF TRANSITS. 121 , 

NOTE.-For the D e h  D h  Experimental Arc them are no clock rate corrections, the two stations being on the name meridian. 
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a 
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5 
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5 

* a z  
2 
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bekeen Xighta of 

ohr0&0~ 
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January 27 to 28 

,, 28,, 29 

1, 29 1, 31 

Jan. 3 l toFeb .  2 

February 2 t o  8 

...n. 

F e b r -  9 to 10 

,, 10 , 11 

,, 11 , 12 

,, 12 ,, 17 
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F e b . 2 4 t o M a r . 4  

March 4 ta 11 

11 1 , 13 

11 13 ,, 19 
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81 2 1, 8 

n 8 ,, 10 
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April 2 0 t o 2 1  

,, 2 1 , , 2 2  

23 ,, 23 

. n 23 , 24 

n 1s 26 
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B, Hourly 

a at  E Station 

Correction8 for Nighta of Obsenetions, Interpolated by means of the Quantities a. 
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+ 4-96 

+ 5-01 

+ 9'79 

+ 10.05 
+ 5-46 

... 

+ 1-67 

+ 1-38 

+ 0'57 

+ 3-16 

+ 1.41 

... 

+88-53 

... 
+ 1.88 

+ 6-09 

+ 0.29 

... 

+ 3.52 

+ 3-64 

+ 40'34 
+ 7-06 

+ 7-02 
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+ 0.85 
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+ '87 
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- 1.31 

- 1-28 
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+ 1.14 

+ 0.93 
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- 0.46 

+ 0.86 
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+ 3-88 
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+ 0'59 

- 1-65 
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- 3-39 
- 3-46 
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... 

+ 4-51 
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+ 4'21 
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a st W Station 
for Antronomical 

Dates of 
Obnemtiona 

1886 

January 27 

,, 28 

,, 29 

,, 31 

February 2 

,, 8 

Febrasry 9 

,, 10 

11 

,, 12 

17 

11 18 

EClock 

J 

+ 5'01 

+ 5-09 

+ 9'77 

+ 1o.10 

+ 5-35 

... 

+ 1-71 

+ 1.30 

+ 0.50 

+ 4-03 

+ 1-13 
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- 1-12 

- 1'19 
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+ 0'84 
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+ '043 
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+ 0.143 
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+ .26; 
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+ '295 

+00'3a 
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+ '039 
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+ '015 

+ -014 
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- 1-30 1 F e b n u v  % - 0 
- '007 

+ '010 

- '004 

- -024 

-029 

- 0.146 
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- '146 

- -140 

- '140 

- .i40 

+oa185 

+ -164 

+ -180 

+ -176 

+ '159 

+ '180 

DifEewnoe 
of Transit 

E Clock 

J 

+ 0'061 
+ ,062 

+ '061 

+ 
+ -064 

+ .066 

+ 0.001 
-000 

.- 
-000 

'000 

'000 

+ 0.103 
+ ,103 

+ -008 

+ 'oog 

+ '006 

+ '003 

+ 0.030 
+ 'ogr 

+ -042 

.+ 'oj7 

+ -062 

+ -063 

0'000 

-000 

'000 

'000 

'000 

'000 

... 
+ 0'39 

- 2-68 

- 0.64 

... 

- 3.61 

- 3.55 

... 

... 
- 3-28 

... 

+ 4-35 

+ 4.41 

+ 4-11 

+ 4-25 

+ 4'29 

... 

of Times 
for 

W Clock 

J 

- 0.016 
- -015 

- '015 

+ -007 

+ -009 

+ .OII 

0'000 

.ooo 

-000 

m o o 0  

'000 

'000 

- o-wa 
- 'oar 

+ '002 

- '001 

- '005 

- '006 
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- '031 

- '031 

- '030 

- '030 

- '030 
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am 

-000 

'000 

.ooo 
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,, 11 

,, 13 

,, 19 

,, 
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9, 2 

11 8 
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,, 11 
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,, 22 

,, 
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P ! L E  PIX ABSTRACT OF RESULTS OB ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFEBENCE OF LONGITIJDE, A L  

AND THE RETARDATION OF SIGNALS, p. 

AEtronomid 
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1W 
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,t 11 

I, ,, 
a# 

,. 84 

I, 1) 

91 ,, 
#I M 

,, 2f, 

n 1s 

#I ,, 
n n 

n 86 

I, 91 

P. 
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9,  

SI n 
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.. 11 

,, 

9 #I 

,, 

Yesor ... 

P = f ((AL + P) - (AL - p)) = f (19'-069 - 188.957) = + d-056.  

A G U  (E), AND MOOLTAN (W) 

Whence 
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.t 

. I w  

Apparent DifFerence of 
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*I 
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9, 

I. P. E. 
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Longitude by Obrerrstiom with 

I. P. 6. 

I 
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...... 
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..e..a 

...... 
19'170 
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'Z?dB&E Pn. ABS!l!EACT OF BESULTB OP ALL OBSERVATION8 

AND DEDUCTION OF THE APPABENT DIFFEBZNCE OF LONGITUDE, AL 

AND !l!HE RETARDATION OF' SIGNALS, p. 
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TABLE PTI. ABSTRACT OF RFSULTS OF ALL OBSERVATIOX8 

AND DEDUCTION O F  THE APPARENT DIFFERENCE OF LONGITUDE, AL 
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p =  + { ( h L + p )  - (AL-p)', = 4 (34B.752-34B-697) = -t oB'028. 

I. P. E. 

ss 

,, . 
,S 

I. P. w. 
1s 

N 

11 
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12 34'737 

34'752 

12 34.745 
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...... 
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12 34.699 
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...... 
12 34.741 

34'796 
...... 
...... 
34' 739 

34'779 
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...... 
34'809 
34.862 

...... 

...... 
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34' 705 
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...... 
34.612 
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...... 
...... 
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...... 
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...... 
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...... 

...... 
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TABLZ VII. ABSTRACT OF RESULTS OF ALL OBSERBATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, Ah 

A.ND THE RETARDATION OF 9IGNAL8, p. . 
I 

b 

I 

Inrtrumentrl 

y z c d i  ':rw 

Whence A L = ~ ( ( A L - p ) + ( A L + p ) ) = ~ 3 m + f ( 4 4 1 ~ z 5 5 + 4 4 " 3 ~ 8 ) = ~ 3 m 4 4 ' ~ 2 8 ~ ,  

p = f ((AL + p)  - (AL - p ) )  = 4 (44I.308 - 44''255) = + ob0z7. 

AMRITSAR (E), AND MOOLTAN (W) 

Appamnt DiDEerence of Longitude by Obaenations with , , , M-n 

E Clock - AL - p W Clock - AL + p 

By N Stam By 8 Stam By N Bbrr  By S Btam 

I. P. W. 

9 ,  

IS 

IS 

I. P. E. 

11 

,I 

n 

I.P.W. 

J I  

IP 

Is 

I. P. E. 

n 

: 
I. P. 7. 

I 

I. P. E. 

1886 

January 6 

n 81 

6 

n 99 

n 9 

I# 19 

n 10 

n 91 

19 

n 19 

,, 14 

11 13 

,, 19 

n JI 

I Means ... 

QeneralMeenr ... 

m 8 

13 44'243 

44' 346 

44'459 

44'419 

44'153 

44- 110 

44' 184 

44' 197 

44'370 

44. a60 

44' 261 

44' 260 

44' 154 

44' I74 

13 44.305 

44'350 

44' 150 

44'291 

1.3 44.174 

I. P. W. 

n 

I. P. E. 

89 

,, 
J l  

I. P. IV. 

n 

n 

n 

I. P, E. 

IS 

,, 
IS 

I. P. W. 

I. P. E. 

I. P. IV. 

II) 8 

13 44'411 

44'379 

44' 398 

. 44'438 
44'190 

44'133 

44' 284 

44'219 

44'399 

44'401 

44'157 

44.317 

44'317 

44'271 

13 44'400 

44'353 

44'128 

44'251 

13 44'308 

m .  

13 44'153 

44'3'1 

44'357 

44'421 

(I) 8 

13 44'288 

(I) 8 

13 44'396 

44'394 

II) 8 

44.126 
44'155 

44'197 

44'335 

' 44'230 

44'340 

44'188 
44.158 

44' 137 

13 44'301 

44'311 

44'133 

44'18.3 

13 44'235 

44'338 

44'271 

13 44'10.3 

44'356 

44'141 

44'237 

1.3 44'155 

j 44.276 

44'414' 

44.302 

44'247 

44'197 

13 44'408 

44'303 

44'119 

44'300 

13 44'308 

1 44.258 

13 44'404 

44.318 

44'224 

44.176 

13 44'308 



.TdBZC VII. ABEITRACT OF RESULTS OF ALL OBSERVATIONS 

DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 

AND THE RETARDATION OF SIGNALS, p. 

BBtronamid 

Date 

1886 

January 27 

18 19 

,, 28 

1s 1, 

,, 29 

81 11 

,, 81 

11 81 

Februsry 2 

,, )I 

~3 8 

11 11 

Whence AL = f ((AL - p) + (AL + p)) = I;rm + f (41~-914 + 4%'-038) = 17'" 4lS*976, 

p = 4 ((AL -k p) - (bL - p ) )  = f (42'*038 - 4lS'914) = + 0"-062. 

MOOLTAN (E), AND KARACHI (W) 

Apparent DiEerence of Longitude by Observations with- Instrumental 
Position 

at 

. I w  By N Stars 

IR r 

17 41.M 

41.8'14 

41'927 

41 '922 

41 '816 

41.904 

41' 864 

41.921 

41 -882 

41.91a 

41'9'4 

41'839 

17 41.8% 

41 -901 

41.860 

41.893 

17 41'887 

I . P . E .  

ss 

I. P. w. 

n 

,, 
II 

I. P. 6. 

8) 

,, 

,, 
I. P. W. 

I I  

I. P. 6. 

I. P. W. 

,, 
I. P. E. 

W Clock - AL + p 

I . P . E .  

I )  

n 

n 

I. P. W. 

91 

IS 

91 

I. P. E. 

I) 

p. 

$1 

I. P. E. 

11 

I. P. W. 

1) 

By N Stan 

IR r 

17 42'022 

41.044 

42' 130 

42.028 

42'000 

41.928 

42'012 

42.055 

42.015 

42'145 

42' 109 

42'037 

17 42'057 

42.076 

41 '964 

42 '034 

17 45'033 

E Clock - AL - p 

By 8 Stan I Meam 

General Mesna ... 

m .  

17 42'035 

41.932 

, 42'001 

41.996 

41.880 

41'975 

41 41'875 '887 

41.989 

42.001 

4l.971 

17 41'963 

41'992 

41'928 

41.881 

17 41'941 

IR r 

7 41.937 

1 41.962 

j 41.894 

41'887 j 
{ 41,919 

j 41-93, 

17 41.928 

41.946 

41.894 

41 '887 

17 41'914 

By 8 Bhrs I 
m r 

17 - 4s'o6& 

42'095 

- 42-101 
- 42.059 I- 

41'966 

41'984 

tf41+938 

42'031 r 

. f 42.184 F 

42m084 

42a143 42'123 . r 

I; 42-108 

42' 107 

41'975 

41'985 

17 42.044 

n 8 

{ 1, 42.057 

42' 080 

I 

I j  41.970 

{ 42-04 

I l 42'107 

42'103 

17 qa-dla 

42.W 

41 '970 

42.009 

17 42'038 



PdBLE PII. ABSTRA(231 OF RESULTS OF ALL OBBERVATIONS 

A m  DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 

AND THE RETARDATION OF SIGNBL9, p 

Antronomical 

Data 

1886 

Pebruarg 9 

]I I) 

10 

n 8s 

,, 11 

BY YY 

,, 12 

n n 

17 

n II 

18 

n IS 

Merns ... 

Whence A L = f  ( ( A L - p ) + ( A L + p ) ) = 0 ~ + ~ ( ~ ~ ~ ~ ~ 1 6 + ~ 7 ~ ~ 5 5 0 ) = . . ~ 7 ~ ~ 4 8 3 ,  

. , . p t f ((AL + p) - (AL - p ) )  = f ( ~ 7 ~ ~ 5 5 0  - 271.416) = + on-067. 

PEEHAWAR (E), M D  MOOLTAN (W) 

Apparent Difference of Longitude by Observations with 

s 

Inatrumentel 

Position 

at 

B I w  
E Clock - AL - p 

I. P. E. 

IS 

I. P. w. 
II 

,, 

II 

I. p. Ee 

YY 

IY 

&P.w-. 

11 

I. P. L 

I. P. w-. 
,, 

I. P. 6. 

By NStan 

m J 

o a f ' j o 3  

27'336 

29.430 

27'365 

27'515 

27'435 

2t '325 

27'432 

27'235 

. 27'328 

27'473 

27'405 

o 27-301 

27.418 

27 '475 

27'379 

0 27'393 

w clock - AL + p 

I. P. B. 

St 

I# 

91 

% P. W. 

YI 

n 

91 

I. P. E. 

11 

IY 

IY 

X. P. B. 

IS 

I.P.W. 

II 

By N Etars 

m J 

o 27.631 

27'543 

a7 488 

27.522 
' 

17.698 

27.619 

2t'39a 

27.437 

17'5aa 

27'591 

17'542 

"7'599 

0 a7'572 

27'538 

17'659 

27'415 

0 27'546 General Meamr ... 

By 8 Btam I M a o r  By 8 Etars 

m J 

27'604 . 

27'604 

' ,. 27.643 

, 27.69s 27'664 

I .7.#7 

t 27'527 8 

c.27-467 . 
17.u1 - 

t r  27.485 

27'554 * 

(I) # 

0 27'348 

17'473 

27'411 27.507 

27.570 27 -521 

27 '320 

27'423 

17.361 27'360 

27'382 

27.481 

o 27'386 

27'453 

27.546 

27'372 

0 17'439 

Meanr 

rn J 

0 27.574 

j 2 7' 564 
I. 

1 z7-66; 

1 
17.,0; 

] 27-54; 

0) J 

) 
0 '7 '36~ 

27'436 

27'510 

] 27.;75 

27'321 ! 
j 27.435 

0 27'343 

17'436 

27-510 

27'375 

o 27.416 

. 0 .  27.507. 0 t7'540 

27-571 

,::: 1 27'555 

17 '669 

27'436 

0 27'554 0 27'550 



FABLE PII. ABSTRACT OF RESULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONQITUDE, AL 

AND THE RETARDATION OF SIGNALS, p. 

AMRITSAB (E), AND PESHAWAB (W) 

Antranomid 

Det0 

Instrumental 
Position 

at 

Appewnt Difference of Longitude by Obsewationa with 

1886 
February 24 

IS I1 

M~uoh 4 

I* 9 )  

I, 11 

n w 

,I 13 

I ¶  ,, 
IS 19 

I, I* 

20 

19 IS 

Z$eano ... 

E clock - AL - p w Clock - AL + p 

P I I I B y N 8 t . n  B J a stam 

Whence AL=f((AL-p)+(AL+p))=~3m+~(~6**;29+~6~*823)=~3m~6*.776, 

p = f ((AL + p) - (AL - p) )  = f ( 1 6 ~ ~ 8 2 3  - 1 6 ~ ~ 7 2 9 )  = + 01'047. 

, 
L P. W. 

vs 

I. P. E. 

1, 

,, 
$1 

L P. W. 

I, 

,, 
D l  

I. P. E. 

11 

I s *  I.P.W. 

I. P. E. 

I. P. W. 

By 8 Btus I I Ry N Sters 

m r 

13 17.046 

17'oto 

16.799 

16.730 

16.770 

16.613 

I"'" 

16.917 

16.813 

16.806 

16.632 

16.672 

13 16.921 

16.708 

16.692 

16'9.31 

13 16.813 Qeneml Meana ... 

m r 

13 16.916 

16.866 

16.681 

16.659 

16.546 

16'598 

16.712 

16'759 

16.697 16*757 

16'4pl 

16'573 

13 16.812 

16.601 

16.572 

16'7.36 

13 16.680 

m r  

1 13 rr'ooo 

j 16.758 

I 16.705 

16.918 

j 16.821 

j '6.Y 

13 16.910 

16.718 

16.705 

16-948 

13 16.813 
L 

13 16'778 

I. P. W. 

)r 

II 

,, 
I. P. E. 

1, 

IS 

I, 

I. P. W. 

18 

am 

IS 

L P . K  

I. P. E. 

, 

cn r 

1 13 16.908 

I 16'655 

l 16.631 

1 16.822 

16.768 f 
1 16.595 

13 16.838 

16.625 

16.632 

16.812 

13 16'729 

m r 

13 16.898 

16'943 

16.666 

16.613 

16.743 

16.640 

16.951 

16.867 

16.814 

16.804 

16.631 

16.681 

13 16.865 

16.648 

16.691 

16.909 

(R r 

13 16'968 

16.966 

16'798 

16.703 

16.717 

16.710 

16.942 

16.989 

16.855 

16.808 

16.704 

16'784 

13 16.899 

16'747 

16.719 

16.966 

13 16'833 



l'BBLE VII. ABSTRACT OF RESULTS OF ALL OBSERVATIONB 

. AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 

AND THE RETARDATION OF SIGNALS, p. 

DEHRA DBN (E), AND AMRITSAR (w) 

Astronomical 

Date 

1886 

April 1 

rn n 

n 2 

I# n 

I# 8 

n ZB 

n 10 

I* I 

H 11 

n II 

IS U 

n n 

Mwme ... 

General Mannu .... 

Instrnmental 
Poeition 

at . 

7 

Appawnt Difference of Longitude by Observations with 

I.P.E. 

n 

I. P. W. 

n 

n 

I. P. Em 

n . 
19 

n 

I.  P.E. 

I. P. W. 

,I 

I. P. E. 

Whence AL = 4 ( (AL - p) + (AL + p) ) = 12" + 4 (41~0939 + 4z8-051) = 12" 41~'995, 

p = f ((AL + P )  - (AL - p)) = 4 (42#'051 - 41"939) = + 01.056. 

I.P.E. 

n 

n 

I* 

I. P. W. 

11 

n 

,I 
I. P. E. 

1, 

I.P.W. 

II 

I. P. E. 

19 

I. P. W. 

PI 

E Clock - AL - p 

ra 41'931 

By N Gtars 

m I 

11 41.861 

41 :77l 

42'093 

41 a 988 

42-006 

42.039 

41'839 

41'859 

41'851 

41 -841 . 
41'811 

j1'81g 

11 41.831 

42.041 

41'013 

41'831 

W Clock - AL + p 

By N Stsre I By S Btsn, 

11 41.946 I1 42'OjI 11 41.077 11 41'939 

By 8 Btare I M e w  

m J 

l 11 41.975 

41' 180 I 
41'120 I 

m..... 

,..... 

41.951 

41.841 

11 41-964 

42' 180 

41'310 

41.841 

I 1  41'025 

m I 

11 41'998 

42'005 

42'158 

41' 108 

41-158 

41' 142 

I..... 

.. ,... 
41 '939 

41.043 

41'932 

41.823 

11 41.996 

41'183 

41.250 

41'878 

m J 

11 41.859 

41.811 

41 '45 

41'013 

41'144 

42' 006 

41.9* 

41.859 

41 -884 

41'844 

41'737 

41'702 

la  41-851 

42.054 

42.075 

41 -80s 

m a 

11 41'933 

41 -963 

41- 180 

42.173 

41'203 

41.175 

...... 

.. .... 
41.876 

41'951 

41.836 

41'7'14 

11 41.931 

41.177 

41.189 

41 -805 

m a 

I la 41.819 

1 42.047 

1 41.049 

l 41.866 

41.855 

1 41-76, 

ra 41'Qa 

41.047 

43' 049 

41.816 



AND,DEDUCTION OF THE APP- DIFFEEENCE OF LONGI'ITUDE, A& 

AND THE RETARDATION OF SIGNALS, p. 
1 

DEHU DON (E), AND AQBA (w) 

detronomicd 

Date 

1886 
April 20 

I ,I 

,, 21 

I I  n 

*I 22 

II 91 

BI 28 

I1 )I 

19 24 

8, 91 

,, 26 

n II 

~ e a w  ... 

Instromentsl 
Position 

at 

1(1 

A p n t  Difference of Longitude by Oboerwtiom with 

I 0 7'193 

I. P. Z. 

,I 

I. P. IV. 

1s 

,, 

18 

I. P. E. 

I 

n 

I. P. W. 

II 

I. P. 6. 

I. P. W. 

,, 
I. P. 6. 

Whence ~L=i((AL-p)+(~+~))=o~+t(7'*1g1+7~*274)=@7'*233, 

p = 4 ((AL + p) - (AL - p ) )  = 4 (7''274 - 7"1g1) = + d.042. 

I. P. 3. 

a* 

,, 
11 

I. P. IV. 

n 

SI 

n 

L P. B. 

n 

,, 
st 

I. P. 6. 

,, 
I. P. 7. 

o 

O 7'270 

EClook - AL - p 

Qenersl Means I 0 7'189 

By N Sters 

0 .  

o 7.124 

7'093 

7'320 

7'157 

7.170 

7.187 

7.164 

7'097 

7'250 

7'127 

7' 180 

7'199 

0 7'149 

7'164 

7'119 

7.131 . 

WClook - AL + p 

o 7.191 I 0 7'279 0 7-74 

Y~SM 

A # 

1 0 7'207 

7-37, 

1 7.183 

B Y N ~ ~  I By a shua sy a stu. 1 M-II 

(R 8 

7'175 

0 7.107 

7'45" 

7'369 

7'257 

7' 193 

(R a 

O 7.075 7.076 

7.265 

7'146 

7'214 

7'113 

7'144 

7'164 

7'184 

o 7.150 

7'259 

7.119 

7.119 

8 

7' "6 

0 7.211 

7'33 1 

7'356 

7'281 

?'a07 

7'187 

7'274 

7'145 
6 

7'404 

7'305 

o 7.215 

7'381 

7'175 

7.197 

)* 8 
I 

1 O 7.091 

1 7-17, 

I 7'114 

1 7.130 

1 7'2Q6 

1 7.151 

0 7'149 

7, a62 

7,224 

7'130 

?'a14 
7'114 

7'301 

7'291 

7'355 

7' a88 

o 7.160 

7'333 

7'290 

7.232 

1 ?.a18 

1 7.338 

-- 
0 7'143 

7'357 

7'283 

7'114 



~ ! Z E  h. ABS!FRACT OF RE3ULTS OF ALL OBSERVATIONS 

A.ND THE RETARDATION OF SIGNALS, p. 

. 

E X P E B I M E B b A L  ABO AT D E H B A  DUN 

A&mnomioal 

Date 

1886 

May 6 

13 n 

,I 6 

9,  n 

n 7 

d 11 

)I 8 

I I  IS 

I MeaM .., 

General MMM ... 

IrlatmmenM 
Position 

st 

= I w  

Apparent DiEerence of Imgitnde by Obserwtiom v&h 

I. P. 7. 

1s 

I. P. E. 

9s 

,, 
II 

I. P. 7. 

n 

I. P. W. 

I. P. 1. 

,, 
I. P. W. 

Whence AL = f ( (AL - p) + (AL + p ) )  = 4 (- o'-og3 - d.063) = - 01.0,8, 

p = f ((AL + p) - (AL - p ) )  = f (- o *063 + o -093) = + o '015. 
J 

I. P. TP. 

s 

18 

9s 

I. P. E. 

n 

,, 
I )  

I. P. 7. 

91 

I. P. 6. 

9 ,  

E C l m k - a L - p  

- 0.109 

By N Stam 

a 

- 0.098 
- '151 

- -276 

- '155 

- '173 

- -115 

+ -oo7 

+ '085 

0.115 

A -216 

- '14 

+ '046 

W O l o ~ k - a L + ~  

By N Stsn 1 ByBBtam 

- 0.057 - 0.077 

r 

- 0.087 
- '086 

- -186 

- '133 

- '149 

- '027 

+ -072 

+ '137 

- 0.087 
- -160 

- -088 

+ '10s 

- 0'693 

By S Stam I Mema 

- 0.069 

r 

- 0.071 
- '143 

- 
- '103 

- -131 

- '058 

- '01' 

+ .089 

- 0.107 
- 'I47 

- '095 

+ '039 

- 0.063 

r 

- o-1x7 
- 'IOO 

- '166 

- '118 

- '177 

- *oa8 

+ -017 

+ '137 

- 0.109 
- ,141 

- -103 

+ '077 

1 - 0.116 

1 - -181 

- ,119 

1 + '043 

- 0.116 
- -181 

- '119 

+ '043 

8 

] - ow.. 
1 - -151 

1 - -095 

1 + *.PI 

- o'o~$l 
- -151 

'095 

+ -091 





ELECTRO-TELEGRAPHIC LONGITUDES 

1887-88. 

INDIAN ARCS. 

ABSTRACT OF THE OBSERVATIONS 

AND 

REDUCTION OF THE RESULTS. 



N O T E .  

The Explanation of Table I, given on page 2, appliea equally to the observations of 1887-88, in which the same Telescopes 
were used with the same Micrometers and the same m - s y s t e m .  
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* On Jsnnary a d ,  1888, a t  Bangabre the object-glass of the Telescope waa taken off and cleaned. A great c h a ~ g e  in C. ensued, and the  ahr re of C, ibr 
this dste could not be combined with those of the six former dates in. deducing the genera! merm for the aro. The general mean has therefore been deduced 
from the first six nighta only snd used for those nights only in computing c and b. An C. was not determined I. P. 6. after the cleaning of the object-glws, no 
pd4n ~ U B  d it in obtainable for January 2nd ; but both an thia and the foltowing one, the amount that C, a h  bken with Telescope No. 1 I. P. W., difiered 

Collimation Level Collimation Level Inatru- 

DBte . llelnlarb 

c M ' b  -- --- 

68'1 

, 14 I.P.W. 71.3 I.P.E. 49.3 48'8 
-4.0 50.0 - 1 .3 -  2 . 2  - 0'5 

72 .0  65.6 48.9 49'5 

69.1 45'2 
+ I ' J  Bfe~Il c. 50'0 + 1'3 + 0 ' 4  - 3'7 hfeanC.fromfilat 66.5 72.6 49'2 44'7 six nighla only. 

72.7 I. P. E. - 46' 6 
50-0 + 1.3 + 0.4  

r3 70'5 
-3'3 I. P. 7 . -  69-2 

- 

- 72'9 49'5 48.5 I.P.W. - 48.7 

,, 29 

,, 30 

1888 
Jm. 2 

Jm.15 

,, 16 

, 17 

,, 18 

,, 19 

20 

Beb 2 

1, 3 

P; 
a 
4 

6 
f o - 
2 
V 

P; 

0 
?i 

i 

I - 
,-I 

6 

I .P.E.  

I .P.E.  

I .P.W. 

I.P.W. 

I. P. E. 

1.P.E. 

I.P.W. 

I.P. W. 

I.P.E. 

I.P.E. 

I .p .W.30'3  

5 

,, 6 

7 

-3.1 

- 1 . 9  

-1.9 

71.0 

70'8 

69.9 

67'7 

68.0 

69'2 

32-1 

33'7 

33'9 

33.9 

34.2 

34.0 

33.6 

33.8 

36-4 

34' 5 

31'7 

34'9 

8 
8 
I 

3 
P; 

1 

-4.0 

-2'8 

-3.8 

72.0. 

70.0 

68.0 

30'0 

35'0 

35.0 

35.0 

35'0 

35.0 

35'0 

30'0 

76.4 

I.P.E. 

I.P.E. 

I.P.W. 

32.2 

32'1 

32.6 

3x.4 

32'5 

-2.5 

-0.5 

-1 .5  

-3 '8  

-1.2 

-1 .2  

+1 '2  

+ x m 2  

- 1 . 2  

-1.9 

-3.1 

77 '0 

31.6 

33'7 

35'0 

33.6 

-0.7 

+ o m ;  

+ I ' l  

! 

30.0 

35'0 

35.0 

'3'4 

-1.4 

-2 .4  

-4'7 

- 2 . 1  

- 2 . 1  

+ o m s  

+ o ' j  

- 2 . 1  

- 2 ' 8  

-4'0 

33.3 

70.5 

70'9 

73' 5 

75'3 

68.9 

68.8 

32.2 

32'1 

34'0 

34.6 

33.3 

34'6 

35.2 

34'6 

35.1 

34'5 

32.5 

32'3 

34'5 

34'3 

3 1 . 6  

32.9 

32.6 
I.P.E. = 34- j  

I .P .W. -  31.6  - 
General - 

&lfml - 33'1 - 
I. P. W.  

I.P.E. 

I.P.E. 

5 - 
6 
8 
) ~ j  
C4 

2 
4 
zi 

- 1 - 2  

-4'9 

-0 .6  

- 1 . 6  

-0'5 

- 0 . 2  

+ I . I  

+ I ' l  

+ I ' 4  

-1.3 

-0.8 

79' 1 

76.9 

77'7 

77.7 

75'8 

76.6 

'0 
General 

Mean- 69-5 4 - 1 
4 
PI 

R 

2 
Mean C. 8 

LP. E. = 34.0 3 - 
I .P .W.-  33.5 & 
General 

8oeo '+  

76.0 

n-0 

76.0 

- 
I .P.E.  48.9 General 

Mean C, 

50.0 

2 
4 
zi 

fi 

i 
% 

2-6 

'- 1 . 4 -  

+ 0'4 

+ I - 4 +  

- 1'3- 

+ 1-7 

2.3 

- 0 . 5  

0.5 

4 7 2  
2 ' 2  

I. P. E. 

76.7 

76'5 

80.0 

80.2 

56'1 

76.9 

76'5 

48'7 

48.2 

- 0.8 

+ 2.7 

+ 0.9  

' 

+ 0 .6  

+ 0 .6  
47'9 

48. * .  

I.P. W. 131.4 133'0 
+ 0 ' 2  

I. P. E. - 76.2 
i I. W. P. - 78.5 - 
General 

Id- - 77.4 - 

47'2 

I .P.W. 

I .P.W. 

I .P.E.  

I. P.E. 

I.P.T. 

I.P.W. 

I .P .E.  

I. P. E. 

I.P.W. 

+ 5 

132.6 131.3 

Mean - 48.7 - 

777'6 

77'5 

77'9 

78'1 

76.0 

76.1 

75.0 

75'3 Mean - 77-2 - 
78.6 75'8 

78'0 + 0 . 8 -  0 . 1  

81.2 

h . 5  78-7 

75.6 75'8 ' 
75'0'+ 2'4 + 1 '  + 1'4 

75'9 76.2 

75'7 
f 5 ' 0 . +  2-4 + 1' - 0'9 

77'7 ' 

75'8 78'9 ' 
Me- C. 

80.2 

78.0 

78.0 

75-0 

75.0 

+ 0 . 8 -  

+ 0-8 

+ 2.2 

+ 2 ' 2  

73'7 

75.O 

58.2 

78.3 

78'4 

78'3 

77'1 

0 . 1  

- 0'1 

+ 1 . 3  
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45.0 

45-0 

40'0 

40'0 

40.0 

40.0 

45'0 

45'0 

45.0 

I . P . 7 . -  79.1 - 
General 

Mem - 77.1 - 

. 

Mean Co 

I .P .E.  - 78-2 
1 P . W . -  80.1 - 
General 

Mean - 79.2 - 

Mean C. 

I.P.E. = 96.4 

I. P. W, = 97'7 - 
ff eneral 

Mean = 97.1 - 

41'3 -0.8 

cl 

-0.4 

-0.4 

+0'4 

4-0'4 

+0'4 

-1-0'4 

-1.9 

-1.9 

+1'9 

+1-9 

+3'1 

+3'1 

+xmg 

+1'9 

?I-9 

+1.9 

+3'1 

+3'1 

+3'1 

v 

3 
14 

d 
% 
# 

=; 

6 
h - 
t4 
lx 
0 c;l 
4 

2 

A r( 

6 

k e 
g 
G 
5 
W 
P: 

3 
4 a 
vi 
4 
# 

44' 1 

41.8 

43'6 

41.2 

42.1 

41.0 

41'9 

42.5 

41'4 

4l.5 

41.3 

42.3 1 39.7 

c 

d d d d d d  

-1.3 

-1.3 

-0.5 

'0'5 

-0'5 

-0.5 

-2.8 

-2.8 

+I'O 

+I-o 

+aaa 

+aaa 

+1.o 

+I'O 

+I-o 

+I.O 

+2'2 

+2'2 

+aq2 

-0.8 

+0'2 

+om8 

+On]: 

-0'1 

-0'9 

I.P. W. 

I.P. K 

I.P. W. 

I.P. W. 

LP. W. 

I .P.E.  

I .P.E.  

LP.W. 

I.P. W. 

I .P .E.  

I.P.E. 

I.P.E. 

I .P.E.  

I.P.W. 

I .P.W. 

LP. W. 

44'9 

44.4 

45'4 

46.7 

44'4 

40.7 . 
40' 5 

42.1 

43.0 
39.1 
42'3 

40.8 

43.2 

43.8 

qq.0 

42.9 

41.8 

41.1 

41'3 

40'4 

42.3 

41.7 

41.8 

40.6 

43.6 

41'4 

42.5 



FABLE I. ABSTRACT OF DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 137 

t -" 
Data 

1888 

April4 

,, 7 

8 

$ 
- 
4 

6 

& 
8 
8 
r( 

6 
3 
3 
S 
24 

P 
E 

g 
.$ 

0 

; 

5 

1 1  

q 

1 1  

5 

6 

4 

1 1  

5 

1 1  

a 

I I  

2 

I r  

Devia- 
tion 

Conetant 
A 

-0'1261 

+o.orSo 

-0'2514 

+0.0199 

-0.1261 

+o.o18o 

-0'2514 

+oao199 

-0.1261 

+omo~80 

-0.2514 

+omor99 

-0.2514 

+o.o~gg 

Inatru- 
mentrl 
Poaition 

I.P.W. 

I.P.W. 

I .P.3 .  

z 
;j 
'i 

U 

U 

U 

U 

U 

U 

u 
U 

U 

U 

u 
U 

U 

U 

~ e m a r ~ u  

Merm 0. 

I. P.E. - 99-4 
I . P . W . 1  96.6 - 
Genere1 

Yean - 98.0 - 
I 

Instru- 
mental 
Position 

I.P.W. 

I.P.W. 

I.P. 3. 

Collimation Level 

Ob8erp.ed 

Time of 
T m ~ i t  

h a  8 

4 731.40 

4 31 14-25 

5 9 54-00 

5 19 31-16 

4 7 41-50 

q 31 13'78 

5 16 34-80 

5 25 51.55 

4 7 40.60 

4 31 15-50 

5 15 40'30 

5 24 53.27 

5 26 28-70 

5 35 45-50 

8tu 

388 Gr.72 

431 I, 

614 ,, 
a Columbre 

383 Gr. 72 

431 I, 

614 ,, 
a Columbm 

383 QT. 72 

431 I, 

514 ,, 
acolumbm 

614 Gr. 72 

a columbm 

5 5 

C, 

42.7 

41'3 

42- I 

41.4 

Y 

d ' d  

95'3 

93'9 

100.8 

100.5 

98.0 

99'2 

Level 

b 

d 

-3.4 

+aa7 

-0.6 

Collimation 

Q 

lm 

Dm. l a  

,, 14 

17 

19 

,, 29 

a 
Corrections for 

I. W 

Level 

m 

Mean C. 

I.P.W.- 42.2 

I.  P.E. - 41.3 - 
General 

Yean - 41.8 
41.1 

M 

42'2 

41 '0 

42.6 

42-8 

8 

+0'40 

+0-08 

+oa80 

+O.IO 

-om& 

-0.01 

-0.10 

-0.01 

-0.05 

-0.01 

-0'40 

-0'04 

-0.90 

-0.q 

a 

j * 

- N 

2 
3 
2 
2 
b+ 
4 - 

b 

-0.2 

+oS9 

o 

-0.9 

-1.9 

-2.9 

d d d d d d  

+zm3 

+a'j 

C, 

45'0 

45'0 

I. P. E. 

1.P.W. 

I. P. W. 

I. P. E. 

L P. 8. 

8 
P1 

c1 -------- 

d 

0.0 

-1'0 

-2.0 

c, -------- 

+3'2 

+3'2 

Co I C. 

E 

I S  

W 

,, 

E 

,I 

W 

,, 

E . 
19 

W 

,, 

E 

,, 

+ 2.6 

d 

97-8 

96.8 

95'9 

95'9 

99.8 

99'0 

+o.lo 

+0'05 

+o.30 

+OY% 

-0.20 

-0.08 

-0'40 

-0.08 

+O.IO 

+0'03 

-0'30 

-0.05 

-0.10 

-0'03 

+oS9 40.0 

d 

98'0 

97.0 

100.o 

8 

-0'01 

-0.10 

-0.01 

-0.10 

-0.01 

+osor 

6-00 

8 

+2'14 

+2'14 

+2.14 

+am14 

+2'13 

+aS13 

-2'13 

-2'13 

+2'13 

+a'13 

-2'1+ 

-2.14 

-2'14 

-2.14 

+1.8 

J 

35'04 

16.51 

57-14 

33.36 

43'37 

15.81 

32-17 

49'23 

42.58 

17-64 

31-46 

51-05 

15-56 

43-14 

~ C S J  

4 7 40'88 

4 31 12'48 

.f, a6 21-26 

5 35 36'58 

4 f 40'86 

4 31 12-48 

5 26 21-30 

35 36-59 

4 7 40.80 

4 31 12-48 

5 a6 21-51 

5 35 36-63 

5 26 21-56 

5 35 36.66 

(II 8 

+ o 5'84 
- 0 4-03 
+ 1624.02 
+ 16 3.22 

- o 1-51 
- o 3-33 
+ 949'13 
+ 947'36 

- o 1-98 

- o 5-16 
+ 1044-05 
+ 1045'58 

- o 4-00 
- 0 6.58 

d 

- 68.5 

- 76.7 

- 5-7 

- 6.5! 

I 
I - 22.1f 

, 

a 5.6 

- 9'5 

b 



z 
I; Correatio~ for 

3 g H  !i! 
4 ]# j f  

.: Time of -z Colli- hel 
,j 5 CJ % A 

Tr;mrit 

. 

mstion 

I I I I I 21 I I I 

E 

4 
Q 

9 
P1 

? 
t 

Om " 

3 

$ rn 
2 
# 

n I 

W w s 

18%' 

Deo. 80 

1888 

Jan. 2 

1887 

Deo. 18 

, 14 

,, 17 

,, 19 

L P. E. 

I. P. W. 

I. P. B. 

I. P. E. 

I. P. W. 

L P. W. 

P1 

I. 3'. E. 

I. P.B. 

I. P. W. 

W 

,, 

E 

,, 
W 

,, 

E 

I, 

E 

I. 

w 
,, 

E 

,, 29 

, 80 

1888 

Jan. 2 

I, 

W 

,, 

E 

19 ' 

W 

,, 

E 

,, 

E 

,, 

E 

,, 
W 

,, 

8UrscaMinoris 

61 Cephei 

614 Qr. 78 

a Colurnbm 

8 Ursca Minorb 

51 Cephei 

388 a r .  78 

4 1  rn 

888 Qr.78 

431 8, 

514 ,, 
a Columbm 

888 Qr.78 

4 1  m 

614 ,, 
a Columbm 

883 Qr. 78 

4 1  n1 

614 ,, 
a Columbm 

614 Qr. 72 

aColumb 

614 ~ r .  7a 

a Columbm 

614 Qr. 78 

a Columbm 

8UrssMinoi-is 

61 Cephei . 

L 

U 

U 

U 

L 

U 

U 

U 

U 

U 

U 

U 

u 
U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

L 

U 

4 

3 

11 

3 

4 

4 

lo 

5 

10 

j 

10 

8 

10 

3 

11 

3 

9 

j 

11 

3 

lo 

3 

11 

a 

10 

3 

3 

j + o S 3 7 j 7  

-oaqq40 

-oSa514 

+oSo199 

+o.j737 

- 0 . ~ 0  

-0.xa61 

+o.o18o 

-0.1261 

+o.o18o 

-0.~514 

+ o . o r ~  

-0.1161 

+o-0180 

-oaa514 

+o-0199 

-0.1261 

+omor80 

-0'1514 

+o.o199 

-0.2514 

+o.orgg 

-0'1514 

+o'o199 

-oVzgrq 

+o.orgg 

+o'373f 

-oSqq4a 

hW8 8 

55716'30 

6 36 56.80 

5 26 30'43 

5 35 45-15 

5 57 3-37 

6 37 4-53 

4 18 25.13 

4 41 54.21 

4 18 24-80 

4 41 51.95 

5 27 12-31 

5 36 30.92 

4 18 19-77 

4 41 53.07 

5 18 21.78 

5 37 2 0 - Q  

4 18 27-17 

4 41 54-16 

5 26 26-14 

5 35 3 2 - q  

5 37 I I - ~ I  

5 46 24-79 

5 37 16.09 

5 46 24-38 

5 36 76'21 

5 46 30.06 

6 8 16-77 

6 47 5-67 

8  

+ o n 5 0  

- 0.60 

- 0'60 

- 0.06 

+ 0'86 

- 1.04 

- 0.30 

- 0'05 

- 0'29 

- 0.06 

- 0.59 

- 0.06 

+ 0.06 

+ 0.01 

+ 0.10 

+ o'ox 

+ o-05 

+ o.01 

+ o.10 

+ omol  

- 0.56 

- 0.06 

- 0.84 

- 0-06 

-21.89 

- 2.15 

+ 0.79 

+ 0.96 

8 

+ o m j o  

-0.60 

-0.04 

-0 '02  

+ o m o j  

-0.09 

+ow8 

+ o e o j  

-0.04 

-0.02 

-0'04 

-0.01 

-0'19 

-0.06 

-0.30 

-0.07 

o - w  

0.00 

0.00 

0.00 

+o'11 

t o S o j  

+ o ' o ~  

+omoa 

-6.89 

-1.56 

+O.OI 

t0 .03 

8  

+2'17 

-2.17 

-2.18 

-2.18 

+2.18 

-2'18 

o ' w  

0.00 

+2.62 

+2'61 

0'00 

-2.62 

+rm61 

+1.61 

-2.61 

-2.61 

+am62 

+2.62 

-1.61 

-2.62 

-2-63 

-2.63 

-2.63 

-1-63 

+2'63 

-2.63 

+a-63 

-2.63 

8  

+ow4 

0.00 

+oSo4 

-0.01 

-0.01 

-0.10 

-0.01 

-0.10 

-oSoi 

+o.ol 

0.00 

0.00 

0.00 

+oSo4 

8  

19.27 

53-49 

27-61 

42-09 

6.44 

1.26 

14-91 

54'18 

19-09 

54-40 

11.68 

28.13 

31-25 

55-63 

18.97 

18-07 

19.84 

56.78 

13.61 

19-69 

8'44 

aa.13 

11-66 

21-71  

50.06 

13-61 

20-10 

4-07 

I 

h - 8  

6 8 8.88 

6 48 5-01 

5 16 21-44 

5 35 36-66 

6 8 8.86 

6 48 5-45 

4 7 40.88 

4 31 12-48 

4 7 40.86 

4 31 11-48 

5 16 11'30 

5 35 56-59 

4 f 40.80 

4 31 12-48 

5 16 21.43 

5 35 36-61 

4 7 40.76 

4 31 12.48 

5 26 21-51 

5 35 36.63 

5 16 21-56 

5 35 36.66 

5 26 21-53 

5 35 36.66 

5 26 ar .qq 

5 35 36-65 

6 8 8.86 

6 48 5-45 

(I) 8 

+ 1049.61 

+ 11 11-54 

- o 6-17 

- o 6'1.3 

+ 11 2.43 

+ 11 4-19 

- io&'oj  

- 1041-70 

- 1046.13 

- 1042-oo 

- I 0.38 

- 051.54 

- 1051.45 

d 

- 26.8 

- 0.2 

- a-2 

+ 16.2 

+ 19'4 

+ 32.6 

+57'7 - 1043.14 

- 11 7'54 

- 10 1-45 

- 1049~08 

- ~ o # ' j o  

- o 2-11 

+ 59'3 

+33'2 

+ 33-4 + o 6-94 

- 1046.88 

- 1045.47 

- 1051.1j 

- 1045.05 

- ro 18.61 

- 1046.97 

- 011.14 

+ I 1-38 

+ 5 - a  

+ 2 s - 4  

-67-7 

-88-0 



TdBLE II. DEDUCTION OF DEVIA!CION CORRECTION, a, FROM 9TAR OBSEEVA!I!IONS. I39 

Obsewed 
Time of 

A n  8 

6 48 29.27 

6 54 31-47. 

7 44 4-00 

7 46 42.50 

6 48 26.93 

6 54 19-94 

7 4 4-11 

7 46 43-48 

648 15-33 

6 54 28.53 

6 48 17-50 

6 54 27.16 

7 4 4.76 

7 46 41-73 

6 48 16.70 

6 54 25.57 

7 4 5.56 

7 46 41.58 

6 48 16-00 

6 54 23.94 

7 44 7'35 

7 46 44.40 

6 48 56-04 

6 55 8-33 

7 44 38-90 

7 47 15.30 

64855.30 

6 55 6.87 

7 44 39'12 

7 47 16.05 

E 
d 

Bbr 

51 Cephei 

r C a 

Eh& 

771 Qr. 72 

51 Cephei 

t Canin Majorb 

4 -  
771 <lr. 72 

61 Cephei 

t Canb Jdajorb 

61 Cephei 

r Canir Majorb 

Ear@ 

771 Qr. 72 

61 Cephei 

r Canis Msjorir 

Ear& 

771 Qr. 72 

61 Cephei 

r Carib bhjoris 

[A+ 

771 Qr. 72 

51 Cephei 

t C a i s  Mmjork 

EW 
771 Qr. 78 

61 Cephei 

t Canie Majoria 

€hf& 

771 Ctr.72 

- 
CI 

rn ", 
a" 
B 

Z 
8 
4 

P 
t 
% 
O 

.E 

zi 

3 

1 1  

10 

4 

4 

lo 

5 

5 

3 

10 

a 

10 

10 

4 

3 

to 

1 2  

4 

3 

7 

10 

5 

5 

11, 

1 1  

5 

1 1  

I 1  

2 

g ." 
d .a 
8 

U 

U 

U 

U 

, U 

. U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

u 
U 

U 

U 

U 

u 

COE- 
mation 

8 

-2.19 

-0'12 

-0.11 

-0.60 

-0.97 

-0.05 

-0.05 

-0.26 

-0.97 

-0.05 

+om14 

+oaor 

+oSol 

+oq04 

+oS15 

+O-OI 

+oSo1 

+oao4 

-0.97 

-0.05 

-0'05 

-0.27 

-0.05 

o'w 

0.00 

-0.01 

-0.05 

o'w 

+0'03 

+o'16 

Devia- 
tion 

constant 
A 

-0.4445 

+0.0170 

+o.o~pa 

-0.1160 

-0.4~)~ 

+o'017o 

+ O - O I ~ O  

-0.1160 

-0.4445 

+om0170 

-0.4445 

+oSol7o 

+o-0150 

-0.1160 

-oeq44j 

+oaol;o 

+o.o~go 

-0.1160 

- 0 . ~ 5  

+o.o17o 

+O'OIso 

-0.1160 

-0.4535 

+oS0154 

t0.0133 

-0.1198 

2-0.4535 

+o.o~gq 

+Om0133 

-omllg8 

Comtionr 

Level 

8 

-0.20 

-0.03 

-0.03 

-0.08 

-0.06 

-0.01 

-0.01 

-oaoz 

-0.03 

O W  

+0'14 

+o'oz 

+o'oa 

+0*06 

+oa13 

+oaoa 

+oaoz 

+0.05 

+oS17 

+ o m o ~  

+0'03 

+oao7 

-0'24 

-0'06 

-0.05 

-0.11 

+o.lo 

+o.oj 

'0'03 

-0.05 

1888 

Jm. 15 

,, 16 

,, 17 

,, a 

for Y1 

4 
, '4 

g 
B 
m 

pI 

* 

,, 19 

20 

18rJB 

Jan. 16 

,, 18 

, 17 

8 

+2'58 

+ 1-58 
+2'58 

+a's8 

+2.60 

+za60 

+am60 

+am62 

+2'62 

+,a62 

+2.62 

+2.62 

+ 2-61 

+z'b 

+ 2.60 
+a-60 

+a-60 

+a-73 

+a'73 

+2'87 

+a-87 

+1'55 

+1-55 

-1.55 

-1-55 

+I-56 

+ I -56 

-1'57 

-1'57 

h - I 
D 

2 

W 
4 
0 

2 

I. P. K 

I. P. E. 

I. P. E. 

1p.w. 

E 

, 
w 
,, 

E 

,, 
w 
,, 

E 

,, 

E 

,, 
w 

,, 

I. P. K. 

1 P.E. 

I. P. IP. 

I.R W. 

I. P. E. 

8 

. 
0 

E 

,, 
w 

,, 

E 

,, 
w 

,, 

E 

,, 
w 

m Is 

E 

,, 

w 
,, 

8 

29.46 

33'90 

6.44 

4 . 4 0  

28-50 

32.48 

6.65 

45.80 

A-w 

31'10 

20.40 

29.81 

; 

' 

h9U 8 

6 48 5.94 

6 54 14'51 

7 6 36-09 

7 47 12-85 

6 48 5 - p  

6 54 14-51 

7 6 36-10 

7 47 12.87 

-6 48 5-83 

6 54 14'51 

6 48 5-73 

6 54 14'51 

'44'45 

19-58 

28-20 

8'19 

'45.~7 

17.93 

'26-64 

,~o.zo 

47'07 

57'30 

9'8a 

37.30 

13.63 

56-91 

8-48 

37'55 

w.59 

tll 8 

- o 13-52 
- 0 19.59 
+ o 2~3.6~' 
+ o 28.45 

- o m.60 
- o 17-97 
+ o 29-45 
+ o 17-07 

- o 21-12 
- o 16.59 
- o 14-67 
- 0 15'30 

d 

+ 8.9 

+ 9'2 

+ 10'0 

+1&2 

+ 9.8 

- I-4 

7 47 12'92 

6 48 5-61 

6 54 14-51 

7 4+ 36-11 

f 47 12-95 

6 48 5-51 

6 54 11-51 

7 44 36-12 

7 47 12-98 

6 48; 5'94 

6 54 ~ ' 5 1  

7 6 +q 

7 47 ma-85 

6 & 5.90 

6 5 4  14-51 

7 41 36-10 

7 47 1 2 ' ~  

+ 0.28'47 

- o r3-96 
- o 13-69 
+ o 27-92 
+ o 27-68 

- o 12.42 
- o "-13 
+ o 25-92 
+ 0 25.9' 

- 051'36 
- 055'3' 
- 0 I-" 

- o 0.78 

- 05t.m 
- 053.97 
- 0 1'45 
- 0 n.69 

+ 1'8 

+ 0-6 

+ 1-8 

+ 0.6 

+ 0'1 

- 8-4 

- 3-2 

- 6-3 

+ 1.8 



140 TABLE 11. DEDUCTION OF DEVIATION CORRECTION, a, FROM STAR OBSEBVATIONS. 

Deris- 
tion 

Constant 
A 

-0.4535 

+o.o154 

+0'0133 

-0.1198 

-0.4535 

Oboerved 
Time of 
Tntosit 

h~ 8 

6 48 56.43 

6 55 3-76 

7 44 59-35 

7 47 16-58 

6 48 53-70 

z 
R 
5 
.2 

0 

; 

4 

1 1  

1 1  

6 

5 

B .- 
.- 
ti 

g E  

U 

U 

U 

U 

U 

4 

Corrections for U 

Level 

r Canis Majorb 

€b& 

771 (3r. 72 

61 Cephei 

t Canis Msjoria 

Ek& 

771 Qr. 72 

cArgQ.8 

816 Cfr. 72 

I -  

908 &. 52 

I Ar& 

908 G)r. 72 

I Argbs 

908 Qr. 72 

rAr& 

816 Qr. 72 

1ArgQ.8 

908 Qr. 72 

r Ar+ 

816 Qr. 72 

I Argbs 

908 Qr. 72 

t Argdo 

816 Qr. 72 

'I Argbs 

908 Qr. 72 

Star 

61 Cephei 

t Canis Majoris 

[ Argbs 

771 Gr. 72 

61 Cephei 

4 
g 
b i n  

J 

+0'58 

+om03 

+0'03 

+om16 

-0'05 

U 

U 

U 

U 

U 

U 

U 

tf 

U 

U 

U 

U 

u 

U 

U 

U 

U 

U 

U 

U 

I7 

U 

U 

U 

U 

% 

2 
8 

- 
*., 

,, 19 

,, 20 

1888 

Feb. 2 

,, 3 

,, 4 

,, 6 

,, 6 

,, 7 

+ 0.3 

C 

-0.01 

0.00 

O'CO 

oeoo 

-0.08 - 
5 
g 

8 

4 

11 

1 1  

8 

,, 

E 

7 

1888 

Jan. 18 

I. P. W. 

I. P. w. 

I. P. E. 

I. P. W. 

I. P. W. 

I. P. E. 

I. P. E. 

L P. w. 

& 
. a  

-0'1198 

-0.4535 

+o.o154 

+0'0133 

-0.11g8 

+0.0416 

-0.2690 

+oS04lr 

-0.1470 

+o.oqrl 

-0.1470 

+o-oqll 

-0.1470 

+o.o416 

-0.2690 

+o.o411 

-0-1470 

+o.o416 

-0.2690 

+o.oqlr 

-0.1470 

+0.0416 

-0.2690 

+om0411 

-0'1470 

R 
4 
a 

- 
5 

M o 
B I Z  

,, 
w 

,, 

E 

,, 
w 

,, 

E 

,, 
w 

,, 

W 

,, 

W 

,, 

E 

,, 
w 
,, 

E 

,, 
W 

,, 

E 

,, 
W 

,, 

J 

+1'58 

+1'58 

-1.58 

-1'58 

+1*56 d 
A 

a z - 
E 

I. P. 6. 

8 

58.58 

5'37 

37-80 

15'16 

55-13 

8 

g 

7 47 18.11 

6 18 53-30 

6 55 0.59 

7 44 41-21 

7 47 18.85 

8 ao 50.16 

8 22 44-97 

9 2 53'00 

9 9 52.98 

9 a 52-oo 

9 9 54'44 

9 2 52'88 

9 9 53-50 

8 20 46-18 

8 22 44.80 

9 a 52.65 

9 954.18 

8 ao 44'66 

8 22 44.73 

9 a 52.09 

9 9 54.26 

8 20 43'79 

8 2239.60 

g 2 52-55 

9 9 51.91 

. 
$ - 
rn 
4 
# 

E 

,, 
W 

m 

Gl 

4 

hTll  8 

6 18 5'73 

6 54 14-51 

7 44 36.11 

f 47 1a.93 

6 48 5-63 

-0.01 

+oe86 

+oso5 

+oe05 

+0'23 

-0.12 

-0.77 

-0.12 

-0.43 

-0.17 

-0.62 

-0.17 

-0.62 

-0.12 

-0.77 

-0.12 

-0.43 

-osla 

-0.77 

-0.12 

-0.43 

+oqo4 

+oS29 

+oW04 

+o'15 

Ub 8 

- 052.85 
- 050.86 
- o 1-69 
- o 2-13 

- 049'50 

-0.04 

+oS16 

+oSo3 

+0'04 

+oao9 

-0.02 

-0.12 

-0.01 

-0.07 

-0.01 

-0'05 

-0.01 

-0'05 

+o'er 

+o'o.~ 

+om01 

+oeoa 

+oaoi 

+o.q 

+oSo1 

+0.06 

0.00 

+oaoz 

o'w 

+o.o~ 

d 

+ 4'2 

+ 4'1 

-1.56 

+ 1.56 
+1'56 

-1.56 

-1.56 

+ 1.93 
+1'93 

+1'93 

+ 1-93 

+1.92 

+ 1'92 

+1.89 

+ 1-89 

+1.90 

+1'90 

+lS9o 

+1-90 

+ 1.91 
+1.91 

+ia91 

+ I - ~ I  

+1'90 

+1'90 

+1'9o 

+1yo 

2 

16.50 

55'88 

1-23 

39-80 

17.61 

51-95 

46.01 

54-80 

54.41 

53.74 

55'69 

54'59 

54'72 

47'97 

7 47 12.95 

6 48 5-51 

6 54 14'51 

7 i.( 36.13 

7 47 12-98 

8 20 15'74 

8 22 15.05 

9 14 8.20 

9 21 8.13 

9 14 8-21 

9 21 8.16 

9 14 8.21 

9 21 8-19 

8 ao 15-72 

+ 6.4 

+ 0') 

+ 9'9 

- 10'1 

- 3 - i i  

8 

- 0 3'55 

- 050.36 
- 047.72 
- o 3.67 
- o 4.63 

- 036.21 
- o 30.96 
+ 1 1  13-40 
+ 11 13-72 

+ 1 1  14.47 
+ 1 1  12.47 

+ X I  13-62 

+ 11 13.47 

- 032.25 

55-67. 

46.46 

45'96 

53.89 

55'80 

45'73 

41-81 

54'49 

53'98 

+ 6.4 

+ 5.6 

+ 7.2 

- 16.9 
- 1.7 

+ 10.6 

+ 0.8 

- 4'1 

9 21 8.23 

8 20 15-71 

8 aa 14.98 

9 14 8-21 

9 21 8'27 

8 so 15-70 

8 aa 14.96 

9 14 8'aa 

9 21 8.30 

+ 1 1  12.56 

- 030.75 
- 030'98 
+ X I  14-33 
+ 11 12-41 

- 030.03 
- o 26.85 
+ 11 13.73 
+ 11 14.32 



d 

Bter 

I Ar* 

908 Qr. 72 

cAr& 

815 Qr. 72 

I Ar& 

908 Gr. 72 

cAr* 

815 Gr. 72 

I AT& 

908 Gr. 72 

rAr& 

815 Ctr. 72 

1 -  

908 Or. 72 

cAr& 

815 QT. 72 

rArgbe 

908 Gr. 72 

r d r &  

815 Gr. 72 

I ArgQe 

908 Gr. 72 

rArgQe 

908 Gr. 72 

981 ,, 
P cmba! 

rdrgQ 

908 Qr. 72 

981 ,, 
p Cerium 

Colli- 
mation 

8 

+om06 

+o'~l 

+0'06 

+oa43 

+oa06 

.+0.24 

+omo7 

+oe47 

+oa06 

+oea7 

-0.10 

-0.68' 

-0.10 

-0'38 

-0.02 

-0.1 j 

-oSoz 

-0.08 

+o.oz 

+o.rj 

+omoa 

+ono7 

+om05 

+0.18 

+0.23 

+oa05 

-0.05 

-0.16 

-0.19 

-0.05 

W 

$,, ,, 

d :  
8 "  

d 
a - M B P! 

4 

Corrections 

Level 

r 

+o-02 

+o'o7- 

-0.02 

-0.06 

-0.01 

-0.04 

-0.01 

-0'05 

-0.01 

-0.03 

+0.05 

so.17 

+o-04 

+O'IZ 

+O'OI 

+om05 

+o'oa 

+cao4 

+o'er 

+0.04 

+oaor 

+o.oz 

osoo 

-0.01 

-0.06 

-oeoz 

+O.OI 

+o.or 

+o*oa 

+O.OI 

1888 

Feb. 2 

8 

4 

,, 5 

,, 6 

,, 7 

1888 

Fab 18 

,, 19 

'z 
E 

." 
tion 

1 Q  

m 8 

- o 0.17 
- o 4'93 

- oq8.90 
- o 52'02 
- o 0.61 
- o 5'27 

- 048.46 
- 046.03 
- o 1-34 
- o 1'57 

- 046.77 
- 047.38 
- o 0.80 
- 031.87 

-045.51 

- 046.40 
- o 1.00 

- o 2-19 

- 04.08 
- 04.34 
- o 1-04 
- o 3-56 

+ o 1.63 

- o 0.21 
+ 9 26.65 
+ 928.80 

+ o 1.96 
+ o 2-75 

+ 9 31-69 
+ 930'10 

for 

# 

E 

4 
0 

U 

U 

U 

U 

U 

U 

U 

U 

U 

G 

U 

u 
U 

u 

U 

U 

U 

U 

U 

u 
U 

U 

U 

U 

U 

U 

U 

U 

U 

d 

+ 24'4 

+ 9'9 

+ 24.4 

- 7'7 

+ 1.1 

+ 1.9 

+ 10.8 

+ 2.8 

+ 9'4 

+ 0.8 

+ 13'1 

+ 14'9 

+ 9.6 

- 4'2 
- 7'1 

6 

+ 1-55 
+1'55 

+1'55 

+1'55 

+1'55 

+1'55 

+rq55 

+1'55 

+I-55 

+1'55 

+1'56 

+1'56 

+1'56 

+1'56 

+1'56 

+ 1-56 

+1.56 

+1'56 

+1'57 

+ 1'57 
+1'57 

+1'57 

+I' s ~  

+1*55 

-1'55 

-1'55 

+1'60 

+1.60 

-1.60 

-1.60 

A 

i3 = 

I. P. 6. 

L P. 6. 

I. P. W. 

I. P. W. 

. 

I. P. E. 

I :P .L  

I. P. E. 

I. P. W. W 

Q 
4 
PI 

.- 

W 

,, 

E 

,, 
W 

,, 

E 

,, 
W 

,, 

E 

,, 
w 
,, 

E 

,, 
W 

,, 

E 

,, 
W 

,, 

E 

,, 
W 

I, 

E 

,, 
W 

,, 

2 

8 

5 

8 

3 

8 

5 

8 

5 

8 

j 

8 

4 

8 

5 

8 

5 

8 

j 

8 

5 

8 

5 

1 1  

5 

5 

1 1  

1 1  

5 

5 

11  

r 

g 

S 

0.w 

+O'OJ 

o'w 

+oaol 

Time of 

r 

8.47 

13-06 

4-64 

7-05 

8.81 

13.43 

4-19 

61-05 

9.55 

9.76 

1-49 

2-38 

9-01 

11.10 

61.21 

61'38 

9-21 

11-06 

59-78 

j9.30 

9.26 

11.86 

5.53 

8.62 

1.24 

36.82 

6.20 

5.64 

56-19 

35-53 

+0.0398 

-0.1514 

+oeo403 

-0.1753 

+oSo398 

-0.1514 

+oeo403 

-0.2753 

+o.o398 

-0.1514 

+oao403 

-0'2753 

+oao398 

-0.1514 

+o'o403 

-0'2753 

+o.o398 

-0'1514 

+oeo403 

-0.2753 

+ono.398 

-0.1514 

h m  r 

9 14 8.20 

9 11 8.13 

8 20 15.74 

8 12 15.03 

9 14 8.21 

9 21 8-16 

8 20 15-73 

8 21 15'02 

9 14 8-11 

9 21 8'19 

8 20 15-71 

8 22 15.00 

9 14 8.21 

9 21 8.23 

8 20 15'71 

8 21 14-98 

9 14 8'21 

9 21 8.27 

8 20 15.70 

8 21 14-96 

9 14 8.2~ 

9 21 8-30 

g 14 8.16 

9 11 8-41 

10 17 27.89 

10 28 5.61 

9 14 8.16 

9 11 8.39 

10 17 27-88 

10 18 5.62 

I n  r 

9 14 6'84 

9 11 11.10 

8 21 3'05 

8 a3 5-13 

9 14 7-12 

911 11-68 

8 11 2-58 

8 11 59.08 

9 14 7-95 

911 7'97 

8 21 0.98 

8 13 1 - 3 3  

9 14 7.51 

9 21 9.80 

8 20 59.67 

8 12 59.92 

g 14 7.66 

9 21 9-54 

8 20 58-18 

8 21 57'55 

9 14 7.66 

9 21 ~o'zo 

I 
I 

+o-0398 

-0.1514 

-0.1810 

+o.o434 

+o.oj98 

-0.1514 

-o.181o 

+o'oq34 

9 14 3'93 

9 21 6.90 

10 8 2.62 

10 18 38-33 

9 14 4-64 

9 11 4.18 

10 7 57-96 

lo 18 37'15 



142 TABLE II. DEDUCTION OF DEVIATION CORRECTION, a, FROM STAR OBSERVATIONS. 

No star observations were taken for the determination of the deviajion correction : it had therefore to be deduced from the &p d two follimotorq 
which were found on F c b m p  20th to h e  remained immovable einoe Februery 18th. 
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-0'1810 

'0.0434 

+o-o411 

-0.1469 

-0.1764 

+om0446 
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-0.1764 

+oS0446 

-0.1764 

+omo446 

+o.o411 

-0'1469 

+0.0411 
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,I 

E 

,, 
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8, 
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L P. E. 
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I. P. E. 
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8 

6-46 

5.47 

53-64 

33'09 

6.88 

7-08 

51.13 

30-14 

7'66 

7.61 

49-11 

17.34 

7'95 

7-85 

43.13 

12-14 

17.86 

24.68 

1 r . 4  

59.10 

..a 

14.9 

54-51 

1o.10 

5 a . r ~  

~9.42 

26.51 

19.41 

26.56 

2.40 

43.64 

a 

3 

E 

,, 
W 

J, 

E 
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W 

#I 

E 

,, 

W 

,r 

E 

,, 

W 

,, 

E 

,, 

W 

JJ 

W 

YJ 

W 

h m  8 

9 14 8-15 

9 11 8-37 

1 0  17 27-81 

10 28 5.62 

9 14 8.14 

9 a1 8'35 

10 17 17'86 

ro 28 5-63 

9 14 8-11 

9 rn 8-33 

10 17 27.84 

10 28 5-63 

9 14 8-09 

9 11 8-30 

10 1 7  27-82 

10 28 5-64 

9 14 8-16 

9 21 8.41 

10 17 27'89 

lo 28 5-62. 

... 
lo 17 17.87 

10 28 5-62 

lo 17 27.86 

10 18 5-63 

9 14 8.12 

9 11 8-33 

9 14 8-09 

9 21 8'30 

10 1 7  27-82 

ro 18 5-64 
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,, 24 
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LP.W. 
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+ o 1-69 
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+ 9 36-63 
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+ o 0.46 
+ o 0.72 
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+ 938.29 

+ o 0.14 
+ o 0'45 
+ 94-69 
+ 943.50 

- 10 19-70 
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- 049.55 
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- 046'11 
- 048.89 

- 041'24 
- 046'49 
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- I 0  21'31 

- lo 18.26 
- 034'58 
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d 

- 6.3 

- 7'6 

- 0'1 

- 5.1 

- 1'4 

- 1'0 

- 1.6 

- 5'3 

-18.a 

-17:s 

-18.7' 

-12.1 

-19.: 

-16.6 

- 16.3 

-15'5 
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W 
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a " =  a 
5 
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Y 
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$1 

c5 
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w 
8 

m 
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C, 
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c 

.i 
3 
3 
4 
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h 
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rn 
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E 

1888 

Mar. 9 

1, 10 

,, 12 

1888 

Mar. 21 

,, 22 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

Corrections 

,, 23 

,, 24 

,, 25 

,, 26 

Colli- 
mation 

8 

+o-08 

+om03 

+o.oj 

+0'05 

+om18 

+om06 

+omlo 

+O'IO 

+o'lo 

+O'IO 

I. P. E. 

I. P. W. 

I. P. V. 

I. P. E. 

I. P. E. 

i 

8 

1 1  

6 

8 

8 

10 

9 

10 

2 

lo 

8 

8 

8 

r r  

8 

8 

8 

11  

8 

8 

8 

1 1  

1 1  

8 

5 

1 1  

1 1  

7 

11 

8 

8 

Ir 
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Level 

8 

-0.08 

-0'04 

-omoz 

-0'06 

+oSoq 

+o.oz 

+oaor 

+0'03 

+oaol 

+o.o4 

6: 

I I  
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,, 

E 

11 
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,, 
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,, 

E 

,, 
W 

,, 

E 

,, 
W 

,, 

E 

,, 
I. P. E. 

I. P. w. 

I. P. W. 

I. P. W. 

8 

-1.63 

-1.63 

+1'63 

-1.63 

-1.64 

-1.64 

+1'64 

-1.64 

+1'7a 

-1.72 

+1*60 

-1.60 

+ 1-60 
+1'60 

+ 1-60 
-1.60 

+ 1.60 
+ 1-60 

+ 1.65 
-1.65 

+ 1.65 
+ 1.65 

+1.63 

-1.62 

+ 1-62 
+1.61 

+ 1'6.3 
+ 1'63 

+ 1-63 
-1'63 

+1'63 

+rSG3 

W 

,, 

I3 

,, 
W 

,, 

W 

,, 

E 

,, 
W 

,, 

-0.0683 

+oao179 

+oSo415 

-0.0367 
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+omo415 

-0,0367 

+oSoqlg 

-0.0367 

+0'042o 

-0.0354 

-0.0534 

+o-0190 

+o'oqzo 

-0.0354 

-0.0534 

+oSorgo 

+o-0420 

-0.0354 

-0.0534 

+o.o190 

+o.o4no 
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Time of 
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10 10 6-66 

1 0  13 1.95 

10 41 4.83 

lo 57 13-14 

10 10 6.80 

lo 13 1-78 

lo 41 4-10 

ro 57 11-59 

10 41 1.80 

10 57 9-18 

10 40 44-46 

lo 56 50.29 

11 16 34'52 

x r  19 ao.ol 

10 40 40.99 

lo 56 46'97 

1 1  16 33.86 

1 1  19 19.44 

10 40 37.02 

10 56 43'05 
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11 19 18'86 

lo 40.35'18 

10 56 36.77 

I r  16 29.68 

11 19 19'52 

r r  16 30'80 

11 19 18-63 

10 39 25'52 

ro 55 28'13 

11 16 29-54 

II 19 18-57 

8 

o S w  

+O'OI 

0.00 

+o'er 

+om01 

+o'oq 

0.w 

+0'04 

0.00 

+OmOj 

o'w 

+oSo5 

0.00 

oSoo 

+0'05 

o'w 

+om& +o'o3 

8 

5-03 

0.31 

6.49 

11-51 

5'38 

1-22 

5-85 

1o.q 

3.63 

7.61 

46-15 

48.87 

36.29 

11'7.2 

42.66 

45-49 

35.56 

21.08 

38'79 

41.64 

34-96 

2o.G~ 

36-89 

35'28 

31'41 

21'19 

32.55 

20.31 

27.14 

26.53 

31-15 

20'19 

I 

h a r  

9 48 23.65 

9 51 19-69 

lo 40 45-71 

10 56 50.36 

9 48 23-62 

9 51 19-69 

ro 40 45.71 

10 56 50.36 

10 40 45.71 

to 56 50.37 

ro 40 45.61 

10 56 50'33 

11 a4 47-28 

11 27 31-14 

lo 40 45-59 

10 56 50'32 

I r  z4 47'27 

11 27 31.14 

10 40 45-58 

10 56 50'30 

11 24 47-16 

11 27 31-14 

10 40 45-56 

lo 56 50'29 

11 24 47-25 

11 27 31.14 

Ir 24 47-14 

I I  27 31.13 

10 40 45-52 

lo 56 50.26 

I I  a4 47-22 

I r  27 31-13 

+o.oj 

+oSo7 

+oS03 

+0'06 

+o'o5 

+omoi 

+om03 

+om06 

+ono5 

+oeo7 

+omoj 

+ o W q  

+omo9 

+ o . I ~  

+oao5 

+O.IZ 

+omo5 

0.00 

0.w 

o'w 

o'oo 

+omo9 

+O.IO 

+o'05 

+O.OI 

+o.o.q 

+oaoj 

+oaol 

+0.06 

+oe14 

+oe16 

+oa08 

o - w  

-0.01 

-0.01 

0.w 

0.w 

o'oo 

-0.01 

-0.02 

-osoa 

-0.01 

m a  

- 21 41-38 
- 2140.62 
- o 20.77 
- oa1'15 

- 21 41.76 
- 2141-53 
- 020.14 
- 019.73 
- o 17'92 
- 0 17'24 

- o 0.54 
+ o 1.46 

+ 8 10.99 

+ 8 9'42 

+ o 2.93 

+ o 4'83 

+ 8 11'71 

+ 8 10.06 

+ o 6-79 
+ o 8.66 

+ 8 12.30 

+ 8 10.52 

+ o 8.67 

+ o 15.01 
+ 8 15'84 

+ 8 9.95 

+ 8 14.69 
+ 8 10'82 

+ I 18-38 

+ I 23-73 

+ 8 16.07 
+ 8 10.94 

n 

d 

+ 8.8 

+ 4'9 

+ 2'7 

- 5'2 

- 8.7 

-25'8 

-21.7 

- 24'5 

-22.8 

-24.2 

- 24.6 

-81'9 

-81.4 

-53'5 

-69'1 

- 70.9 
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z 

Q 

star 

A Draconin 

1070 Gr. 72 

7 A r f i  

a Ursae Majoris 

A Draconis , 

1070 Gr. 72 

A Draconk 

1070 Gr. 72 

A Draconis 

1070 Gr. 72 
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A Draconia 

1070 Gr. 72 
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A Draconia 

1070 Gr. 72 

No star ohsewations were taken for the determination of the deriation correction : it had therefore to be deduced from the readings of two collimnton, 
which ware found on March 25th fo have remained immovable since March 23rd. 
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T D L Z  ID. ABSTltaCT OF OBSERVED VALUES OF PERSOWAL EQUATION 

Between Colonels Strahan and Heaviside. 
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- ao 51 
- I 16 

- 28 46 
- 34 8 

-3035 
- 23 0 

- 14 12 
- 35 18 
- 33 55 

l l  

+ 10 a9 

+ 8 zo 

- 6 57 
- 3 30 
+ 9 1 1  

+ 10 3 

+ 6 59 

- 353 
- 12 a1 
+ 10 16 

+ r r  59 

M e r ~  (& - E8) 

626 

639 

704 

720 

741 

755 

789 

807 

816 

830 

Eb4 

891 

943 

929 

962 

: 

0.00 

+ so8 

+ -04 

+ '01 

- -03 

+ '03 

-00 

+ -02 

- .09 

+ .oq 

-00 

- -02 

-00 

+ .06 

+ 0'010 

+ 0.06 
+ -04 

,+ -03 
+ -07 

+ -05 

+ -04 

+ -05 

+ -06 

+ -06 
+ -06 

+ .or 

+ -05 

+ -05 

+ .05 

+ '08 

+ 'oa 

+ 0'049 

691 

761 

771 

780 

861 

872 

901 

913 

966 

977 

983 

1045 

1055 

1064 

+ a 15 

- o 52 

- 6 57 

- 3 30 
+ 912 

+ 10 3 
+ 6 59 

- 353 
- 11 ar 
+ 10 16 

+ 1 1  59 
+ 6 o 

- 320 

+ 827 

- 8 8 

0 I 

+ 32 50 
+ 38 38 
+ 1 7  12 
+ 14 32 
+ 28 46 
+ 2647 
+ 17 52 
+ 20 13 
+ 17 a7 
+ 18 57 
+ 26 50 
+ 20 ao 
+ 21 38 
+ 18 az 

7 

720 

741 

755 

789 

807 

815 

830 

844 

891 

929 

943 

952 

10% 

1016 

1028 

- 6 57 

- 3 30 

+ 9 13 
+ 10 3 
+ 6 5 9  

- 3 53 
- l a  21 
+ l o 1 6  

+ 1 1  59 
+ 6 o 

+ 8 a7 

- 3 a 0  

- 8 8 

- 30 14 
- 9 34 

+ a 57 



TdBLE 1.1 ABSTRACT OF OBSERVED VALUES OF PERSONAL EQUATION 

Between Colonel8 Strahara and Heaviside. 

. 

C 

rn 
2 
cn 

E 

4 

3 
ir, 

_ 

B 

. 
k 

5 
." 

OBSEBVXD WITH 

At EOMBAY 

April 12, 1888 

TELESCOPE KO. 2 

(Latitude 18" 54') 

Star Declination Star 

3710 

3735 

3751 

3776 

3707 

3809 

3851 

3916 

3937 

3952 

3964 

3990 

3998 

4010 

4018 

Er_"p 
Apnl 13, 1888 

Declination 

0 I 

+ 28 34 

+ a6 5 

+ 26 6 

+ 20 47 

+ 26 9 

+ 25 16 

+ 32 10 

+ 19 n 

+ a 8  24 

+ 4 15 
+ 2 1  59 

+ 20 51 

+ 35 33 

+ 38 36 

+ 41 33 

! I Er:y 
6 - 0.02 

- -05 

- .o9 

- .06 

- -03 

- '02 

- -04 

- '08 

- '04 

+ -04 

- '05 

- '03 

- '01 

- -01 

+ '05 

- 0'0.30 

- 0.03 

+ '02 

+ '02 

- .03 

- -07 

- -03 

'00 

+ '04 

- - 1 1  

+ -04 

- '05 

+ -04 

- '02 

+ so3 

- '01 

- '01 

- -09 

- 0.015 

- 0.02 

- '01 

- -01 

- -08 

- '04 

- -05 

- -08 

- -03 

- -13 

- -08 

- '03 

- '05 

- -01 

- .08 

- .oz 

- 0.048 

- 0.04 

- so4 

- .or 

- -0s 

.07 

- '07 

.oo 

- '13 

.oo 

- -05 

- -01 

- -04 

- '05 

+ -03 

- .or 

+ -03 

- -03 

- 0.034 

3710 

3735 

3751 

3776 

3797 

3809 

3842 

3851 

3915 

3937 

3958 

3964 

3990 

3998 

4010 

3696 

3720 

3761 

3785 

3824 

3832 

3862 

3873 

3886 

3900 

3932 

3971 

3975 

5979 

4030 

4039 

4049 

0 I 

+ 28 34 

+ 26 5 

+ 26 6 

+ 20 47 

+ 26 9 

+ 25 16 

+ 23 42 

+ 31 10 

+ 1 9  2 

+ 28 a4 

+ U  15 

+ a1 59 

+ 20 51 

+ 35 33 

+ 38 36' 

+ 6 56 

+ 4 1 1  

+ 12 18 
+ 4 14 

+ 15 o 

+ o 32 

+ 6 39 

+ o 45 

+ 17 4 

+ 3 28 

+ 1 7  25 

+ 5 22 

- 6 3 

+ 8 53 

- 4 31 

+ 4 6 

+ 4 17 

Mean (SN - HN) 

3720 

3761 

3785 

3824 

3832 

3862 

3873 

3886 

3900 

3932 

3971 

3975 

4030 

4039 

4049 

4063 

+ 4 11  

+ 11 18 
+ 4 1 4  

+ 1 5  o 

+ o 32 

+ 6 39 

+ o 45 

+ 1 7  4 

+ 3 28 

+ 1 7  25 

+ 5 22 

- 6 3 

- 4 31 

+ 4 6 

- 4 1 7  

- 4 51 

- 2 30 

Mean (Bg - Hs ) 



TABLE W. DEDUCTION OF THE FINAL VALUES OF THE RELATIVE PERSONAL EQUATION 149 

Final Values of the Equation Adopted. 

Between Colonela Strahalz and Heaviside. 

For the measurements Madras-Bangalore and Bangalore-Nagarkoil, executed between December 8, 1887 and January 27, 
1888, the following values of the personal equations were adopted for the reductions, vir., 

SN- HN = - d-029, and S, - Ha= + oN.013. 

And for the measurements Madras-Nagarkoil, Nagarkoil-Mangalore, ~adras-Man~aloG Bellary-Mangalore and Mane-  
lore-Bombay, executed between January 28, 1888 and April 12, 1888, viz., 

SN- HN = - d.043, and S8 - Ha = - o'.oI~. 

?i 
8 
4 

m 

rn 
4 

8 x 

i z 
4 a 
4 
% 

PC 

1 z 
P( 

i 

In these equations the general symbol, S - H, eignifiea a quantity which must be added to times obser~ed by Colonel 
Heavieide, before they are compared with those observed by Colonel Strahan. 

BY BTABB 

Antmnom~cal 
Date 

1887 

November 80 

December 2 

11 8 

1888 

January 27 

n 28 

1888 

April 12 

1) 18 

BY BTABB OP 

Aatronornid 
Dote 

1887 

November 80 

December 2 

1s 8 

1888 

January 27 

I 26 

1888 

April If 

19 18 

OP SOUTH A B P ~  

Teleecope 
in uae 

No. 2 

,, 2 

9, 2 

No. 2 

,, 2 

NO. 2 

I,  2 

NOETE ABPECT 

Telescope 
in use 

No. 2 

,, 2 

,, 2 

N o . 2  

rr 2 

NO. 2 

n 2 

Value of the Equation 

Mean 

SN-HN 

J 

- 0.047 

+ .oo6 

+ -010 

-0.060 

- '034 

- 0.048 

- '030 

Value of tho Equation 

General 
Alesn 

SN-HN 

J 

- 0.010 

- 0'047 

- 0'039 

Mean 

8, - H, 

J 

+ 0'035 

+ '023 

+ '049 

- 0.036 

+ -016 

- 0'034 

- -015 

Genere1 
Mean 

B8 - HB 

J 

+ 0'036 

- 0'010 

- 0 . 0 ~ 5  



150 TABLE 7. OBSERVATIONS OF !CRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, h[; - P. 

*Owing to the irregular rate of tho Chronograph tho Pen Equation had to bo applied gmpkically on the record before the st+r eignala were read off, and con- 
nequently in theye cases (J - 0.00. 

a .z g 
d o p 2 a o  

I +  
s & ~ ~  

b a m 

4 El & 
I I 

2 $ 2  
0 
U 

Ch a 
o 

I  

2 
o 
o 

+ 

01 
u 
0 

o 

I :  

i: 
O 

+ 

n x 

I 
I4 
q 

w n 
y 
e. m 

: 

$ n 

01 ". 
2 

- 
OI - 
0. ". 

; %  
0, 

h 

% 

AND BANGALORE (W) Lat. 13°1', Long. 6h 10' 30'. 

0 
42 

d 
3 
3 
4 

lEW 
Dec.18 

Dcc.14 

: 1; 
I 

MADRAS (E) Lot. 13" 4: Long. 6h 21' 9': 

T W ~ I T ~  OB~ERVED AT E T s n s i ~ s  OBSERVED AT W 
STAR 

B.A.C. 
Number 

1816 

1846 

1870 

1893 

1835 

1384 

1408 

1418 

1475 

1485 

1520 

1960 

1469 

1495' 

1507 

1316 

1370 

1393 

,: 
2 

Decli- 
nation 

o I 

+ 21 18 

+ 17 15 

+ 14 28 

+ 13 29 

+ 1 3 3 6  

+ l a @  

- 0 1 7  

- 7 4 

+ 3aa4  

+ 1 5 4 2  

+ 32 59 

+ 1056 

- 3 28 

+ 5 25 

- 5 38 

+ 21 18 

+ 1 4 2 8  

+ 1.3 zg 

u 

I 
2 
8 

Difference of 

No. 

~ ~ t a l  

correc- 

tlon 

t 

+2'53 

2 . 4  

"'33 

+ z m j o  

+a'27 

+1*8q 

+ 1.71 

-1.33 

-1.90 

-1'30 

-z'og 

-2.45 

- 2 ' 2 1  

-2'52 

+2.04 

+z.oz 

+2.03 

with Telercope 

&fern 

Ob8e nd 
Time 

i m  r 
4 11 46'02 

16 8 

Z0 I7'4O 

19.76 . 

4 22 34'46 

26 10.02 

28'48.47 

4 4 2  8.82 

43 24.65 

49 46.44 

4 38 18'48 

39 59'66 

45 19.72 

47 29'1j  

4 11 46'85 

20 IR:OI 

24 20.41 

8 

f 
.: 
$ 

N 

N 

N 

N . 

8 

8 

8 

8 

N 

N 

N 

8 

8 

6 

8 

N 

N 

N 

rr) 

8 
o 

I 

g 
o 

1 

2 
0 . 
o 

1 

;f. 
9 
0 , , 

$ 
? 
0 

I 

N 

N 

N 

8 

8 

8 

N 

N 

N 

S 

S 

Q 

S 

N 

N 

N 

Corrected 

( W - E )  

By each 
Star 

S 

Seconde 
of 

Correct- 
~i~~ 

8 

48'55 

31.59 

'9.73 

22-36 

36.73 

11.91 

50.18 

7 4 9  

22.75 

45.14 

16.43 

57.21 

17.51 

26'63 

48.89 

20.03 

22.44 

By Strahan, 

~ n -  
strumental 

Position 
and 

Correction 
Constants 

I. P. E. 
d 

+ 3.6 
+ 

a -i2.6 

r 
Q + z m r q  

Q.- 2'14 

I. P. W. 

- 0.4 

I 2:; 
8 

Q +2.13 

I 

of 
Correct- 
ed ~i~~ 

Times 

Mean 

of 

~ r o u p  

Telescope No. 

T~+JJ~ 
Correc- 

By Heaoiaids, 

In- 
stz~mental  

Position 
and 

Chrrection 
Constants 

with 

&fean 

Observed 

'Firno 

s 

+2'57 

-0.01' 

+z '61  

+2'62 ' 

+am61 

+ z e r o  

+0.09* 

-2.80 

-2.68 

-2.81 

-2.65 

-2.56 

+ o ' o ~ *  

-2.54 

+2'45 

r 2 . 5 4  

92.55 

I.P. E . .  
d - . 

b + 1 .5  
+16.2 

s 
Q +2'64 

-zas64 

I. P. E. 
d - 2 . 2  

.. - +31.0 0'5 

8 

Q +2.62 

0 

9q 
n 

E!! 

3 
9 .  

' 

c - 
9 .  

' 

ce 
m 
; 
m 
m 

o, 
,? 

' 

h m  8 

4 22 25.28 

27 10.84 

30 56'37 

34 58.69 

4 33 13-32 

36 48.50 

39 29.31 

4 52 49.53 

54 4.62 

5 o 3j"zo 

4 48 58'29 

5038.97 

55 36.65 

58 8.35 

4 2.2 25.90 

30 56'9.5 

34 59." 

8 1 
27-05 

10.83 

58.98 

61.31 

15-93 

51.20 

29.40 

46.73 

1.94 

24.39 

55'64 

36.41 

56.67 

5.81 

28-35 

59.49 

,I) s 

l o  39.30 

39.21 

39-25 

39.25 

10 39-20 

39.29 

39-12 

10 39.24 

39.19 

39.25 

10 39-21 

39'20 

39.16 

39.18 

lo  39.46 ' 39'46 

61.84 39.40 



T ! L I  V. OBSERVATIONS OF !I!EANSIT8 WITH E CLOCK, AND DEDUC'I'ION 151 

OF THE APPARENT DIFFERENCE OF LONGtITUDE8, AL - P. 

* Owing to the irregular rate of the Chronograph the Pen Equation had to be applied graphically on the record before the star  signals were read off, and con- 
sequently in these caaea Q = 0.00. 

MADRAS (E) h t .  1s" r, h g .  s aim s : AND BANGALORE (6') m. lP, h n g .  6h 10" 3 ~ .  

Difiereoce of 2 

* 0 

By each 

3 n 

Star 

m r  

lo 39'43 

39'49 

39.36 

39-45 

10 39'39 

39'46 

39'39 

10 39'39 

39.43 

39'37 

lo 39'37 

39.42 

39.42 

39'47 

1 0  39-41 

39.50 

39'34 

39'54 

TB~LNSIT~ OBBEBVED AT E 

By Straham, with Tekacope AVO. 9 
STAX ' 

T s m - s ~ ~ s  OBBEBVED AT W 

By H e a d ,  m'th Tekacope No. 1 

a, 
'g 
$ 

1887 

Deo.14 

Dec.17 

Q 

, ? m 
m 

2 
s P  

% ' 2 

$ 
* 2 

0 

m 

, 
m m 

B A.C. 
Number 

1335 

1884 

1- 

1418 

1475 

1485 

1520 

1469 

1 5  

1SW 

1316 

13G 

1370 

1393 

1335 

1384 

1403 

1418 

0 

I 

8 
? 
o 

I 

d 

0 

I 

* 
8 

0 . 0  

I 

- *  
8 
0 

I 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. E. 
d , - ,., 

b - 0'5 
a + 3I .0 

r 
Q + 2.62 

J 

Q - 2.62 

I. P. W 

+ o.4 

b T5;:: 
8 

Q + 2.61 

Seconds 
Decli- Observed Correo- 
nation p and Correct- .; 

m 

O 

+ 

? 
o 

I :  

8 .  
O 

+ 

m 

0 

I 

m - 
0 

0 

+ 

~ ~ h l  
Correc- 

J 

+am57 

41.56 

+2.72 

+0'18* 

-0'34* 

-oeog* 

-aWg7 

to-I.+* 

-2'59 

-2.45 

+am33 

+2.43 

+2.49 

+2.52 

+ 2'52 

+a's5 

+2'84 

+f'oo 

Observed 

h m  r 

4 25 14'94 

33 13-95 

36 48.99 

39 29.85 

4 52 47'59 

54 2.58 

5 o 27.86 

4 50 36.87 

55 59'87 

58 8.82 

4 22 27.56 

2, 10.5, 

30 58.59 

35 0'93 

q 2; 16.58 

33 15.55 

36 50'47 

39 28.68 

o I 

+ 1336 
+ 1248 

- 0 17 
- 7 4 

+ 3224 

+15qa 

+ 32 59 

- 3 28 
+ 5 25' 

- 538 

+ 21 18 

+ 17 15 

+ 1428 

+ 13 ag 

+ 13 36 
+1248 

- 017 
- 7 4 

n 

% 
S 

". 
m m 

3 
% 
1 

h 
0 
m 
m m 

1 

h 

n 
m 

0, 

8econb 
of 

Correct- 
Time 

8 

17.51 

16.51 

51.71 

30'03 

47'25 

2-49 

24.89 

37.01 

57.28 

6.37 

29.89 

12.94 

61-08 

3'45 

19.10 

18.10 

53'31 

31'68 

8 

8 

S 

8 

N 

N 

N 

8 

S 

9 

N 

N 

N 

N 

B 

6 

8 

6 

Constants 

I.. W. 

- o.4 
: 1 2:: 

r 
Q + 2-13 

J 

Q - 2'13 

I .P.  W. 
d - o.4 

b + 1'4 , 
8 

Q + 2-13 

J 

+2'03 

+z-+ 

a 

+1'98 

-2.18 

-2.23 

-2.18 

-2'27 

-2.25 

-2.27 

+zm23 

+2'19 

1 + 2.17 

+a'15 

+2'I5 

+2.15 

+z-lq 

+1'99 

A m  8 

4 14 36.05 

2% 34.98 

26 I 

28 48.60 

4 42 10.04 

43 25.26 

49 47'68 

4 39 59'89 

45 20.10 

47 29.27 

4 1 1  48.29 

1631'33 

20 1 ~ . 4 ~  

~421.83 

4 14 .17'54 

22 36.45 

26 11-83 

28 50'15 

8 

38.08 

37-02 

I 

50.58 

7.86 

23'03 

45-50 

57.62 

17.85 

27.00 

50.53 

33'52 

21.66 

23'98 

39'69 

38.60 

13.97 

52'14 

2 

r3 

8 

B 

8 

N 

N 

N 

B 

8 

B 

N 

N 

N 

N . 

8 

S 

8 

8 



15% TABLE J? OBSERVATIONS OF TRANSITS WITB E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

I MADlCA8 (E) Lat. 13" a', Long. 6" alu 9: AND RANGALORE (W) Lot. 13' l', Long. 6" 10" 8@. 

T a u s r ~ s  OBBEBVED AT E 

By Strahan, with TeIcscvpe No. 2 4 n 
I 

B I Ill- I I I 

ST AE 
T w s r ~ s  OBSEEVED AT W 

By Heawi.de, with Telescope No. 1 
- 

strull~entul 
Posilion 

and 
correction 
Constauts 

.- - Y - 
0 b 

1887 

Dec.17 

Deo.19 

M~~~ 
Observed 

Tin~e 

O 

: 
Pi ." 
' ; b  * I 
G 

,! w Y 

E 
6 
- 

$ 
0 

I 

0 

I 

3 
0 

I 

" 
0 

I 

3 
0 

I 

0 . 0  

, 

1)Sereuce of 

B.A.C. 

1458 

1476 

1485 

1620 

1460 

1469 

1496 

1607 

1393 

1403 

1453 

1476 

1486 

1620 

1460 

1469 

1496 

1601 

Convoted 

(W -. 

By eaoh 
Star 

rn I0 

1 0  39'44 

39.48 

39'35 

39'46 

'0 39'37 

39-43 

39'34 

39'39 

I 0  39'14 

I 0  39'05 

1 0  39-11 

39'19 

39'1.1 

39-15 

10 39'11 

39-10 

39"O 

39'. 14 

~ ~ t ~ l  
Correc- 

Lion 

Times 

E) 

Mean 

of 
Group 

. 5 
m -. 

E 2  

w. 

rn rn 

E 2  

P 
.I. 

E: 

c ?  

E Z  

S . . m 
rn 

m 

$ 2  

d ~ ~ o n d 8  
of 

Correct- 
ed Ti~lle 

Decli- 

o I 

+ 23 53 
+ 31 24 
+ 1542 
+3259 

+lo56 

- 318 
+ 5 25 

- 538 

+ 13 a9 

- 017 

+ 2 3 j ~  

+ 32 24 
+ 15 42 

+ 32 59 

+ 1056 
- 3 28 
+ 5 25 

- 538 

4 
x 
.j; 

N 

N 

N 

N 

9 

8 

9 

9 

N 

9 

N 

N 

N 

N 

8 

8 

8 

8 



TABLE V, OBBYERVATIONS OF TRAJYSITS WITH E CLOCK, AND DEDUCTION Xi3 

.OF TIIE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

5 
f2 - 
U 'g 
~1 

1887 

Dec.29 

h . 3 0  

-4 . ,  

E Q  

g 
6 

- 
8 
0 

+ 

;; 
% 
+ 

n 
b 

+ 

8 
0 

+ 

r 

0 

+ 

f :  
0 

, 

+ 

9 , .s N 
a p 

$ 3 0  I +  

8 4 s i , ,  
g 
$ cd 
d I I  
$6 

u 

, 
? 
O 

I  

2 
? 
O 

+ 

m 

t 
I ! ?  

2 
p 
O 

+ 

F 
? 
0 

1 :  

2 
O " 
+ 

AND BANGALORE (W) Lot. 130 l', Long. 

' ~ 'EANBW~ OBEKRVED AT W 

I 
la 
9 

' 

0 " 
y 
$ 
!? 

* -. " 
8 
!? 

N 
QI 

s 

d 
7 
P 
2 

" 
R 
m "i 

z 
I* 

0 

6" 1 P  30'. 

Difference of 

B.A.C. 
Number 

1651 

16% 

1671 

i689 

1611 

1621 

1638 

1837 

1765 

1851 

1651 

1668 

1671 

1689 

1611 

1624 

1638 

1708 

Corrected 

(w-E) 

By each 
8- 

' m  I 

lo 39*.35 

39.19 

39.29 

34-28 

10 39'17 

39." 

39'17 

10 39-12 

. 

lo 39.18 

39-18 

. . 

lo 39.23 

39.29 

39-10 

39.28 

ro 39.16 

39.24 

39'17 

39-31 

SfADBAY (E) Lat. 130 4', Long. 6h 21' 9: 

TRANSITE OBBEIIVED AT E 

By Heaaiside, 
STAB 

Decli- 
nation 

D I 

+ 1942 
+1850 

+ 17 1 7  
+ 1636 

+ a 44 

+I I I . %  

- 658 

+ a+ 32 

- I 17 

+ 950 

+ 1942 
+ 28 50 

+ 1 7  17 
+ 1636 

+ a qq 

+ I I I ;  

- 658 
- 1 2 0  

with 

M~~~ 
Observed 

Time 

L m  a 

5 25 .q.z5 

27 0.87 

28 36.85 

30 20-gj 

5 18 9.59 

20 34..jo 

21 53.66 

5 52 57-29 

41 20.5, 

5441'17 

5 25 3-16 

a7 0.93 

28 36.75 

30 20.91 

5 18 9'40 

2034.19 

22 53-33 

32 35'12 

Times 

Mean 

of 

amup 

0, 
9 ? 

m m 

$ 2  

8 " 
E 

9 .  

$ 
S O  

.$ 
c. -. 

m 

m ". 

? 
m m 

.- 

2 

secollh 
or 

Correct- 
ed Tirne 

I 

26.51 

24-14 

60.17 

44-27 

33.06 

5j';o 

17-04 

15.49 

38'77 

59.36 

26'47 

14.15 

60.11 

44.20 

32.92 

57'56 

16.92 

58.6~ 

In- 
strurnentsl 

Position 
and 

? 
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m 
i ' 

N 
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N 

N 

9 

9 

9 

N 

6 

9 

N 

N 

N 

N 

8 

9 

9 

8 
I 

Te&acops No. 

~ ~ t ~ l  

Correc- 

a 

+2*61 

+z.56 

+2.61 

+2.60 

+2.64 

12.62 

+2.65 

-2.68 

-2.62 

-2.63 

+ze54 

+2.4+ 

+2.56 

+a's7 

+a.68 

+am61 

+zWi6 

+2'81 

1 

~econds  
OF 

Correct- 
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66 42-37 

5849.21 

7 sa 6.89 

53 16.65 

54 55.06 

59 47'35 

7 33 2-37 

37 18-91 

j8 36.66 

3940.34 

7 30 38-19 

31 44'45 

34 16.16 

35 55'72 

In- 
a tmenta l  

Poaition 
and 

Correction 
Constants 

L P . X  
d 

+ 

t ::: 
8 

Q + 1.58 

J 
Q -  1'58 
' 

I.P. W. 

, - o.I 

; j:: 
8 

Q + 1-56 

~ ~ t ~ l  8econda 
Positio~i 

' 

N 

N 

N 

h' 

9 

8 

S 

8 

N 

N 

N 

N 

8 

8 

8 

rJ 

N 

N 

N 

N 

8 

Y 

9 

8 

~ ~ l , , l  

Correc- 

J 

+1*59 

+ 1-57 

t 1-59 

+1*59 

+ 1-61 

+1.67 

+1.63 

-1.57 

-1.57 

-1.59 

-1'59 

-1'49 

-1.47 

-1'51 

-1.50 

+I 'SZ 

t1 .49  

+la50 

+a052 

+ 1-54 

+1'56 

+1'61 

+ I ' s ~  
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I.P.W. 

, + 0.3 
b + 1 . 1  

+ I.8 

J 

Q + 2.61 

J 
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r 

Q + 2.60 
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B e ~ ~ n d a  
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ed Time 

8 
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4 

37.31 

40.85 

39-40 

45.13 

16-79 

56'32 

10.11 

40.36 

40.18 

47.62 

5-40 

15-18 

53'55 

45'85 

5-89 

.om)o 

38.16 

4r-76 

48-33 

46-01 

17-78 

51-30 

h m  J 

73224.46 

36 4.w 
37 58-78 

39 2 . j '  

7 30 0-92 

31 6-60 

33 38-40 

35 17.90 

7 4836'95 

50 7-13 

56 7'59 

58 14-43 

7 s 3 3  

51 42.09 

5420'42 

59 12-64 

g s a  q .36  

3641'89 

3, 59.67 

-39 3-14 

7 30 1-82 

3: 7-54 

33 39-30 

35 18-81 

m r  

035.83 

35.85 

35-87 

35-88 

0 35'83 

35-81 

35'71 

35'75 

o 35-74 

35.81 

35-78 

35'79 

0 35'65 

35.65 

35.70 

35'77 

o 35'89 

35'88 

35-86 

35'88 

0 35'87 

35-81 

35'83 

35'84 
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8 

z7'ra 

43-61 

61.44 

4.97 

3-57 

9.26 

41'07 

10.57 

34-57 

4.55 

5.00 

11.83 

rp-75 

39.53 

17-85 

ro.08 

28-w 

44'52 

62.30 

' 5.88 

4-46 

10.18 

41.96 

21.46 

# 

+2'66 

+2.65 

+ 2-66 

+za66 

+2.65 

+2.66 

+2*67 

+a-67 

-2.58 

-3'58 

-2'59 

-2-59 

2 - 5 6  

-2.56 

-3.57 

-2-56 
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+2'63 
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+an66 
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"a 
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n: 
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V1 
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0 
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L, 
w. 

0 
+a 

3 - 
I 
.ij 

3 

1898 

lan.lB 

Jan.20 

Long. 5h 9" 56'. 

Difference of 

: AND NAGARKOIL (m) Lat. 6" 11', 

TEANSITS OBSERVED AT W 0 

pi,  
* o  0 0 

W -  

G O  
3 B 

Q 

o 

" 8  
b 

5 8  
X 

i 
0 

4 8  
0 

i 
0 

Corrected 

( W - E )  

By each 
Star 

n b 8  

o 35'83 

35.73 

35.75 

35.81 

o 35.85 

35'77 

35'77 

o 35-81 

35.78 

35'75 

35.58 

o 35.83 

35'75 

o 35'80 

35.68 

35.66 

35'77 

0 35'77 

35.84 

35'77 

35.83 

a 
. S g z  
o ? ?  
8 %  0 

+ I  

2 \: 
r ca 
2 I I 

2 2 * M R  
8 

o 
+ 

rr) 

6 
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1 0  

F E  
? 
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+ 

m 

I 0  

P h  
H 
+ 

: 
1 0  

Times 

Nenn 

of 

Gmup 

an 

* $ 
E O 

E: 

. g 
v, : 

. 
I r .  

- 0  - : 

P 

$ " 

N 

N 

N 

N 

8 

8 

8 

N 

N 

N 

8 

8 

N 

5 

N 

N 

9 

9 

8 

8 

STAB 

B.A.C. 
Number 

2632 

2639 

2672 

2688 

2652 

2666 

2708 

4519 

2549 

2556 

2558 

2531 

2542 

2632 

2639 

2672 

2688 

2652 

2355 

2666 

2708 

Telescope No. 

Total 

Correc- 

tion 

8 

-1.62 

-1.60 

-1.63 

-1.63 

-1.50 

-1.52 

-1'5O 

+1.61 

+ 1.60 

+1'61 

+ 1'62 

+ I  

+1.69 

-1.51 

-1'50 

-1.53 

-1'53 

-1'38 

-1.36 

-1.41 

-1.40 

BAIVGALORE (E) Lot. 1 9  1', Long. 6h 10" 3(r 

TRANSITS OBSE~VED AT E 

Decli- 
nabion 

D I 

+ zo 1 1  
+ 16 5 
+r8 6 

+a751 

- za 35 
- 18 5 
- 29 25 

+ 1756 
+ 26 3 

+a035 

+1847 

- 26 jj 
- 9 17 

+ 2011 
+ 16 5 
+ 28 6 

+ 27 51 

- 22 35 
- 30 z 

-18 5 

- 29 25 

2 

Sewn& 
of 

Correct- 
ed Time 

C 

1 1 - 1 0  

41-25 

41'7I 

48.60 

6.41 

54'55 

46.79 

4-93 

21-49 

39.h 

42-82 

8 8  

58.34 

12.19 

42.34 

42-72 

49.67 

7'39 

17-21 

65-56 

4i.90 

By Strahan, 

ln-  
strunlental 

Poeition 
and 
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Constants 
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d 

,, - o.I 
a - + 0.9 6.4 
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Q - 1.56 

I. P. W. 
d , + I.9 

b +  1'8 
a +  7.1 

8 

Q + 1.56 

8 

Q - 1.56 
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M~~~ 
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h m  J 

7 49 12'7a 

5042.85 

564.3'34 

58 50.23 

7 52 7.92 

5456'07 

5948'29 

7 33 3-33 

37 19.89 

3837'63 

39 41.20 
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35 56.65 

7 49 13-70 

5 0  43'84 

564.4'25 

58 51'20 

7 52 8-71 

53 18.57 

54 56.97 

59 49'30 
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LQ 

N 

N 

N 

N 

8 

S 

s 

N 

N 

N 

N 

S 

S 

N 

N 

N 

fi 

S 

S 

8 

S 

with 

M~~~ 
Observed 

Time 

hWI J 

7 48 37.84 

50 8.08 

56 8.53 

58 15-36 

7 51 33.11 

54 11.33 

59 13.57 

7 32 26.26 

36 42.85 

38 0.65 

39 4-18 

7 33 40'16 
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7 48 39.27 

50 9.54 

56 9.94 
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8 
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Telescqe No. 
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8 

-2.57 

-2.56 

-2'57 

-2.57 
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-2'55 

+2.86 

+2.86 

t2.86 

+2.86 

+2'85 

+2.85 

-2.88 

-2.88 

-2.88 
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-2.89 
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-2.89 
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1 

Seconds 
of 

Correct- 
ed 

8 

35'27 

5'32 

5-96 

12.79 

30'57 

18.78 

11'02 

29-12 

~5.71 

3.51 

7.04 

43-01 

22.59 

36.39 

6.66 

7-06 

13.90 

31.62 

41-37 

19.;9 

12.05 



TABLE P. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITGDES, AL - p. 
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-. 
I 

la 
4 
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2 
z 

5 -  
2 
= 

2 
z 
= 

. z  
' Z  

"' 
= 

2 
= 

2.5 

3 t; 

. 
o 

+ 

f 
o 

+ 

b 
+ 

f 
o 

+ 

8 " 
+ 

f 
0 

+ 

- 
.g e~ 

2 2 p 
g a o  
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E I ,  

2 $+ 
? I 1  

[ $ ;  
U 

- 
o 

+ 

E 
? 
o 

+ 

8 
O 

+ 

O 

+ 

3 . ~  
0 

+ 

O 

+ 

0 
.L 

d 
+ 
G 
.ij 
Y 

1888 

Feb.2 

Feb.3 

AND NAGARKOIL (W) Lat. 80 11', Long. 

T ~ A N S I T S  OBSEEVED AT 

MADHAS (E) ht. IF 4', Lmg. 5" 21- 9' : 

TRANSITS ODSEILVED AT. E 

6h 9' 65'. 

Difference of 

STAB 

B.A.C. 
Number 

n99 

2863 

9867 

2883 

2893 

2901 

2965 

3000 

3016 

3026 

a 5 4  

272799 

2810 

2853 

2867 

2833 

2893 

Cozrected 

( w - E )  

By each 
Star 

a 8 

1 1  14.95 

14-89 

14'85 

1 1  15'04 

14'92 

I ;  

II 14'80 

14.76 

14-76 

14.81 

1 1  14.94 

1 1  15.14 

15.06 

15.04 

15'05 

1 1  14.96 

15.04 

15'00 

15.00 

2 

€3econds 
of 

Correct- . 
~ i ~ , ~  

8 

4.58 

4'08 

25-74 

21-17 

51'95 

35'09 

46.60 

36.00 

16.13 

48.66 

2.00 

47'57 

13-56 

3'12 

24.68 

20'09 

50.82 

34'12 

44.68 

1 

Seconds 
of 

Correct- 
ed $rime 

8 

33.63 

49-19 

10.89 

6.23 

37.03 

20.31 

.31'80 

21.24 

1.37 

33'85 

47-06 

3a.43 

58.50 

48.08 
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5-13 

35'78 

19.11 

/ 29.68 

P 

g 

N 

N 

N 

8 

s 

8 

N 

N 

N 

5 

S 

?i 

N 

S 

N 

S 

8 
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8 

Decli- 
nation 

o I 

+ 1842 
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+ 1027 

-31 9 

- 7 36 

+ 6 6 

+ 29 10 
+z841 

+ 31 o 

+ 28 a1 

- 6 50 

+ 1842 

+ I733 

+1828 

+IOZ; 

-31 9 

- 7 36 

2911 

Times 

Me.. 

, of 
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h, 
-90 

= 

fl 
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b = 

*< 
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* P 
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5 = 

f 
" A  - 
E z  

.: 
5 * 

X 

N 

N 

9 

8 

S 

N 

N 

N 

;ri 

8 

S 

N 

N 

S 

6 

S 

+ t 6 6 i s  3 4 4  S 

m'th 

M~~~ 
Observed 

Time 

h a  8 

8 17 31-76 

25 47.32 

27 9.02 

8 29 4-72 

3035'33 

32 18.51 

8 4033.72 

-46 23'17 

48 3.28 

49 35'78 

8 3849'21 

8 17 30.66 

18 56.72 

2.i46.30 

21 7.83 

8 29 3.12 

3033'88 

32 17-28 

By' Beauin'&, 

111- 

strurnentul 
Position 

and 
Correction 
constants 

I. P. E. 
d - 

# 

Q + 1'93 

. 

J 

Q - 1-93 

I. P. W. 

, , 4.0 
b - 0.8 
a+10.6 

8 

Q + 1.92 

Telcrcqe KO. 

~~~l 

C~rrec- 

8 

+1.50 

+ 1-52 
+1.60 

+2.02 

+I.;? 

+ 1.64 

-1.70 

- 1.68 
-1.71 

- 1.68 

-1'33 

+ I ' ~ I  

+1'5.3 

+1'52 

+ 1-55 

+ 1-14 
6 

+ 1-57 

+1'57 

Telcacope 3-0. 

r ~ ~ ~ ~ l  

Corroc- 

ti011 

8 

+1*87 

+ 1.87 

t1.87 

+1'51 

+1'70 

+ 1.80 

-1.92 

-1'93 

-1.91 

-1'93 

-2-15 

+I-77 

+la78 

+1.78 

+1'80 

+amO1 

+I'V 

+1.84 

By Strahan, 

In- 
strun~ental 

Position 
and 

Correclion 
Consta~~ts 

I. P. E. 
d 

+ I ,5 

z21:: 
8 

Q + 1.55 

8 

Q - 1.55 

I. P. E. 
d 

+ 

b-0'9 
a + 9'9 

Q + 1-55 

33 27.83 

with 

M~~~ 
Obsemed 

n m e  

A m  8 

8 28 47'08 

37 2.56 

38 24.14 

8 40 19.25 

41 50.18 

43 33.45 

8 51 48.30 

57 17.68 

59 17.84 

60 50.34 

8 50 3-33 

8 28 46.06 

30 12.03 

37 1.60 

38 23.13 

8 40 18.35 

41 I 

43 32'35 

~ 4 3 . 1 1  + 1-85 
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OF THE APPARENT DIFFERENCE OF LONGITUDES, AL -- pa 
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Y 
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By each 
Star 

nz a 
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14-87 
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14'9.5 

14'96 
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41.87 
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43'87 
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8'43 

58.01 
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14-96 

45-68 

28-99 

39.60 

40.62 

29'96 
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41.61 

55'82 
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15.43 

29'43 

STAB 
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Number 

2965 
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3016 
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2853 
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2883 
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2911 

2965 
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2954 
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-1.58 
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-1.55 

-1'55 

-1.55 

-1.55 

-1.55 

8 

$ 
.m 

8 

N 

N 

N 

N 

9 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

S 

1 

second8 
of 

Correct- 
ed ~i~~ 

a 

26.96 

16.33 

56-49 

28.95 ' 

42.28 

6.24 

1-91 

15.98 
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14-88 
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0.49 

14.46 
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+ 3 1  o 

+ 28 21 

- 6 50 

- I a9 
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- 3 a 

+ 1842 
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+ I 28 

+ + o a r  

- 31 9 

- 7 36 

+ 6 6 

+ 344 

+ 29 10 
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+ j r  o 

+ 28 21 

- 6 0  
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TsIcrcope No. 
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0 

8 

-1.93 

71 .96  

- 1.95 

-1.96 

-1'95 

-1.96 

-1.96 

-1'95 

+ 1.95 

+1'95 

+1.95 

+1*93 

+ r e 7 4  

+ 1.84 

+1'89 

+ 1'88 

-1.79 

-1.79 

-1.78 

-1.79 

-1'96 

-1'94 

-1.91 
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N 

N 

N 

N 

8 

8 

6 

8 

N 

N 

N 

N 

8 

8 

8 

B 

N 

N 

N 

N 
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8 
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strumental 

Position 
and 
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Constants 

I.P. E. 
d , - o . 5  

a + + O 

s 
Q - 1.56 

I. P. E. 
d , + 0.5 

+ 0'6 
a + 0.8 

Q + 1.57 

s 
Q - 1.57 

with 

M~~~ 
Observed 

Time 

h m  a 

8 51 43.44 

57 32'81 

59 12.94 

6 0 4 5 . 4  

8 4 9  58.75 

53 2a.68 

54 18.30 

55 32-30 

8 a8 40.88 

30 6-84 

36 56-41 

38 11-96 

8 40 13.34 

41 44'09 

43 21-40 

4438'01 

8 51 42-16 

57 31.51 

59 X I . %  

6044.16 

8 49 57-37 
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54 16-98 

55 30'98 
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Conaction 
Constants 
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s 

Q - 1.91 

I. P. V. 
d 

, + ,., ' 

s 
Q + 1-90 

a 

Q - r -go  

with 

Mean 

Observed 

Time 

h m  a 

8 4 0  28.91 

46 18-29 

47 58.44 

49 30.91 

83844 '23  

qz 8-20 

43 3-87 

4417'93 

8 17 25-55 

18 51'53 

25 (1.10 

27 2.69 

8 a8 58-39 

30 24.01 

32 12-17 

33 22-78 

8 4 0  ~ 7 . 4 5  

46 16-67 

47 36.81 

49 29.31 

8 38 42-80 

qa 6-81 

43 2'40 

4* 16.40 
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f1.83 

+1'83 

+1'85 

+ r e g s  

+1'83 

+1'83 

+1'83 

-2'04 

-aso3 

-2.03 

-2.03 

-2'03 

-2'03 

- 2 . 0 ~  

-2.03 

+ r q l f  

+1'74 

7 

+1'76 

+1*8y 

+ 1.86 

+ 1-89 
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ar.14 
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~1.17 
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S 

9 

N 

N 

N 

S 
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N 
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T ~ A N ~ I T B  OBSERVED AT W 
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nation 

o I 

+ 1455 
+ 1443 

+ 28 7 

- 16 16 
- 29 6 
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+ 13 54 

+ 21 4.4 
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+ 011 
- 751 
- 28 26 

+ 1455 
+ I443 

+ 16 43 
+ d 7 
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- 29 6 
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$ 5  o 
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;$g 
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o 
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b 

I 
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I 
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E 2 
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EI! 
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2 

N 

N 

N 

8 

8 

8 

N 

N 

S 
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N 
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N 

N 

S 

S 
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By Strabn, 

In- 
strumental 

Position 
and 

Correction 
constants 

1.P. E. 
d 

, + 

:: + 
r 

Q - 1.59 

I. P. 7. 
d 

+ 2.0 

i z ; : :  
s 

8 + 1'59 

8 

Q - 1'59 

Tek~cops No. 

~ ~ t ~ l  
Correo- 

8 

-1.60 

-1.61 

-1.51 

-1';9 

-1'89 

-1-66 

+la68 

+ 1-73 
+1*78 

+ 1-63 
+1'59 

+1'55 

+1'4r 

-1.64 

-1.64 

-1.63 

-1.55 

-1.82 

-1.9~ 

-1.81 

with 

M~~~ 
Observed 

Time 

h m  s 

10 I3 13.11 

16 36-81 

a 

10 11 4'55 

1443.00 

2037.70 

9 55 52.08 

58 36.72 

10 o 9'43 

CJ 51 11-33 

52 27-50 
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10 13 7-78 
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23 12-48 
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r 

-1'53 

-1.53 
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-1.58 

-1.58 

-1'56 

+1'69 
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+ 1-68 

+1'67 
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-1'52 
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r 
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34-29 
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38.34 

27-45 
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32-19 

I 
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a -16.6 + 0'3 
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10 23 34'49 
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lo I 32.66 

a 49.02 

5 10.46 

13 36.93 

10 23 29.09 

26 52.78 

33 33.82 
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Mm.6 
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3317 
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3999 
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+ a3 59 
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dh 69- 93. 
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By each 
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N 
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+1.59 

-1.74 

-1.74 
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CO~ecLion 
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: 
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'i! 
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Mar.7 
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MANGALORE (w) k t .  I P  6 6  h s g .  4 h  6 P  33. 
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8 
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N 
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N 

N 
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8 
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N 

N 

8 
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S 

8 

MADRAS (E) U. 13' 4, Long. 6h aim P : 
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STAB 

B.A.C. 
Number 
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Number 
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3409 

3416 
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ed ~i~~ 

8 

57'52 
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Time 
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37 3.23 
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35 14-59 
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DiEerence of TRMTSITE OBSERVED AT E -SITE OBSERVED AT w 
4 STAB 
El By Stsahas, with Tslucops No. 2 By Heaoirids, with Telsrcops No. 1 
d 

8 1 1  
- 

In- 

B.A.C. of 
Observed Correc- Obsened Coma- 

1888 

Mar.10 

Mar.12 

3271 

3303 

3312 

8389 

8409 

3416 

8423 

3476 

3438 

3449 

3458 

8470 

82f8 

3292 

3317 

3327 

3271 

3303 

3312 

8339 

I 

- 5 25 
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7 
o 

I  

2 
P 
o 

1 7 4  

a& 
(W - 

' 

8tsr 

m r  

21 36.13 

36-11 

36'13 

36.13 

21 36.39 

36.47 

' 36-44 

36-50 

zr 36.35 

36'40 

36-27 

21 36-41 

36.42 

36-44 

21 36.40 

36.45 

36.46 

By Strdon, 

In- 
8tnmenW 

Pmition 
and 

~ 0 ~ 0 c t l o n  
Constants 

I.P.E. 
d 

+ . 

: 
J  

Q - 1-58 

I. P. W. 
d 

, - o.I 
: ~ 2 ~ : ~  

J 

Q + 1'57 

J  

Q - 1.57 

+ 
a 

2 - 
\o 
m 

y; 

$ 
d 

\o 
m 

;; 

- 
g 
w 
w. 

z 

m 

o; 
w 
re. 

r4 

P 
w w. 

Times 

El 

?dean 

&ohp 

, 7 
'Om 

% 
, 

rri 

Ey; 

o 
t 

e, 

;; 

,? 

z 

- 
7 

l 

By H6a&&, 

In- 
at rum en^ 

Position 
m d  

&lT0Ction 
Constants 

I. P. IV. 
d , + ,., 

b + 1.0 

a - I.3 
J 

Q - 1-64 

I. P. W. 

+ 2.2 

b +  1'3 
a - 8.7 

8 

Q + 1-72 

J  

Q - 1.72 

with 

Man 
Observed 

Time 

A m  J 

1032 36-11 

36 58-63 

37 60.59 

46 41-91 

10 11 26-81 

22 24-57 

2/17-43 

28 13-15 

10 14 23-03 

16 12-60 

23 50-38 

103947.03 

41 31'92 

4434'84 

10 32 33.50 

36 56-03 

37 58.00 

with 

M e n  
Observed 

Time 

b m  J 

1054 12-33 

58 34-15 

5936'76 

11 8 24-oo 

1043 3-10 

4 0.92 

48 53-72 

49 49-49 

10 35 59-00 

37 48'68 

45 26-31 

11 I 13-59 

3 8-49 

6 11.33 

10 54 9-93 

58 32.45 

54 34.46 

TeEucops No. 

TOW 
Correo- 

J 

-1'48 

-1'58 

-1.53 

-1.61 

+1.76 

+1'74 

+I.~o 

+1'69 

+1'38 

+1.45 

+1'44 

-1.4 

-1'45 

-1'58 

-1.61 

-1.70 

-1.66 

2 

Second8 
of 

Correct- 
Time 

J 

34'63 

57-05 

59.06 

46-30 

28.57 

26-31 

19-13 

14.84 

24.41 

14-05 

51;82 

45.59 

30'47 

3 3 . 6  

31-89 

54.33 

56.34 

Tele~cops No. 

Total 
Correc- 

J 

-1.51 

-1.58 

-1'57 

-1.57 

+1.86 

+I-86 

+1'85 

+I% 

+1'76 

+1'77 

+1.77 

-1.59 

-1.60 

-1.63 

-1.64 

-1-67 

-1.66 

1 

Seconb 

Correct- OF 

Time 

J 

10.76 

33'17 

3 9  

22.43 

4.96 

2'78 

55'57 

51-34 

60.76 

50'45 

28.09 

22-00 

6.89 

9-70 

8.29 

30'78 

32-80 



190 TABLE I? OBSERVATIONS OF !l!RlLNSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

B E L L B Y  iE) Lot. 15O 9', Losg. 6b P 6P : AND MANGALORE (W) Lat. la0 62', Long. 4 69" 3Sm. 

DifTerence of 7,  0 B O O  
Corrected Timea 

g a 

By each 

TBANSITB OBBEBTED AT W 

By Headride, wtth Trlercops No., 1 

Star 

m r  

8 19'55 

19.59 

19'55 

19-61 

8 19-43 

19.48 

19-45 

19-50 

819 '52  

19'58 

19.54 

8 19-49 

19'50 

19'49 

19-51 

8 19-54 

19.59 

19.54 

~ 9 . 5 4  

8 19.59 

19-60 

19'54 

19-53 

TR~LNSITB OBBEEVED AT E 

By Strahan, with Telescope No. 2 S 
a 
d 
a 

STAB 

.g 
..= 

1888 

Yw.21  

bIar.22 

. u, 

E m  

9: - 
E m  

$ -"  

m  m 
, P m " 
s m  

m 

, m 
E m  

V1 

, 
c' 

E m  

0 

---- 

I" 
rr) 9 0 , s  * 

H ? 
O 

+ I 

' 2 
H b O 

+ 1 

2 " 
? B 
o O 

+ I m  

s ?? 
? 

0 O 

+ I m  

- 3 
0 " 
+ 1 m  

r 

$ 
2 
% O 

+ I 

B A.C. 
Number 

3704 

3710 

3135 

3742 

3663 

3672 

3720 

3726 

3797 

3809 

3824 

3761 

3785 

3788 

3832 

3i04 

3710 

3735 

3742 

3663 

3672 

3720 

3726 

In- 
strumental 

Position 
and 

Correction 
Conatanta 

I. P. E. 
d 

, + ,., 
1 i:: 

r 
8 + 1-73 

a 
Q - I - 7 3 1 1  

L P. E. 
d , + ,., - 

o - 8 '9  
8 

Q + 1.74 

ur .n " 
z' 
m  

," 

Y r 
m  

$ 
7 
z' 

8 " 
r 

5 

3 
? 
z' 
aa 

L 

Decli- 
nation -; and Correct- .; 

M~~~ 
Observed 

Time 

h m  r 

10 51 4.61 

52 2-43 

56 55-25 

57 51-04 

l o  44 0.43 

45 50.17 

53 27.88 

54 46.57 

925.18 

1110.07 

14 12.90 

I I  s 11-53 

6 33-95 

135'9' 

16 aj.22 

10 51 1-16 

51 58.99 

, 56 51.82 

57 45-55 

10 43 57-15 

45 46'86 

53 24-43 

54 4.3'15 

0 I 

+ 30 o 

+ 2834 

+ 2 6  5 

- I 9 

+ 5 2 0  

+ 411 

+ r 37 

+ 2 6 9  

+ a 5 1 6  

+ 15 o 

+1218  

+ 414 

+ 7 56 

+ o 32 

+ j o  0 

+ 2834 

+ a6 5 

+ 25 21 

- I 9 

+ 5 10 

+ 4 I r 

+ I 37 

~ ~ b l  

Correc- 

tion 

r 

+ 1 ' f 9  

+ 1.19 

+1'78 

+1'77 

+ 1-69 

+ 1-71 

+ 1'71 

+ i a f o  

-1.68 

-1.68 

-1.72 

-1'73 

-1.75 

-1.74 

-1.76 

+r '82  

+1.81 

+1'80 

+1'80 

+ 1.69 

+1'71 

+ I ' ~ I  

+1'70 

" 

N 

N 

N 

N 

8 

S 

8 

S 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

S 

8 

8 

seconcl~ 
of 

Correct- 
ed Time 

r 

6.40 

4-22 

57'03 

52-81 

2.1% 

51-88 

29'59 

48.21 

23-50 

8.39 

11-18 

9.80 

jr 'zo 

34-17 

~ 1 . 4 6  

2'98 

60.80 

53.61 

19'35 

58'84 

48.57 

26.14 

44'85 

Constants 

I. P.E. 
d 

+ 

!L2;:: 
r 

Q + 1.60 

r 
Q - 1 . 6 0 1 1  

I. P. E. 
d 

+ I . 2  

I: T2;:; 
J 

Q + 1.60 

h m  r 

ro 42 44.99 

43 42.79 

48 35.67 

49 31-38 

10 35 41-14 

37 30.79 

45 8'54 

46 27.21 

I 5-36 

a 50.21 

5 53.14 

10 53 51-84 

58 14'30 

59 16.25 

11 8 3.60 

1041  41.63 

43 39.42 

48 

4 9 ~ 8 . 0 5  

1 0  35 37'75 

37 27.41 

45 5'05 

46 23.80 

N 

N 

N 

N 

8 

S 

8 

8 

N 

N 

N 

8 

S 

8 

8 

N 

N 

N 

N 

9 

8 

S 

8 

r 

+ 1.86 

+1.84 

+ I - 8 1  

+1'81 

+1'55 

+1.61 

+la60 

+1'56 

-1'38 

-1.40 

-1.50 

-1'53 

-1.60 

-1.57 

-1.65 

+1.81 

+1*79 

ja.301.76 

+1'76 

+X'S0 

+1'56 

+ l m 5 5  

+1'52 

r 

46.85 

44-63 

37-48 

33-19 

42-69 

32'40 

10.14 

28.'77 

3-98 

48.81 

51.64 

50'31 

1a.70 

14.68 

1-95 

43-44 

41'a1 

34.08 

29-81 

39-25 

28'97 

6.60 

25'32 



TABLE l? OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE O F  LONGITUDES, AL - p. . 
5 

3 n 
4 

t .g 
- 
4 

1888 

Mar.22 

Unr.23 

B.A.C. 
Number 

3797 

3809 

3824 

3761 

3785 

3788 

3832 

3704 

3710 

8735 

3742 

3672 

3720 

3726 

ai97 

3809 

3824 

BELLART (E) Lat. 19 V ,  Long. 6h P 62: 

TBANSITS OBSERVED AT E 

AND MmGAL0B.E (W) Lot. 1P 6#, 

T B ~ S I T S  OBBEBVED AT W 
STAB 

Decli- 
nation 

o I 

+ 26 9 

+ 25 16 

+ I S  o 

+ 1 z 1 8  

+ 414 

+ 7 56 

+ 032 

+ 30 o 

+ 2834 

+ 26 5 

+ 25 21 

+ 5 20 

+ 4 11 

+ 137 

+ a 6 9  

+ z j r 6  

+ 1 5  o 

$ 
.= 
.a ' 

N 

N 

N 

8 

S 

S 

S 

N 

N 

N 

N 

9 

S 

8 

N 

N 

N 

p 

2 

N 

N 

S 

S 

8 

8 

N 

N 

N 

K 

8 

8 

8 

N 

N 

N 

Long. 4 h  69- a?. 

DifIerence of 
O 

g $  u 

.o 
2 W  

6 

; 
O 

b 

+ 

r 

? 
n 

O 

+ 

m 
w n  

p 
O 

+ 

2 
? 
o 

+ 

2 
? 
0 

+ 

By Siraham, 

In- 
strumental 

Position 
and 

Correetiod 
constant8 

I. P. E. 
d 

+ 

: t2;:: 
a 

Q - 1-60 

I.P.E. 
d 

+ I . 2  

: L::: 
a 

Q + 1.65 

I 

Q - 1 . 6 5 1 1  

with 

Mean 

Observed 

Time 

h m  r 

11 I 1.89 

2 46.82 

5 49'72 

1053 48.36 

58 10.84 

59 12.85 

11 7 60.14 

1042 37'67 

43 35'45 

48 28.36 

49 24-02 

1037 23-42 

45 1.10 

46 19.87 

058.08 

2 43-97 

5 45'85 

with 

M~~~ 

Observed 

Time 

h m  r 

11 9 21.72 

11 6.65 

14 9'46 

rr i 8.09 

6 30'54 

7 31-57 

16 19'81 

ro 50 57.3a 

51 Sj.05 

56 47.89 

57 43'56 

1045 42'93 

53 20.49 

54 39'1% 

917.81 

1 1 2 . 6 8  

14 5.53 

By Headside, 

In- 
strumental 

Position 
and 

correction 
Constants 

I. P. E. 

+ ,., 
b a - - 0.8 

r 
Q - 1.74 

I. P. E. 
d , + ,., 

+ 0 ' 2  
a - 7.0 

s 
Q + r.72 

s 
Q - 1 . 7 2 1 1  

Corrected 

p-lq 

By each 
Star 

m s 

8 19-58 

19-60 

19.56 

8 19'57 

19-59 

19.58 

19.57 

8 19'51 

19-48 

19-44 

19'44 

8 19'54 

19-42 

19.41 

819.48  

19-49 

19.53 

Time8 

Mean 

Of 

(3roup 

2 
* :" 

f m 

00 . 7 h 

F 

00 . 
z 

h m  

. 
Em 

8 
s" 

E o a  

.{ * ' 
a ? ?  
$ b o  
i I I 

. G b l o  
R m  

EDIBl 
I 
,$$ 

u 

:: 
? 
O 

I m  

$ 
b 

I 

7 
O 

1 0 0  

? 
O 

I 

3 
? 
O 

I 

Telerccvpe No. 

Total 

Correc- 

tion 

r 

-1.43 

-1'45 

-1'55 

-1.58 

-1'65 

-1.62 

-1-68 

+1-95 

+1'93 

+ 1-90 

+1.89 

+ I - 6 9  

+1.68 

+1.65 

-1.39 

-1'42 

-1'52 

Fe'elsrcope 

Tobl 

Correc- 

tion 

r 

-1.68 

-1.68 

-1'73 

-1.74 

-1'76 

-1.76 

-1'78 

+1.81 

+1.81 

+1'8r 

+1'79 

+1'72 

+ I ' ~ I  

+ 1-71 

-1.64 

-1.64 

-1.67 

a 

I ,=, 
4 

Z " 
z 

f 
m 

3 
F 

$ 
P 
z' 

GU 

5 . 
z' 

m 

2 

Seconds 
of 

Correct- 
ed yime 

6 

0.46 

45'37 

48.17 

46-78 

9'19 

11-23 

58.46 

39-62 

37.38 

30.26 

25.91 

25.11 

1-78 

11-52 

56-69 

41.55 

44';3 

No. 1 

Seconds 
of 

Correct. 
ed lime 

s 

20.04 

4-97 

1'73 

6-35 

28-78 

30.81 

18-03 

59-13 

56-86 

49'70 

45'35 

44.65 

22.20 

40.93 

16.17 

1'04 

3-86 





T ! L E  V. OBSERVATIONS OF !I!EANSITS WITH. B CLOCK, AND DEDUCmON I93 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - P. 

3 
FI 

a 
8 
$ 

1888 

Mer.26 

&m 

. 

BELIARY (E) h t .  1 6 O  1, Long. 6h P 62 : 

 SITS OBBEBVED AT E 
STAB 

B.A.C. 
 umber 

3761 

3785 

3788 

3832 

3704 

3710 

3735 

8742 

3663 

3672 

8720 

3726 

3797 

3809 

3824 

8761 

a785 

3788 

3833 

AND WNGCAL0B.E (W) h t .  1%' 82', h n g .  dh 6gm 33'. 

TWSITB OBBEBVED AT W 

Decli- 
nuion 

o I 

+ 12 18 
+ 414 

+ 756 

+ 032 

+ 30 o 

+a834 

+ 26 5 

+ a5 21 

- r 9 

+ 5 20 

+ 411 

+ I 37 

+ 16 '9 

+ 25 16 

+ I S  o 

+1218 

+ 414 

+ 7 56 

+ o 32 

.: 
4 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

S 

6 

S 

8 

a 
P 

% 
; 
5 

8 

8 

8 

S 

N 

N 

N 

N 

8 

5 

8 

8 

N 

N 

N 

8 

8 

8 

8 

By Straham, 

In- 
strumental 

Polition 
and 

~orraction 
Constants 

I.P. W. 
d 

o.o 
b - 0'5 
a -70.0 

J 
Q - 1.63 

I. P.E. 

, - o.8 
: xS::: 

J 

Q + 1-64 

8 

Q - 1-64 

2 

8eConds 
of 

Correct- 
~i~~ 

J 

29-53 

51-89 

53'95 

41-18 

21-56 

19.37 

12.15 

7.88 

11-34 

7'07 

44-71 

j'44 

38.62 

23.50 

26-32 

14-92 

47-31 

49.36 

36-56 

with 

Y~~~ 
Observed 

Tim' 

h m  J 

10 53 31.~5 

57 53'83 

58 55-19 

11 7 43.21 

1041 19'73 

43 17-57 

48 10.41 

qg 6.16 

1035 16-17 

37 5'77 

4443'43 

46 2-21 

1 1  040.15 

2 25'07 

5 28.11 

10 53 16.76 

57 49-31 

5851'29 

r r  7 38.63 

TeEercops AVO. 

~ ~ t ~ l  

Corrw- 
tion 

J 

-1.72 

-1'94 

-1'84 

-2.03 

+1'83 

+1.80 

+1.74 

+rS72 

+1'17 

+"30 

+1'28 

+1'23 

-1.53 

-1.57 

-1.79 

-1.84 

-2.00 

-1.93 

-2.07 

By Heam'aide, 

In- 
strumental 

Position 
and 

correction 
Constsnb 

I. P. JV. 
d , + ,., 

b-0.1 
= - 7.9 

J 

Q - 1.72 

I. P. W. 
d 

+ - Oa9 
a - 4'7 

J 

Q + 1'73 

J 

Q - 1.73 

with 

M- 
Observed 

Time 

A m  J 

11 I 50.83 

6 13-26 

7 15.21 

6 4 

10 5039.~39 

51 37-20 

56 30.08 

57 25.76 

10 4.1 35.27 

45:14'98 

SR 2-61 

5411.37 

II 8 59.90 

10++-78 

13 47-64 

11 I 46.25 

6 8.65 

7 I 

15 37-88 

Telucope No. 

T ~ N  
Comc- 

tion 

a 

-1.66 

-1.70 

-1.66 

I 

+1.80 

~1.80 

+1'80 

+1.80 

+1'73 

+ 1'i5 
+1'74 

+1'74 

-1-67 

-1.66 

-1.69 

-1.70 

-1.i2 

I 

-1.72 

1 

seconde 

ed ~i~~ 

a 

49.17 

11-56 

13.53 

0.78 

41-19 

39.00 

31.88 

27-56 

37-00 

26-73 

4'35 

23.11 

58.23 

43'12 

45.95 

44-55 

6.93 

9-00 

56.16 

m a 

8 19.64 

19.67 

19-58 

19.60 

8 19.63 

19-63 

19.73 

19'68 

8 19-66 

19.66 

19.64 

19-67 

8'19.61 

19-62 

19.63 

8 19-63 

19-62 

19.64 

19.60 

. w  
a 

Em 

m .a 

z 
Em 

m 

m 
C( 

E m  

." 
sm 

3  
-? m " 

Em 

3 :  
0 
0 

+ 

h n 

O 

+ 

h 

0 

+ 

: 
? 
o 

+ 

z 
9 
0 

+ 

m m 

9 1 ! "  
? 
O 

1 ,  

:: 
? 
O 

1 ,  

m 
? 
O 

1 ,  

2 
? 
O 

I 

"0 
? 
O 

l o o  

w. 
'? 
0' 

: 
'0 
0' 

w " 
z' 

2t " 
0' 
m 

: 
U 
0' 



TABLE P. OBSERVATIONS OF TRANSIT8 WITH W CLOCK, AND DEDUCTION 

O F  THE APPARENT DIFFERENCE OF LONGITUDES, AL + P.  

a 2 
Q 

4 $ 
.ij 

18% 

Mar.21 

JIar.22 

+ 

u) 

2 
m 

Q 
0' 

'f 
2' 
m 

'z 
'? 
z' 
cr, 

n. 
2 
OI .- 

'? 
E 
a0 

AND MANGALORE (W) Lot. laj 62', Long. 4' 59" 33". 

s i u  

BELLART (E) Lot. 15' 9', Long. 6h P 6P: 

T R A N ~ I T ~  OBSERVED AT E 

B.A.C. 
Number 

3932 

3937 

3964 

3990 

8954 

3971 

3975 

3979 

4014 

4031 

4056 

4066 

4021 

4039 

4049 

4072 

3932 

3937 

3964 

3990 

3954 

3971 

3975 

8979 

2 ,  * , 8 A 1  
"z 2 B 
g 

Decli- 
nation 

o I 

+ 1 7 z g  

+ 2824 

+ 21 jg 

+zag; 

+ 8 45 

+ 522 

- 6 3 

+ 853  

+ 16 4 

+ 16 16 

+ 22 43 

+ za 5 

+ 5 30 

+ 4 6 

+ 417 

+ 921 

+ 17 z j  

+ 2824 

+ 21 59 

+ 20 51 

+ 8 45 

+ 522 

- 6 3 

+ 853  

T W ~ I T B  OBBERVED AT W 
2 .z 3 
$ p p 
8% o 1 

$ 1 1  * m 
8 W P 7  
" I  I 

Differonce of 

2 
$ 
m 

$ 
-2 
2 " 

N 

N 

N 

K 

8 

S 

S 

S 

N 

N 

N 

N 

S 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

1 s= 

m 
$ 8  

O 

I 

$ 
O 

1 0 0  

? 
7 "  
O 

I 

% 
? 
O 

I 

m 
2' 
0 

1 0  

? 
2 9 5 .  
O 

I 

with 

M~~~ 

Observed 

~ i m e  

h m  r 

t 1 ~ 0 4 2 . 0 9  

21 13.54 

26 46.98 

34 1-86 

11zq30.60 

28 13.21 

30 1.60 

31 20.15 

11 38 52-54 

41 47.j7 

47 52.63 

50 25.03 

11 40 12-64 

44 22.24 

46 5-51 

51 aa.94 

11 2041'46 

22  12-96 

26 6 0  

34 1.2s 

1 raq2g-98  

28 12.62 

30 1.03 

31 19'53 

Corrected 

( W - E )  

By each 
Star 
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TABLE VIX ABSTRACT OF RESULTS OF ALL OBSERVATIONS 

ANb DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 

AND THE RETARDATION OF SIGNALS, p. 

i 

dstronomicnl 

Date 

1888 

Jan- 16 

II 9 I  

,, 16 

1, ,I 

,, 17 

ss 18 

,, 18 

ss YS 

,, 19 

99 31 

. 20 

s n 

i Mwnr ... 

Whence AL = 4 ((AL - p) + (AL + p)) = om + 4 (35*'633 + 35""/83) = om 35'-708, 

p =  4 ((AL + p) - (AL-p)) = 4 (35"783 - 35'-633) = + oS'075. 
4 

BANGALORE (E), AND NAQARKOIL (W) 

Apparent Difference of Long~tude by Obremtiona with 

E Clock - AL - p 

Instrumental 

Poailion 

a t  W Clock - AL + p 

1. P. W. 

99 

I. P. E. 

9% 

,, 
IS 

I.P.W. 

N 

,, 
39 

I. P. L 

9 ,  

98 

I .P.W. 

I .  P. 6. 

I. P. W. 

1. P. W. 

19 

II 

91 

I . P . B .  

II 

11 

YI . 

I . P . W . '  

I, 

1s 

9s 

' 1: 
I .Y .W.  

I. P. E. 

By N stam 

m J 

0 35.765 

35'695 

35'650 

35'543 

35'650 

35'597 

35'715 

35'655 

35'743 

35'748 

35'630 

35'670 

0 35'738 

35'633 

35'624 

35'685 

o 35.668 General Meana ... 

By 8 stam 

m a  

0 35.623 

35'581 

35'576 

35 ' 563 

35'5a5 

35'553 

35'653 

35'603 

35'696 

35'678 

35'568 

35.618 

0 35'645 

35'581 

35'539 

35'628 

0 35'598 

Mean* I By N Stan 

m a 

I o 35'666 

1 35.583 

35.581 

1 35.65, 

j 35.716 

j 35.6- 

0 35'691 

35-601 

35'581 

35'657 

By a stam 

m a 

0 35'839 

35'819 

35'827 

35'734 

35'759 

35.822 

35'887 

35'809 

35'907 

35 '809 

35'809 

35'757 

0 35'844 

35'781 

35'79' 

35'848 

0 35'633 

m a 

0 35.805 

35 ' 760 

35-675 

35'614 

35'74a 

35 '780 

35'780 

35.680 

35 ' 784 

35'827 

35'777 

35'795 

0 35'794 

35'715 

35.~61 

35 ' 730 

m J 

j 0 3 5 . m  

j 35.7'3 

35.776 

j 35.789 

j 35.832 

j 35.785 

0 35'819 

35 ' 749 

35'776 

35.789 

o 35'816 1 0 35.710 0 35'783 



TABLE VII. ABSTRACT OF RESULTS OF ALL OBI9ERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, A L  

AND THE RETARDATION OF SIGNALS, p. 

MADRAS (E), AiSD NAGARKOIL (W) 

Antronomid 

Data 

1888 

February 2 

,# YI 

II B 

n Y Y  

18 4 

Y Y  81 

n 6 

n n 

19 6 

s, n 

1) 7 

YS DI 

I M-M ... 

In8tramental 
Position 

st 

E l w  

I 1 1  14'9i9 

I. P. E. 

,1 

I. P. W. 

n 

,, 
YI 

I. P. E. 

11 

1, 

91 

I. P. v. 

11 

I. P. E. 

I. P. W. 

,, 
I. P. E. 

Whence AL=4((~L-~)+(AL+~))=r1~+f(14*-g48+15"063)=1r~15~m6, 

p = 4 ((AL + p) - (AL - p)) = f (15*.063 - 1 4 ~ ~ 9 4 8 )  = + os-058. 

Apparent Difference of 

E Clock - AL - p 

1 1  rg.070 

I. P 6. 

Y l  

18 

19 

I. P. W. 

11 

11 

11 

I. P. E. 

11 

y, 

YI 

L P. 6. 

11 

I. P. w, 

,I 

By N Stam 

m 6 

11 14'949 

14'835 

lj.125 

15'235 

15.075 

15 '092 

14.818 

14.806 

14.852 

34'951 

15'009 

15.119 

11 14.89; 

15.1~2 

15'084 

14,812 

Longitude by Obervations with 

W Clock - AL + p 

General Mmm 11 14.917 

By N Stsm 

II) 6 

11 l5'Orl 

15.018 

15'213 

15.198 

15-19! 

15.178 

14.893 

14.926 

14'962 

15.017 

I5'I75 

15-1a7 

r r  15-005 

15'178 

15.185 

r4.910 

11 15.056 11 14.948 r r  15.d.q 

By 8 Stan I Means By 8 Stan I .  M e w  

I)) 6 

r l  14.940 

14'967 

14.980 

r5.0~7 14*970 

14'726 

14.848 

14-82? 

14.892 

14'912 

14-981 

r r  14.907 

14'975 

'4'999 

14'587 

(II 

11 14'91l, 

14'981 

15.216 

15.146 

15'10s 

15.121 

14.886 

14'993 

14'995 

15'055 

15'192 

15-17a 

1 1  14.986 

15.18~ 

15'115 

14'940 

)I) 6 

11 14'923 

! 15.q2 

15'041 1 
i 14.800 

j 14.881 

j 15.006 

r r  14'9oa 

15'049 

15'041 

14.800 

V) a 

j s r  14.983 

j 15.193 

1 lgSr5o 

j 14.925 

{ Is--, 

15.167 

11 14'995 

15.180 

15.150 

14'925 



T D L E  VII ABSTRACT OF REBULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 

AND THE RETARDATION OF SIGNALS, p. 

NAGARKOIL (E), AND MANOALORE (W) 

dstronomicnl 

Data 

1888 

February 18 

I n 

,, 19 

I 81 

,, 20 

1s )I 

,, 21 

3) 8s  

I, 22 

n ,I 

,, 24 

IJ I3 

Mesw ... 

L 

Instrumental 
Porition 

s t  

. E  I 

Apparent Difference of Long~tude by Ubaervntiolla with 

oenonl  Menm ... I xo 21.093 

I. P. E. 

o 

I. P. IP. 

I 

,, 
n 

I. P, 2 

st 

1, 

8s 

I. P. IP. 

SS 

I. P. E. 

I. P. W. 

,, 
I. P. E. 

Whence AL = 4 ( (AL - p) + (AL + p)) = lom + f ( z ~ ~ o g g  + 218.183) = 10" 218.141, 

p =  4 ( (AL + p )  - ( A L - p ) )  = 4 ( 2 1 ~ - 1 8 3  - 21 .099)  = + o8.o42. 

ro 21.18~ 

I. P. B. 

IB  

11 

11 

I.P.W. 

M 

ss 

#I 

II 

n 

IJ 

J, 

I. P. E. 

I, 

I. P. W. 

II  

E Clock - A L  - p 

10 21.105 

By N Stam 

m 8 

ro 21.138 

21.103 

al.021 

~ I - O J I  

...... 

...... 

...... 

...... 
11-ogr 

11.181 

21'101 

21.079 

10 21-121 

21 -026 

21 '090 

21.136 

W Clock - AL + p 

to zr.185 lo 21.099 

By N Stnm 

m s 

' lo 21.226 

21.163 

21.154 

21.034 

21.169 

21.209 

21.250 

21.255 

21.217 

11'294 

21.219 

21.14l 

10 11.195 

21.094 

ir.185 

21 '254 

10 21'183 

By S Stam 

m s 

10 21'131 

21.056 

Means 

m a 

10 21-107 

By S Stan 

m s 

lo z1'a41 

z1-1j3 

21.152 

21.049 

~1.181 

21.229 

21.262 

21.242 

21.229 

21.289 

21.219 

21.151 

10 11.187 

21*101 

21.195 

21.256 

m s 

10 21'191 

j 21.,7 

I 21.197 

j 11 -252 

j 21.257 

11'183 

lo 21-191 

21.097 

21.1go 

21.r55 

21*043 I j 21.02, 
21.013 

...... 

...... 

...... 

...... 
21'184 

21'189 

I I ' I I ~  

21'111 

ro 21.094 

21 -028 

ir.113 

a1.187 

...... 

..... 

1 21.161 

ZI'IOI 

10 21.107 

21.027 

21~101 

ar -161 



TABLE PII: ABSTRACT OF. RESULTS O F  ALL OBAERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 

AND THE RETARDATION O F  SIGNALS, p. 

A 

hstronomical 

Data 

1SS8 

March 6 

IY 19 

" 7 

YD Y Y  

YY 8 

n 11 

n 9 

n Y Y  

n 10 

YY n 

#I 12 

n n 

... 

Whence A L  = 4 ((AL - p) + (AL + p ) )  = zlrn + f (36s'071 + 361-187) = 21" 36"129, 

p =  4 ((AL + p) - (AL -p)) = 4 (36sm187 - 36'.071) = + oS.058. 

MAl)NAS (E), ASD 2LIAXQALORE (W) 

ApparrnL Difference uf Longitude by Observntions with 111strurnentnl 

Position 

at  

E l w  

1, 

E Clock = AL - p 

LP.B. 

YI 

I. P. K 

Y I  

,Y 

st 

I. P. 6. 

YI 

,, 

ID 

I. P. IP. 

s t  

I . P . E .  

Manr 

W Clock - AL + p 

I.P.W. 

YI 

IY 

Y I  

I. P. 6. 

II 

PI 

)I 

I. P. TV. 

Y Y  

,, 

n 

I.P.N. 

AIeal~a 

R 

1 21 31.988 

j 36.131 

i 36.164 

] 35.891 

1 36.026 

36.~08 

a1 36.007 

36.223 

36.164 

35'891 

21 36.071 

l 3 j  K 6tnm 

m I 

11 33'994 

35'984 

36.336 

...... 
36.216 

36'256 

36.040 

36. 100 

36- 103 

36' 175 

36.416 

36.399 

21 36.064 

36.394 

36.241 

36.070 

21 36.191 

By N Stt~m 

m J 

ar 35.996 

35'981 

36.181 

36'231 

36.IS.t 

...... 

35'837 

35'935 

36.023 

36'023 

36.114 

...... 

a1 36,006 

3 6 - 1 9  

36.134 

* 35.886 

11 36-ojg General Menns ... 

By'6 Stnm 

)I$ a 

. 'I 35'958 

36.015 

36.259 

36.154 

36"94 ...... 
35'814 

33'977 

36.016 

36.041 

36.101 

...... 

11 36.008 

36'238 

36.194 

35'896 

11 36.084 

I. P. N. 

I. P. 6. 

I. P. E. 

By 8 Stam Aleans I . 

n n 

11 36.079 

36.091 

36.191 

36.294 

36.289 

36' 286 

36.048 

36. -5 

36.105 

36. I 28 

36.341 

36.438 

11 36.101 

36.316 

36.288 

36.027 

21 36-183 

m J 

1 11 36.037 

36. a80 1 
I 36 - 164 

I 36.048 

1 j6.128 

36'401 

21 36.082 

36.335 

36.264 

36 '048 

ar 36.187 



. TABLE PI1 ABSTEACT OF RESULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 

AND !PHE RETARDATION OF SIGNALS, p. 

BELLARY (E), ABD MANGALORE (W) 

Astronomical 

Data 

1888 

Mt~rch 21 

), I 

$7 22 

I, s 

91 23 

BP II  

I* 24 

$ 25 

I9 I 

9 )  28 

Instrumental 

Poeition 

a t  

E l w  

Apparent Difference of Longitude by Obsemations with 

I. P. E. 

11 

,, 

I I  

,, 
,i 

I. P. W. 

#I 

,, 

I1 

11 

Whence A L = ~ ( ( ~ L - p ) + ( A L + ~ ) ~ = 8 ~ + ~ ( 1 y ' . j . 9 2 + 1 9 ~ . 7 1 4 ) = 8 ~ 1 g ~ . 6 j 3 ,  

P = 4 ((AL $ p) - (AL - p)i  = 4 (19'.714 - 19" j92) = + 0~061. 

E Clock = AL - p 

I. P. 3. 

IS 

11 

n 

JI 

31 

11 

IS 

I.P.W. 

I1 

)I 

I,  

91 

I )  

I. P. E. 

I,  

I. P. W. 

11 

sf 1 I. P B. 

W Clock - AL + p 

19'652 

19.604 

8 19.516 

....... 
19.632 

19.628 

8 19.592 Genernl Means ... 

9 ,  $ 9  

- 

Means .. 

19.667 

19.632 

8 19-512 

19.586 

19'626 

19.650 

8 19'593 

IS 

I. P. E. 

I. P. y. 

,, 

I. P. E. 

By N Stars By S Stan 1. Means By N Stara By S Stan I Mmnn 

] ,439 

8 19.514 

19.586 

19.629 

19'639 

8 19'592 

19'798 

19.768 

8 19.667 

19'649 

19'754 

19'783 

8 19.713 

19'i83 

19'743 
pp 

8 19.665 

19'694 

19.740 

19'763 

8 19.116 

m a 

8 19'555 

19'524 

19'5.11 

19'558 

19'448 

19.480 

...... 

.#.... 

.....a 

...... 
19.617 

19.647 

1 19.713 

8 19.666 

19.671 

19'747 

19'773 

8 19'714 

m r 

19.467 

19.500 

19'568 

19.581 

19.462 

19'495 

19.586 

...... 

...... 

...... 
19.619 

19.632 

m r 

j 8 19.~12 

1 '9.56. 

j * 19.471 

1 19-586 

...... 
. 

1 19.629 

m i 

8 19.64: 
. 

19.640 

19.723 

19.628 

'9'673 

19'693 

19.640 

19.~57 

19.689 

19'i29 

19'817 

19'782 

m r 

8 19.658 

19.628 

19'698 

19'645 

19.710 

19-653 

19.~73 

'9'7'5 

19.721 

19.721 

19.762 

19"751 

m a 

] 8 19.643 

1 19.674 

19.682 j 
1 19.671 

] 4-71, 

19';80 



TABLE VII. ABSTRACT OF RESULTS OF ALL OBSERVATIONS 

AND 1)EI)UCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, A L  

AND THE RETARDATION OF SIGNALS, p. 

MAS(3ALORE (E), AND BOMBAY (W) 
-- 

# I  
Instrumental Apparent Difference of Longitude by Observations with 

Astmnomicd Posilion 
st i E Clock - AL - p W Clock - AL + p 

D e b  . / S / W / ByNStarn 

Whence A L = ~ ( ( A L - p ) + ( A L + p ) ) = 8 m + ~ ( 7 " ~ 6 ~ + 7 s ~ 4 6 8 ) = 8 m ~ ' ~ 3 ~ j ,  

p =  4 ( (AL + p )  - ( A L - ~ ) )  = 4 ( ~ " 4 6 8 -  7'-162) = + 0~.1,53. 

By S Stsrs 

m 8 

8 7'02.3 

6.988 

7'114 

7.111 

7.206 

7.308 

8 7'059 

7'257 

8 7.158 

-- - 

1 888 

A p d  4 

7 

8 

General I r n ~ s  ... / 8 7.166 

4 P P. 

I, 

,, 
IS 

I. I: E. 

I. P. T. 

11 

$1 

w 

I. P. B. 

Mesna 1 By N Stan 

:d Bs Z.P w. 
3f ems 

/ I .  P. E. 
I 

m a 

8 7'0j8 

f'ojo 

7'119 

7'079 

7.206 

By 9 Stern 

(D s 

8 7'344 

7'424 

7 ' 336 

7'343 

7'50) 

7.599 

8 7.362 

7'550 

8 7.456 

m 'a  

8 7.030 

7' 106 

] 7.256 

8 7.068 

7.256 
- . - - 

8 7.162 

I j 7'303 
-- 

1 . Y . P .  I 8 7'077 

I. P. E. i.255 

Means 

( D *  

8 7.388 

j 7.350 

7.567 

8 7'369 

7'567 

8 7.468 

m r 

8 7'394 

7'389 

7'3.38 

7'381 

7'545 

7'621 

8 7'376 

7'585 

8 7.481 





ELECTRO-TELEGRAPHIC LONGITUDES 

1889-90. 

INDIAN ARCS. 

ABSTRACT OF THE OBSERVATIONS 

AND 

REDUCTION OF THE RESULTS. 



N O T E . .  

The Explanation of Tabk I, given on page 2, applies equally to the observations of 1889-90, in which the same TeIescopes 
were used with the same Micrometers snd the same wire-systems. 



""' 
Data 

1889 
Nov. 16 

,, 16 

, 17 

, 18 

,, 19 

,, 20 

, 21 

, 

Dea. I 

, 2 

a 

4 

co 

61.6 

64-4 

61.3 

61.5 

62.0 

62.7 

61.4 

59.3 

60.6 

61.1 

61.0 

59'3 

60.8 

60.4 

61.9 

62.7 

62.9 

60.2 

63.6 

64-2 

62.9 

58-1 

60-2 

60.3 

j8-5 

59'7 

58.0 

60.1 

58'5 

59'6 

66a7 

61.5 

61.2 

62.a 

62.6 

60.5 

a 

9 * 
- 

h r( 

6 
2; 

b 

L3 
V 

4 
6% 
a 
-I 

2 

2 
f 
a 
& 
4 
W 
0 
4 

o a 

FV 
h 

6 
Z 
o 

6 4 
d 

g 
4 

5 
0 

g 

C 
6 
R 
b 
; o 

2 - 
U 

W 
D 
4 

. 
Bemarb 

Mean C, 

I.P.E. - 399' 

I . P . W . -  34.3 - 
General 

Mean - 37.0 - 

Mean C. 

I. P. E. - 40.0 

I.P.W. - 36.r - 
General 

Mean = 38'1 - 

M 

41.0 

43.0 

44'6 

34'0 

33'9 

33'2 

30'9 

31.1 

31'2 

38. I 

36.2 

40'0 

40.3 

43'8 

40.1 

40.8 

40.4 

37'0 

35'4 

34'5 

36. a 

35'7 

, 35'3 

40'7 

43.1 

44' 1 

35'9 

35'9 

33'3 

35.4 

34'9 

34'5 

39'6 

41.3 

42'5 

Imtm- 
mental 

Position 

I.P. W. 

I. P. W. 

I.P.E. 

I.P.E. 

I.P.E. 

I.P. W. 

I.P. W. 

I. P.E. 

I. P. TF. 

I. P. W. 

I. P. E. 

I.P.E. 

Instru- 

mntal  

Position 

I. P. E. 

I.P.W. 

I.P.W. 

I.P.E. 

I .P .3 .  

I. P.E. 

I. P. W. 

I.P.W. 

I.P.E. 

I.P.W. 

I.P.W. 

I.P.E. 

Remarh 

Mean C. 

I.P.E, - 60.4 

I.P.W.= 62.7 
- 

General 
61'6 - 

Meen Go 

I. P. E. - 61.6 

I. P.W. = 59'5 
- 

General 
Mean - 60.6 - 

Level 

b 

-6.2 

, 

-3'3 

-5.9 

- 0 ' 2  

-4'4 

-3.5 

-1.4 

-1'3 

-4'5 

-3.1 

-3'2 

-3.0 

c 

d d d d d d  

-2'4 

-2'4 

+ o m 8  

+0.8 

+0.8 

-2.4 

-2'4 

+0.8 

-1.4 

-1.4 

-0.a 

-0.2 

M 

60.7 

58.7 

61.1 

59'5 

59-1 

60.3 

58.3 

58.0 

58.2 

59'0 

58'3 

59'7 

57'6 

58.6 

58.6 

63') 

65.5- 

65.0 

63'4 

65.0 

64.9 

58.3 

... 
58.1 

58.9 

60-0 

58.9 

59'9 

59'4 

58.6 

60-3 

60.3, 

61.2 

62.0 

63.9 

63.0 

6, 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60-0 

60.0 

60.0 

60.0 

60.0 

Level 

b 

-1.4 

-2 .0  

+3'4 

+2.6 

+3-3  

+3 'o  

+2 '8  

+3'3 

-1'3 

-1'3 

0.0 

-2'4 

Collimatian 

cl -------- 

-1.6 

-1.6 

+1.6 

+1.6 

+ 1.6 

-1.6 

-1.6 

+1.6 

-0.6 

-0.6 

+0.6 

+0.6 

c 
------ 

d d d d d d  

- -3 .8  

+ j a o + w a  

+2 '2  

-3'8 

-3.8 

-3'8 

+3'2 

+ a e 2  

-2'7 

+ I . L  

+ L . L  

- am7 

C,, 

40.6 

40.6 

39'2 

33.5 

35'8 

36.2 

34.8 

34.0 

34' 2 

41.0 

38.2 

40.0 

39'2 

39' 7 

37.8 

39.7 

40.0 

34' o 

33'9 

34.8 

32.8 

-54.3 

33'4 

39-6 

41.5 

39' 1 

35.9 

36.9 

38.0 

35.7 

35'3 

34'9 

40.8 

41-f 

38'9 

C, 

q0.0 

40'0 

40.0 

40.0 

40.0 

40.0 

40'0 

40'0 

40.0 

40'0 

p o  

40.0 

Collimation 

cl 

-3'0 

+ 3 * 0  

-3'0 

-3'0 

-3.0 

+3'0 

+3'o 

-1'9 

+ I - 9  

+ 1 . 9  

. - l eg .  



216 TDLIF I. ABSTRACT OF DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 
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2 45 57'9 

3 4 26.3 

3 21 31.3 

I 51 13.6 

2 27 2.9 

3 4 35.7 

3 21 38.1 

I 50 57.7 

a 27 0.0 

I 50 54.2 

a 26 44-6 

3 4 46.9 

3 21 54.7 

I 50 45'4 

z.26 33.9 

3 4 59.0 

3 22 0.6 

3 4 57'7 

3 na 10.4 

I 50 25.3 

a 26 17'3 

3 5 3'8 

3 22 17'2 

r 

32'98 

55'88 

15-56 

23.74 

23.91 

47.79 

j9.06 

27.98 

29.38 

15-04 

1-45 

37'01 

36-44 

58.90 

58-99 

55-11 

43.69 

46-40 

53'55 

46-39 

32.96 

58.67 

59-41 

59'75 

8'57 

26.95 

15.84 

5-84 

1j.40 

h m c  

I 51 52.8 

a 27 40'4 

3 12 29'5 

3 30 46.6 
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* NO star observntiona wow taken for the determination of the deviation correction : it had therefore to be deduced from the readings of two collimators, 
which were found on April 9th to have remained immovable aince April 7th. 
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P ' L B  III. ABSTRACT OF OBSERVED VALUES OF PERSONAL EQUATION 

Between Captain Burrard and Liezctenant Lenox- Coltyngharn. 
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- 0.186 

October 16, 

Btar 1 Declination 

7879 

7931 

7948 

7904 

7994 

8023 

8037 

8058 

8076 

8115 

8136 

8171 

8195 

8206 

8223 

8237 

8261 

7948 

7994 

80'23 

8076 

8110 

8171 

8195 

8237 

8261 

O I  

+ 43 57 
+ 41 1 

+ 41 44 

+ 42 57 

+ 44 34 
+ 42 18 

+ 38 38 

+ 43 43 

+ 45 48 

1 / 

Mean (BN - CN) 

a - 0.28 

- -31 

- 'a4 

- '22 

- '16 

- -28 

- .as 

- '26 

- '27 

- '22 

- .29 

- '32 

- -27 

- '27 

- '49 

- 0.~75 

- 0'23 

- '20 

- '23 

- -36 

- -28 

- .16 

- -27 

- '28 

- '29 

- '29 

- '17 

- -27 

- '25 

- -32 

- '37 

- 0.265 

7958 

7975 

1988 

8003 

8062 

8091 

8131 

81 46 
8160 

8203 

8223 

8247 

8272 

8296 

8324 

8337 

8350 

0 I 

+ 32 38 

+ 32 38 

+ 34 4 

+ 37 12 

+ 48 55 

+ 39 3 

+ 4 3  57 

+ 42 43 

+ 39 4; 

+ 41 44 

+ 42 57 
+ 41 10 

+ 38 38 

+ 43 43 

+ 45 48 

0 I 

+ 39 3 

+ 38 53 

+ 43 57 

+ 39 47 
+ 41 I 

+ 41 44 
+ 40 41 
+ 45 48 

+ q2 57 

+ 44 53 

+ 37 3; 
+ 42 18 

+ 38 38 

+ 30 43 

+ 43 49 

+ 43 43 

+ 45 48 

+ rq I 

+ 16 14 

+ 8 14 

+ II 9 

+ 24 53 
+ 27 28 

+ 23 8 

+ 20 14 

+ 22 48 

+ 21 54 
+ 16 13 

+ 18 3 

+ 7 38 
+ 21 3 

+ 24 32 
+ 26 18 

+ 26 30 

8 

7833 

7856 

7893 

7914 

7976 

8003 

8091 

8247 

8296 

8324 

8337 

- Oa.247 

- 0.37 

- '25 

- -18 

- '29 

- -17 

- -23 

- '33 
- '12 

- -16 

- -25 

- -13' 

- 0.216 Mean (Bs - C8) 

+ 8 34 

+ 19 40 

+ 1 8  57 
+ 28 44 
+ 16 14 
+ 1 1  9 

+ 27 a8 

+ 18 3 

+ 11 3 

+ 24 33 
+ 26 18 

C ' - 0.14 
- '28 

- '22 

- -24 

- -17 

- -20 

- '32 

- -17 

- '32 

- 'a5 

- -21 

- '25 

- '25 

- -36 

- '19 

- '35 
- '28 

7721 

7731 

7753 

7777 

7820 

7859 

7948 . 
7972 
7984 

8023 

8076 

8118 

8195 

8237 

8261 

7798 

7807 

7856 

. 7908 

1923 

7937 

7958 

8003 

8032 

6052 . 
8091 

8131 

8147 

8203 

8222 

4. 27 47 
+ 20 18 

+ 19 40 
+ 10 15 
+ 29 38 

+ 18 47 
+ aq I 

+ I 9 

+ 27 29 

+ 14 53 
+ 17 28 

+ 23 8 

+ 19 57 

+ 21 54 
+ 16 13 



232 . TABLE III. ABSTBACT O F  OBSERVED VALUES O F  PERSONAL EQUATION 

Between Captain Burrard atad Lieutenant. Lenox- Cony~aghm. 

6 

a m 
b4 

F4 

€4 0 " 
4 ' z 

k 
4 

g a 

OBEB~VED w m i  TPLPBCOPB NO. 1. 

December 21, 1889 D r b e r  18, 

Star Declination skr 

821 

829 

861 

871 

a 8  

912 

932 

953 

lo08 

1089 

1 

1123 

At AGRA (Latitude 27' 10') 

821 

829 

861 

871 

808 

912 

932 

953 

1008 

1089 

1097 

11% 

1123 

lagB - Equation 

8 - 0.20 

- '08 

- '29 

- '21  

- '21 

- -32 

- -34 

- 027 

- -20 

- -30 

- - 2 1  

- '33 

- 0'247 

- O ' Z O  

- -19  

- '32 

- -25 

- '35 

- '26 

- .28 

- '21  

- -23 

- '18 

- - 2 2  

- -25 

- '33 

- 0.252 

1 8h Drbe; 20, 
sbr Drber 19, 

~ ~ ~ l i ~ ~ t i ~ ~  

0 I 

+ 39 44 

+ 43 50 

+ 28 48 

+ 3 7 5 2  

+ 37 53 

+ 3 9 1 3  

+ 35 41 

+ 18 25 

+ 3 8 5 3  

+ 47 35 

+ 31 39 

+ 42 13 

+ 37 1 4  

E9ution - 

8 - 0 ' 2 2  

- ' a j  

- - 1 2  

- 
- ' 2 0  

- '18 

- '26 

- '23 

- - 1 8  

- -21  

- 2 6  

- -20  

- -28 

- 0.268 

- 0.2; 

- '27 

- .Zj 

- .36 

- ' 1 1  

- - 2 1  

- '18 

- -31 

- '25 

- -23 

- '30 

- 0.258 

I 

- 0.216  

- 0'20 

- -35 

- -32 

- -25 

- '27 

- .08 

- -30 

- -10 

- -28 

- -26 

- '31 

- 0'257 

800 

810 

898 

1025 

1034 

1057. 

1068 

1079 

1114 

1135 

1143 

Mean (BN - CN) 

~ ~ ~ l i ~ t i ~ ~  1 L / - C  E~"_tF 
8 - 0'35 

- '17 

- 'zo 

- '23 

- '28 

- -21 

- -23 

- -27 

- '21 

- .a9 

- '28 

- '31 

- '30 

- 0.256 

- 0.28 

- 'ar 

- '23 

- '33 

- -27 

- '33 

- '27 

- 3 1  

- .19  

- -36 

- -25 

- -16 

- '25 

- 0.265 

Declination 

f 7 1 5  

+ ro l o  

+ 17 I 

+ 26 41 

+ 2 0  45 

+ 8 3 9  

+ g 21 

+ 16 rg 

+ I S  4 

+ r g z r  

+ zo 35 

800 

810 

898 

9 6  

1028 

1046 

1067 

1068 

1079 

1135 

1143 

821 

861 

871 

888 

912 

932 

953 

lo08 

1089 

1097 

1105 

1128 

0 ,  

+ -39 44 

+ 43 50 

+ 18 48 

+ 3 7 5 2  

+ 3 7 5 3  

+ 39 13 

+ 35 41  

+ 38 25 

+ 3 8 5 3  

+ 47 35 

+ 31 39 

+ 37 14 

821 

861 

871 

912 

932 

953 

963 

974 

lo08 

1089 

1097 

1123 

+ 7 1 5  

+ 10 l o  

+ 1 7 1 7  

+ 2 6 1 1  

+ 26 41 

+ a 0 2 1  

+ 8 39 

+ 9 2 1  

+ 1 6 q  

+ I ~ I I  

+ 20 35 

0 I 

+ 39 44 

t 28 48 

+ 3: 52 

- + 37 53 

+ 39 13 

+ 35 41 

+ 38 25 

+ j8  53 

+ 4 7 3 5  

+ 31 39 

+ 42 13 

+ 37 14 

6 - 0.28 

- '34 

- '16 

- - 2 2  

- '25 

- '35 

- . Z I  

- - 2 1  

- '19 

- '36 

- -28 

- -36 

0 ,  

+ 39 44 

+ 28 48 

+ 3 7 5 2  

+ 37 53 

+ 3 9 1 3  

+ 35 41 

+ 38 25 

+ 40 32 

+ 2 8 4 0  

+ 38 53 

+ 47 35 

+ 31 39 

+ 37 14 

Mean (B8 - Cg)  

810 

842 

898 

945 

1023 

1034 

1046 

1057 

1068 

1079 

1114 

1135 

1143 

782 

789 

810 

84% 

898' 

945 

102; 

1045 

1067 

1068 

1079 

1135 

1143 

+ l o  10 

+ 1 4 5 1  

+ 7 I 

+ 2 6 1 1  

+ 26 41 

+ 2 0 4 5  

+ ro 21 

+ 8 3 9  

+ 9 2 1  

+ 1 6 a , z  

+ 15 4 

+ 19 21 

+ 20 35 

+ 1 8 2 4  

+ 7 o 

+ 10 ro 

+ 1 4 5 1  

17 17 

+ 2 6 1 1  

+ 26 41 

+ z o 2 1  

+ 8 3 9  

+ g t r  

+ 16 23 

+ 19 21 

+ 20 35 



TABLE 111. ABSTRACT OF OBSERVED VALUES OF PERSONAL EQUATION 

Between Captain Burrard and Lieutenafzt Lenox- Conyngham. 
.I 

a 
0 

3 m * 

$ 

z 

9 

$ 

- 

TELEBCOPE NO. 1. O ~ s x a r m  wrrn 

At KARACHI 

April 16, 1890 

Stay Declination E$uatir I I 

( I ~ t i t u d e  24" 51') 

April 17, 1890 

s& DeChation I I n - c  

3812 

3852 

3913 

3952 

3965 

3973 

3981 

3998 

4010 

4018 

4057 

4100 

A t  MOOLTAN 

March 16, 1890 

@k Declination E ~ ~ t F  I I 
3542 

3852 

3913 

3952 

3965 

3973 

3981 

3998 

1010 

4318 

4057 

4100 

(Latitude 30° r 1') 

Marc11 17, 1890 

2793 

2860 

2871 

2052 

2984 

2999 

3016 

3033 

3068 

3(m 

3144 

3162 

3%1 

3268 

3297 

Star Ileclination 

0 I 

+ 23 42 

+ 3 , ? 4 a  

+ 43 47 

+ 44 1 4  

+ 34 j o  
+ 42 2 0  

+ 48 2.3 

+ 3 5 3 3  

+ 38 34 

+ 4 1  32 
+ 4 3 . 3 9  

+ a 7 5 4  

Er:tp 
0 1 

+ 4.1 33 

+ 3 6 4 9  

+ 36 48 
+ 31 6 

+ 33 42 

+ 32 53 
+ 3 1 0  

+ 33 2 0  

+ 32 41 

+ 38 54 

+ 35 5 
+ 37 16 

+ 35 35 

+ 36 1 9  

+ 3 5 5 0  

0 I 

+ 23 42 

+ 3 . ? q a  

+ 43 47 
+ qq 14 

+ 34 j o  
+ h a 2 0  

+ 48 23 

+ , 3 5 3 3  

+ 38 34 

+ 41 32 

+ 4 3 3 9  

+ a 7 5 4  

a - 0 .27  

- '14 

- '28 

- '21 

- '23 

- '20  

- 2 

- '13 

- a29 

- -29 

- '37 

- '39 

I - 0'17 

- -18 

- '27 

- .z.q 
- '29 
- -16 

- ' 2 0  

- '17 

- -15 

- '14 
' '16 

- ' z j  
- -23  

- -27 

- -15  

J - 0 . 1 9  
- 
- '2.1 

- -16 

- '24 

- - 1 5  

- .27 
- '22 

- -35 
- -18 

- '40 

- '29 

- 0.253 

- 0.37 
- - 2 1  

- -28 

- '2b 

- -34 
- 
- .1.3 

- -34  
- - 2 1  

- -23 
- -16 

- -23 

- 0 .240  

3824 

3831 

3862 

3871 

3886 

4900 

3932 

3940 

4031 

4049 

4066 

* 4114 

I ! 

- 0'201  

- 0 .30  

- -20 

- . z o  

- . 1 8  

- -24  

- q2.3 
- -23  

- - 1 6 '  

- -19 

- -24  

- . 1 7  

- - 3 1  

- - 1 6  

- -23 

' - .32 

- 0.224 

- 0' 244 

- 0'35 
- - 2 2  

- -27 

- '18 

- '30 

- .27 

- -16 

- '37 
- ' z j  

- '21 

- '23 

- .29 

- o m z j 7  

3831 

3862 

3851 

3886 

39W 

3919 

3932 

3940 

4031 

4019 

4066 

4114 

+ 15 o 

+ 20 44 
+ 6 38 

+ 7 1 1  

+ 17 4 
+ 3 2 8  

+ 17 24 

+ 64 .3  
+ 1 6 1 6  

+ 4 16 

+ 22 4  

+ 10 jj  

Mean(BN-CN)  

+ 2 0 4 4  
+ 6 3 8  

+ 7 1 1  

+ 17 4 
+ 3 28 

+ 1 4  59 

+ 17  24 

+ 6 4 . 3  
+ 16 16 

+ 4 16 

+ 22 4  

+ 10 53 

2786 

2815 

2836 

2889 

2901 

2917 

2931 

2942 

3079 

3109 

3123 

3132 

3255 

3278 

3309 

8 

- 0 ' 2 6  

- . r8  

- . 2 1  

- -28 

- -23 

- 928 

- '27 

- '22  

- '24 

- -26 

- '25 

- 0.241 

- 0.23 

- ' 2 1  

- . z +  

- -28 

- -24  
- . Z Z  

- '25 

- -27 

- '27 

- e.30 
- -29  

- -29 

- -24  

- -29 

- 0 . ~ 5 9  

2999 

3016 

3033 

3068 

3097 

3100 

3 1 U  

3162 

324.1 

3268 

3297 

+ 2 7 3 5  
+ 28 16 

+ 1 4  34 

+ 7 o 

+ 6 5 
+ 2 0 2 4  

+ 20 16 

+ I S  5  
+ 2 1 5 3 .  
+ 30 6 

+ za 27 

+ 15 26 
+ 2 8 5 1  

+ 16 56 

+ 26 25 

0 I 

+ 32 53 
+ 3 r  o 

+ 3.3 20  

+ 32 41 

+ 38 54 
+ 30 6 

+ 35 5 

+ 37 16 

+ 35 35 

+ 36 19 

+ 3 5 5 0  

Mean (Bs - Cs ) 

2901 

2917 

9931 

2942 

2965 

3053 

3079 

3123 

3138 

3201 

3209 

3227 

3278 

3309 

+ 6 5 
+ zo 24 

+ 20 16 

+ 1 3  5 
+ 29 1 0  

+ 9 4 9  

+ 24 53 
+ a 2 2 7  

+ 1 5 . 2 6  

+ a6 24 

+ 17 4 

+ 9 32 
+ r 6 5 6  

+ 26 25 



234 FABLE IP. DEDUCTION OF THE FINAL VALUES OF THE RELATIVE PERSONAL EQUATION 

Betzaeen Coptain Bztrrard and Liezttenant Lenox- Conynghm. 

Astronomical 

Dnte 

Final Pnlzces of the Epuatio?t Adopted. 

The difference between the final means of (B, - C, ) and (Be - C, ) is so small that a mean of the two has been adopted 
as applicable to all stars of all arcs. 

Station 

b 
9 
f2 
4 
l?4 
W 
Eii 
FI 

4 a 
0 
4 

h 
2 
il 
0 

B 

H .  
m .  
2 
W 
4 
W 

8 

Final adopted value B - C = - 0.~41. 

Instrumrntnl 
Posltion 

I. P. W. 

11 

IJ 

I. P. W. 

I I  

I. P. E. 

21 

I. P. E. 

IS 

I. P. W. 

JS 

The symbol B - C signifies a quantity which must be added to times observed by Lieutenant Lenox-Conyngham before 
they are compared with those observed by Captain Burrard. 

Telescope 
in 

m e  

N 

& 

#4 

k2 

#4 

54" 

rl 

i 

Final Means . . . ... 

1889 
October 16 

JJ 17 

II 18 

1889 
December 18 

II 19 

JI 20 

29 21 

1890 

March 16 

19 17 

1890 

April 16 

II 17 

By Sbm of 

Mean Tnlue of 
Equation 

(B,  - C, 1 

8 - 0.192 
- '247 

- '275 

- 0.216 
- .2 j6  

- '247 

- .a68 

- o'zor 
- '244 

- 0.253 
- '244 

- 0.239 - 0-243 

NOBTH Aspect . B y  Stars of SUFTB Aapect 

hIe11n Value of 
General Mean Equation General Mean 

(BN - C N  1 (B8 - Cg) 

8 - 0.238 

- 0-247 

- 0.223 

- 0'249 

8 - 0.186 
- -216 

- .26j 

- 0'157 
- .26j 

- '252 

- '258 

- o'zzq 
- '259 

- 0.240 
- '257 

8 - 0.222 

- 0.258 

- 0.241 

- 0'249 



TdBLE V. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 235 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

* Owing to the irregular. rate of the Chronograph the Pen Equation had to be applied graphically on the record before the star signals were read off, end con- 
r n u e n t l y  in this case Q = 0.00. 

- 

AGIC+.l (E) Lot. 2i0 lo', Long. 6q12.1 141 : AN11 MOOLT-IN (W) h t .  30' 11', Long. 4h 4jm 56". 

0 
Y 

i; - 
6 .g 
.a 

Diffcronce of - - 
(W - El 

- - 

By each 
of 

Star 

Nor.16 

TRANSITS OBSERVED AT E . 
By Buword, with Telercops No. 1 

TUNSITS OBSE~~TED AT W 

1859 

Nor.16 

B,A.C. 
Number 

By 

.: 

STAR 

Decli- 
nation 

808 

813 

&U 

698 

714 

727 

772 

707 

745 

760 

g 
- 

/ N 
N 

N 

S 

S 

S 
I 

S 

N 

iY 

N 

6 

In- 
0 1 strumental 
$ 1 Position 
.- ' and 2 1 correction 

Constants - - - - - - - 

q-ohl 

Correc- 

tion 

Lenoz-Conyngham, with Telercope 3-0. 2 

Observed 

Time 

698 

714 

7 8  

seconds 
of 

Correct- 
ed ~i~~ 

z m  

fhcondg 
of 

c 

+ 1.41. 

+ t a l i  . 

+ 1-39 

772 

707 

745 

755 

760 

821 

82!3 

861 

798 

tion 

T ~ W  

correction 

111- 

drumental 
Position 

c 

26.97 

14'82 

39'97 

+ 21 29 

I 

Time 

Y.,,. 

I. P. TV. 

, d - 
- '.' 

a -12.1 

r 
Q + I . ~ I  

h m  c 

a 10 25.56 

13 1.3'45 

15 38-38 

S 

o I 

+ 33 20 

+ 4648 

+ 4054 

Correc- 
Correct- 

58 35'24 

3 o 16.~30 

4 59'10 

2 36 34.98 

39 22.77 . 
4147.95 

51 11'53 

2 37 48.6; 

44 43'46 

48 6.92 

Constants 

I. P. W. 
d - 2.4  

b - 1.4 
a -11.4 

r 
Q + 1.71 

C 

Q - I.;I 

and 

2 6 9 

33 57.46 -1.93 

38 39'99 I -1'91 

+ 1.52 

I :  + I 

15 28.9.3 1 + 1 . ~ 7  

h m  # 

2 36 46.03 

39 32-34 

41 57'55 

51 a1.01 

1 3 7  58-20 

44 52.99 

46 49..36 

48 16.30 

3 I 19'3.3 

2 56.59 

7 22.60 

2 56 .q9'09 

Observe$ 

+ 35 40 

+ 1 9 2 4  

+ 10 7 

+ l o  4 ,  

+ 758 

+ 3944 

+ 4350 

+ 2847 

+ 1 1 5 8  

/ ed Time j 

- 1 ' 8 ~  

-1'8.4 

-1'87 

+ 1.62 

t 1 . 6 8  

+ 1 ' 6 j  

+re61 

+1'55 

+ 1.53 

+ r a 5 z  

N 

N 

N 

14.40 

55.53 

38.08 

I~'.:o 

5.23 

30.40 

54-18 

. ~ I - I I  

25.96 

49'.~9 

24 52.6; 

2 11 29'49 

18 24.27 

21 47.69 

33-40 

14'47 

51-23 

36-60 

24.45 

49.60 

13.14 

50'22 

44'99 

8.44 

19.00 

18.94 

19'15 

26 19-30 

19.22 

19'20 

18.96 

26 19-11 

19.03 

19.05 

L.P. T. 

d 
+ . 
- j 's 

a + I S ' ;  

r 
Q + 1.60 

I. P. 6. 
d , - 3.8 

b - 6.2 - .o 

1 SI 

s 

9 

N 

N 

N 

N 

S 

S 

8 

+ 2635 

+ 1 l j 9  

+ j3  2 0  

+ 4648 

+ 40 54 

+ 35 40 

+ I 9 2 4  

+ 10 7 

+ 7 58 

f 1 . 5 1  

+1*62 

+1.69 

+1'70 

3.70 

40.72 

35'47 

31.84 

58.80 

58.74 , 
35.69 

1'75 

18.18 1 
I 

r 

-0.08. 

+1' ;0 

+1.66 

+ I - 6 3  

+ 1'57 

+1.54 

+ 1.54 

+ I ' 53  

-1.77 

-1.74 

-1.82 

- 1-87 

N 

8 

s 
8 

8 

N 

N 

N 

8 

25 2-30 / t 1 . 40  

1 9 

8 

N 

N 

N 

N 

8 

8 

8 

-- 

c 

45.95 

34'04 

59'21 

22.64 

59'77 

54'53 

50.90 

17.83 

17.56 

54'85 

20.78 

37-22 

m r  

26 18.98 

19.22 

19'24 

18.94 

16 19.05 

19'06 

19.06 

19'03 

26 18.82 

19.16 

19.03 

a6 19.04 

J 

Q + 1.67 

# 

Q - 1.67 

2 I X  39.29 

18 34'04 

20;0.40 

2 1  57-36 

2 3460.69 

F 
EIO, 

0 
h 

7 
F 

E*0, 

2 
0 

9 ' 

'D, 

+1 '43  

+1'43 

+1'44 

+1'44 

-1.95 

f 
O 

I 

- 
f O  
O 

I S  

- 
f L  
O 

I 

O 

+ 

". h 

7 
O 

+ 

2 - 
o 

+ 

% 
1 
% 

n 

z 

~1 

'2 
2 

V) 
E 
0 
E 

$ 2  

0 

h " 

E R  

6, 
,? 

t %  

m 

36 37-6j  - 1.96 

- 
$ 0  

O 

I 

" 
$ 
0 

I 

- v )  
d 
N 

O 

I 

- 

m 
h 

7 
0 

+ 

rc. 

0 

+ 

r; 
: 
o 

+ 

rn 

41 3'68 

: 
. E  
S 

n 
'% 
oc 
% 

m 01 

"2 
'E: 

u) 

-1'93 

2 30 20.09 .91 



236 T ! L E  V. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - P. 

f 

Q 
.&I z - 
t .- 
i 

Y 

1889 

Nov.16 

Xov.17 

i 

* 

STAR 

B.A.C. 
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O F  THE APPAREKT DIFPEBEKCE OF LONGITUDES, L\L - p. 

*Owing to the irregular rate of the Chronograph the Pen Equation had to be applied graphically on the record before the star signala were read off, and con- 
requently in these caeee Q = 0.00. 
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AGRA (E) Lat. 27" I@, &fig. bh 1P : AND KARACHI (W) Lat.  240 51', Long. 4h 28" 13'. 
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o <!: Correcled Times . 

(w-E) g b  
9 

By each 
of ' " 1  I 

0 + 

d .  - 
2 -- 
E - 
.2 

T ~ A X E I T E  OBSERVED AT 
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44 1'32 

1.23 

1-28 

1.25 

44 1'25 

1'33 

1-32 

1-32 

44 1.35 

3 4  

1'29 

I ' 28 

44 1-42 

1.36 

1'47 

1'39 

44 1-50 

''43 

1 ~ 5 0  

1 '49 

e, 1.50 

1-48 

l.45 

1'45 

Correct- 1 and 
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.; 
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CI 
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.a 
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- 0  
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$ 

STAB 

"- 
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$ 
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$ 
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:: 

E' - 
: 

% 

S 

h 

2 
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T ~ W  
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I I:: 

.. 

0 1- 

, ? - 
E f  
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,? - 
E;: 
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s q  

2 
- 2  
s: 

0 OC 

,P - 
E $  

0 

,? - 
E $ 
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h 
n 
? 
0 

+ 

V ) h  
N 
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0 
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h N 

p 
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+ 

2 
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0 

+ 

0 ". 
? 
0 

+ 

0 
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+ 

Correct- 
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.; 
2 

In- 
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1889 
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Correc- 
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pp 

s e ~ ~ n d s  
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Dec.2 

" 

N 

N 

N 

N 

S 

Lion 
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Correction 

1320 

1326 

1339 

1361 

1298 

s 

+2.38 

+1.63 

I + 2-42 

+1'82 

+oe92 

Time 

D I 

+ 41 33 
+27 5 

+ 2 0 

+3112 

+ 859 

a 
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38.15 

59'34 

9.01 
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+0.91 

+1'35 
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-1'31 
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+r.gj 
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+ 1.50 
1 + 1.52 

a 

+1*46 

+I.~o' 

I 

+1'34 

+ I - I ~  

h m  a 

3 27 38-76 

28 35.62 

o 5659 

34 6.42 

3 22 57.84 

1414 

36.51 

51-73 

9.19 

7'00 

9'01 

4-46 

59-32 

14-48 

53.65 

37'71 

23.35 

40.71 

37'35 

58.61 

8-21 

59'46 

35'76 

50.93 

8.38 i 

8 

Q - 1.48 + 41 a 

+ 1.14 

+I"24 

+ I . ~ I  

-1.51 

-1.48 

24 34.04 

25 49-17 

32 6.66 

3 44 7.16 

50 9-5 

h m  a 

4 1 1  39.16 

12 36.52 

'4 56.92 

18 7-19 

4 659.31 

ed Time 1 

c 

40.22 

36.92 

58.06 

7-96 

58.98 

N 

+ I ' I ~  

-1.60 

- 1 . 6 ~  

-1.74 

-1.73 

-1.76 

-1.75 

+1.97 

+1'44 

+Z'OO 

4-1'57 

+ O - ~ Z  

+0.91 

+ 1.25 

g r  5-59 

51 44'77 

53 59.68 

3 37 14.80 

38 54.02 

40 38.00 

42 23.71 

3 27 37.24 

28 34'48 

' 3055.11 

34 5.15 

3 22 57-04 

24 3.3'37 

25 48.23 

1376 

1388 
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' 

N 

N 

N 

N 

6 

+1856! 6 
I 

+ 1936 S 
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16 7.99 
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34 9-73 

35'18 

50'41 

7'87 

5'$5 

7.6; 

~ o n ~ t a n t a  

I . P .  r. 
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- 

a -99.5 
r 

Q + 1-60 

16 6.86 / + 1.52 
I 

35 45'77 

37 60.83 

421 16'38 

22 55q5.3 

24 39'74 

16 25'36 

4 1 1  39-16 

12 35'83 

14 57'06 

18 6.68 

4 6 57'96 

8 34.16 

9 49.4' 

6.93 

43'17 

58.04 

13-06 

52-zg 

36.24 

11.96 

39.21 

35.92 

57.11 

6.72 

57.96 

34'28 

49'48 

6 

6 

8 

9 

N 

N 

LP. W. 
d 

, + ,., 
- 3" 

a -73.0 

s 
Q + 1-49 

1406 

1320 

1326 

1339 

1% 

Im8 

a 
Q - 1-60 

N 

N 

9 

S 

S 

8 

N 

N 

N 

N 

6 

6 

S 

I. P. W. 
d 

, - I.4 
b -  1.3 
a - 4.4 

s 
Q + 1'59 

+ r 6 6 9  
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1311 

N 

+2019 S 
I 

+ 27 5 N 

+ q z ~ o !  N , 
+ 3 1 1 2 '  N 

+ 8 5 9 ~  
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AGRA (E) Lat. 27" lo', Long. bh lam 14. : 

T B ~ B I T B  OBBE~~VED AT R 

By Buwwd, with Telescope No. 1 
o + 
d 
e 

AND KARACHI (W) k t .  2 8  61t, Loag. 

TBANBIT~ OBBERVED AT w 
STAB 

By 

; 
-2 
2 " 

N 

N 

N 

8 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

9 

6 

S 

8 

U .- - 
+ 

1889 

Dec. 2 

Dec. 3 

PL 28- 1 8 .  

Difference of 
D 

2 2  
0 ,z 

z g  
0 
;: 
Q 

Lenoz- 

In-  
strun~cr:ial 

Position 
and 

Correction 
Constanh 

I. P. V. 
d - 

- 
a - 4.4 

a 
Q - 1.59 

I. P. E. 

- .., 
: - z : :  

a 
Q + 1.61 

- 1 ~ 6 1  

Corrected 

(W - 

By each 
Star 

m s  

44 1.31 

1-46 

I .J2 

1'44 

44 1-52 

1-62 

l.'49 

I '58 

44 1-41 

1.27 

1-40 

I '41 

44 1'38 

1'33 

1-25 

1 '37 

44 1.34 

1-43 

1 '42 

I '48 

44 1'37 

I.45 

1'43 

1.38 

B.A.C. 
Numbor 

1414 

1945 

1452 

1462 

1376 

1388 

1402 

1406 

1320 

1326 

1339 

1364 

1298 

1304 

1311 

1350 

1414 

1445 

1452 

1462 

1376 

1388 

1402 

Times 

~ e a n  

of 

Group 

00 0 

,p - 
E S  

rn 

- ?  
E d  

t- 

.m - 
Es 

m m 

,? 

E f  

00 
,: 
ES 

m 
0 

- t  
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% %  o 

$ + r l I  m 

& S I  

4, ggm 2 
i l l  

' $ R * ~g 
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+ 

No.  2 

fhcond~ 
of 

Correct- 
ed Time 

x 

6.17 

8'16 

43'65 

58-50 

13.65 

52.86 

36'74 

22-50 

39'58 

36.15 

57-40 

7 '01 

58.35 

34.61 

49.74 

7-27 

5.10 

7-12 

42'57 

57'44 

12'51 

51'70 

35.68 

21-32 

Conyngham, with 

M~~~ 
Obmrved 

Time 

h m  x 

4 28 7.80 

34 9'79 

35 4Sa29 

37 60.15 

4 21 15-31 

2 2  54.52 

24 38.41 

26 24.17 

4 11 37'97 

12 34.55 

1455'79 

18 5-42 

4 6 56-74 

8 33-00 

9 48.13 

16 5.66 

4 28 6.72 
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35 44-19 

37 59'06 

4 2 1  14'13 

22 53.31 
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26 21-93 
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h 

L 

: 
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z 
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s 
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z 
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L 

$ 
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Correc- 

a 

-1.63 
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-1.65 

-1.66 
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-1.67 

-1.67 

+1'61 

+1.6o 

+1.61 

+1.60 

+ 1.61 

+1*61 

+1'61 
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-1.62 

-1.61 

-1.62 

-1.62 

-1.61 

-1.61 

-1.61 

-1.61 

nation 

0 I 

+ 41 2 

+ 43 9 

+ 3240 

+ 2828 

+ 18 56 

+ 19 36, 

+ 1537 

+ 16 h 

+ 41 33 

+ 27 5 

+ 42 10 

+3112  

+ 8 j9 

+ 837 

+ Z O I ~  

+ 1 6 3 1  

+ 41 2 

+ 4 3  9 

+ 3 2 4 0  

+ 28 28 

+ 1 8 5 6  

+ 19 36 
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I: 

1 
0 

+ 

0 

0 

+ 

" I h  
r4 

p 
0 

+ 

h 
N 
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0 

+ 
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0 

+ 

h 
N 

+ 
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f z  
0 

1 

- * N 

0 

1 3  

L) 

f O  
0 

I 

? 
0 

I 

- 
f 

' 0  

I 

c 
b 

I 

N 

N 

N 

N 

8 

8 

8 

S 

N 

N 

N , 
N 

8 

8. 

8 

8 

N 

N 

N 

Ii 

8 

8 

8 

Correction 
Constants 

I.P. W: 
d 

+ ,., - 
a -73'0 

s 
Q - 1'49 

I. P. W. 
d 

+ 

: 16::: 
s 

Q + 1.50 

Q - rf50 

Correct- 
ed ~i~~ 

8 

4.86 

6.70 

42-23 

57.06 

12'13 

51.24 

35.25 

20.92 

38.16 

34'88 

56.00 

5-61 

56.97 

33.28 

$8'49 

5.90 

3-16 

5.69 

41.15 

55'96 

l I ' I 5  

50'25 

34.25 

19'94 

Time 

A m  a 

3 4 4  5'89 

50 7'64 

51 43.58 

53 58.j6 

3 37 13-91 

3853.00 

40 37.12 

qa 22.78 

3 27 36.22 

28 33'43 

30 54.04 

34 4'04 

3 22  56.00 

zqfa.31 

2547.23 

j n  4.73 

3 4 4.84 

50 6.69 

51 42-53 

53 57'47 

3 37 11'93 

38 52.01 

40 36.11 

42 21 ' jU  
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s 

-1.03 

-0'94 

-1.35 

-1.50 

-1.78 

-1.76 

-1.87 

-1.86 

+ 1 * 9 4  

+ 1.45 

+ 1.96 

+ r m 5 7  

+0.97 

+o.97 

+1"26 

+ I ' I ~  

-1.4 

-1.00 

-1.38 

-1'51 

-1.58 

-1';6 

-1.86 

-1.84 
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a 
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s 
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f 

\O 
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0 .  

: 

\O 
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s 

.;: 
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I 
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I 
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0 

I 
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0 

I 
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I 
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5 .g 
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T a f i - s ~ ~ s  OB~EBVED AT W 
STAB 

B.A.C. 
Number 
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1339 

1364 

1298 

1304 

1311 

1350 

1414 

1446 

1452 

1462 

1376 

1385 

1402 

1406 
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1326 
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41.69 
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11.68 
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3 

N 

N 

8 

8 

8 
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N 

N 

N 

N 

8 

s 

8 

8 

N 

N 

N 

S 

8 

8 

8 
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+ 1856 
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+ 1537 
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By each 
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m s  

44 1.16 

1.31 

1.21 

44 1.26 

1'3' 

1-26 
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44 1-13 

1.19 
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of 
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s) 
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N 

N 

N 
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8 
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N 

N 
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32 2.94 
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a 

Q + 1.49 
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35 43-30 
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4 21 13'38 
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24 36.63 
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18 3.62 
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I 
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40.62 

55'54 

10.60 

49'75 
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N 
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S 

S 

S 

N 

N 

S 

N 
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S 

S 

S 

S 
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6 
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S 
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, 
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+ 

rn 

0 

+ 
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+ 

:: 

+ 

0 

0 

+ 
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0 

+ 

Telescope 

Total 

Correc- 

tion 
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By each 
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44 1 - 1 7  

1-18 

J '03 

1.19 

44 1'24 

1.32 

1'30 

1-26 

44 1.49 

"47 

I.39 

1-38 

44 1-40 

''4 

1-36 

I .48 

44 3-35 

1-38 

1-37 

44 1-43 

1-40 

1 '48 

Constants 

I. P. E. 
d , - 2.7 

a - -34.9 3'0 
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4 - 1'49 

I. P. W. 
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a 

Q + 1-49 
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Q - 1.49 
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Total 
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i 
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of 
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* 
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3 44 3.43 
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3 37 11-12 
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40.34'2; 
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3 27 33.1.3 

28 30.08 
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34 0.90 

3 22 52.56 

2428.79 
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OF TIIE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

'Owing to the irrept~lar rata of the Chronograph the Pen Equation had to be applied graphically on the record before the star aignals mere read off,and con- 
requently in these ceaea Q - 0.00. 
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Telucops No. 

T ~ M  
Correc- 

tion 

J 

+I-51 

+"51 

+I-51 

+1'4 

+1'26 

+1'33 

+1'33 

+ 1'34 

-1.74 

-1.69 

-1.71 

-1'66 

-1'77 

-1'77 

-1.91 

-1.82 

+1.64 

1 6 5  

+ 1.64 
+I*& 

+ 1-37 
+1*46 

+ 1.46 
+1'47 

+oS14* 

+oS14* 

+ 1-85 

+1'84 

+1*78 

+I-81 

+1.81 

+rm81 

-1.6! 

-1-59 

-1.59 

-1.58 

-1.61 

-r.61 

-1.65 

-1.63 

+1'73 

+rm,3 

+1'73 

+1'73 

+1.69 

1 7 1  

+ISfr 

+1'71 

I 

Seconds 
of 

Correct- 
d ~i~~ 

J 

39-24 

9'49 

7.58 

41.46 

16.65 

12'38 

58-71 

50.45 

6-39 

39.14 

34'71 

25.65 

29-54 

15'77 

6-44 

42.29 

38.14 

8.37 

6.48 

40-45 

25-64 

11-33 

55-66 

49.51 

8 

6-66 

36-92 

35'02 

8'92 

54-04 

39-92 

26-15 

17.95 

33-96 

6'67 

2'29 

53'28 

55'04 

43-31 

34-04 

9-90 

5-84 

36-06 

34.20 

8-15 

53.34 

39.07 

15-44 

1716 

m r  

I 29-42 

17.43 

7 4 4  

27.46 

I 27-39 

11-54 

27-44 

17-50 

I 21-57 

27-53 

27.58 

a7.63 

I af-50 

17-54 

27-60 

a7.61 

1a7-70 

27.69 

27-72 

17.70 

I 27-70 

a7.74 

17-78 

27.65 

5 .^ 
6 "  

3 " ^  
s -  

, 
h 

E '  

2 
w . 

h " 
f i "  

. 
n 

I" 

.h 

f i n  

b 

+ 

8 
0 

+ 

" - 6  . 
0 

f. 

g 
b 

+ 

8 
0 

+ 

8 
o 

+ 

- 
d 
b 

I ,  

0 

I ,  

;r 
0 

I  

5 
b 

I  

O h  

I n  

O h  

I ,  

m 
01 ^ 

h 

m 
rr. 
m 
h 

, 

n. 
% 
L 

" 

rc. 

0, 

"- 
P 
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4 
Q - 
d 
4 
Y 

1889 

Dec.29 

Dec.80 

v 

a 
.2 - - 
u * *  
g n n 
g b o  
; I  I 
$ 1 1  

n o & & r n  r 

. I 1  

g $6' 
U 

- 
0 

I n  

0 

I n  

; 
P .  
o 

I 

- 
b 

I 

5 
b 

I 

- 
X ?  
b 

I 

B.A.C. 
Number 

2@58 

20% 

24%' 

a110 

2047 

2067 

2126 

alk~ 

I 

2021 

1958 

1971 

1976 

2029 

2058 

2m2 

2091 

2110 

2047 

2067 

2126 

AND KALIANPUB (w) h t .  a40 7', hag. 

T R A N ~ I T ~  OB~EBVED AT w 

9 

+ 
a 

m 

3 - * 

3 .. * 

4 - * 
I 

m 
y 
$ 
I 

f 
$ 
I 

a. 

I 

d 

STAB 

Decli- 
nation 

o I 

+ 25 6 

+ 3034 
+ 28 17 
+3232 

+a234 

+ 21 42 
+ 7 25 

+ 16 18 

+ 35 15 

+ 1447 
+ 23 8 
+ 23 I 

+ 2319 

+ 25 6 

+ 30 34 

+1817 

+ 3232 

+2z3q 

+2142 

+ 7 25 

AGRA (E) ~ o t .  a70 lo', LOW. B IF 14. : 

T R A N ~ I T ~  OBSERVED AT' E 

By 

N 

N 

N 

N 

8 

8 

8 

8 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

yl 

" 
* u  z 2  
.o 
3 . B ,  
g 
6 

0 

+ 

8 
0 

+ 

; - g  . 
o 

+ 

b 

+ 

5 
b 

+ 

i i  . 
0 

+ 

B 10" 47. 

Difference of 

u 
8 

3 

N 

N 

N 

N 

8 

8 

8 

8 

N 

' 

8 

8 

8 

8 

N 

N 

N 

N 

8 

6 

8 

Corrected 
- 

By each 
Btar 

m a  

I 27-79 

27.75 

27'ia 

17.71 

xa7.4 

27.76 

27-61 

27-79 

I 27'72 

I 27.74 

17-80 

27'73 

27-76 

I 17'72 

'7.79 

17-18 

37'79 

I 17-68 

27-83 

27-73 

Telucqps No. 

~~~~l 
Correo- 

J 

-1.53 

-1.47 

-1.50 

-I.& 

-1.56 

-1.57 

-1.p 

-1.64 

+1'4j 

+1'42 

+1'43 

+1'43 

+1'4j 

-1'57 

-1.58 

-1'57 

-1'58 

-1.57 

-1.57 

-1'58 

Lcnoz-Conyngham, 

In- 
strumental 

Position 
and 

Comction 
Constants 

I, P. W. 
d 

+ 

b a. - + 3'3 1.6 

J 
Q - 1-58 

I. P. E. 
d 

c - 3'5 
b - 3'0 
0. -50'3 

s 
Q + I - 5 6  

8 

Q - 1-56 

Tim= 

Mean 
of 

Group 

* a 
h 

a n  

*: 
h * 

a -  

C .  

f i  
E "  

2 
* 

E "  

$ 
E "  

I). 

fi 

E - 

By Burrad, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. W. 
d 

+ I.5 

12t:i 
I 

Q - 1-51 

I .P.  W. 
d 

0 + 1'5 

b - 4'5 
(i- 1.8 

J  

Q + 1.50 

J  

Q - 1'50 

1 

tbc0ndJ 
of 

Correct- 
ed ~i~~ 

J 

5.36 

38.06 

33.76 

14.73 

16-48 

14'74 

5.57 

41.32 

39-31 

24'51 

10.21 

56.58 

48-37 

4'29 

36.98 

32.61 

13-58 

15.42 

13-58 

4'40 

with 

M~~ 
Observed 
!I?h. 

h m  s 

6 17 34-60 

21 7.25 

23 2'93 

24 53-81 

6 15 55'67 

18 43.95 

26 34-67 

28 10.58 

6 11 5-41 

. 

6 o ~r-oj 

2 36.63 

3 21-94 

12 14-15 

6 17 33.11 

21 6-35 

a3 2-02 

24 52'90 

6 15 54-86 

18 43'17 

a6 34-17 

Tehxps  

~~~~l 
Corn-  
lion 

J 

-1-45 

- 1 . ~  

-1'45 

-1'43 

'1'45 

-1.45 

-1'48 

-1'47 

+is65 

+1.22 

+1'38 

+1'37 

+1'38 

-1.70 

-1.58 

-1.63 

-1'53 

-1';6 

-1.76 

-2.04 

with 

M,, 
Observed 

Time 

A m  J 

6 16 6.89 

19 39.53 

11 35.26 

23 26-17 

6 1428.04 

17 16-31 

a5 7.29 

26 42-96 

6 937.91 

5 59 23-09 

6 x 8.78 

I 55'15 

1046.94 

6 16 5-86 

19 38'56 

21 34-18 

23 25-16 

6 14 26'99 

17 15'15 

a5 5-98 

No. 2 

BecondJ 
of 

Correct- 
ed ~ i , , , ~  

J 

33.15 

5-81 

1'48 

52'44 

54-22 

42.50 

jjm;9 

9.11 

7.06 

51-25 

38-01 

24'31 

16-13 

j2'01 

4-71 

0.39 

51'37 

53-lo 

41.41 

32-13 



TABLE V. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 959 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

Owing to the irregular rate of the Chronograph the Pen Equation hsd to be applied gmphieally on the reeord before bhe rbw eig& were read oE, and con- 
oequently in thea c a m  Q - o'on 

1 

4 
FI 
4 

u 

-g 
a 

1889 

Dec.31 

1890 

Jan. 1 

AND &iLIA.NPUB (W) Lot. 24" 7', Long. 

TRANSITS O B B E R ~ D  AT W 

AGBA (E) Lat. aP fO', Long. Sh 1P 14': 

TBANSITS OBBEEVED AT E 

By 

j, 
4 
P 

i 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

, 8 

N 

N 

N 

N 

9 

8 

8 

8 

9 

g 
4 
.; 
3 * 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

B.A.C. 
Number 

1936 

194 

1947 

24x1 

1958 

1971 

1975 

#)29 

2058 

2082 

2097 

2110 

2047 

2067 

2126 

2140 

1935 

194a 

1947 

2021 

1958 

1971 

1975 

2029 

STAR 

Decli- 
netion 

o 1 

+ 31 58 

+ 3830 

+ 38 6 

+3515  

+ 14 47 

+ 23 8 

+ 2 3  I 

+ 23 19 

+ 25 6 

3034 

+ 28 17 

+ 32 32 

+ a 2 3 4  

+ 21 41 

+ 7 15 

+ 1 6 1 8  

+ 37 58 

+ 3830 

+ 38 6 

+ g 5 1 5  

+ 14 47 

+ 23 8 

+ 23 I 

+ i s 1 9  

B 10" @. 

Difference of 

3 a 
3 "  
0 

;P 
E 
Q 

0 

+ 

2 :  
+ 

8 
0 

+ 

. % g  
0 

+ 

0 

+ 

+ 

Corrected 

(w - 

By each 
Star 

Q 8 8  

I 27-75 

I 

27'76 

27.71 

I 27.74 

27-77 

27-74 

27-74 

1 17-80 

27-75 

27-78 

17.81 

I 17.76 

~ 7 . 7 7  

7 - 7 5  

27-75 

1 27'46 

27-42 

27'48 

a f m s o  

r 27-56 

27'53 

27-55 

27-41 

No. 9 

B ~ C O ~ &  
of 

Correct- 
d ~i~~ 

8 

3-69 

33-93 

32'09 

6-00 

51'16 

36-09 

~ 3 ~ 2 1  

15-02 

30'94 

3 

59-30 

50'17 

52.02 

40.29 

30.99 

6.84 

1-57 

32.74 

30.88 

4.84 

49-99 

35'76 

22.10 

13.85 

By Buwa~d, 

=- 
strumend 

Poaition 
and 

 omt ti on 
Conatants 

I. P. W. 
d , + I.5 

: 
a 

Q +1'49 

# 

Q - 1-49 

I. P. 6. 
d , - 3.1 

: XI;:: 
8 

Q + I - 4 8  

hnoz-Conyngham, 

In- 
strum en^ 

Position 
and 

~ o m c t i o n  
Constants 

I. P.E. 

- 3.5 
a - 3" 

Q + 1-51 

8 

Q -1.57 

I. P .Z.  

, - 3.5 - 3'1 
0 -40.9 

I 

Q +I'59 

Timen 

of 

Group 

. 
A 

C -  

. 
* 

E.. 

V) 

mF 
h 

i i n  

. fi z 

u) 

.? 
n 

E.. 

. Z . .. 
1 

a" 
.2 - - 
$ 5 
g 3 

r u ; I I  
6 1  I 

$0. 
d l  I 

[ $,$ 
0 

0 

1 . .  

5 %  " 
I 

0 

I n  

a z  
0 

t 

O 

L 

.. 
n E , *  
b 

I ,  

T s h o p s  No. 

TOW 

Correc- 

tion 

# 

+1*57 

+1'58 

+ 1-58 

+1'50 

+1'53 

+1'53 

+1'53 

-1.45 

'1.43 

-1'44 

-1.41 

-1.45 

-1'45 

-1'50 

-1'48 

+ I - 4 0  

+1'40 

r1 .39 

+1.38 

+1 '2 j  

+ ~ ' i g  

+].a9 

+ I - i g  

with 

M n  

Obrerved 

T h e  

h Q 8  8  

5 55 34'37 

57 4'64 

58 2.75 

6 9 36-71 

5 59 11-91 

6 I 7'59 

1 53'95 

1045.75 

6 16 4.59 

19 37-31 

21 32-96 

23 23.88 

6 14 15.71 

17 13.97 

25 4.74 

26 40'57 

5 55 33-11 

57 3'91 

58 2.01 

6 935'96 

5 59 2 1 - 1 0  

6 I 6-94 

I 53'26 

1045.14 

a 
+ , 
4 

V) 

h 

.. 

Y) a 
h 

U) 

h 

" 

u) 

F 
, 

V) 

n 
A 

k 

1 

&con& 
of 

Correct- 
rime 

8 

35-94 

6-22 

4.33 

38'18 

23.41 

9'" 

55-40 

47'28 

3.14 

35-88 

31.51 

12-46 

24-26 

1 1 1  

3'24 

39.09 

35'11 

5-32 

3-40 

37'34 

22.43 

8.23 

54.55 

46.43 

with 

Maan 

Observed 

T h e  

h m  J  

5 57 2-01 

58 32.2) 

59 30'41 

6 11 4.39 

6 049.91 

135'51 

3 21-84 

11 13-63 

6 17 32.66 

21 5.24 

za 60.96 

14 51.84 

6 15 53.79 

1841.06 

26 0 0  

28 8-70 

5 57 2'48 

5832.64 

5930.79 

6 11 3-21 

6 o 50.30 

a 35'95 

3 a a - q  

12 11-44 

Trlurops 

TOW 

Correc- 

'0. 

# 

+ 1-68 

t1 .69  

+1'68 

+1'61 

+1'25 

+1'38 

+ r S 3 8  

+ 1.39 

-1.71 

-1.61 

-1.66 

-1-57 

-1-77 

-1.77 

I 

-1.86 

+o.og* 

+oSro* 

+0'09* 

+1.63 

-o.31* 

-0. 19* 

-os19* 

+ 1-41 , 
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r 

d n 
r( 

8 
'ii o 

1890 

Jan. 1 

Jan 2 

P 

2 ;; ." 
% !' ? 

$ a o  
* y U A I l  

I 

kgs 
" O I r  

f $." 
0 

- * 
0 

I n  

- 
0 

I -  

a 
b 

I n  

5 
O 

I ,  

5 
0 

I  

- 
;f 
b 

I  

YI O 

2 w 
2 0 
Z B  % 
& 

0 

+ 

g 
& 

+ 

3 
0 

+ 

f 
b 

+ 

8 
0 

+ 

n 

0 

+ 

6' 10" 45n. 

Difference of 

0 

+ 

$ 

m 

h 

m 
2 
h 

f 
h 

a 
% 

i! 
X 

2 
T 

" 

AND KALIANPUR (W) Lat. a40 T, Long. 

TRANSITS OBSERVED AT W 
Correoted 

(W - 

By each 
Btar 

I d 

I 27-51 

2 7 4  

27-43 

17.38 

I 17-52 

27-50 

17-41 

27-54 

I 21-59 

27-41 

27.54 

27-28 

I 27-35 

21-53 

27.48 

27.42 

I 27-45 

27-41 

27.58 

27'47 

I 27.44 

27'48 

2 7 . 4  

27-49 

STAB 

B.A.C. 
b e  

2068 

2083 

2097 

2110 

2047 

2067 

2126 

2140 

1988 

1942 

1947 

2021 

1968 

1971 

1976 

2029' 

2068 

2082 

2097 

2110 

30411 

2067 

2126 

2141) 

AQRA (E) Lat. a70 lo', Long. 6' 14. t 

TEAXEITS OBSERVED AT E 
Times 

El 
. 

Mem 

Of 

Group 

. ? 
h 

E -  

.g  
t t -  

. 
h 

E u  

, . 
E n  

n. 

h 

m ,> 
h 

A -  

D e  
t i  

o I 

+ 25 6 

+ 3034 

+ 2817 

+ 32 32 

+2234 

+ 21 42 

+ 7 25 

+ 16 18 

+ 37 58 

+3830 

+ 3 8  6 

+A515 

+ 14 47 

+ 23 8 

+ 23 I 

+ 23 19 

+ 25 6 

+ 30 34 

+ 28 17 

+ 3232 

+ az 34 

+ 2142 

+ 7 a5 

+ 16 18 

BY 

,: 
3 

N 

N 

N 

N 

8 

8 

8 

9 

N 

N 

N 

N 

9 

9 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

1 

9econda 
of 

Correct- 
Tirne 

8 

2.24 

34-95 

30.62 

21-65 

23'33 

11-61 

2.37 

38-21 

33'28 

3-19 

1-68 

35'75 

20.81 

6.49 

52.90 

44.71 

0.56 

33-31 

28.88 

19'89 

21.72 

9-97 

0.72 

36-55 

~aox-coty~gham, 

In- 
r t m e n t a l  

Poaition 
and 

Comction 
Constants 

I. P. E .  

, 3.5 - 3'1 
0 -40.9 

8 

Q - 1.59 

I. P. W. 
d 

+ 

b + 1 ' 8  
a -29'0 

a 
Q + 1.60 

8 
Q - 1.60 

a 

$ 
5 

N 

N 

N 

N 

S 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

N 

8 

8 

8 

8 

NO. 2 

8econb 
of 

Corract- 
ed Time 

8 

29.76 

2-40 

58.05 

49.03 

50'85 

39.11 

29.78 

5-75 

60.87 

31.06 

29.22 

3-03 

48'26 

34.02 

20'38 

12.13 

28.01 

0.75 

56-46 

47'36 

49-16 

37-45 

28-16 

4-04 

with 

x,, 
Observed 

Time 

hS9 ,8 

6 17 31-50 

21 4-04 

22 59-73 

24 50-63 

6 15 51-64 

18 40'89 

26 31-79 

18 1-62 

5 56 58-96 

58 29.15 

59 27'32 

6 11 1-18 

6 o 46'69 

131.34 

3 18-70 

12 10.45 

6 17 29.51 

21 I 

22 57.90 

24 4 ' 7 5  

6 15 50.69 

18 38.99 

26 19-87 

28 5.65 

~elsacops 

~ ~ t a l  

Corm- 

8 

-1'74 

- 1 6 4  

-1.68 

-1.60 

-1.79 

-1'78 

-2.01 

-1'87 

+1'91 

t1 .91 

+ I m 9 0  

+1'85 

+1*57 

+1.68 

+1.68 

+1'68 

-1.50 

I 

- I . &  

-1.39 

-1.53 

-1.54 

-1.71 

-1.61 

BY Buwwd, 

In- 
~tmmentsl  

Ponition 
and 

Correction 
Constants 

1 P.E. 
d , - j . l  

- 3'4 - 19'0 

Q -1.48 

I. P. E. 

, - 3.1 
b - 3 ' 9  " - 7'3 

8 + 1'47 

8 

Q - 1.47 

. 

with 

M- 
Observed 

Time 

8 

6 16 3.90. 

19 36'57 

21 32.26 

23 23.15 

6 14 25-01 

1713'28 

25 4.13 

2639.92 

5 55 31.97 

57 8 

58 0.37 

6 9 34'44 

5 59 19-54 

6 I 5'21 

I 51-61 

1043.43 

6 16 2.22 

19 34'96 

21 30'53 

23 21-52 

6 14 23.37 

17 11.62 

25 2.40 

26 38-21 

Tekacops NO. 

~ ~ t ~ l  

Correc- 

tion 

8 

-1.66 

-1.62 

-1.64 

-1.60 

-1.68 

-1.67 

-1.76 

-1.71 

+ 1-31 

I 

+ I . j r  

+1'31 

+1-r7 

+1'28 

+1.29 

4-1.28 

-1.66 

-1-64 

-1-65 

-1'63 

-1.65 

-1.65 

-1'68 

-1.66 



TABLE 7? OBSERVATIONS OE' TRANSITS WITH E CLOCK, AND DEDUCTION 26 I 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

KALIANPUB (E) Lat. 840 7, ~oy. 6h 10" 

TW~ITE OB~EEVXD AT E 

47': AND BOMBAY (w) iht. 18' 64', Lonj. 5th 61m W. 

TEAN~ITS OB~EBVED AT w 
yqqham, with 

xean 
Obeerved 

Time 

h m  ; 

64539.40 

5247.j9 

54 11.83 

55 49-82 

6 41 18-81 

43 31-23 

57 39'75 

59 44'95 

7 a 29.06 

418'57 

5 55-76 

lo 14-84 

7 7 13.78 

8 44'97 

1 1  56'79 

13 43.67 

6 45 37-81 

51 45'94 

54 10.~5 

55 48-11 

6 41 17.25 

4335'59. 

57 38-09 

5943'31 

Tslsrcops 

~ ~ t ~ l  
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8 

& - 1'75 

I.P.E. 
d 

- 4.4 
: 

8 

Q + 1-14 

with 

M~~~ 
Observed 

Time 

h m  

8 52 16-63 

53 12-30 

54 11.99 

58 59.53 

85025'58 

55 56-50 

57 30'62 

9 2 13.98 

8 28.80 

17 43.13 

19 17.78 

9 3 49'32 

7 23.73 

16 14.75 

85215.60 

53 11-35 

54 10.97 

58 38.61 

8 50 24.46 

55 55'34 

57 29-53 

Telescope NO. 

~ ~ t ~ l  

Correo- 

tion 

8 

+1-55 

+1.69 

+1'51 

+1.76 

+ 1.73 
+la69 

-1'99 

-1.86 

-1.98 

-1.98 

-1.69 

-1.85 

-1.70 

+1'57 

+I'77 

+ 1-77 
+la56 

+ 1.87 
+1.83 

+I-78 



OF THE APPARENT DIFFERENCE OP LONGITUDES, AL + p. 

JUBBULPOliE jE) Lat. 2.T lo', Long. 6h 19" cj@ : AN11 I(ALIANPUlt (W) Lat. 2.P 7', 

I In- I 

Tamsms OB~EETED AT W 

By Lenox-Conynghans, with T#kacope No. 2 
STAB 

I_ 

Tau-BITE OBBERTED AT E 

By Brrrard, with Teleacops No. 1 

B.A.C. 
Number 

atrumentol 
Position 

and 
CorrecLion 

rn 

I I I 

Decli- 
nation 

Total 
Correc- 

lfean 
Observed 

Time 

2 
$ 
.: 
9 

' 

I ed Time 2 
.- 

a a 

-1.95 11.13 N 

-1'77 25'95 N 

I 40'19 x 

-1.94 14.78 N 

-1.54 46'69 S 

-1'76 55.81 S 

-1.76 20.66 8 

-1.56 11'98 8 

+ 1-53 16.06 N 

+l'7f 11.96 N 

+1.77 11.64 N 

+r.sz 39.11 N 

+1.89 25'25 s 

+1.89 49'36 9 

+ 1.84 56.08 8 

+1'79 30'18 S 

-1'95 9'95 N 

I 24.84 N 

Beconds 
0' 

Correct- 
Poeition 

and 
Correction 
Constanla 

I. P. E. 

d 
c - .3.1 
b + 0.8 
a + 7.8 

x 
Q - 1.70 

I. P. TT-. 

d 
c + 1'5 
b - 0.6 
a - 1.1 

8 

Q + 1.68 

e -  l:v/ 

I I 

Mean Total 

Long. 6h 100 47'. 

.a 

& 
4 
-m 

- 

Obscrred 
Time 

- -.-. 

Difference of 

Borrccted Times 

(W - El 

Come- 
tion 

-- 

Seconds 
of 

Comct- 
ed Time 

- -  

x 

11'57 

36'46 

50'65 

25.32 

57'19 

8'35 

31-49 

naSgz 

16.71 

22.69 

21'33 

49'i6 

35'85 

59'97 

6.82 

40'96 

20.60 

35'5' 

49'68 

24'36 

56-14 

-- 

I 

- 

By each 
Star 

m s 

9 '0.44 

10'51 

10.46 

10'54 

9 10.50 

10'54 

10.63 

10.54 

9 10.65 

10.73 

10.69 

10.65 

9 10.60 

10.61 

10.74 

10.78 

9 10.65 

10.6; 

10.61 
. 

10.66 

9 10.62 

10'71 

10.70 

10.66 

! - 

Mean 
of 

Group 

(b 00 

, p 
0 

E m  

F. u) 

, )O 
0 - 

8 Ch 

0 m 
.mu 

0 
s Ch 

-. 
,; 

2 
E m 

m d 

,? 
P 

s m  

-f 1 / 

1 ' a / 21.60 



TABLE P. OBSERVATION9 OF TRANSITS WITH F: CLOCK, AND DEDUCTION 277 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. . 
MOOLTAN (E) Lnt. 800 111, Long. 4b 4Sm 6 8 :  AND QUETTA (W) Lat. 300 I#, Long. Ib %P 1 8 .  

3 
d 
4 

E 
'$ 

Difference of 

3 

+ ir; 
g 
6 

Corrected 

(m - 

By each 
star 

STAB 

B.A.C. 
Nnmber 

TRANSITB OB~ERVED AT E 

9 

2 
b 

I 

p 
b 

I 

2 
II 

b 

I 

v) e 
0 

I 

. 
o 

I 

d e 
0 

, 

1890 

f i r . %  

Tinlea 

E) 

bf@an 

(froup 

Decli- 
nation 

T B A N S ~ T ~  OBBERVED AT W 
0 
E 

.O - - 
2 f f 
& a ;  

g 5 $ l l  
r t j z t I  

z m  
iUU 

I I 

g gg u 

1 

hco"d8 
of 

Correct- 
ed Tirne 

& < 
.; 
9 

c I 
,2 
Q 

- 
;?. 
o 

1 2  

- * 
b 

I 

- 
o 

, I 

I 

f S  
0 

I 

- 
X 
o 

I 

3 

3607 

3626 

3633 

3621 

4010 

4018 

4057 

4027 

4052 

4066 

By Leroz-Conymgham, 

Msr.27 

h 

*+ ., 

3 

P; 
3 
: 

d 

t 
w 
t 

I' 

C1 

*. 3 

I: 

~1 

P, 
.s 
-t 

2 

1 $ 

0 ,  

+ 41 o 

+ 36 54 

+ 3439 

+ 731 

+ 3834 

+ 41 32 

+ 43 39 

+ 9 3 

+ 714 

+ 2 2  4 ,  

x 

60.62 

14.27 

49.5' 

15'13 

50.74 

20.17 

44'1 j 

36.5; 

26.19 

50'87 

cctth 

M~~~ 
Observed 

Time 

N 

9 

8 

N 

N 

N 

s 
I S 

By Burrard, 

In- 
stmmentnl 

Position 
and 

Correction 
Constants 

p 

I " 1 ;  
I 

I 

'c. 

,? 
2 

h 
5 .  

3 
E t  

$ 
I- 

5 .  

: 
2 

00 

'., X 
m ., , 

In- 
mtmmental 

Position 
and 

5 ?  

7 

". 

"; 
d 

4072 

36Q7 

3G26 

3633 

3579 

3592 

Telescope No, 2 

I .P.E.  

c - 4'3 
b - 2 . 1  

a -17.8 

X 

Q + 1.61 

d 
Q - 1.61 

3 Correction 
" 1  ons st ants 

with 

M~~ 
Observed 

Time 

N 

N 

8 

N 

N 

N 

8 

s 
8 

h m  a 

roqq41*81 

47 55.84 

49 31'09 

lo 46 57.30 

12 4.35'71 

6 4.98 

14 28.99 

12 7 22.26 

13 1 1 . ~ ~  

16 36.28 

~ ~ h l  

Correc- 

Telsreope No. 

~~~~l 

Comc- 

tion 

I .P.  E. 
d , + 6.2 

b + 6.0 
a -53.6 

8 

Q + 1'71 

8 

Q - 1-77 

s 

N 

N 

N 

8 

9 

8 

4 

17 34.18 

10 45 7-08 

48 21 .oz 

49 56.18 

10 41 14.0; 

42 22.04 

47 22.2) 

51 19.00, 

f3econd8 
oE 

Correct- 
ed l.ilne 

ha 8 

10 26 59-10 

30 12.78 

3I 48'03 

10 29 13'81 

11 4651'46 

48 21.86 

56 45-82 

11 49 38.47 

55 28.10 

58 52.69 

I. P.E.  
d 

+ 6.2 
+ 4'4 

a -33'8 
8 

Q + 1-78 

48'50 

15-51 

39-34 

14-48 

32'07 

39'85 

40.07 

36'99 

8 

+ a . q ~  

+r .29 

+2.21 

+1-57 

-1.19 

-1.08 

-1.01 

-1.94 

8 

+1*52 

+1.49 

+I '47 

+1-32 

-1.72 

-1 .69 

-1'67 

-1.90 

-1.91 

- 1.82 

+ 951  

+ 41 o 

+ 3654 

+34.19 

+ 14 54 

I. P. W. 
d , + , , ;  - 3'1 

a -25.1 

8 

Q + 1.61 

43.75 

17 43.85 

43.86 

43-84 

1; 43.81 

4.3'84 

43.8; 

43.85 

a 
I 

44.14 

58.13 

33'30 

58-81 

34'52 

3.90 

17-98 

ao-,za 

-1 .93 

+2'28 

+ 2.18 

+2.14 

4 1.81 

+ 1.65 

+ 1 . 7 2  

8 

N 

N 

N 

8 

m s 

17 43-62 

43.86 

43-78 

17 43'74 

1 7  43-78 

43.73 

43.83 

17 43.75 

1 32'25 

9.36 

23-20 

58-32 

15-88 

23-69 

13-94 

i 
+ 2 4 1 8 

59 50'39 

ro 27 23-77 

30 37.66 

32 12.83 

10 23 30.62 

24 38-51 

29 38.68 

33 35'53 

43m74 

4-3-75 

+ 1.81 1 20.81 

-1.98 

-1.66 

-1'89 

+ 1-74 

+ r S 6 8  

+r.65 

+ 1.45 

+1'34 

+1'39 

+1'46 

9.9.?. 

34.62 
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2 
3 

2 0  
= G  
3 W 
g 
6 

d 

0 

I 

- 
o 

I 

2 
7 
0 

, . 

rr. 

, 

I 

rr) 

?! 
0 

I 

m 
P 
o 

I 

ph 28'' 12. 

Difference of 
m 

.j;; 
; y n 
b o 

& $ A l l  
$ 1 1  
9, p i -  
5 " 0 

? I  l 
a ,, 
k pl 
8 

- " a  

0 

I 

O 

I r '  

- 0 1  
f " ,  
0 

I 

; 
p 

I 2  

- 
d 
n 

0 

1 2  

- 
d 
I ' ?  
0 

I t  

I 

0 
4 
0 
C 
4 

0 .g 
a 

1890 

Mar.27 

Mar.28 

blar.30 

56' : AND QUETTA (W) Lat. 3lP 19, Long, 

THAXSITS OBSEKVEU AT W 
Corrected 

(W - 

By ench 
Star 

nt r 

17 43.67 

4 3 3  

17 43'95 

17 43'90 

43-81 

43'91 

43.87 

17 43'82 

43.70 

43.85 

43'78 

I7 43-13 

43.68 

43'7; 

43'75 

17 43'72 

43-79 

43-62 

43'% 

- 
I 

A 
4 

'% 
.e 
t '  

r' 

3 
3 

- * 
r' 

s 
7 
3 

u. m w. 

7- 

- 
0 

3 

Times 

Mean 

of 

a m ~ p  

0 ,< 
rr. * 

$ 
5 .  

3 
6 2  

2 
,a 

m v 

E t. 

00 w . .' 
m 
d o  

-. . 5 
n. 
d 

v) 
O . !- 
m * 

MOOLTAN (E) &at. so" lit, Losg. 4h 45- 

TEANSITS OBSERVED AT E 

No. 2 

Seconds 
of 

Correct- 
ed Tin10 

c 

59.58 

57.17 

18.95 

7'73 

37-12 

1.10 

23-75 

53.46 

43.13 

7'81 

5-31 

16-19 

33.74 

47-61 

22-82 

40.30 

48-15 

48.31 

45.12 

By 

X 

m 
-h 

2 

Y 

S 

8 

N 

S 

N 

N 

9 

8 

9 

3 

N 

N 

Pi 

S 

S 

S 

S 

8 

.m 

5 * , 

S 

S 

S 

N 

N 

N 

N 

5 

S 

S 

S 

N 

N 

N 

x 

8 

8 

3 

S 

STAB 

B.A.C. 
Number 

4066 

4072 

3648 

4010 

4018 

4057 

4059 

4027 

4052 

4066 

4W2 

3572 

8607 

3625 

3633 

35i9 

3592 

3621 

3643 

Decli- 
nation 

o I 

+ a2 4 

+ 9 2 1  

+ 1642 

+ 3834 

+ 41 32 

+ 43 39 

t. 43 43 

+ 9 .? 

+ 7 1 4  

+ 2 1  4 

+ 921 

+ 37 16 

+ 4 1  0 

+ 3654 

+ 3439 

+ 14 j4 

+ 2 q 

+ 731 

+ 1642 

By Burrard, 

In- 
atrumental 

Position 
and 

Correction 
~ons tanta  

I. P. W. 

+ P. 
b - j . 1  

a -15'1 

8 

Q - 1.61 

I. P. W. 
d 

c + 2'7 
b - 1.7 
a -25.4 

S 

Q +1.61 

8 

Q - 1.61 

I. P. E. 

- 4.3 

: 
r 

Q + 1.61 

Telarwpe 

~~a 
Correc- 

8 

-1.6.3 

-1.8. 

+ 1'31 

-1'89 

-1.84 

-1'81 

-1'81 

-2'27 

-2.29 

-2 '"  

-2.26 

+ r S 6 7  

+ a  

+ 1.66 

+1'65 

+ 1'47 

+ 1-36 

+1.40 

+ 1-48 

Lenoz-Conyngham, 

In- 
strumental 

Position 
and 

Correction 
Conetanla 

I. P. E. 

d 
+ 6.z 

b + 4 ' 4  
a -33'8 

8 

Q - 1-78 

I. P. W. 
d 

c - 7.8 
b - 2.7 
a -34.8 

8 

8 + 1'74 

C 

Q - 1'74 

I. P. W. 
d - 7.8 

b - 4.1  
a -28.1 

8 

Q + 1.91 

m'th 

M~~~ 
Observed 

Timu 

h a  8 

1 2  16 61.21 

17 58.99 

10 51 27.64 

1 2  5 9.61 

638.96 

15 3-01 

15 15'56 

11 7 55'73 

13 45-42 

17 9'92 

18 7.63 

10 40 14'52 

45 2 0  

48 45.95 

50 21-17 

10 41 38.83 

42 46.79 

47 46.91 

51 43.74 

with 

M~~~ 
Observed 

The 

h m  c 

11 59 17.61 

13 0 15.36 

10 33 43.53 

11 47 15.33 

48 54'77 

57 18.71 

57 41.30 

11 50 11-46 

55 61.26 

59 2.i.65 

11 o 23-41 

l o  zz 30.95 

27 48.51 

I 1 3  

31 37.60 

10 23 55.31 

25, 3.22 

30 3.49 

34 0'25 

Tslucope NO. 

1 
~ ~ t ~ l  

,Correc- 

tion 

c 

-1.70 

-1.81 

+1*47  

-1.50 

-1.46 

-1'43 

-1'41 

-1.81 

-1.83 

-1.69 

-1'81 

+1.51 

I 

I 

+1'47 

+ 1-26 

+ I ' I ~  

+ r * 2 o  

+1'18 

1 

Seconds 
of 

Correct- 
ed ~i~~ 

c 

15.91 

13.5) 

45-00 

13.83 

53'31 

17'29 

39.88 

9-64 

59'43 

13.96 

21-59 

31.46 

50.06 

3.84 

39'07 

56'58 

4.36 

4.69 

1.53 
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OP THE APPARENT DIFFERENCE OF LONGITUDES, AL - p, . 
I MOOLTAN (E) &at. 300 11', h ~ g .  4' 45" 66': AND QUETTA (W) Lat. 300 l g ,  h a g .  4 9 P  12.  

T R A N ~ I T ~  OB~EEVED AT E 

B y  Burrard, with Telucope No. 1 

.) 

c 

P 

I 

m 
2 
0 

I 

m : 
0 

I 

t-4 
o - 
0 

I 

n 
2 
0 

I 

n 

0 

I 

t. 

2 
0 

I 

In- 
strumental 

Position 
nnd 

Correction 
Constants 

T a a s r ~ s  OB~ERVED AT W 
B y  Lemz-Conyngham, with Telaxcops A-0. 2 

Meal1 Total 

Observed Correc- 

Time tion 

Difference of 

Corrected Times 

(W - E) 

I I 

8 

- 
f m ,  
0 

I 

0 

I 

f - P  

0 

7 " 
0 

I 

CI 
d W  

n *  

o 

I 

- 
t m  
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1 :  

QI 

m d " 

'% 
? 
m * 
t 

8 
-. * 
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S 
P 
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c 

h 
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t 

t 

V1 

m 
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Obsewed Correa- 
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Correct- Star 

Correction Time ed Time Group 

Seconds 
of 

Correct- 
ed Time 

I 

8 

40.22 

9'64 

33.60 

56.15 

26.07 

15'76 

40.32 

37'99 

40'45 

58.06 

11.90 

47'" 

4.63 

12.37 

12.G8 

9.62 

48.28 

17.71 

41.71 

4.11 

34' 1 0  

23'ij 

48'41 

46'00 

B.A.C. Decli- 
Number nation 

1 

N 

N 

i'i 

N 





P O L E  7. OBSERVATIONS OF !FRANSITS WImEI W CLOCK, AND DEDUCTION 28 r 

OF TIIE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 
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o 
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B.A.C. 
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8766 
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3811 

3776 
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STAB 
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nation 
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+ 2046 
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+ 15 o 
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a 

- 
2 " 

8 

8 

8 

8 

N 

N 

N 

N 
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~orrection 
Constants 
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r 

Q + 1.61 

- 
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8 

9 
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N 

N 

N 

8 

8 

8 

S 

N 

N 

N 

N 

8 

8 

8 

8 
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M~~~ 
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Time 
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23 18.97 
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15 38.27 
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a -34.8 
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4 20.91 
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57 54.50 
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+ 1.46 

+1'51 

+1'90 

+1 '7r  

+ I . ~ I  

+1'90 

-1.47 

-1 .21  

- I ' . ~ O  

- 1 ' 2 1  

-1.76 
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+ l . z o  

t 1-29 

+ 1.16 

1 

Seconds 
of 

Correct- 
ed ~i~~ 

u 

52'11 

45-17 

22.36 

40.26 
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20.07 
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56.07 
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31-63 

42.83 

35'79 

12-97 
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2-09 

2'09 

2-16 

o Z-IO 

2.10 

2-16 

2':6 

o 2'18 

.... 

2-13 

2-25 

KAEbCHI (E) Lot. 2 8  SIP,  Long. 4h 2%- 

T a m s r ~ s  OBBHRVED AT E 
Times 

Mean 

of 
Group 

m 

- 0 0  

E o  

7 
n 

l o  

1 
N 

s o  

a 
: 
N 

l o  

H 

E o  

ST- 

B A.0. 
Number 

4110 

4114 

4156 

4168 

3998 

4Q10 

4018 

4057 

4031 

4032 

4066 

4073 

4126 

4148 

4177 

4188 

4110 

4114 

4166 

4168 

13' : AND QUE'L'TA (W) Lot. 30°ia', Long. 

T a m s r ~ s  OBBEEFED AT W 

Decii- 
nation 

o t 

+ 21 9 

+ 105.3 

+ 4 

+ 555 

+ 35 33 
+ 38 34 

+ 41 32 
+ 43 39 

+ 16 16 

+ 714 

+ 22 4 

+ 921 

+ 41 16 

+ 49 36 
+ 43 9 

+ 39 38 

+ Z I  9 

+ IO j3 
+ 18 24 

+ 5 55 

By 

$ 
-2 
2 " 

S 

8 

8 

9 

N 

N 

N 

S 

6 

5 

S 

N 

N 

N 

N 

8 

6 

S 

S 

By Buward, with TeEeacope .?Yo. 1 

" 

;b 
-2 
3 " 

8 

9 

In- 
strumerital 

Poaition 
and 

Correction 
Constants 

I . P . E .  
d - .I 

9 ~ ~ 0 n d a  
of 

Correct- 
ed ~i~~ 

8 

25'39 

41.55 

Mean 

Observed 

Ti"e 

h m  r 

1 2  8 27'.34 

9 4.1'94 

Lenoz-Conyngham, 

In- 
atrumental 

Position 
and 

Correction 
Constants 

I.  P. 6. 

d 
+ 5.4 
+ 4'9 

a -43.5 
r  

Q  - 1-92 

I. P. E. 

c + 5.4 
+ O.' 

a -12.3 

a 
Q +  1-93 

r  
Q  - 1.93 

Total 

Comc- 

tion 

r  

- 1-95 
-2'39 

with 

Mean 

Observed 

Time 

h m  r  

12 8 29.10 

9 45-41 

17 5.09 

18 52.16 

1 1  qj 56.94 

48 36.58 

50 5-91 

58 29'94 

115159'18 

57 12'30 

12 o 36.83 

I 34-56 

12 12 39-16 

16 26.13 

20 24.74 

22 28-18 

12 8 35-78 

9 51'95 

17 11.70 

18 58.63 

Telescope 

Totel 

Correc- 

tion 

r  

-1.84 

-2'02 

-1.89 

-Z'IO 

+Z.IZ 

+z.14 

+2'17 

+~.zo 

+1.99 

+ 1.94 
+ 2.02 

+ 1.95 

-1.69 

-1.59 

-1.67 

-1.70 

-1'85 

-1.90 

-1.86 

-1.92 

s 

S 

N 

N 

N 

N 

S 

9 

S 

8 

N 

N 

N 

N 

S 

s 

8 

S 

17 3.47 

18 50.77 

r l  qj 54'60 

48 31.07 

50 3.28 

58 27-18 

4 

r x  51 57.33 

57 11'0.3 

12 035.03 

I 33.16 

12 1 2  36'35 

16 22.77 

20 ~ 1 . 7 7  

22 25.41 

12 8 33.81 

9 50.3.3 

17 9 89 

18 57-16 

Aro. 2 

Seconds 
of 

Correct- 
~i~~ 

r  

27.26 

43'39 

,3.20 

50.06 

59.06 

18.72 

8-08 

32'14 

61.17 

14-24 

38-85 

36.51 

3i.47 

24.54 

23.07 

26.48 

33'93 

50.05 

9-04 

56-71 

b + 3'8 l a  
a  

Q  - 1'85 

I. P. W. 
d , - ,. 

5 
r  

+ I .88 

s 
Q  - 1.88 

- Y O 1  1 
-2'57 

+2.41 

+2.60 

+ 2.80 

+2.94 

+ 1.48 

+ I . I ~  

+1'73 

+1'19 

-0'98 

-0.33 

-0.86 

-1'09 

-2.06 

-2.50 

-2.18 

-2.70 

1.40 

48.20 

57.02 

36.6; 

6.08 

30.12 

59.01 

12'15 

36.76 

34.35 

35'.37 

22.44 

20.91 

24.32 

31.75 

47.83 

7.71 

54.46 



292 TABLE PI. DEDUCTION OF CLOCK RATE CORRECTIONS FIlOM THE OBSERVATIONS OF TRANSITS. 

- 

AN 

-3 rr 

" E  
n 
E d  - 2 
& 2 
4 

a 
2 g - - 
gj .- 
-1 

& $  

a -. 
s 5 - 
5 2 -  

9 €i $ 
M 

a 
4 

n 

G 5 
w 

4 Z $  
9 6 
z a 
d 

w 

0 

2 
t i e  
9 2 

2 i? 
fi 4 -a 
& 
4' 

. 
OI - 
0 

- 
$ * 

h 

8, 

- 
N 

4 

Intervals 

between Nights of 

Observations 

1889 

November 15 to 16 

,, 16 ,, 17 

9s 17 8, 18 

,, 18 ,, 19 

,r 19 3, 20 

,, % , , 2 1  

8 ,  21 ,, 3 2  

...... 

December 1 to 2 

,, 2 ,, 3 

,, 8 ,, 4 

,, 4 ,, 6 

,, 5 ,, 6 

...... 

Rate Corrections for both Clooks Deduced from Trannita Observed a t  both Stations, tk.: 

a, Corrections for the Intervals between Nighta of Observations, and 

8, Hourly Corrections for Piighta of Observations, Interpolated by means of the Quantities a. 

a a t  E Station 
for 

a ut W Station 
for 

1889-90 

December 28 

,, 29 

,, 90 

,, 31 

January 1 

8 2 

1890 

January 16 

,, 16 

,, 17 

,, 18 

,, 19 

8, 20 

,, 21 

1889-90 
l i  + 1.018 

+ 1-118 

+ 1.106 

+ 0.899 

+ 1.686 

... 

- 1'547 

- 1.541 

- 1'804 

- 1.845 

- 1'919 

- 2.156 

... 

December 28 to 29 

' ,, 29 ,, 30 

,, 80 ,, 31 

,, 31 ,, J a n . 1  

January 1 ,, ,, 2 

...... 

1890 

January 16 to  16 

,, 16  ,, 17 

,, 1 7 , , 1 8  

,, 18  ,, 19 

,, 19 ,, 20 

,, 20 ,, 21 

a*.... 

Antronomical 

l)&s of 

E Clock I 
a 

+ 9. j67 

+ 9'512 

+ 9'303 

+ 9.406 

+ 9'4.32 

+9'41.3 

+ 9'413 

... 

! 

+ 7.036 

+ 6.766 

+ 6'582 

+ 6.718 

+ 5.118 

... 

+ 0.488 

+ 0'340 

+ 0.316 

+ 0.079 

+ 0'355 

... 

+ 0.754 

+ 0.754 

+ 0.528 

+ 0.616 

+ 0.579 

+ 0.581 

... 

Observations 

1889 

Xorcmler 16 

1, 16 

,, 17 

,, 18 

9 ,  19 

,, 20 

,, 21 

,, 22 

Deaember 1 

,, 2 

,, 8 

,, 4 

,, 6 

,, 6 s 

+ 0.015 

+ '015 

+ .or4 

+ ' O I I  

+ '013 

+ ,016 

+ 0.031 

+ '031 

+ .026 

+ '024 

+ '026 

+ '024 

+ '01.3 

+ 0.249 

+ 0.333 

+ o.31j 

+ 0.355 

+ 0 . 4 ~ 0  

... 

+ 0.712 

+ o ' i l z  

+ 0'478 

+ 0.654 

+ 0.608 

+ 0'534 

... 

8 for 

o'ooo 

' O W  

'OOQ 

- o w  

'000 

-000 

+ o . o ~ o  

+ .or0 

+ -008 

+ a 0 0 8  

+ -008 

+ '008 

+ 'GO7 

+ 0.038 

+ '042 

+ -046 

+ '045 

+ -057 

+ -070 

- 0.066 

- .066 

- .o70 

- -076 

- .079 

- '085 

- -090 

W Clock / 
8 

- 7.539 

- 7.463 

- 7.613 

- 7.613 

- 7'375 

-7 .160  

- 7.j.34 

... 

+ 0.968 

+ 1.035 

+ 0.588 

+ 1'105 

+ 1.569 

... 

+ 0.807 

+ 1'084 

+ 1.109 

+ 1'176 

+ 1.694 

... 

- 1.611 

- 1.611 

- 1.790 

- 1'856 

- 1'923 

- 2'144 

... 

Correction to Observed 

Difference of Times 

of Transit for 

+ 0.001 

+ 'COI 

+ -001 

+ -001 

+ '001 

+ ' 0 0 2  

- o-021 

- 'Of  1 

- .or3 

- -025 

- -026 

- .or; 

- -0z9 

E Clock 

a 

+ 0.397 

+ '396 

+ '393 

+ '392 

+ '394 

+ '392 

+ '390 

+ -390 

+ 0.288 

+ -186 

+ '281 

+ '280 

+ .285 

+ -289 

E Clock I V Clock E Cloak 

a 

+ o '  173 

+ -173 

+ ,171 

+ *171 

+ -172 

+ I 

+ '170 

+ '170 

+ 0-211  

+ .are 

+ 'a07 

+ -106 

+ -209 

+ .a12 

W Clock 

a 

- 0.319 

- '315 

- -312 

- '315 

- '311 

- -306 

- '308 

- '311 

+ 0.037 

+ '041 

+ '037 

+ -037 

+ '053 

+ -060 

. I  
+ 9.486 

+ 9.462 

+ 9'4.35 

+ 9'494 

+ 9'458 

+9'.303 

+ 9'303 

... 

+ 6.773 

+ 6.861 

+ 6.801 

+ 6.734 

+ 6.761 

... 

W Clock 

a 

- o. 139 

- .I37 

- -136 

- *137 

- -136 

- -1.33 

- '134 

- -136 

+ 0.027 

+ -030 

+ -027 

+ -027 

+ '039 

+ '044 

a 

- 7.iRz 

- 7'41.3 

- 7 - 4 6  

- 7.486 

- 7.338 

- 7 . 5 1 6  

- 7.383 

... 

+ 0.815 

+ 1.129 

+ 0.772 

+ 1.118 

+ 1'322 

... 





T ' L E  ?TI. ABS!ClUCT OF RESULTS OF ALL OBSERVATIONS 

BND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, A L  

AND THE RETARDATION OF SIGNALS, p. 

dshonomical 

Data 

1889 

November 15 

18 91 

19 16 

II 13 

,, 17 

n n 

,, 18 

31 SI 

11 19 

11 I1 

,, 20 

I1 11 

,, 21 

11 11 

11 22 

11 11 

I Means ... 

Whence A L  = 4 ((AL - p) + (AL + p)) = 26" + 4 ( I ~ ' * o o ~  + lg"175) = 26" 19"092, 

p = 4 ( (AL + p) - (AL - ,J)) = 4 (19~~175 - 19~~009) = + 0'*083. 

AQRA (E), AND MOOLTAN (W) 

Apparent Diflerence of Longitude by ObmvaLionr with 

I E C 1 o c k p A L L P I .  Meam 1 W Clwk - AL + p 

By N Bbm By S Stars By N Stars I 8 y f l B t . n  I Meam 

Instrumental 

Position 
at 

m 8 

26 19.027 

18'935 

19.102 

19.102 

19.115 

19.093 

19'028 

18.903 

18'9r4 

18'816 

18'898 

18'863 

...... 

...... 
19'17s 

19'004 

26 18.931 

19'102 

19.096 

18-915 

I l6 19.011 

I. P. E.' 

81 

I .P .V .  

11 

,, 

11 

I. P. E. 

11 

,, 

a1 

,, 

11 

I. P. w .  

11 

11 

11 

l1 

I P .  

I. P. w .  

I. P. E. 

m s 

26 18'982 

18.965 

18'995 

19'095 

19'083 

19.178 

18,960 

19'003 

18.926 

18.926 

18.883 

18.833 

."... 

...... 
xg'l74 

rg*ooa 

16 18.916 

19'045 

19'109 

18.954 

26 19.006 

L P. JV. 

2) 

11 

II 

I .P.E.  

19 

1) 

18 

II 

a1 

I .P .V .  

#I 

a* 

W 

I. P. IT. 

1I 

1: 

I .P.W. 

I. P. E. 

n r 

1 26 18.977 

{ 19.074 

1 19.117 

18.974 

j 18'895 

18.869 

...... 

...... 

l 19'088 

a6 18.923 

19'074 

19'103 

18'935 

26 19'009 General Mssns .-. 

rn u 

26 19 .1~5  

19'030 

19.315 

19'432 

39'253 

19.270 

....a. 

.....a 

19.021 

19.036 

19.054 

18'919 

19.491 

19'273 

19.216 

~ g ' a d l  

a6 rg.03a 

19'378 

19'237 

19-029 

26 19sr69 

(1( r 

26 19.083 

19'030 

. 19'327 

19'347 

19'318 

19'318 

...... 

....a. 

19,076 

18.996 

19.061 

19.006 

19.418 

19'365 

19'191 

19.268 

a6 19.045 

19'364 

19'174 

19.036 

a6 19'180 

m I 

j 26 1 9 - 6 7  

j 19.3;s 

,-w 

...... 

...... 

3 19'031 

19'010 

j 19.387 

l rg'2aI 

26 19.039 

19.371 

19'255 

19'033 

26 19-175 



A.ND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, A L  

AND THE REl!bBDATION OF SIGNALS, p. 

detronomical 

Date 

1889 

December 1 

I# 11 

,* 2 

n 19 

,, 8 

3, #I 

,, 4 

SS * 

n 6 

13 IS 

, , 6 

11 ' 19 

I Means ... 

&nerd Meens ... 

Inatnunentel 
Position 

st 

I W. 

AGRA (E), AND KARACHI (W) 

Apparent Difference of Longitude by 0beektiom with 

L P. E. 

I, 

I. P. W. 

11 

,, 

,I 

I. P. E. 

. ') 
1, 

n 

I .P.W.  

91 

I. P. E. 

I. P. W. 

,, 
I. P. E. 

Whence AL = & ((AL - p) + (AL + p)) = 44" + 4 (om*859 + 1~~x25) = 44" oa*992, 

p =  4 ((AL + p) - (AL -p)) = )  (1"125 - oa*859) = + 0"133. 

I. P. W. 

D, 

l1 , 

~9 

I.P.E. 

1, 

9) 

~1 

I) 

n 

I.P.W. 

11 

I. P. W. 

,,, 

I. P. E. 

1s 

E C l o c k - A L - p  

By1 8hn ( By S S b m  I Mam 

W O l w k - A L + p  

44 1.106 44 0.859 44 0.839 

ByB 8- 

0 8 

44 1,056 

1'101 

I'197 

I '269 

1.161 

I '204 

1'013 

0.934 

0.896 

0'941 

I -236 

1.170 

44 1.078 

1.218 

1'183 

0.946 

)D I 

1 44 
! 1'011 

1 0'934 

0,714 

0,701 1 
j 1,061 

44 0'760 

1.036 

0.934 

0'707 

44 0'880 

Cn 8 

44 0.750 

0'743 

0.979 

1.044 

0'854 

0.951 

0.688 

0.700 

0'646 

0.718 

1.044 

1.006 

44 0.747 

1.018 

0.903 

0.688 

44 1'143 

iU I 

44 Oot70 

0'775 

OSgg9 1 '034 

0.91 I 

I'oIg 

0.7 28 

0' 740 

0.726 Om713 

""I 

1.114 

44 0'773 

1.055 

0'965 

0'727 

44 1.125 

By 8 BtPre 

0 8 

44 1'091 

1'196 

1'342 

I-119 

I.Ig( 

"" 
0'946 

0'961 

1.078 

r.aaj 

1 '233 

44 1'144 

1.264 

1'151 

1.008 

(1) I 

44 1'111 

1 I a 267 

1 1.170 

1 0.985 

j 0.969 

1.216 

44 1.111 

I '241 

1'170 

0'977 



P ! L E  Pn. ABSTRACT OF RE8ULTS OF ALL OBSERVATION0 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 

AND THE ~ A R D A T I O N  OF SIGNALS, p. 

- 

h n o m i d  

Date 

1889-90 

December 28 

s, I, 

,, a9 

,I 9, 

# a  80 

a1 a t  

1 ,  81 

IS 1 s  

~ e n u r ~ y  1 

1, 9, 

,r 2 

19 99 

General M a  ... 

Instrumental 
Position 

et 

$ I W  

AGBA (E), AND KALIANPUR (W) 

Appanmt DiEeronce of Longitude by Obsenstiom with 

I. P. 3. 

91 

I.P.TP. 

D, 

8, 

88 

,a 

9s 

I, P. E. 

ss 

,, 
8s 

I. P. B. 

I. 2'. TP. 

,, 
I. P. E. 

Whence AL = 4 ((AL - p) + (AL + p ) )  = rm + + (278.266 + 27g'372) = lrn ~ 7 ~ ~ 3 x 9 ,  

P = ) ((AL + p) - (AL - p)) = 4 (27"3'/2 - ~ 7 ~ ~ 6 6 6 )  = + 08'053. 

I. P. T. 

O 

,* 
,, 

I. P. Ee 

n 

n 

I, 

,, 

9,  

r. P. 7 .  

I t  

I. P. W. 

n 

I. P. E. 

o 

E Clock - AL - p W Qock = AL + p 

I 27.266 1 27'255 I 17.366 

Means 

110 8 

1 I '  27.152 

I 27 '402 

1 2 7 . 4 0 ~  

j 2 7 - 4 4  

1 27'132 

37*094 

I 27.123 

. a7'401 

27'405 

27' 131 

I 27.276 

By 14 Stars 

+l8 8 

r 27-164 

27'107 

37'334 

27'449 

a7'417 

27'417 

27.407 

27'377 

27.134 

27.134 

a7.039 

... 

I a7.087 

37'392 

27'405 

27'134 

Meanr 

II 8 

1 I 27'272 

1 
1 a7.5, 

j ,7.,, 

j a 7 m w  

1 27.233 

By 8 Stam 

111 8 

I 27.164 

27'172 

27.427 

27'397 

27'412 

27'362 

27'49 

27'439 

27.132 

27.129 

27m'49 ... 

I at.158 

17-412 

27.405 

27'130 

By N 8bm I B Y ~ S -  

1 17'378 

m 8 

I 27.198 

2'1'338 

37'463 

17'503 

27.480 

27'530 

27'495 

27.545 

17'225 

of 'lo5 

27.231 

27.244 

1 27'372 

Wb 8 

I 27.228 

2'1.323 

17'488 27.478 

37.518 

27'507 

27.508 

27.518 

27"75 37.253 

a7'arq 

I 27'153 

17-482 

27 '512 

t r m a ~ g  

I 27.252 

17'483 

27'513 

27.264 

I 27'153 

27'483 

27.5'3 

a7'a40 



TABLE VII. ABSTRACT OF RESULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, a 
AND THE RETARDATION OF SIGNALS, p. 

I KALIAXPUR (E), AND BOMBAY (W) I 

I Whence AL = 4 ((AL - p) + (AL + p)) = 19" + 4 (2lE'3j5 + 21b528) = 19" 218'441, . I 
I p = 4 ((AL + p) - (AL - p)) = 4 (21"528 - 21~355)  = + 0°.086. I 

-- 

dstronomical 

Date 

1890 

January 15 

99 I I  

,, 17 

,I ,I  

,, 18 

YI ,I 

,, 19 

, I  1, 

~8 20 

13 I S  

,, 21 

I,  $9 

Instrumental 

Position 

at  

Appurent Diifeisnce of 

E Clock - AL - p 

Longitude by Obremations with 

W clock .-. AL + p 

E 

I. P. W. 

IS 

,, 

,I 

1. P. 8. 

Yl 

,, 

r i  

IY 

I,  

1 .P .W.  

9s 

I . P . W .  

By N Stars 

m s 

I 9 a I 

21'30.4 

/ 

21'429 

21.352 

21.437 

21.399 

21 '429 

11 '362 

21 '344 

21 '367 

21'423 

21'421 

19 21.297 

By N Stsm 

tn s 

21.428 

19 21.535 

21.613 

21'541 

21.571 

21 '521 

21 ,630 

2':535 

21 -567 

21'579 

21'592 

21.500 

19 21.482 

21'562 

21.546 

21'578 

19 21-54?, 

W 

I. P. E. 

Y Y  

I . P . W .  

,I  

11 

t l  

I . P . E .  

13 

YI 

IS 

1 .P .W.  

YI 

I .P .E .  

,, I. P. W. 21.406 

Means ... 
I. P. E. ir .418 

,, I. P. E. 21.376 

-- 

I - By S Stom Means 

21'344 

21 .g8S 

21'349 

19 21.333 GeneralMeans ... 

By S Stars 

rn s 

21.378 

19 21'468 

21.553 

21.546 

21'549 

2I.554 

21.58j 

21 '485 

m r 

19 21.291 

21.226 

21'324 

21.314 

21 '414 

21.362 

21-402 

21'319 

21.307 

21.369 

21 '341 

21.39~ 

19 21'259 

21.355 

2 I '403 

21.362 

19 21'355 

~ 1 . 5 4 ~  

21.5j2 

21'537 

19 21'5x4 19 zr.j;q 

Means 

m I 

I 19 21.452 

21.563 

21.549 

m a 

I 19 ZI'Z;~ 

21'355 

I ZI'403 

21'378 

I 21 '395 

19 21.278 

21.552 

21'549 

21.557 

19 21'528 

-- : 

21'544 
21'557 

21.600 I 21.541 
21'470 

19 21.423 19 21.452 



TABLE Vn. ABS!JBACT O F  EESULTS O F  ALL OBSEBVATIORS 

AND DEDUCTION OF THE APPARENT DIFmRENCE OF LONGITUDE, AL , 

AND THE RETAHDATlON O F  SIGNALS,- p. 

Whence A L = ~ ( ( A L - ~ ) + ( A L + ~ ) ) = ~ ~ + ~ ( I ~ ~ ~ Z ~ ~ + I O " ~ ~ I ~ = ~ ~ ~ O " ~ ~ ~ ,  

1 

JUBBULPORE (E), AND KALIASPUR (W) 

htronomical 

Date 

Instrumental 

Position 

at 

. I W  

Apparent UiEerance of Lungitude by Obsemations with 

E Clock -. AL - p 1 W Clock 0 AL + p 

By N Stars 

jn a 

9 10'254 

10.266 

I O ' S I I  

10'341 

10.212 

10.342 

10*190 

1 0 ' 2 1  j 

10-274 

10.236 

I o - 346 

10'3.31 

9 10.260 

10..307 

10 '277  

10.129 

9 10.268 
- 

I.  P. W. 

II 

,, 

,I 

I. P. E. 

I1 

II 

91 

11  

I1 

I. P. W. 

13 

- 

], 

I, P. W. 

],, 

I. P. E. 

I 

Gcneral Xeans ... 
-- 

1890 1 
Fobruury 4 

19 II  

,, 6 

11  I? 

rs 6 

I1 I,  

,, 7 

I ¶  1) 

,, 8 

I, I,  

11 9 

II II 

i bieane ... 

, 
. - 

By S Stars 1 Man. / By h. 8tars 

1. P. 6. 

II 

I. P. W. 

I1  

1, 

I1 

I . P . E .  

IS 

1, 

I ¶  

I. P. W. 

91 
I 

- - 

I. P. E. 

I, P. W. 

I . P . E .  

By 8 Stars 

1 1  x 

9 10'3i6 

10'254 

10.186 

10.306 

10 '177  

10'320 

~ o . z o j  

10'314 

l0'2;4 

10.246 

10.339 

10,389 

9 10'315 

10.305 

10' 24.9 

10.260 

9 ~o-zRa 
- 

011 8 

10.419 

10'30 

10'417 

IO..?ZO 

10.416 

10.518 

10.276 

10.283 ' 

10.365 

10.318 

10.439 

10'449 

9 10.384 

10.406 

. 10.467 

10.311 

9 '0'392 

m a 

9 10.346 

1 10-365 

j 10.434 

I 10.289 

I 10.316 

1 10'4.11 

9 10.346 

10.401 

10.434 

10'30.1 

9 10'371 
- 

111 + 

I 9 10.288 

I 1o.a61 

I 10.263 

1 10.231 

1 10'258 

1 l0'3jI  

9 10.288 

10.306 

10.063 

10'145 

9 I O ' Z ; ~  

I 
111 8 

10.374 

9 10.24r 

10.373 

10.350 

rom.zj8 

10.443 

10.344 

10'254 

10.330 

10.253 

10.446 

10'414 

9 10'308 

10.396 

10-401 

10.295 

9 ""350 



TifBLB VII. ABSTBACT OF RESULTS OF ALL OBSERVATIONS 

AND DEDUC!CION OF THE APPARENT DIFFERENCE OP LONGITUDE, AL 

AND THE RETARDATION OF SIGNALS, p. 

- - 

MOOLTAN (E), AXD QCTET'l'A (by) 

htronomical 

Date 

Instruments1 
Position 

at 

Apparent D~fference of Longitude by Observations with 

1890 

March 24 

13 81.  

,, 27 

1, 3, 

,, 28 

91 19 

,, 50 

I, ,I 

r ,  31 

13 I I  

\ Means 

1 

- 

E Clock = AL - p W Clock - AL + p 

Means By N Stnra 

Cie~~eml \leans ... 
- -- 

Means 

(I) 8 

j '7 43.574 

j 43.550 

j 43.551 

43.509 

43 ' 530 I 

Whence AL = a ((AL - p) + (AL + p)) = 1 7 ~  + 4 (43s'450 + 43"548) = 43'.499, 

p = 4 {(AL + p) - (+L - P ) ]  = f (43O.548 - 43"450) = + on.o49. 

By S Stars By N Stara 

. 
cn a 

17 43.606 

43'5 1 1  

43 604 

43'534 

43'555 

43'555 

43'520 

43 ' 505 

17 43'473 
-- -- -- 

7 4 . 4  I 17 43'450 1 17 43'553 
- - - - 

17 43'574 

43'550 

43'551 

4.3'5'9 

By 8 Stars 

1 

01 8 

I7 4~3'646 

43'531 

43'579 

43'481 

4.3'580 

43'5'5 

' 43'525 

43 '484 

1 7  43'544 1 17 4.3.!48 
I -- - - -- - - - -- 

4.3'j66 j 4.3'581 

43.517 1 43'45.3 

I. P. 3. 1. P. 3. 

I . P . W .  ,, 
I. P. W. 

I. i. 3. 1 ,, 

tn a 

17 43'407 

43'434 

43 ' 505 

...... 
,..... 
43'529 

43'389 

43'489 

4.3 ' 400 

43'467 

17 43.121 

43'505 

43'529 

43 ' 436 

I. P. E. 

$1 

I. P. W. 

I, 

,, 
,I 

I .P.E.  

,I 

8, 

I S  

~n s 1 ,a • 

17 43'394 j 7 43.409 
43.402 

17 4.3'398 

43.40= 

43'525 

,I. P. 6 .  

,I 

~9 

9 ,  

I .P .W.  

s t  

1, 

I t  

11 

11 

43'498 

4.3'305 \ j 43'453 

17 43.409 1 1 1  43.559 ' 17 13.588 

43m606 , j 43.52; 

4.3'441 

4-3.361 ] 43.41, 
43'406 , 
4"'402 ] 4.3'414 
43'385 

-- 

4.3 ' 530 

43 '548 

43'511 

43'453 

43'527 

43.389 , 43'412 

43 '569 

43'555 

43'527 
-- - 



Td23LE VII. ABSTRACT OF RESULTS OF ALL OBSEBVSTIONS 

BND DEDUCTION OF THE APPARENT IIIFFERENCE OF LONGITUDE, AL 

AND THE RETARDATION OF SIQKALS, p. 

Astmnomical 

Data 

- 

1890 

April 7 

,I , I  

,, 8 

11 I I  

,, 9 

I )  IS 

,, 10 

IS II 

,, 11 

IS 9 s  

,, 12 

II  12 

I Means ... 

Get~eral Means ... 

Instrudental 
Position 

at 

& I W  

KARACHI (E), AND QUETTA (W) 

Apparent Difference of Longitude by Observations with 

I. P. E. 

I1 

I. P. 7P. 

I S  

,, 
1 9  

I. P. E.  

12 

,, 
91 

I . P . W .  

II 

- 

I. P  E. 

I. P. W. 

( .  
,, 

I. P. E. 

Whence AL = a ( (AL - p) + (AC + p)) = om + 4 (11.525 + lS .68r)  = om xS*603, 

p = 4 ( ( A L  t p) - (AL - p)) = 4 (1l.681 - 1 ~ ~ 5 2 5 )  = + 0 ~ ~ 0 7 8 .  
. 

I. P. E. 

11 

,, 
II 

I . P . W .  

11 

11 

11 

I . P . E .  

12 

,, 

II 

-- 

I. P. E. 

,, 

I. P. TiT. 

$ 9  

E Clock - AL - p 

o 1'520 I o 1.130 

b By N Stnrs 

?la 8 

o 1.471 

1.461 

1.551 

I -701 

1 '639 

1.6j9 

1'379 

1.324 

1 '409 

1.391 

I .609 

1.716 

0 1'433 

I -644 

1'649 

1.352 

o 1.525 

W Clock - AL + p 

o 1.686 

By N Stam 

m a 

o 1.689 

...... 

1.776 

1'7"9 

1'799 

1'794 

1.549 

1.509 

1.516 

I .626 

1.785 

1.881 

o 1.630 

1'789 

1'797 

I'!i29 

By S Stars 

m r 

o 1.491 

1.386 

1.621 

1.581 

I .576 

1'559 

1.426 I 4  

1 '4.31 

1.444 

1.709 

1'749 

o 1'438 

I -665 

1.568 

I '448 

. o 1.676 

Means 

m s 

1 o 1.452 

1'614 

! I .608 

I -400 I 
1 1.419 

I .696 I 
o 1.436 

1'655 

I -608 

I '400 

o 1.681 

By S Stm 

m 

,..... 

1'74r 

1.726 

I -684 

. I 9  

1.576 

1.611 

1'599 

I -882 

1 '952 

o I ,606 

I -82 j 

1.701 

"573 

m t 

o 1.648 l 
1 1.738' 

I 1.749 

j 1-55, 

1 I -588 

1.877 

o 1.618 

I '807 

I ' 749 

1.551 



ELECTRO-TELEGRAPHIC LONGITUDES 

INDIAN ARCS. 

ABSTRACT OF THE OBSERVATIONS 

AND 

REDUCTION OF THE RESULTS. 
. 



N O T E .  

The Explanation of Tabb I, given on page 2, applies equally to the observations of 1891-92, in which the same Telescopes 
were used with the same Micrometers and the same wire-systems. 
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8 
3 m 

h rl 

8' s 
2 
P: 
7 
Gl 

Z 

h 
N 

6 
R 
$. 
8 
I 

w 
@ 

c;l e 
ZI 

Antmnl. 
Date 

1891 

Deo. 6 

,, 7 

,, 8 

a, 10 

,, 11 

,, U 

Deo. 18 

,, 19 

,, 20 

m 21 

, 

24 

.$ 
9 m 

h 
N 

$ 
m 
a 

m - 
2 ' 
3 
H 

E 
4 

h 
rl 

8' 
S 

; 
V 

E 

i 
B 

Instru- 

mental 

Paition 

I. P. E. 

I. P. E. 

I. P. W. 

I.P. W. 

I.P.E. 

I. P. P. 

I. P. E. 

I. P.E. 

I.P. W. 

I. P. W. 

I. P. W. 

I. P. E. 

Instru- 

Poeition 

I. P.E. 

I. P. W. 

I.P. W. 

I. P. E. 

I. P. V. 

I.P.W. 

I. P. W. 

I. P. E. 

I.P.E. 

I. P. W. 

I.P. W. 

I.P. W. 

Bemarb 

Man co 
I. P. E. - 0 
I. P. W. - 2074.6 

- v  

General 
Mean - 2073'3 

- w  

MeenCo 

I.P.E. -1484.5 

I.P. W.= 1476.6 
Y 

Qenelnl 
Mean P. 1480.6 

- 8  

Collimation Level 
Ramarke 

Mm co 
I. P.E. - 1483'5 
I. P. W. - 1478-1 
- 

Qeneral 
Mean - 1480.8 - 

ManCo 

I. P. E. = 2077.3 

I. P. W. - 2078.7 - 
General 
Mean - 2078.0 - 

M I  

2068.1 

67'5 

67 '4 

2073.6 

72'9 

73'3 

2072'7 

72.2 

71.9 

2071.8 

72.9 
72.0 

2069.0 

73.7 
71.0 

2068.2 

69'4. 
70.1 

1477'8 
78.1 

77'0 

1481.6 

82'3 

81'9 

1482.~ 

82'3 

83 '0 

1415.0 

75 '0 

1474.3 

74'0 

72.7 

'473.7 

73'3 

1 c 

d d d d d d  
+a-5 

-4'1 

-4'1 

+ 2'5 

-4.1 

-4'1 

-6.5 

-5'3 

-5'3 

-1.5 

'1'5 

-1'5 

+5*6 

0.0 

-1.0 

+ 1.1 

-2.1 

-4-1 

-3.0 

-1.3 

-1.9 

-5.6 

-6.9 

-7'1 

Collimation 

1 cl 

+3'3 

-3'3 

-3'3 

+ 3'3 

-3.3 

-3'3 

-5.6 

-4'4 

-4'4 

-0.6 

-0.6 

-0'6 

C, 

1485.8 

83' I 

1480.2 

83'9 

1478.1 

78.5 

1478'0 

77'6 

83'5 

1478'1 

78.4 

2076.0 

2077'9 

zo78.izo70'0 

78'9 

1076.7 

77'2 

2080.5 

80.0 

2077.9 

C. 

2075.5 

74'2 

2013.9 

2072'0 

73'8 

74'4 

2074'1 

76.8 

1476'6 

73'6 

144.4 
84. I 

1484.8 

84'5 

1476.9 

77.8 

1477'1 

78'4 

1474-91480.0 

77' 1 

Level 

1 CU 

2071-oao7o.o 

2070-o 

1070.0 

2070.0 

zo73.8a070.0 

2070'0 

1415.0 

1485'0 

1485.0 

r@o-o 

1480.0 

M 

1496.4 

96.4 

1488.0 

91.0 

90.1 

1483.6 

83'7 

1481.8 

81.0 

81 .o 

1485.2 

86.0 

1473.4 

i2.3 
72.0 

2070.7 

72.9 

2069'3 

70'5 
71.1 

2071.7 

70.1 

70.2 

2068.8 

69.2 

70.9 

2069.7 

69.8 

68.7 

2078.2 

78.3 

79 ' 3 

I CU 

1485.0 

1485.0 

1485.0 

1480.0 

1484.01485'0 

1480'0 

ao7o.o 

2070-o 

a 0 7 0  

2070-0 

2070'0 

/ b 

-15.6 

- 8.9 

+ 2.9 

+ 0.5 

- 4.8 

- 8.2 

+6.2 

+7'7 

-7'3 

-8'4 

-8.6 

-0.6 

I cl 

-4.2 

-4.2 

+4-2 

-0.8 

-4.2 

-0.8 

+8.0 

+8'0 

-8.0 

-8.0 

-8-0 

+8'0 

I c 

d d d d d d  

-5.1 

-5.1 

+3.3 

-1'7 

-5'1 

-1.7 

+ 7.2 

+7'2 

-8.8 

-8'8 

-8.8 

+7.2 
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Instra- Collimation Level Instru- 
~ s t r o n l .  .z , t Collimstion Level 

Date 

1892 

Jan. 6 

,, 7 

,, 10 

,, 11 

Jan. 18  

,, 19 

,, 20 

,, 21 

,, 22 

,, 23 

3 

A 
rl 

6 
Pi 

3 
X 
+ 
S 
V 

pS 

2 
2 
S 

h 
A 

d 
2 

8 
2 - 
ir - 
pS 

3 
il 

2 

mental 

Podtion 

I.P. W. 

I .P.E.  

I. P. E. 

I.P. W. 

L P. W. 

I. P. E. 

I. P.E. 

I.P. W. 

I.P.W. 

I .P .E.  

Co 1 4 1 

d i d  

c, I 
d  

-4'5 

+4'5 

-0.5 

+0'5 

+ 2.0 

-2.0 

-2 -0  

+ a a o  

+ a s o  

-2.0 

1475'0 

77'6 

1481.7 

81 -9 

1481.0 

81.7 

1478.0 

78'3 

1478.3 

79' 1 

1478'9 
78. I 

1478'9 

78.4 

1476.4 

74' 8 

1477.2 

75'6 

78' 7 

1475-0 

1475.0 

1480.0 

1480'0 

1480'0 

1480'0 

1480.0 

1480.0 

r.+80mo 

. 

1481.arqtIo.o 

c 

d  

-5'4 

+3.6 

-1-4  

-0-4 

+ I '  I 

-2.9 

-1.9 

+ I . I  

+ I ' I  

-2.9 

l d l  

d  

1475-a 

75'5 

1471'2 

72'3 

71'3 

1472-6 

74' 1 

73' 7 

1484'6 

83'9 

1476.4 

75'4 

1480.0 
82.4 

1481.1 

81.6 

1475.9 

75'3' 

1474.7 

73' 9 

1481.6 

83'1 

I 

-4'1 

+7-6 

+6.0 

+4-8  

-1.1 

-3.1 

-3.4 

-1'4 

-3.7 

-4.9 

Bemarks 

M, co 
I. P.E. = 1481.6 

I.P.W.m 1477.3 
e 

General 
a 1479'5 - 

Mean c, 
I. P. E. - 1479. I 

I. P. W. - 1476.9 
- 

General 
Mean - 1478.0 

- 3  

'3 m 

h 
N 

R 

8 
j 
5 
$ 
pS 
Fc 
4 a 

- 
N 

~2 
0 
a 

- 
3 

# 

0 
F9 

mental 

P08ition 

I. P. E. 

I. P. E. 

I. P. W. 

I .P .T .  

I .P.E.  

I. P. E. 

I .P.W. 

I. P. 7 .  

I. P.E. 

I. P. 6 .  

c0 

1076'5 

78'5 

1076-92075-0 

76.0 

2078-I 

80.5 

1078'a1075'0 

81.7 

aojo'zaojo'o 

70' 3 

Z O ~ I * O ~ O ~ O - O  

71.0 

73' 2 

71'3 

72- I 

08 1 

ao7o.o 

2075.0 

~ 0 7 1 - 8 ~ 0 7 0 . 0  

zoja.gzo7o.o 

~071.42070'0 

lo71~ozo7o~o 

c, 1 
d d d d d d  

+8'4 

+3.4  

-3'4 

-3'4 

+ 1 * 9  

+ 1.9 

-1'9 

-1.9 

+ r e g  

+ 1.9 

c 

+7'5 

+ a s s  

-4'3 

-4'3 

+ I 'O  

+I.O 

-2.8 

-2.8 

k 1.0 

+ 1.0 

M / 

1016.0 

77'6 

77'5 

2078.9 

78.6 

78.0 

1071.2 

72.3 

71.3 

2073-6 

72.1 
fa .  I 

~074.7 
76.0 

75'0 

1073'8 

74' 9 

76.5 

2067.3 

67'8 

6:. 9 

2068. I 

66.8, 

66.6 

1071.0 

72-8 

73'4 

1071.6 

71'9 
72.1 

b 

+ 1'4 

-0.1 

-6.5 

-5'7 

-3'3 

-3'2 

-4 '1 

-4.7 

-0.8 

0.0 

Bemarb 

Mean c,, 
I. P.E. - aojr 'o 

I. P. W. = 2079' 7 - 
GI eneral 

Mean - 2078.4 - 

Mean co 
I.P.E. - 2071-2 

I. P. W. - aoja-g 
- 

~ e n e m l  

- Mean - 1071 -9 
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C. zofz.2 for 1st 2 gmupa, and 2070.0 for 21id 2 group. 
t C. - 1515.0 for 1st 3 groups, and 1528.5 for last p u p .  

Znstru- 

mental 

polition 

I. P. 6. 

I.P. W. 

I.P.W. 

I. P. E. 

I. P. E. 

I. P. W. 

I. P. E. 

I. P. W. 

I. P. W. 

I. P.E.  

I. P.E. 

I.P. W. 

8 

a 

h 
CY 

Pi 

8 
3 - 
G -- 

5 
4 
4 
0 
PI 

CI 
N 

d 
R 

4 
X - 
c! 
2 
PI 

d 
2 

b 

btronl. 
Date 

1892 

Feb. 9 

,, 10 

,, 11 

,, 12 

,, 13 

, 14 

Mar. 15 

,, 16 

,, 17 

,, 18 

,, 19 

,I 20 

Bemarks 

Mesn co 
I.P.E. 1 1507'6 

I. P. iv. - 1502.0 - 
Mean = 1504.8 - 

~ 0 . n c 0  
I. P. E. 9 1514.1 

I. P. W. - 1518.4 - 
General 

Mean = 1516.3 - 

Collimation Level 

M I  

1508.8 a i d  -4 '4 

Bemruke 

Mean Co 

I. P. E. = ,071'1 

I. P. W. - a07z.q - -  
Genersl 

Mean - 2071 '8 
- 5  

Mean Co 

I .P.E - 2074-g 

I. P. W. - 1074.4 

Genemi 
- 0  

Mesn .P 1074'7 - 

Level 

M I b 

8.9 

9 '9 

1jo6.1 

6.0 

5'7 

1501.7 

2.5 

2.4 

1502'5 

2.6 

2 '3 

1509.1 

9' 1 

8.; 

I 508.8 

9'2 

7'7 

1516.6 

16.6 

16.4 

1317.4 
16.1 

15.2 

I 

16.5 

16.4 

1516.1 

18.0 

151b.o 

17'7 

17'9 

15l"i 
14.6 

14.1 

8 
?l m 

h - 
A 
b 
g 
e 
C4 
a 
0 
PI 

- 
r( 

H - 
Q 
FI 
4 w 
3 
67 

Instru- 

mental 

~oait ion 

I. P. E. 

I.P.E. 

I. P. W. 

I.P. W.  

I. P. E. 

I .P.Z.  

I. P. W. 

I. p. W. 

I. P . .  

I. P. E. 

I. P. E. 

I.P. W. 

c0 I 

2071'3 

71.0 

2072.3 

72 .1  

2072'22070'0 

7 2 . 1  

t o ? ~  .4 

70.2 

2072.1 

70.6 

2071.9 

2073.6 . -. 
1 3  9 

75'7 

2074'5 

75 '0 

74' 1 

75'3 

zo;rqm6 

74'2 

74'6 

2065.7 

65.6 

65'9 

zogo.4 

69.1 

69'5 

2070'1 

69.6 

69.9 

2071.5 

72'4 

71'5 

2071.4 

-1.1 

-2.6 

-2.3 

-4.2 

-3-8 

+ o a 2  

-0'1 

0 

-0.8 

-0.9 

-1.5 

cs ( 

2070.0 

zofo'o 

ro7o.o 

2070.0 

* 
zo7z.z 

7 2 ~ j r z o ~ o ~ o  

zo7o.o 

2070.0 

2073'42070'0 
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The Deviation corrections at Dehra D6n for this Arc weemderived from intersections of a Meridian Mark, and are given 
on page 26 of Part I, of this Volume. I 
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401 

425 

441 

5 

480 

610 

622 

644 

666 

687 

614 

-os286 

-0.25 

-0.30 

-0.26 

-0.24 

-0.22 

-0.24 

-0-41 

-0.23 

-0.35 

-0.29 

-0.27 

-0.21 

-0.26 

-0.22 

-0'30 

-0'24 

-0.39 

-0.276 

Star 

491 

492 

622 

666 

624 

649 

691 

705 

727 

813 

858 

Declination 

o I 

+ 42 22 
+ 28 11 

+ 42 54 
+ q 6 r 7  

+ 36 41 
+ 40 52 
+ 42 4 
+ s o  9 

+ 37 25 
+ 40 la 
+ 46 jq 
+ 53 58 

Dealination I 
o I 

+ 27 2 

+ 28 5 
+ az 11 
+ 3658 
+ 40 53 
+ 27 51 
+ 28 8 
+ 20 24 
+ 34 50 
+ 29 9 

+ 23 zj 
+ 33 30 
+ 19 36 
+ 27 3 
+ 2010 
+ 21 54 

2330 

2358 

2398 

2451 

24.62 

2480 

2487 

%91 

2526 

2568 

2612 

2649 

2664 

2679 

2690 

2726 

2759 

Declination 

0 # 

+ 22 11 
+ 40 53 
+ 27 51 
+ 28 8 I 
+ 20 24 
+ 34 50 
+ 29 9 

+ 23 25 
+ 33 30 
+ 19 36 
+ 27 j 
+ 20 10 
+ 21 54 
+ 3 2 0  

+ 27 34 

Declination 

o I 

+ 46 27 
+ 43 50 
+ 50 9 
+ 4 0 1 a  

+ 32 46 
+ j g  21 

+ 32 52 
+48z8 

+ 40 55 
+ 53 4 

+ 56 39 

Eqution 
( n  - C) 

8 

-0.34 
-0.25 

-0.16 

-0.18 

-0.31 

I 

-0.28 

-0.25 

-0'19 

-0.12 

-0'23 

-0'31 

-0.27 

I 

-0.22 

-0.21 

+ 16 6 
- o 19 

+ 16 44 

+ 9 29 
+ 8 30 

+ 2 9 

+ 3 31 

+ 3 36 

+ 5 19 

+ 18 47 
+ z j 
+ 16 49 
+ 1645 
+ lo 15 
+ 13 26 
- 2 4 0  

+ 18 o 

Eqution 
(B - C) 

8 

-0.16 

-o.zj 

-0.24 

-O"' 

-0.23 

-0.31 

-0.23 

-0.14 

-0.20 

-0.28 

-0-18 

-0.25 

-0.27 

-0.29 

-0.29 

-omnl 

- 

-0.238 

-0.25 

-o.zI 

-0.24 

-0.21 

-0.25 

-0.14 

-0.16 

-0.42 

-0.25 

-0.25 

-0-31 

-0-28 

-0.2; 

-0-30 

-0.22 

-0'19 

-0'247 

2322 

2830 

2358 

2398 

2451 

M 2  

2480 

2487 

2191 

2526 

2558 

2649 

2664 

2679 

2690 

S25 

Mean (B, - 0,) -0-134 

-0.23 

-0.19 

-0.15 

-0.28 

-0.31 

-0-30 

-0.28 

-0.26 

-0.31 

-0.19 

-0.19 

-0.13 

-0-33 
-0.10 

-o'p 

-0'143 

2461 

2962 

2487 

2491 

2626 

2538 

2649 

2664. 

2679 

2690 

2725 

2744 

2759 

2778 

2782 

9 

488 

533 

538 

666 

561 

681 

698 

601, 

641 

741 

760 

766 

+ 9 21 

+ 16 6 
- o 19 

+ 16 44 

+ 9 29 
+ 8 30 

+ 2 9 

+ 3 31 

+ 3 36 

+ 5 29 
+ 18 47 
+ 16 49 
+ 164; 
+ 10 15 
+ 13 26 
- 2 4 0  

413 

431 

437 

500 

633 

638 

661 

577 

698 

633 

641 

+ 9 29 
+ 8 30 

+ 3 31 

+ j 36 

+ 5 29 
+ 18 47 
+ 16 49 
+ 16 45 
-t 10 15 

+ 13 26 
- '2 40 
+ 17 59 
+ 18 o 

+ 9 31 
+ 9 12 

+ 11 zo 
+ 11 35 
+ 19 33 
+ 16 53 
+ 11 55 
+ 10 31 
+ a3 3 

- 36 

+ I I  46 

+ 7 13 
+ 9 14 
+ lo 11 
+ 2447 

+ 17 15 
+ 18 41 
+ 4 0 
+ 15 52 
+ 19 33 
+ 16 53 
+ 10 31 
+ 20 17 
- 2 36 

- o 24 

+ 7 13 

Mean (BE - CB ) 



C 
- T ! L B  Ln. ABS!FRACT OF OBSERTED VALUES OF PERSONAL EQUATION 

Between Captain ~ ~ r r a r d  athd Z k u t e t l ~ l t  Z e w x -  C o ~ y w m .  

6 

1 m 

8 

! 

1 

m 

At DEHBA DBN (Latitude 30° 19') 

OB~BBWD WITH TBL~BOOPE 
NO. 1. OBSEBY~D WITH 

Apfi  2,1898 

TEI~COPE NO. a. 

April 8, 1892 

(B - C) 

8 

-0.20 

-0.24 

-0.38 

-0.18 

-0.30 

-0.32 

-0.q 

-0.31 

-0.25 

-0.22 

-0.27 

-0.269 

-O.ZI 

-0.~5 

-0.28 

-0.28 

-0.27 

-0.27 

-0'27 

-0'31 

-0.40 

-0.24 

-0.28 

-0.23 

-0.31 

-0.27 

-0.276 

B t U  

3728 

3741 

3767 

3784 
3851 

3905 

3952 

3978 

3981 

3998 

4010 

4028 

April 4,1892 

Btar 

3728 

3741 

3767 

3851 

3906 

3952 

3973 

3981 

3998 

4010 

4028 

Btar 

8728 

8757 

8784 

8861 

8868 

3906 

8952 

8973 

8981 

3998 

4010 

Dealinstioo. 

0 t 

+ 3448 
+ 4 1  o 

+ 3849 
+ 32 9 

+ 44 5 

+ 39 56 
+ 44 13 
+ 42 19 
+ q8 23 
+ 35 32 
+ 38 34 

Deolinution 

0 f 

+ 3448 
+ 3 4  5 
+ 41 o 
+ 38 49 
+ 3a 9 

+ 39 56 
+ 44 13 
+ qz 19 
+ 48 23 
+ 3; 32 
+ 38 34 
+ 47 4 

Declination 

0 I 

+ 3448 
+ 3 4  5 
+ 4 1  o 

+ 32 9 

+ 39 56 
+ 4413 
+ qa 19 
+ 48 23 
+ 35 32 
+ 38 34 
+ 47 4 

(B - C) 

8 

- 0 1 7  

-0.29 

-0.16 

- 0 1 7  

-0.22 

-omr9 

-0'32 

-0'27 

-0.35 
-omaa 

-0.45 
-0.25 

(B - C) 

8 

I 

-0.28 

-0.16 

-o.~a 

-0'36 

-oaro 

-0'32 

-0.21 

-0.23 

-0.40 

-0-19 

-0.~55 

-0.17 
-0.36 

-0.25 

-0'33 
-0.36 

-0.30 

-0.31 

-0.35 
-0.26 

-0.22 

-oea4 

-0.p 

-oa a5 

-0-286 

M a n  (Bx - Cx) 

3684 

8696 

3708 

8769 

8776 

3796 

3808 

8824 

8881 

3842 

8877 

3919 

8930 

8937 

-0.237 

-0.29 

-0.32 

-0.26 

-0'31 

-0.29 

- 0 4  

-0.18 

-0.40 

-0.32 

-0'35 
-0.29 

I 

-0.295 

8671 

3696 

3708 

3720 

3776 

8795 

3808 

3824 

381 

3861 

3877 

3919 

3930 

3708 

3776 

3796 

3824 

8861 

3877 

3919 

3930 

8990 

4039 

4059 

+ 3 3 

+ 6 55 
+ 11 7 
+ 6 41 

+ 20 46 
+ 228 

+ 17 48 

+ 14 59 
+ ao 43 
+ 23 41 
+ 11 8 

+ 14 58 
+ 340 
+ a8 23 

+ zj 45 
+ 6 55 
+ r r  7 
+ 4 10 

+ 20 46 
+ 2.8 

+ 17 48 
+ 14 59 
+ ao 43 
+ 5 28 

+ 11 8 

+ 14 58 
+ 3 40 

+ 1 1  7 
+ 20 46 
+ 228 

+ 14 59 
+ 5 28 
+ I r  8 

+ 14 58 
+ 3 40 

+ 20 49 
+ 4 5 
+ 4 15 

Xean (BE - Og ) 



316 TABLE IPC1'3)EDU(X'IOK'OF 'PHE E*IiTBL VALUES OF THE RELATIVE PEJBONAL EQUATION 

Batween Captain Bbrrard m'd 'Lieutenant Lenox- Conyngham. 

Elaal Fakes of the Equation Adopted. 

The difkrence between' the final means (BN -C,) and (B, -0,) is so small that a mean of the two has 
been adopted as applicable to all stars. 

Station 

!3 
W 

5 m 
i3 
P( 

8 

For the &st A.rc of the season, vk., Calcutta-Waltair, the following value was adopted, (B - C) = - om 210, 

being the November Value. 

BY ~ T A E B  OP MUTE ~ P I I C T  

For the second and third Arcs, viz., Walbir-Jubbulpore and Wdtair-Madras the following value was 
a 

adopted, (B - C) = - 0.254, being the February value. 

BY STAB8 Ol NOBTE A ~ P W T  

For the fourth and fifth- Arcs, viz., Waltair-Bolarum and .Bolarum-Bombay the folloving value rn 
a 

adopted, (B - C) = - 0.262, being the mean of the February and April values. 

General Mean 

(Ba - CB ) 

a 

- 0.139 

- 0'155 

- 0.286 

General Mesn 

(BN - 0 , )  

8 

- - 0.180 

- 0'253 

- 0'254 

Aatronomid 
Date 

1891 

November 9 

18 10 

1892 

Februnry 17 

11 18 

I9 19 

a 

For the sixth Arc, vk., Fyzabad-Dehra DGn, the April value (B - C) = - 0 -  270 was adopted. 

In  these equations the generid symbol (B - C) signifies the quantity which must be added to times 
observed by Lieutenant Lenox-Conyngham, before they arb compared with those observed by Captain B u d .  

I 
I 

Mean Value of 
Equation 

(Be - CB 1 

8 

- 0 . ~ 0 8  

- 0.270 

- 0.276 

- 0'247 

- 6.243 

- 0.286 

- 0'29j 

- 0.276 

I 

Telescope 
inune 

No. 1 

91 1 

NO. 1 

8, I 

89 I 

No. 2 

,, 2 

3, 1 

2 
'3 
a 

a 
! 
Q 

Mean Value of 
Equation 

(BN - CI 1 

a 

- 0.154 

- 0.205 

- 0.286 

- 0.238 

- 0'234 

- 0.255 

- 0'237 

- 0.269 

April 2 

11 8 

91 4 



TABLI P. OBSERVATIONS OF TIULNSITS WITH E CLOCK, ABD DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL -- p. 

0 - 
d 

ZJ o 

% 

1891 

Dec. 6 

Deo.7  

CALCUTTA (E) Lat. 22' 89, Long. 6 h  63" 

f i a s ~ ~ s  O B B E E ~ D  AT E 
8~ 

B.A.O. 
Number 

1408 

1414 

1864 

1391 

1402 

1 

1462 

1475 

1492 

1435 

1442 

1469 

1486 

1963 

1871 

1408 

1850 

1384 

1391 

1402 

By 

- ' 
14 

N 

S 

8 

8 

N 

R 

B 

N 

8 

8 

8 

S 

N 

N 

8 

S 

8 

S 

AB 

Decli- 
nation 

o I 

+ a844 
+ 41 3 

+rzqg 

+1558 

+ 1537 

+ a245 
+ 28 28 

+ 31 a4 
+ 3631 

- 41 

+I159 

- 3a7 
+154j 

+ a 2 3  

+zaqg 

+a844 

+ 16 jz 
+ raqg 
+ 15 j8 
+rgjf 

P 

~ E E  
a n I. 
$ 3 0  
A + +  

g ! !  
pq* g 

; I 1  
2s 

0 

Z 
N 

b 

+ 

! 
o 

t 

2 
0 

+ 

,: 
0 

t 

n 

o 

+ 

2 %  
N 

b b  

+ 

36': AND WALTAIR (W) Lat .  17" &', 

!hmrsrrs OBBERVBD AT w 

1 

2 

2 
9 
m 

P 

OI 

- 4  

2 - 
:: 

O w. 

OI 

2 

OI 

g 

- 
P 

No. 2 

Se00nds 
of 

Correct- * T _ ~  

r 

54-19 

14.91 

49.42 

a5.07 

43.93 

41-93 

6-33 

aa.17 

26.55 

1a.46 

5.00 

8-73 

35'85 

a.45 

56.58 

59.18 

19-15 

53.70 

29-27 

48-19 

Lmox-ConymgAam, 

In- 
strumental 

Position 
and 

r r e i  
 ons st ants 

I. P. E. 
d 

+ a.5 
b + 5.6 
a + 0.3 

8 

Q + 1.94 

8 

Q - 1-94 

I .P.W. 

- 4.r 
b 0.0 
a -4g.2 

c 
Q 0.00 

,,., 
0 

3 

r.2 
+ G  
.g g, 
-g 
5 

0 

I 

g j  
o 

I 

3 
p 
0 

I  

3 . 
0 

I 

? 
o 

1 

2 %  
0 

1 

h s g .  Sh a3- 26'. 

Difference of 
Corrected 

(W - 

By each 
6tar 

n r  

ao 9.04 

8'85 

20 9.07 

8.91 

9.02 

20 9-26 

9'13 

9'04 

9.06 

ao 9.02 

9.01 

8-93 

8.96 

2 0  9.06 

8.90 

8-91 

20 9.05 

8.98 

8-91 

with 

M~~~ 
Observed 

%e 

h m  8 

4 27 ~ a - 6 5  

a9 la-74 

4 aa 47.29 

a4 aa-94 

a5 41.80 

4 35 49.67 

39 8.07 

42 23.89 

45 a8'a7 

4 ja 14-23 

34 6-15 

40 10.50 

43 37-60 

4191.56 

2056.68 

27 59'15 

4 17 19-97 

aa 53.98 

24 ag-50 

25 48-53 

with 

M~~ 
Obaerved 

Tima 

h m  r 

4 & 3'87 

49 25.50 

44a 56-85 

44 32.66 

45 51-58 

4 55 56'55 

59 15-46 

5 a 31.70 

5 36.66 

4 52 18.43 

54 la-30 

5 o 14-54 

3 43'46 

43913.98 

41 8.04 

48 11.44 

4 37 30.63 

43 4'08 

4440.01 

45 68-92 

Tekrcops No. 

~ ~ t a l  
Correc- 

tion 

8 

-0.04 

-1.74 

+1*64 

+1'33 

+1'37 

+om64 

0.00 

-0.49 

-1.05 

+3'o5 

+ I ' ~ I  

+3-12 

+1'35 

-2.47 

-2.56 

-3.35 

-1.83 

-1.40 

-1.78 

-1'7s 

.: 
$ 

N 

N 

8 

8 

8 

N 

N 

N 

3 

8 

8 

8 

8 

Ei 

X 

N 

8 

8 

8 

8 

Times 

fc) 

Mean 
of 

Group 

, w 

I W  

& 

E W 

2 
, : m 

C P  

2 
, P w 

S P  

,P w 

,P w 

8 

Tslucops 

~ ~ b l  
Correo- 

tion 

r 

+a-14 

+2*17 

+am13 

+aV1j 

+am13 

-1.74 

-1.74 

-].fa 

-1.72 

-1'77 

-1.75 

-1.77 

-1'75 

-0.11 

-0.10 

+o'o~ 

-0.2a 

-0.28 

-0.a3 

-0'23 

1 

flmonda 
of 

Correct- 
~i~~ 

r 

3.83 

23.76 

58'49 

33'99 

52'95 

57.19 

15.46 

3r.ar 

35.61 

ar.48 

14.01 

17.66 

44'81 

11.51 

5.48 

8.09 

~8.80 

1.68 

38'23 

57-20 

By B w w d ,  

In- 
~tmmental 

PmiLion 
and 

correction 
Constanla 

I.P.E. 
d 

, 5., 
b - 15.6 
a +237'6 

C 

Q +  1-64 

8 

Q + 1-64 

I.P.E. 
d - . 

8 

Q- 1-64 



3x8 T ! L B  P. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

9 
F1 

a .g 
Y 

1891 

Dec.7 

Dec.8 

I 

CALCUTTA (E) &at. aa0 a#,  LOU^. fl 63- 3 8 :  AND WALTAIR (W) Lat. IT B', 

B.A.C. 
Number 

1449 

1462 

1475 

1492 

1435 

1412 

1469 

1485 

1414 

1384 

1391 

1449 

1492 

1435 

1469 

TEAN~ITB OB~ERVED AT E 

By Lmx-Conyngh,  with Teletcepe No. 2 
STAB 

Decli- 
nation 

o I 

+a245 

+a828 

+ 3224 
+3631 

- 241 
+1159 

- 327 
+1543 

+ 41 j 

+1249 

+ 15 58 

+ 2245 

+ 36 31 

- 2 41 

- 327 

b 

Long. bb 33- a@. 

Difference of 0 s ! ? ?  ;; 
! ~ A I V B I T B  OBBEEVED AT w 

B y  B w w d ,  with TsLucope No. 1 
Co~eoted 

(W-E) 

By each 
Btar 

m a 
20 9'12 

9.14 

9-12 

9.0'3 

20 9-04 

8'99 

9"3 

9'05 

20 8'71 

lo 8-96 

8.92 

20 8'93 

9'O3 

ao 9'05 

9'00 

Timer o 5 y y 4 
9~3condl 

of 
Correct- 
ed Time 

r 

1'45 

19.72 

35-51 

39'89 

25'74 

18.24 

11.g~ 

49-06 

31-17 

6.88 

42'45 

5'4a 

43'98 

29.89 

26.oa 

LI 

,r m  

r g  

a 
, ? m  

0 ,O 

0 - 
h 

'I6 

E S  

0 

, m 

L:! 

o 

, p 
m 

E g 

V) N 

, ? 
0% 

L g  

Y 

Position 
Observed Correo- 

In- 
~truxnental 

Position 
and 

Correction 
Constants 

I . P . E .  

- S. I 
b - 8.9 , +a78.5 

a 
Q- 1.64 

1. P. K 
d 

0 + 3'3 
b + 2.9 
5 +240'4 

J 

Q + 1-61 

a 
Q + 1.61 

IC) 
. o m  

? 
0 

I 

e 
? 
0 

I 

h 

u) 0 

b 

I 

h V1 

0 

I 

r- 
0 0 -  

? 
o 

, 

h 
u) 

0 

I 

.: 

N 

N 

N 

N 

8 

8 

8 

8 

N 

8 

8 

N 

N 

8 

8 

M~~~ 
Observed 

Time 

h m  r 

456 4-01 

59 23'oa 

5 2 39'39 

5 44-41 

4 52 25'51 

54 19.56 

5 o 21-64 

3 50.81 

449 33'22 

4 43 4-64 

4440'52 

q 56 4.16 

5 5 44'36 

4 52 26.27 

5 o 22-33 

U 

0 - 
n . 
0 

+ 

% 
b b  

+ 

z " 
o 

+ 

and 

Constanla 

I .P.  W. 
d  - 4.1 

b 0.0 , -48.a 
s 

Q 0.00 

I. P. W. 
d  

0 - 4'1 
b - 1.0 

a -41.2 

s 
Q 0.00 

s 
Q 0.00 

~ ~ t ~ l  
Oorreo- 

a 

-2-56 

-3'30 

-3'88 

-4'52 

+OSa3 

-1'3a 

+om31 

-1'75 

-1'05 

+zmi4 

+1'93 

+1'26 

-0'38 

+ 3.62 
+3'69 

w 
n 
OI 

a 

g 

$ 

3 
a~ 

8 

h m  J 

43552'43 

39 10'55 

42 ~6.28 

45 30.60 

4 32 17.25 

34 9'54 

40 13-38 

43 40-14 

4 29 rj.22 

4 a2 58-19 

1433.76 

4 35 56.61 

45 34'81 

432 21-34 

40 17.53 

0 

+ 

0 
Z ?  
o 

+ 

z 
CI 

b b  

+ 

m 

4 

4 

o 

4 

0, - 
t 

d 

- 
3 
rn 

N 

N 

N 

N 

8 

8 

9 

8 

N 

8 

8 

N 

N 

8 

8 

Correct- 

r 

-0.10 

+0'03 

+O.II 

+om21 

-0'55 

-0.29 

-0.56 

-0.23 

+oSrq 

-0.27 

-0.23 

-0'12 

+oe14 

-0'50 

-0'51 

r 

52'33 

10.58 

16-39 

30.81 

16-70 

9.25 

1a.82 

40.01 

23.46 

57-91 

33'53 

56.49 

34'95 

20.84 

17-02 



PdBLZ V. OBSERVATIONS OF TRANSITS WI'PB. E CLOCK, AKD DEDUCmON 319 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

1 
a 
a 

2 
rn 

I 

u, V) 

P 
Q) 

4 

g 
rn 

4 

' 
rn 

4 

% 
m 
b\ 

4 

b\ 

4 

3 

8.3 o o 

,z w 
8 
E 
6 

" %  
H 
I 

" O  

? 
0 

1 

0 

? 
0 

I 

0 

1 

3 
b 

I 

V) 

p 
0 

I 

' 

m n 

A + + ,  

9 1 1  

$&? 
I I 

g 8, 
0 

!! 
? ?  
0 

+ 

0 " 
? 
0 

+ 

2 
b 

+ 

? ?  ' 
0 

+ 

2 
N 

b 

+ 

2 :  - 
0 

+ 

3 n 
+ 
2 
.f 
h 

1891 

Dec.10 

Dec.11 

CALCUTTA (E) k t .  aaa" 33', h g .  6 h  6 P  

TEANBITB O B B E E ~  AT E 

3 8 :  AND WALTAIR (W)  Lot. I?'' H, 
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Owing to the irregular rate of the Chronograph the Pen Equation had to be applied graphically on the record before the star signah were read off, and con- 
requently in t h  c m  Q - oo'w. 
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* Owing to the irregular rate of the Chronograph the Pen Equation had to be applied graphically on the record before the rtar sign& were m d  off, 4 can- 
requently in these cnser Q - 0.00. 
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Oaing to the irrrgular rate of the Chronograph the Pen Equation had ta be applied graphically on the record before the stax eignah were read off, and Con- 
sequently in these cues Q = 0.00. 
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Owing to the irregular rate of the Chronograph the Pen Equation had to be applied graphically on the record before the etar eignale went read off, and con- 
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6.71 

51-97 

26.84 

14-88 
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17 17.54 

21 21.55 

6 25 8.17 

30 54.34 

32 28.35 

34 16.39 
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5.3'30 

zo.17 

6.98 

By Buward, 

In- 
strumental 

Position 
and 

correction 
Constants 1 -- 

I. P. 7V. 

,,- I .5  
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Tam81~8 OB~EBTED AT W 

Decli- 
nation 

o I 

+ 27 z 

+ 24 rg 

+ ra I I  

+ 20 39 

+ 1 6 2 1  

+ 318 

+ o a 

~ 1 6 4 4  

+ 21 45 

+ 28 8 

+ I 1 5 3  

+ j 36 

+ 27 2 

+ 1 6 2 1  

+ 3 18 

+ o a 

+ 16 44 

By Burrard, with 

idrnn 

Observed 

Time 

h W  8 

7 5 16-24 

6 27.76 

14 15.48 

16 9-57 

7 7 45-15 

9 15'49 

10 22.85 

12 2 8 . a ~  

7 21 5'74 

13 44.30 

7 19 36'64 

19 14-35 

7 5 19'53 

7 7 48.36 

9 18.70 

10 25.88 

la  .?I-38 

By 

i 
$ 
-2 
5 " 

N 

N 

S 

N 

6 

S 

S 

8 

N 

Ej 

8 

S 

S 

S 

S 

s 

a 

P 1 
.m 

2 " 

N 

X 

N 

N 

S 

8 

8 

8 

N 

N 

8 

6 

N 

S 

S 

6 

S 

Lenoz-Conyngham, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. V. 
d - 2.8 

b - 4'7 
a +31.8 

8 
Q +  1.66 

8 

Q - 1.66 

I. P. L 
d 

0 + 1'0 

b - 0.8 
o - 8.6 

8 

Q + 1.6; 

In-  
strumenla1 

Position 
and 

Correction 
Constants 

. 
I. P. V. 

d 
+ ,,.I 

8 

Q +  1.70 

8 

Q - 1-70 

I . P .  V. 
d 

0 + 1'1 

b - 3'7 
a + 3.3 

8 

Q + 1-70  

No. 2 

seconds 
of 

Correct- 
Time 

8 

29.63 

41.06 

28.87 

23.01 

58.55 

28.91 

36.14 

41.59 

15.74 

54.24 

46.65 

24-38 

32-79 

1-67 

32-02 

39'28 

44.75 

with 

Mean 

Observed 

Time 

h m  0 

7 2.1 28'29 

15 39'67 

33 2745 

35 21.57 

7 26 57.05 

28 27.24 

29 34.43 

31 40-10 

7 JO 17.64 

4256.24 

7 3848.41 

48 26.03 

7 24 31.07 

7 27 0.00 

28 30.40 

29 37.67 

31 43.08 

Tsleaeope No. 1 Telescope 

Total 

Correc- 

tion 

8 

+1-34 

+1*39 

I 

+ I ' M  

+ 1.50 

+ 1.67 

+1'49 

-1.90 

- r m o o  

-1.76 

-1.65 

+ r V f z  

+1'67 

+ 1.62 

+1.61 

+1'67 

Tot.l i 
Correc- 

tion 

8 

+1'70 

+1.69 

t 1 . 6 8  

+1.68 

+ r m 6 7  

+1'6.3 

+1.63 

+1'67 

-1.72 

-1.70 

-1'74 

-1.77 

+1*63 

+1.64 

+ 1.66 

+1.66 

+1'64 

seconds 
of 

Correct- 
ed ~i~~ 

8 

17-94 

29.45 

17-16 

11-25 

46.82 

r j . 1 ~  

a4.48 

29.92 

4.02 

42.50 

3.1'90 

12.58 

21.16 

50.00 

20.36 

27.54 

33'02 
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I WALTAIB (q Ad. 17" #, Lvmg. 61 83' aa: AXD BOLABUM (W) Lot. IT H, f i ~ o r g .  6' 14' 18. I 



t 

- - 
; 
4 .  

$ - " 
,O 

" - " 
z 

f - " 
? 

3"aS 
h - - 
z .  

L 
I 

? 

9 

3,  - - 
s 

0 * 
Ei 
d 

J .g 

1892 

Jan.19 

Jan.20 

B.A.C. 
h'umber 

2759 

2786 

2799 

2833 

2778 

2782 

2814 

2825 

2657 

2 7 4  

2668 

2679 

2690 

2725 

2758 

2799 

2833 

2778 

2814 

2826 

0 

g 

F1 .S  
$ 2  

5 
E 
5 

i 
b 

I 

g 
b 

I 

0 

I 

2 
p 
0 

I 

2 
? 
o 

I 

n 
o 

1 

STAB 

Decli- 
nation 

0 1 

+ 18 o 

+ 2 7 3 4  

+ 18 41 

+ 2430 

+ 931  

+ 912 

- 3 a4 

- 3 33 

+ 2541 

+ 1759 

- I 5 

+ 1015 

+ r j  26 

- 2 40 

+ 18 0 

+ 1 8 4 1  

+ zq 30 

+ 931  

- 324 

- 3 33 

WALTAIR (E) Lat. 170 &?', Long. 6h 85. 

Taass1~8 OB~EUTED AT E 
rn 

g - 
' Z r o O  
lo !" !' 
& L o  W 
. I 1  

- o z , i  
i4 m 

$ L O  
' I  I 

a 5 PI % m - 
0 

f 
0 

I 

X 
." 
0 

I 

f 
0 

I 

.2 
0 

I 

+ 
o 

I 

n r 
o 

I 

g 

$ 
g 
9 " 

li 

N 

N 

N 

6 

S 

S 

6 

N 

6 

6 

. 6 

8 

N 

N 

N 

S 

6 

S 

a@: AND BOLARUM (W) Lat. 17' 3V, 

TBANBIT~ OBSEBVED AT W 

Long. 6': 1P 18. 

Difference of 

B y  Buward, 

In- 
strumental 

Position 
and 

Correction 
Conatnnts 

I. P. E. 
d - 2.9 

b - 3'2 
a 

a 
Q - 1.70 

I .P .E.  
d , - 2.9 

b - 3 '4  
a -13.2 

8 

Q + 1.68 

Q - 1 2 8  

Corrected 

( w - E )  

By each 
Star 

t U 8  

19 11.87 

11-96 

11.95,  

11.89 

19 11-91 

11.85 

11-89 

11-91 

19 12.06 

12.03 

19 11'91 

12-09 

12.08 

11.97 

19 11.00 

11.99 

11-99 

19 11'92 

11-90 

11-91 

By 

5 . 
3 " 

N 

N 

N 

N 

8 

S 

8 

S 

N 

N 

S 

s 

s 

N 

N 

N 

S 

6 

6 

Times 

Mean 

of 

~ m u p  

, 
a 

E F  

,m 

a: 

, 
n .! 

SF 

2 
, o 

n 

- 

e P '  = 

m .  

with 

xean 
Obaerred 

Time 

h m  a %  

7 48 43.83 

54 13-82 

57 34.39 

8 2 56.18 

7 51 23-13 

52 24'40 

59 55'69 

8 o 59'55 

7 35 4.13 

4641'41 

73624'14 

38 0.66 

39 43'74 

4350'31 

7 4843.87 

5754.51 

8 2 56.35 

7.51 23'23 

59 55'12 

8 o 59.61 

Lmot-Conyngham, 

In- 
~trumental 

Position 
and 

Correction 
Constnnta 

I. P. E. 
a 

+ 

a - 3.2 

s 
Q - 1.70 

I. P. W. 
d , , 2.8 

b - 4'2 
a +21.6 

a 
Q + 1.65 

Q - 1 ~ 6 ~  

No. 2 

~econda 
of 

Correct- 
ed Time 

8 

53.88 

24-02 

4-50 

6.28 

33'13 

34'34 

5'58 

9.46 

17.76 

54'98 

37-50 

14.24 

57.33 

3-73 

54.06 

4-68 

6.55 

33'30 

5.70 

9.60 

with 

I 
M~~~ 

Observed 

Time 

hWI 8 

8 7 55.64 

13 25-82 

17 6.27 

22 8'07 

8 10 34.85 

11 36.05 
I 

19 7-14 

20 1 1 . 1 2  

7 54 16.36 

8 5 53'50 

7 55 35.85 

57 12'68 

58 55.81 

8 3 2.06 

8 7 5;.88 

17 6.51 

22 8-43  

8 10 35-03 

19 1.33 

20 11'2?. 

Telescope 3.0. 

~ ~ b l  

Correc- 

8 

~ 1 . 8 2  

-1.76 

-1.84 

-1.79 

-1'91 

-1'91 

-1.00 

-2 ' 00  

t 1 .57  

+J 'S4  

+1'45 

+1.49 

+1'51 

+1'45 

-1.81 

-1.82 

-1.79 

-1'87 

-1'92 

-1.92 

Telcacope 

~ ~ t ~ l  

Correc- 

8 

-1.76 

-1.80 

-1.77 

-1.79 

-1'72 

-1.71 

-1.66 

-1.66 

+I.(o 

+1'48 

+1'65 

+1'56 

+1*67 

-1.81 

-1'8.3 

-1.88 

'1'73 

-1.63 

-1.63 
I 

1 

seconds 
of 

Correct- 
ed ~i~~ 

8 

42.01 

12.06 

52.55 

54-39 

2 1 - 2 2  

22.49 

53'69 

57'55 

5.70 

42'95 

25'59 

2.15 

45'25 

51.76 

4 0 6  

52.69 

54.56 

21.38 

53.80 

51-69 
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(D 
a 

& - 
s .- 

d 

1892 

Jan.21 

Jsn.22 

i 

Long. 6" 14' 16'. 

Difference of 

26': AND BOLARUM (W) &at. 17' 3V, 

TUNBITE OBSERVED AT W 

A g w 1  
3 2  0 

.g B -2 
g 
Q 

f 
o 

I 

- 0  

I 

f 
0 

I 

f 
0 

I 

3 
0 

I 

b 

I 

CorrectedTimes 

CK-E) 

By each 
Btsr 

m 8  

19 11-92 

11-86 

11.85 

19 11-81 

11.88 

19 11-96 

I 

"'90 

11-99 

19 12'01 

11.89 

11-92 

12.02 

19 11.84 

11.89 

11.76 

19 11-86 

I 1-88 

11-89 

11-90 

WALTAIR (E) Lat. 1 7 O  43', Long. 6' 85. 

T E ~ ~ E I T S  OB~ERVED AT E 

Mean 

of 
Group 

-5 
E P 

*-  - 
EZ 

- 
rz 

.f - 
a s '  

g, 
a 

' 

-; - 
EP 

By Lsnoz-Conyngham, 
STAB 

B.A.C. 
Number 

2714 

2734 

2744 

2690 

2725 

2759 

2786 

2799 

2833 

2778 

278a 

2814 

2826 

W 7  

2734 

2744 

2668 

2679 

2690 

2725 

, 
3 % 
% % ;  

I 
$ o I I R  

.,., 
d l 1  

I."." 
0 

N 

7? 
b 

I 

n \.n 
0 

I 

0 

1 4  

n 

P 
0 

I 

N 

2 
b 

I 

< "  
0 

I 

a " 

3 - 
3 " 

N 

N 

N 

S 

9 

N 

N 

N 

N 

s 
s 
S 

8 

N 

N 

N 

S 

S 

S 

S 

.: 
2 

N 

N 

N 

8 

S 

N 

N 

N 

N 

with 

Mean 
Observed 

Time 

h m  8 

8 I 17-31 

445.51 

5 7 

7 58 56-11 

8 3 2.27 

8 7 56.20 

13 26'54 

17 6.80 

12 8.80 

8 10 35'35 

I I  36.58 

19 7-63 

ro 11.58 

7 54 16.42 

8 445.10 

5 53-65 

7 55 36-24 

57 13.01 

58 56.13 

8 3 2-57 

Decli- 
nation 

D I 

+ 21 54 
+ 3248 

+ 1759 

+ 13 26 
- 140 

+ 18 o 
+ 27 34 
+1841 

+ 24 30 

+ 931 
+ 91; 
- 3 24 
- 333 

+ 2541 
+ 3248 

+ 1759 

- I 5 

+1015 

+ 13 26 
- a qo 

a 
+ 
4 

n 
G 
L 

: 

o 

L 

Z 

" 
4 
m 

oo 

g 
m - 
F 

V) 

% 
L 

P 

Y - 
: 

By Burrard, 

In- 
strumental 

Position 
and 

Correction 
Constante 

I.P. JV. 
d 

+ 

: I ;:f 
8 

Q + 1-70 

S 

Q - 1-70 

I. P. JV. 
d 

+ I.I - 3'7 " + 3'3 
8 

Q + 1.65 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. W. 
d - . 

y3::; 
a 

Q + 1.66 

a 
Q - 1-66 

1 

Seconds 
of 

Correct. 
ed am. 

8 

6.81 

34'90 

43.36 

45-04 

jo-13 

42'39 

1r6r 

53'04 

54.87 

21.60 

22-96 

54'14 

57'99 

6.28 

34'95 

43'56 

25.99 

2'79 

45.90 

52-27 

with 

M~~~ 
Observed 

Time 

h m  8 

742 5.13 

45 33-18 

4641.68 

73944.17 

43 jo.51 

7 48 44-11 

54 14'31 

5754'77 

8 2 56.58 

7 51 23.35 

52 24'71 

59 55'92 

8 0 59'77 

7 35 4-70 

45 33.39 

46 41-97 

7 36 24'38 

;8 1-18 

3944'29 

43 50.65 

Tskscops 

Total 
Correc- 

8 

+I-42 

+1'15 

1.47 

+1'54 

+1'f4 

-1.85 

-1'99 

-1.86 

-1.94 

- 1'73 
-1.73 

-1'57 

-1.57 

+I-70 

+l'f4 

+1'67 

+ 1-61 
+ 1-65 
+1.66 

+ 1-60 

Telcscqpe 3 0 .  

Total 
Correc- 

8 

+I-68 

+ I . ~ Z  

t1.68 

+le67 

+1.62 

-1.72 

-1'70 

-1'73 

-1'71 

-1.75 . 

-1.75 

-1'78 

-1'78 

+rS58 

+ 1-56 

+ 1-59 

+1'61 

+1.61 

+1'61 

+1'62 

No. 2 

Seconds 
of 

Correct- 
ed Time 

8 

18-73 

46.76 

55.11 

57-65 

4.01 

54'35 

24'55 

4-34 

6.86 

33-62 

34.85 

6.06 

1 0 ~ 0 1  

18-12 

46-04 

55'31 

37.85 

14.67 

57.79 

4'17 

8 I 

8 

8 

N 

N 

N 

S 

8 

8 

S 

I. P. E, 
d 

+ ,., 

, - , 8.6 
Q + 1-67 
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o 
q 
2 
2 6  

2 B 
O f : ' -  

; 

2 
0 

I 

2 
O 

b 

I 

b 

I 

$ 2  
0 

I 

s f <  
0 

I 

0 

1 

I 

0 
A 

d 
M 

L w ... 
ii 

4 

4 

1892 

Jnn.22 

Jan.21 

. s $ $  
2 y y 
" b  

I 
$ a ,  * m ,  
8 0 0  
i l  I 

& gd 
U 

" 
o 

1 0 '  

n 
Vj" 
o 

I 

G . 
O 

I  

3 

I 

" 
I 

f 
0 

I 

WALTAIR (Ej Lat. 17' 43', Long. 6h 33"' 

TRANSITS OBSEBVED AT E 

26.: AND BOLABUM (W) Lat.  1 7 O  80', 

TRU~ITS OBSERVED AT W 

+ 
GI q 

3 - - 

n 
rr. 
'P 
r 

F 

8 
z 
: 

Y) h 

y - - 
, 01 

z 
h 

n 

z' 

d - " 
P 

Long. 6h 14' 16*. 

Difference of 

B.A.C. 
Number 

2786 

2799 

2833 

2778 

2814 

2825 

2657 

2714 

8668 

2679 

2690 

2725 

4786 

2799 

2833 

8 4  

Q825 

By 

a 
8 

' 

F 

N 

N 

S 

s 
8 

N 

N 

8 

8 

S 

8 

N 

K 

N 

s 

S 

1 

Seconds 
of 

Correct- 
ed ~i~~ 

J 

"'75 

53.23 

55-02 

21.87 

54'31 

58.19 

6-53 

7.09 

26.21 

3.00 

4b-18 

52.48 

13.00 

53'45 

55.17 

54'55 

58.31 

% 

,: 
3 

h' 

N 

N 

8 

S 

S 

N 

N 

S 

S 

S 

8 

N 

N 

N 

S 

Corrected 

( W - E )  

By each 
Star 

m d 

19 11-89 

11.88 

11.97 

19 11.87 

11.9; 

11-87 

19 11.88 

1a.03 

19 11-91 

11-94 

11.91 

12.00 

19 11'95 

11.99 

12.00 

19 11-88 

12.02 

STAB 

Decli- 
nation 

o I 

+ 27 34 
+ 1841 

+ 2430 

+ 931 

- 3 a4 
- 3 33 

+ 2541 
+ 21 54 

- I 5 

+lo15 

+ 13 26 
- 240 

+ 2734 

+1841 

+ 2430 

- 3 24 
- 133 1 

Times 

Mean 

Gmup 

E F 

; 
-90 

$ 
E F  

, p - m 

E 0 '  

o 

* .  = 
E  ? 

- 
EC" 

Lenox- 

In -  
strumental 

~os i t ion  
and 

Correction 
conatants 

I. P. E. 
d 

, + I.o 
b a - - 0.8 

6 

Q - 1.67 

I. P. B. 

, + I ., 
b 0.0 

a + 0.2 
6 

Q + 1-74 

6 

Q - 1-14 

, 

By Burrard, 

In- 
strunlen~al 

Positron 
and 

Correction 
Constante 

L P. W. 
d 

+ I.1 
b - .- 
a + i.: 

8 

Q - 1.65 

I. P. E. 

d - 2.9 
b - 4'9 
a - 10.0 

6 

Q + 1-70 

Q - 1110 

3-0. 2 

Smond8 
of 

Correct- 
ed Time 

6 

24.64 

5.11 

6.99 

33.74 

6.26 

10.06 

18.41 

I9'la 

38'12 

14'94 

58-09 

4'48 

24.95 

5-44 

7.~7 

6.43 

10.33 

with 

Hean 

Observed 

Time 

h m  6 

7 54 14-47 

57 54.94 

8 2 56.74 

7 51 2.3'57 

59 55'99 

8 059.87 

7 35 4.99 

41 5-56 

7 36 14-74 

38 1.51 

39 44.68 

43 51-02 

7 54 14.85 

57 55'34 

8 2 57'13 

7 59 56'49 

8 060.25 

Conyngham, with 

Yean 

Obsemed 

Time 

h m  6 

8 13 26.26 

17 6.78 

22 8.63 

8 1035'44 

19 8-00 

20 11-80 

7 54 16.65 

8 I 17.36 

. 7 55 36.36 

57 13'18 

58 56.33 

8 3 2.72 

8 13 26.66 

I 716 

22 8.99 

8 19 8.15 

20 12'05 

Telescope Xo. 

~ ~ t ~ l  

Correc- 

tion 

6 

-1.72 

-1.71 

-1.72 

-1'70 

-1.68 

-1'68 

+1.54 

+1'53 

+1'4f 

+I'49 

+1'50 

+1'46 

-1.85 

-1.89 

-1.86 

-1'94 

-1-94 

Telescope 

Total 

Correc- 

J 

-1.62 

-1.67 

-1.64 

-1-70 

-1.74 

-1.74 

r1.76 

+1'76 

+ 1.76 

+1*76 

+ 1.76 
+1.76 

-1.71 

I 

-1'72 

-1.72 

-1.72 
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0 
a 

d 
C 

8 'Z 
4 

1892 

Feb.9 

Feb.10 

BOLARUM (E) Lat .  170 30: h n g .  6h 14" 

Taaxsr~s O B ~ E R ~ E D  AT E 

lo": AND BOMBAY (W) Lat.  16P 64', Long. 

Taah-errs OBSE~VED AT W 
STAR 

B.A.C. 
Number 

2410 

2416 

219 

2440 

2398 

2444 

2361 

2462 

2499 

2500 

2617 

2491 

2526 

2410 

2416 

2429 

2443 

2398 

2444 

2452 

2462 

dh 61m 25'. 

Difference of 

Decli- 
nation 

0 ,  

+ 22 11 

+ 3658 

+ 4 0 s  
+2751 

+1644 

+ 11 53 
+ 9 29 

+ 8 30 

+ 2024 

+ 34 50 
+ 32 16 

+ j 36 

+ 5 29 

+ 22 1 1  

+ 3658 

+ 4053 

+2751 

+ 1 6 4  

+ 1 1 5 3  

+ 9 29 
+ 830 

I 
O 

5 
- 
2 
[a 

N 

N 

N 

N 

S 

8 

8 

S 

N 

N 

N 

S 

8 

N 

N 

N 

8 

S 

S 

S 

CorrectedTilnes 

( w - E )  

Hy each 
Star 

22 48.51 

48'4.3 

48.40 

48.38 

22 48.47 

48.34 

48.33 

48.40 

22 48-21 

48.33 

48.34 

22 48.35 

48-31 

22 48'57 

48-54 

48'57 

48.48 

22 48.49 

4-45 

48'45 
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+ 1.57 
+I-46 

+1'4o 

+1'.38 

B y  Buward,  

111- 
strumentnl 

Position 
and 

Correction 
Constante - 

I. P. E. 
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40.93 

27.88 

45.69 

55-11 

45-26 

55-65 

58.49 

3 

50'04 
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T ~ L ~ ~  

Correc- 

tion 

J 
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46.6j 

51.56 

38.09 

11.08 
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2480 
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2398 

2444 
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S 
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+ 28 8 
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+ 4053 
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+ 3 36 
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6 

S 

6 

N 

N 

N 

N 

S 

S 

S 

S 
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N 

N 
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N 

N 

N 
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S 
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) 

By each 
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m a  

22 48-47 

43.43 

48'47 

48-41 

22 48'49 

48.42 

48'43 

48'43 

22 48'59 

48'52 

48'51 

48.42 

22 48'69 

48-45 

48'41 

48.51 

a2 48'40 

48-40 

48.51 

48.37 

22 48.40 

48.47 

48.41 

48'47 

Lenoz-Conyngham, 

In- 
strumental 

Position 
and 

Correction 
Constante 

-- 

I. P. 7P. 
d - 2.7 
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a -59.7 
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Q - 1.70 

I. P. W. 

d 
, - 2.7 
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~~~~l 
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- 1'54 
-1.74 

-1'34 

-1'41 
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-2'13 

-2'13 

-2.09 

+ 1.70 
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+a.zj 

+1.85 
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+1'47 
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+I'39 

-1'54 

-1'74 

-1.34 

-1'42 

-2'15 

-2.12 

-2.12 

-2'08 
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~~~~l 
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+ 1'91 
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+2'03 

+ 1.31 

+ 1-34 

+I'34 

+1'38 
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+2'13 

+2'26 
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+1.88 
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, d  
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a d 
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32 13.85 
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44.25 
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7 46 48.80 

53 36'67 
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7 49 21.86 

50 24'44 

51 28.40 
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7 36 33.14 

37 42.12 

39 32-12 
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7 34 46-16 
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44 10.60 
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7 49 22.32 
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57 15'79 
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T w s ~ ~ e  O B B E B ~ D  AT 
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+ 1 ' 7 j  
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+1.89 

+ 1.63 
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+1.47 

+1'45 

-1.26 

-1.66 
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-1.65 

-1.85 

-1.45 
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nation 
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+ 27 51 
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32 14.67 

53 7-41 

. 7 26 37.58 

27 40.14 

28 44-14 

34 31'03 

Telescope 

~ ~ t ~ l  

Corrcc- 

tion 

8 

-2.00 

-1'98 

-1.98 

- 1'94 

+ r 3 5 9  

+1'97 

+2'09 

+ I  

+1'47 

+ 1-38 

+1'33 

+1'31 

-1.23 

-1.41 

-1.06 

-1'12 

-1.77 

-1-74 

-1.74 

-1'71 



TABLE 7. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 35 1 

OF THE APPARENT DIFFEREKCE OF LONGITUDES, AL + p. 
-- - 

!? 

0 ..- 
d 
e 

U -g 
g 
$ 

1892 

Feb.9 

Feb.10 

BOLARUM (E) Lat.  17' 30', k g .  6h 14' 

TEASSITS OBBEBVED AT E 

B.A.0. 
Number 

2714 

2734 

2744 

2759 

2690 

2725 

2778 

2782 

2786 

2793 

2833 

2850 

2799 

2814 

2825 

2867 

2714 

2734 

274 

2759 

2725 

2778 

2782 

By 

" 

c 
3 

N 

N 

N 

S 

8 

9 

S 

N 

8 

N 

N 

8 

8 

8 

8 

N 

N 

N 

8 

8 

8 

STAB 

Decli- 
nation 

o I 

+ 3x54 
+ 3248 

+ 1 7  59 

+ 1 8  o 

+ 13 26 
- a 40 

+ 931 
+ 912 

+ 2734 
+ 43 32 

+ 24 30 

+2427 

+1841 

- 3 24 
- 3 33 
+lo26 

+ 21 54 
+3248 

+I759 

+18 o 

- 2 40 
+ 931 

+ 9 12 

2 s.;:: 
g n 
g b o  i++ 
8 0 0  

m 
8P7m 
? , I  

$ b  
U 

n 
f 

0 

+ 

N 
w 
N 

0 

+ 

,-. 
\O 
N 

0 

+ 

" 
0 

+ 

n 
'f: 
b 

+ 

m 
w 
." 
o 

+ 

16*: AND BOMBAY (W) Lat. 19 M', 

TRANBITS OBSEEVED AT W 

+ 

+ 
2 

'Z 
00 
d 

:: 

R 
h 

00 d' 

:: 

V1 

I. 
V1 

w d' 

F: 

h 

m d 

:: 

CI 

% 
o;, 
d 

:: 

yl 
Ch 

90 
m .r 

:: 

No. 2 

second8 
of 

Correct- 
ed ~i~~ 

I 

16.94 

45'03 

53.47 

52.69 

55.87 

62.29 

31.91 

33.20 

22.83 

19.42 

5-22 

59.98 

3'31 

4'4.4 

8-35 

39-78 

20.16 

48-25 

56.68 

55.86 

5-51 

35-16 

16-38 

Lenoz-Conyngham, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I . P .  E. 
d 

+ o.9 
b + 6.1 , +107.5 

r 
Q +  1'7.3 

6 

Q - 1'73 

I. P. 7. 
d - 2.7 

b - 2'1 

a -  59.7 
u 

Q + 1'50 

0 

3 

g 2  
'-0 

.g d B  
E 
6 

' Z O -  
? 

- 0  

I 

W N  

o 

, 

N 
7 -  

0 

, 

PI 
to 
p 

- 0  

I 

0- 

0 

, 

$ 
? 
o 

I 

Long. 4b 61- 26 .  

Difference of 

g 

% 
g 

N 

N 

N 

N 

9 

9 

8 

8 

N 

N 

N 

N 

s 

S 

8 

8 

N 

N 

X 

N 

9 

8 

8 

with 

M~~~ 
Observed 

Time 

h m  J 

8 I 7.39 

435.13 

5 43.99 

7 43.13 

7 58 46-41 

8 2 53-22 

10 22.56 

11 23-78 

8 13 12-99 

15 9-22 

21 55'56 

24 50'30 

8 16 5.3'7~ 

. 18 55'33 
19 59.19 

26 30'30 

8 I 10.59 

4 38.33 

5 47'23 

7 46-13 

8 2 56-48 

10 25'84 

1 1  27.02 

Corrected 

( W - E )  

By each 
Gtar 

m a  

22 48.62 

48.55 

48-61 

48.53 

22 48.59 

48.62 

48.57 

48.49 

22 48.47 

48.59 

48'57, 

48-55 

22 48.48 

48-56 

48.50 

, 48'45 

23 48-72 

48-61 

48'74 

48.66 

az 48.71 

48.69 

48-65 

with 

M,, 
Observed 

Time 

A m  6 

738 15.24 

41 43.87 

42 51'60 

44 50.82 

7 35 53.81 

gg 59.58 

47 29.68 

48 30.96 

7 50 z4.86 

52 22.41 

59 7.10 

8 161.86 

7 54 4'96 

56 5.16 

57 9-01 

8 3 41-05 

7 38 18.47 

41 46-25 

4255.08 

44 54-26 

7 40 4'37 

47 33'76 

48 34'99 

By Buward,  

Jn- 
atrumental 

Position 
and 

Correction 
Constants 

I . P . E .  
d 

- 
- 4'4 

a -54.2 

a 
Q- 1.76 

J 

Q- 1-76 

I .  P. E. 
d - 

1'1 !I 59.2 

6 

9- 1'73 

Times 

Mean 
of 

Group 

* 
E:: 

.,> m 
d 

.C. 

., m 
d , 

m 
m 
p 
7 

Er: 

m 

00 d 

2 
.'f 

Tehcope  

~ ~ t ~ l  
Correc- 

tion 

I 

+~.io 

+1'16 

+1.87 

+ 1.87 

+2.06 

+a.71 

+ 2-23 
+2.24 

-2'03 

-2.99 

-1.88 

-1.88 

-1.62 

-0.72 

-0.72 

-1.27 

+I-69 

+z.oo 

r1.6 

+1'6o 

+1'14 

+I'40 

+1'39 

Te'elsrcope No. 

~ ~ t ~ l  
Correc- 

tion 

J 

-1'8.3 

-1'55 

-1.91 

-1'91 

-zeor 

-2'31 

-a.o8 

-2-og 

-1.69 

-1'21 

-1'77 

-1'77 

-1.90 

-2'33 

-2'34 

-2'07 

-1.71 

-1.41 

-1.8' 

-1'81 

-2.26 

-1.99 

-1-99 

I 

seconds 
of 

Correct- 
ed Timo 

+ 
5-56 

33'58 

42.08 

41.2: 

44.46 

50.91 

20.48 

21.69 

11-30 

8-01 

53'79 

48'53 

51-82 

53'00 

56.85 

28.23 

8.88 

36.92 

45'42 

a.52 

54.22 

23.85 

25-03 



PABLE P. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

4 
FI - 
B *g 

$ 

1892 

Feb.10 

Feb.11 

a 
+ 
2 

rr. 

= 
:: 

% 
0 
90, 
:: 

h 

? 
3 
:: 

h h 

y 
m * 
:: 

u " 

qP 
u n 

h * 
'P 
% = 

STAB 

B.A.C. 
Xumber 

2786 

2793 

2833 

2850 

2799 

2814 

2825 

2867 

2734 

2744 

2690 

2i26 

2i78 

2782 

2786 

2793 

2833 

2850 

2599 

2814 

2867 

0 

E, , , . s w . a  
y 

% > o  
W + +  

2 g i l ,  
~m 

?Jnn 
I I 

8,. 
U 

n 
% 
b 

+ 

w " 
!' 
O 

+ 

n 

'0, 

+ 

N 

p 
0 

+ 

n 

h 

+ 

t, 

:: 
o 

+ 

Decli- 
nation 

0 I 

+ 27 34 

+ 43-32 

+ 24 30 

+ z 4 2 7  

+ 1841 

- j 24 

- 3 3 3  

+ 10 26 

+ 3248 

+ I 7 5 9  

+ 1 3 2 6  

- 2 40 

+ 9-31 

+ 912 

+ 2734 

+ 43 32 

+ 2430 

+ 2 4 z ;  

+ 1 8 4 1  

- 3 24 

+ 10 26 

BOLARUM (E) Lat. 174 34,  h g .  6h 14" 

T w s r r s  OBF~EETED AT E 

By 

4 
-2 
g " 

N 

B 

N 

N 

8 

8 

a 

8 

N 

N- 

8 

S 

6 

S 

N 

N 

Pi 

N 

8 

S 

S 

0 

3 
m, 

.; ;B 

5 " 
01 

8 
? I b  

I 

qr d 

w o  

I 

"2 
-r 

X 
I 

v, a 
0 

I 

V] 
m *  

0 

I 

7 
p 
o 

I 

16.: AND BObIBAY (W) Lat. 18' 64', Long. 

Taar;sl~s OBBEBTED MT W 

4h 61' 25.. 

Difference of 

LIMZ- 

In- 
strumental 

Position 
and 

Correction 
constants 

I. P. TP. 

d 
, - 2 . 7  
b - 2 . 1  

" -59'7 
s 

Q - 1.70 

I. P. p. 

f , , , 7  
b - 1.9 
a -59'0 

a 
Q + 1.70 

e 

a 
Q - 1 - 7 0  

Corrected 

( W - E )  

By each 
Btar 

m e  

22 48.66 

48.66 

48.59 

48.57 

22 48.60 

48.68 

48-64 

48-51 

22 48.78 

48.68 

22 48.61 

48.66 

48'74 

48.63 

1 2  48-73 

48'68 

48'7.3 

48.64 

2 2  48.62 

48.68 

48.59 

TeIsscope 

~ ~ t ~ l  

Correc- 

tion 

s 

-1.56 

-1-03 

-1.64 

-1.64 

-1'78 

-1.28 

-2.a8 

-1'98 

+ 1'99 

t 1 . 6 1  

+1'51 

+1'15 

+ 1.41 

+1'41 

-1.56 

-1'0.3 

-1.64 

-1.64 

- 1  

- 2 . 2 7  

-1'97 

O 

$ 
.; 
2 

N 

N 

N 

S 

8 

S 

8 

N 

N 

S 

S 

S 

S 

?i 

N 

X 

S 

S 

S 

S 

Conyngham, m'th 

M~~~ 
Observed 

Time 

A n ,  s 

7 50 27.59 

52 23.65 

59 10.03 

8 2 4.88 

7 54 8.30 

56 9.88 

57 13.80 

8 3 44'93 

7 41 49.17 

42 58-01 

7 36 0'58 

40 7.29 

47 36.61 

4837.91 

7 5036'48 

52 26.52 

59 1a.96 

8 a 7 ' i8 

7 54 2 

56 12'82 

8 3 47'83 

Times 

Mean 

Group 

. 
0 

w <  

$ :: 

m n 

,w 
* 

E:: 

0 
m 
, f- 

m 

s, 

0 

9 T  
m 
d 

8 :  

V] 

,? 
m d 

%: 

$ 
4 .  

3 - - z f4 

with 

M ~ , , ~  
Observed 

Time 

h c n  s 

8 13 16.16 

15 12-31 

21 58.63 

24 53'46 

8 16 56.92 

18 58-53 
I 

20 1-44 

2633.50 

8 441 -43  

5 5 0 1 5  

7 58 52-65 

8 a 59-37 

10 28'79 

11 29.99 

8 13 19-27 

15 15-31 

2 2  1 '75 

24 56.48 

8 16 59-90 

18 61.51 

26 36.46 

No. 2 

Becond~ 
of 

Correct- 
ed l-ime 

a 

16.03 

22-62 

8-39 

3.24 

6.52 

7-60 

11'5a 

42'95 

51.16 

59.62 

2.09 

8.44 

38.02 

39.32 

28.92 

25'49 

11-32 

6-14 

9.44 

10.55 

45.86 

By Buwazd, 

In- 
strumental 

Pmition 
and 

Correction 
Constants 

I. P. E. 
d - 

b - 1 .1  

a -59'2 

s 
Q - 1.73 

I. P. 7P. 

d - o.7 
b - 2'6 
a -54'4 

s 
& - 1'75 

s 
Q - 1.75 

l'ehcope 3'0. 

~ ~ t ~ l  

Corm-  

tion 

s 

-1-57 

-1.03 

-1'65 

-1.65 

-1'80 

-2.27 

-2'28 

-1'98 

-1.49 

- 1 8 5  

-1.95 

-2.27 

-2.03 

-2'04 

-1.6a 

-1'14 

-1'70 

-1.70 

-1.84 

-2.28 

-2 .01  

1 

&~onds 
of 

ed ~ i m ~  

s 

14.69 

11.28 

56'98 

51'81 

55-12 

56.28 

0.16 

31.52 

39'94 

48-30 

50'70 

57.10 

26.76 

zj.95 

17-65 

14.17 

0'05 

54 78 

58.06 

59.23 

34'45 





354 TABLE V. OBSERVATIONS OF TRANSIT8 WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p. 

k 

0 
Q 

3 
-2 

3 2  

8 

0 
- r e  

0 

I 

o a 
0 

, 

m 
F 
o 

I 

m 
7 
o 

I 

m 

? 
0 

I 

m 

o 

I 

0 
Y 

Cl 
C( 

I .g 
4 

-- 

1892 

Peb.13 

Feb.14 

a 
3 : z  
2 9 
@ b  
y " + +  .r: 
Q I I  

tg, 
o, 
; I 1  
$d 

D 

n 
w 

. o  

+ 

n 

b 

+ 

I 

% 
b 

+ 

n - 
+ 

n 

% 
b 

+ 

n 
-a " 
0 

+ 

BOLAl%UM (E) Lat. 17O SO', Long. 6h 14' 

TWBITB OBBERVED AT E 

16.: AND BOMBAY (W) Lut. 180 64', Long. 

TRANBITB OBBEEVED AT W 

Q 

+ 
4 

P, .. 
a: 
-4' 

:: 

o * , 
m * 
:: 

(. 

oc 
w 

:: 

t- "a 
oD 

1 .  
00 
-C 

:: 

e 
V1 

; 
:: 

E 
to 
t 

:: 

4' 61" 26.. 

Difference of 

O 

2 
-m 

N 

N 

N 

8 

8 

8 

8 

N 

N 

?i 

K 

8 

8 

8 

8 

N 

N 

N 

N 

S 

S 

8 

S 

B.A.C. 
Number 

2786 

2793 

2833 

2850 

2799 

2814 

2825 

2867 

2714 

2734 

2 

2559 

2690 

2% 

27'78 

2782 

2786 

2i03 

2833 

2850 

2739 

2814 

2825 

2867 

Correctad 

( W - E )  

By each 
Star 

m r  
za 48.60 

48.57 

48.46 

48'56 

a2 48.66 

48.61 

48.55 

48.65 

a2 48.64 

48.61 

4 . 6 9  

48.65 

aa 48'66 

48.60 

48.60 

48'67 

22  48.63 

45-67 

48.62 

48.62 

22 48-74 

48-64 

48.67 

48-57 

No. 2 

8econds 
of 

Corred- 
e d ~ i m e  

2 

34'34 

39-98 

16.78 

11.57 

14'81 

15.99 

19.87 

51.23 

30'92 

59.04 

7'47 

6.63 

9.83 

16.32 

45'88 

41.11 

36.76 

33'36 

19'10 

13.90 

1 7 - 2 2  

18'37 

za.21 

53-67 

By 

8 

3 
.: 
3 

N 

N 

N 

N 

8 

8 

8 

9 

N 

N 

h' 

N 

6 '  

6 

6 

6 

N 

N 

N 

N 

S 

8 

6 

8 

STAB 

Decli- 
nation 

o I 

+ 27 34 

+ 4332 

+ 2430 

+ a 4 2 7  

+ 1841 

- 3 24 

- 3 3.3 

+ l o  26 

+ 21 54 

+ 3248 

+ '759 

+ 1 8  o 

+ 1 3 2 6  

- 2 40 

+ 9 31 

+ 912  

+ 2734 

+ 4.332 

+ 24 30 

+ 24 2 7  

+ 1841 

- 3 24 

- 33.3 

+ 10 26 

Times 

" r n . 8 ~  
Of 

Group 

m 

m 

m 

,$ 
m -r 

F: 

m 

m 
d 

:: 

m 

*? 
m 

r 9 ,  

u) 

0) 

E, 

v) 

mq 
m 
d 

r: 

Lmz-Conyngham, 

In- 
strumental 

Position 
and 

Correclion 
Conahnta 

I. P. E. 
d 

+ o.9 

: x5;:i 
r 

Q - 1 - 7 0  

I. P. TP. 

d - a . 7  
11 + 0.9 
a -  50.9 

6 

Q + 1'48 

6 

Q - 1-48 

By Buward, 

In- 
ntmmental 

Position 
and 

Correction 
Conetan b 

I. P. E. 

- I . I  

b - 4 . 2  
a -58.1 

r 
Q + 1'75 

I. P. 1. 
d 

- , 
b - 3 .8  
a -60.5 

8 

8 - 1-14  

. 

I 

Q - 1.74 

Telercvps No. 

~ ~ t ~ l  

C o r n -  

J 

+1.84 

+2'35 

r1 .76  

+la76 

+1.61 

+ t a t s  

+ r . l q  

+1'43 

-1.78 

-1.48 

-1.88 

-1.88 

- I '99 

-2.34 

-1.0; 

-2.08 

-1.63 

-1.10 

-1.71 

-1.71 

-1.87 

-2.35 

-2-36 

-2.07 

with 

Mean 

Obaerved 

The 

h m  s 

8 13 21-10 

15 1 7 ' 2 0  

22  3.48 

24 58-37 

8 17 1.86 

19 3.45 

2 0  7.28 

26 38.45 

8 I 21-34 

449'13 

5 58-04 

7 37.16 

7 58 60.48 

8 3 7.26 

l o  36.55 

11 37.86 

8 13 27.02 

15 23.13 

2 2  9.43 

25 4-25 

8 17 7-83 

19 9-36 

2 0  13-24 

a6 44.31 

1 

~ c o n d a  
of 

Correct- 
ed Time 

r 

22.94 

19.55 

5 4  

60.13 

3'47 

4.60 

8.42 

39-88 

19.56 

47.65 

56.16 

55'28 

58'49 

4.92 

34.48 

35.78 

25.39 

22.03 

7.72 

2-51 

5-96 

7-01 

10.88 

42'24 

&th 

M~~~ 
Observed 

Tino 

h m  r 

7 5035.80 

52 31-94 

59 18.31 

8 2 13-10 

7 54 16.47 

56 18.10 

57 21.98 

8 3 53'07 

7 38 29-39 

41 57.25 

43 6.02 

45 5'18 

7 36 8'47 

40 15-21 

47 44.60 

48 45-84 

7 5038'07 

52 .34'zo 

59 20'48 

8 2 15.28 

7 54 18-71 

56 20.30 

57 24-14 

8 3 55'3.3 

Tslercvpe 

~ ~ t a l  

Correc- 

tion 

6 

-1.46 

-0.96 

-1.53 

-1.53 

-1.66 

-2.11. 

-2 .11  

-1.84 

i-1.53 

+1.79 

+1'45 

+1.45 

+ 1-36 

+1'05 

+ 1.28 

+1.27 

-1.31 

-0.84 

-1.38 

-1'38 

-1-49 

-1'93 

-1.93 

-1.66 



T D L E  7. OBSEBVATlONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 355 

OP THE APPARENT DIFFERENCE OF LONGITUDES, AL - p. 

Owing to the irregular rate of the Chronograph the Pen Equation had to be applied graphically on the record before the star signala were read off, and con- 
sequently in thm case Q - 0.00. 
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8, Hourly Corrections for Nighb of Observations, interpolated by means of the Quantities r 

a at  E Station 
for 

E Clock 

8 

- 0.31 
- 0.57 
- 0.19 
- 0.12 
- 0-25 

... 

- 0'73 
- 0'94 
- 1-24 
- I.ZI 
- 1 . ~ 0  

... 

a at  W Station 
for Astronomical 

Dates of 

Observations 
E Clock W Clock 

1892 k 
Correction to O b ~ r v e d  

Difference of Times 

W Clock 

8 

- 3.21 
- 2-91 
- 1-77 
- 2-64 
- a 

... 

- 4-11 
- 3-06 
- 3-01 
- 2 8  

-2.40 

... 

E Clock 

8 

- 0.42 
- 0.56 
- o.12 
- 0-13 
- 0.27 

... 

- 0.75 
- 1-13 
- 1-10 
- 1-14 
-1.33 

... 

Bebrnary 9 

,I  10 

,, 1 

,, 12 

,, 13 

,, 14 

March 15 

r D  16 

,, 17 

,, 18 

,, 19 

)I m 

of Tmnsit 

E Clock 

- 0.006 
- -007 

- -006 

- .ooa 

- -003 

- -004 

- 0.008 
- '010 

- -013 

- . 
- -014 

- -014 

W Clock 

8 

- 3.31 
- 2.95 
- 2-75 
- 2'59 
- 2-45 

. a .  

- 4-20 
- 3'10 
- 2-91 
- 2'84 
-2.46 

... 

for 

W Clock 

8 

- 0.052 
- -049 

- '045 

- '043 

- '040 

- -038 

- 0.047 
- '041 

- -0% 

- '033 

- -030 

- -027 

- o.015 
- ,019 

- I 

- -006 

- '008 

- -011 

- 0.031 
- '0.37 

- '046 

- '049 

- '051 

- -053 

- 0.136 
- *rag 

- I 

- . I I ~  

- .1o5 

- .lor 

- 0-173 
- -151 

- '126 

- .1a2 

- - 1 1 0  

- '101 



FABLE VII. ABS!CRACT OF RESULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, A L  

AND THE RETARDATION OF SIGJSALS, p. 

h t r o n o m i d  

Date 

1891 

December 6 

,s I1 

II 7 

1) 9 ,  

PI 8 

n 9) 

,, 10 

II IS 

,, 11 

I II 

1, 12  

I s  SJ 

i Meanr ... 

General Mean6 ... 

Instrumental 

Position 

at 

E l w  

CALCUIY'A (E), AND WALTAIR (W) 

I. P. E. 

I,  

I. P. W. 

,I 

,, 
PI 

I. P. R. 

11 

I . P . W .  

II 

,, 
19 

I. P. E. 

I. P. W. 

I, 
I. P. E. 

Whence A L = & ( ( A L - P ) +  ( A L + p ) ) = z o m + & ( g 8 ~ r o 3 + g " ~ z 8 )  = z o m g " z ~ 6 ,  

p = 4 ( (AL + p) - (AL - p)) = 4 (9"'328 - g"103) = + O'.I 13. 

The site of the old Longitude Station at Calcutta having been built over a new one was selected. The new station is 
31 feet 44 inches east of the old one. This distance correspontls to 08.022 of longitude, and this quantity must therefore be sub- 
tracted from the above value of A L  before the latter can be compared with arcs previously measured from Calcutta. 

Final value = 2om 98. I 94. 

I. P. E. 

91 

,, 

I1 

I. P. W. 

19 

Y I  

IS  

I .P .E.  

II 

I .P .W.  

13 

I. P.  E. 

,, 
I. P. W. 

I I  

Apparent Difference of 

E Clock - AL - p 

20 9.103 

Longitude by Observations with 

W Clock - AL + p 

20 9'350 20 9.116 

Means 

m 8 

J no 9.163 

J 9-1;6 

9.061 

j 9.023 

I 9.196 

I 9.q 

no 9.163 

9.186 

9'038 

9'Oa.Z 

By N Stars 

m 8 

20 9.354 

9'424 

9'451 

9'414 

9'361 

,..... 
9-282 

9'242 

9'517 

9 - 4 3  

9'225 

9'300 

20 9.389 

9'454 

9' 295 

9.262 

20 9'090 

By N Stars 

m 8 

20 9'095 

9'2i3 

9.108 

9 .  a66 

8.863 

9'133 

9'035 

9'088 

9'348 

9'148 

8.955 

9'040 

2 0  9.184 

9.218 

8'998 

9.06a 

20 9'297 

By 9 Btara 

m 8 

' 20  9'153 

9'130 

9.126 

9.204 

9'093 

9'178 

8'955 

9 .01 5 

9.160 

9.128 

8.973 9.068 

20 9 . 1  J Z  

9'155 

9'078 

. 8,985 

zo 9-328 

By S Stars 

m 8 

20 9-454 

9'23c 

,..... 
9'431 

...... 
9'361 

9'  2.30 

9.120 

9'362 

9.290 

m...., 

9'255 

20 9'343 

9'361 

9'  308 

9'175 

Means 

1)) 8 

no 9.366 

i 9'432 

1 9.361 

j 9.219 

1 9.401 

1 i 9"60 

20 9.366 

9'417 

9'311 

9'2'9 



TBBLZ PII. ABSTRACT OF RESULTS OF ALL OBSEWATIOfiB 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, A L  

A.ND THE RETARDATION OF SIGNALS, p. 

WALTAIR (E), AND JUBBULPORE (W) 

dstmnomical 

Date 

1881 

December 18 

IS II 

,, 19 

88 I, 

20 

I, IY 

,, 21 

,I ID 

I, !B 

11 $1 

,, 24 

a1 ,I 

Mennr ... 

General Meanr ... 

Instrumental 
Position 

at 

Apparent Ditference of Longitude by Ohervationr with 

I. P. W. 

11 

I. P. E. 

D l  

,, 

I1 

I. P. W. 

9,  

,I 

I, 

,, 
,I 

I . P . E .  

I. P. W. 

,, 
I. P. E. 

I 
Whence A L = f  ( ( A L - p )  + ( A L + p ) ) = 1 3 ~ + f ( 2 8 ~ . 3 1 0 + 2 8 ~ . 6 g 2 ) = 1 3 ~ 2 8 @ - 5 0 1 ~  

p = 4 ( (AL + p) - (AL - p)) = f (28I.692 - 281-310) = + e . 1 9 1 .  

I. P. E. 

II 

IY 

99 

I. P. W. 

11 

$8 

11 

31 

11 

L P. B. 

ID 

I.P.E. 

IS 

I. P. W. 

IY 

E Clock - A L  - p 

13 28.198 

w Clock = AL + p 

13 28.703 

By N Stars 

m 8 

13 28.267 

28'382 

28'242 

28.297 

28.221 

18.148 

28- 324 

18'381 

28'339 

28.416 

..,... 
28 -465 

13 28'170 

28.371 

28.365 

28'185 

By N Stun 

nb 8 

13 28'779 

28-752 

28.617 

28.629 

28'624 

28.601 

28 ' 743 

28'918 

28,732 

28 ' 745 

28'749 

28'882 

13 28.623 

28.791 

28'785 

28.613 

13 28'321 r j  28.310 

By 8 8tam I Mean. 

13 28.681 

(I # 

13 28'435 

28-415 

28'257 

28.272 

28'271 

28'151 

...... 
28.397 

28.396 

28'393 

28'411 

28'377 

13 28.265 

28.412 

28'395 

28.111 

13 28.691 

By S Stars 

a# 8 

j 13 28.375 

j 28-267 

1 28.198 

j 18. 367 

f 28.386 

l 28'421 

13 28'267 

28.398 

28'377 

28.198 

(I 8 

13 28.872 

18'790 

28.601 

18'634 

18.589 

28-496 

28-748 

28.811 

28.702 

28.709 

28.857 28.754 

13 28'618 

28.818 

28 ' 743 

28'543 

#I 8 

j 13 18.78 

{ d.6, 

j 18'578 

j d.805 

f a8.7ar 

18'81 r f 
13 28.620 

28-805 

18.764 

18.578 



TABLB VII. ABSTRACT OF RESULT8 OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, A L  

AND THE RETARDATION OF SIGNALS, p. 

WALTAIR (E), AND MADRAB (W) 

Antronomical 

Dste 

1892 

Jmuuy 6 

n 8) 

,, 7 

ss S, 
10 

ss n 

,, 11 

n ,I 

Instrumental 
Position 

at 

. I w  

Apparent DifFerence of Longitude by Observations with 

I. P. W. 

n 

I. P. B. 

9s 

,, 
n 

I.P.W. 

,# 

I.P.TP. 

11 I. P. E. MesM ... 
,, 

I.P.W. 

Whence AL = f ((AL - p) + (AL + p)) = 1 2 ~  + f ( 1 6 ~ ~ 7 6 4  + 16'.971) = l zm 16'.868~ 

p = f ((AL + p) - (AL - p)) = f ( 1 6 ~ ~ 9 7 1  - 1 6 ~ ~ 7 6 4 )  = + o"104. 

I. P. 6. 

n 

91 

IS 

I. P. W. 

u 

,, 

D) 

I.P&C. 

I. P. W. 

,, 

E Clock AL - p 

General Means ... 

16'734 

16.690 

16.785 

12 16'764 

W Clock - AL + p 

16'959 

16.941 

16.930 

xa 16.963 

16,706 

16.695 

16.8oa 

12 16.759 

Mennr 

A) J 

l ra 16,846 

1 16.134 

1 16.690 

16.785 1 
12 16.846 

By 19 Stam 

(I) J 

12 16.992 

17'047 

16.869 

17'049 

16.941 

16.941 

16.926 

16'934 

12 17.020 

16.763 

16.685 

16.768 

12 16.769 

By N Stam I By 8Bt.n 

16.945 

16.972 

16.913 

12 16.979 

UI J 

12 16.880 

16.787 

16'701 

16.711 

16.645 

16.745 

16.848 

16'755 

12 16.834 

16.952 

16.957 

16.921 

la 16.971 

By 8 8tara 

A) 8 

12 17~022 

17.152 

16.909 

16.981 

16'9' 

16.996 

16'879 

16.946 

12 17-087 

8 

12 16.88a 

16.835 

16.741 

16'784 

16"120 

16.650 

16'783 16.753 

12 16'859 

Meanr 

(I( J 

1 12 17.053 

16.952 5 

j 16.957 

16.911 

12 17.053 



TABLE 72% ABSTRACT OF RESULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, A L  

AND THE RETABDATION OF SIGNALS, p. 

Astronomical 

Date 

1892 

January 18 

I, I,  

,, 19 

I I  S, 

,, 20 

,I SS 

,, 21 

,I 1, 

8, 22 

9, JJ 

,, 23 

,I  ,I 

Whence A L  = 4 ( ( A L  - p) + (AL + p ) )  = 1gm + 4 (1ln.429 + 11~~642)  = l gm rlB-536, 

= 4 ( (AL + P )  - (AL - p ) )  = 4 (11~e642 - 11n'429) = + 0~~107 .  

The site of the old Longitude Station at Bolarum being, in 1892, no longer available, a new site was chosen 16 feet 
4% inches more to the west. I n  order therefore to combine this arc with arcs previously measured from Bolarum, a correction 
of - oLor r must be applied to the above value. 

Final value of Waltair-Bolarum = I gm I I' ' 525. 

WALTAIR (E), AND BOLABUY (W) 

Instrumental 

Position 

a t  

Apparent Difference of 

E Clock = AL - p 

I. P. W. 

9 ,  

I. P. E. 

13 

,, 
I ,  

1 . P . F .  

S, 

,, 
$3 

I. P. E. 

,I 

Longitude by Observations with 

W Clock - AL + p 

By N Stars 

m I 

I 9 I I -313 

11 '330 

11.383 

1 1 -396 

11.464 

1 I .499 

1 1 '389 

11 -426 

I 1 '326 

I 1 '449 

11'458 

1 %  ,435 

19 11.418 

'1 '355 

11 -408 

I I -482 

19 11.416 

I. P. E. 

I1 

PS 

$1 

I . P . T .  

I, 

,, 
1, 

I. P. E. 

$ 3  

91 

I ,  

,S 

I. P. 3. 

,, 
L P. T .  I I. P. E. 

Genernllleane ... 

Means ... 

Means 

IY a 

19 11'449 I 
1 ll.QO 5 

J 11.725 

J I I '643 

j 11.616 

1 11.691 

19 11.666 

11.533 

11.643 

11 '7a j  

19 11'6qa 

By S Stars 

m a 

19 11.335 

11'375 

11 '436 

11.373 

I I '484 

I I .482 

I I '409 

11.471 

11.396 

11'474 

11.485 

I I .505 

19 11.450 

11'39j  

11 '440 

I I '483 

19 11'442 

By N Btam 

m 8 

19 11.526 

11-319 

11,619 

I I -6 j4  

11.;8o 

11.728 

11.61a 

11.683 

I I '565 

I I -648 

I I .690 

11.715 

19 11.6jz 

I I ' S I j  

1 1 .648 

11'7.54 

19 11.647 

I. P. W. 

,, 
I. P. E.  

Means 

m a 

j 19 11.338 

j 11.39, 

I 11'482 

I 11'424 

I I l "+l I  

J 11'471 

19 11.434 

11'3i5 

11 -421 

11-482 

19 11.429 

By 8 Stars 

m a 

I I '396 

I9 . 

11.649 

11,626 

11.748 

I I -645 

11.580 

11.698 

11.618 

I I .632 

I I .675 

11.68j 

19 11'6j9 

11.550 

11.639 

119697 

19 11.636 



TABLE VII. ABS!CRACT OF RESULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDEy A L  

AND THE RETARDATION OF SIGKALS, p. 

BOLARUM (E), AND BOMBAY (W)  

Astronomical 

Date 

1892 

February 9 

II  I I  

,, 10 

13 IS  

,, 11 

1) 81 

,, 12 

YI II  

rr 13 

I#  #I 

14 

Is  1, 

Instrumental 
Position 

at 

I. P. E. 

I I  

I. P. T. 

II 

,, 

II  

I. P. E. 

ID 

11 

I )  

I . P . W .  

I I  

Whence AL = f ((AL - p) + (AL + p))  = 22" + f (4gb688 + 48'.860) = 2zm 48"774, 

P = f ((AL + p) - (AL - p ) )  = 4 (48O.860 - 488.688) = + 0 ~ 0 8 6 .  

The site of the old Longitude Station at Bolarum being, in 1892, no longer available, a new site was chosen 16 feet 
4) inches more to the west. In order therefore to combine this arc with arcs previously measured from Bolarum, a correction 
of + O'.OII must be applied to the above value. 

Final value of Bolarum-Bombay = zzm 48'.785. 

Apparent Difference of 

E Clock - AL - p 

L P. E. 

II 

91 

I . P . W .  

IS 

II  

IS 

I. P. E. 

I#  

,, 

19 

I ,  

L P . E .  

I, 
I. P. W. I I . P . E .  

I. P. T. 

Longitude by Obsemations with 

W Clock 5 AL + p 

General Means ... 

Means ... 

Means 

(I r 

j za 48.6ar 

j 48.733 

j 48.717 

j 48.688 

48.639 

1 48-683 

22 48.630 

48' 708 

48'727 

48.688 

22 48.688 

By N Stars 

(I J 

48.755 

22 48.788 

48.911 

48.833 

4'3'947 

48' 91 z 

48.856 

4 8 - 9 2  

48.851 

48'770 

48.859 

48.872 

az 48.791 

48.869 

48'930 

48.879 

22 48.867 

By N Btarn 

m 8 

sa 48.686 

48' 569 

48.795 

48. 7 00 

48.766 

48.676 

48.708 

...... 
48.639 

48.589 

4'3'70' 

48.683 

za 48.621 

48.720 

48.721 

48.708 

a2 48-693 

,, 

I. P. E. 

By 9 Stars 

m J 

za 48.641 

48.586 

IB"" 
48.698 

48'771 

48.694 

48.668 

...... 

48.627 

48.671 

48.676 

2 2  48'638 

48.696 

48' 733 

48.668 

za 48.684 

By 8 Stars 

m J 

48.708 

a2 48m778 

48'896 

48- 836 

48.877 48.847 

L'946 

48.807 

48 '840 

48'875 

48.879 

48'857 

aa 48.800 

48.869 

48.862 

48.877 

zr 48.852 

Means 

m J 

j a2 48.757 

48.869 

j 48.896 

j 48.878 

j 4 . 8 ~  

j 48.8G7 

22 48.796 

48.868 

48.896 

48.878 

za 48'860 



TABLE VII. ABSmACT OF RESULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF TFlE APPARENT D1FFEB;ENCE OF LONGITUDE, fi 

A.ND THE RETARDATION OF SIGNALS, p. 

' bstmnornicrl 

Data 

1898 
Ynrch 16 

ss #I 

,, 16 

11 II 

,, 17 

18 19 

,, 18 

II BI 

9 ,  19 

ss II 

,, W) 

ID IS 

I Meam ... 

Whence A L = ~ ( ( A L - p ) +  ( A L + p ) ) = ~ 6 m + f ( 2 0 1 ~ 6 2 ~ + 2 0 " 7 8 6 ) = ~ 6 m z o s * 7 0 4 r  

p  = f ( ( A L  + p)  - (AL - p ) )  = (2d.786 - 20~621)  = + 0'-083. 

FYZABAD (E), AND DEHRA DON (W) 

Apparent DSemnce of Longitude by Observations with htrumental 
Position 

st 

E l w  
I .P .E .  

n 

I. P. W. 

I, 

n 

I. P. 6. 

II 

s 

n 

I.P.W. 

1) 

I, P. E. 

I. P. W. 

I .P .E .  

E Clock - AL - p 

B Y N B ~ . ~  I By 8 Stan I Mu8 

W Clock - AL + p 

I .P .W.  

8, 

11 

II  

I. P. E. 

DS 

IS 

11 

11 

n 

Z.P.W. 

IS 

I. P. E. 

I. P. W. 

I .P .E .  

I.P. K 

By N  8t.n 

m # 

16 20.743 

20.761 

20.859 

20.866 

20.46 

20'9'4 

20.735 

20'777 

20'743 

20' 738 

20'756 

20.843 

16 20.74 

20'831 

20.880 

20'752 

Oenersl Means ... 

+n I 

f 16 ao'5jr 

j 20*))5 

j 20.754 

20.618 1 
j 20.547 

l 20.675 

16 ~0.583 

20.615 

20.754 

20'5 32 

16 20.621 

111 I 

16 20.570 

20.592 

20'395 

20.575 

20'810 

20.790 

20.640 

20'710 

20.624 

20.546 

20.706 

20-736 

16 20.630 

20.653 

w.800 

20.581 

16 20.666 

lU I 

16 20.445 

20.512 

X)'543 

20.508 

20'715 

ao.7oa 

20.563 20'555 

20.544 

20'474 

20-626 

20.631 

16 20.535 

20'577 

20.709 

20'484 

16 20.576 

By 8 Stam 

(II I 

16 20'703 

20.7 18 

20.782 

20'777 

20'839 

20.873 

20':50 

20'757 

20'723 

20'667 

zo.f41 

20.8r8 

16 20°7a4 

20' 782 

20-856 

20.711 

Means 

, 9 U  8 

j 16 20.7jr 

j ao.~ax 

j 20.868 

j ao.755 

j 20.718 

lo.)gs 

16 2oe;37 

20'807 

20.868 

20.731 

16 20.803 16 20.768 r- 16 20.786 



ELECTRO-TELEGRAPHIC LONGITUDES 

PART 111. 

HISTORICAL 8KETCH 

OF !rHE 

EARLIER MEASUREMENTS OP INDIAN ARCS OF LONGITUDE, 

SHOWING REASONS FOR RECOMPUTING 

THE SAME, ALSO EXPLANATION 

OF THE CAUSES OF 

CIRCUIT-ERRORS, AND DESCRIPTION IN DETAIL 

OF THE EXPERIMENTS 

BY WHICH THEY WERE DISCOVERED, 

WITH 

REVI8ED RESULTS OP ARCS IN 

VOLUMES IX AND X. 





ON THE RECOMPUTATION O F  THE ARCS CONTAINED IN VOLUME8 IX AND X. 

Introductory. 

When the operations for determining differences of longitude between certain stations in India 
by help of the Electric-Tele,mph were first inaugurated, General J. T. Walker, R.E., who was then 
Superintendent of the Great Trigonometrical Survey, feeling that some better test of the accuracy of 
such measurements, than that afforded by the magnitude of their probable errors, was desirable, arranged 
that the arcs should be so laid out as to form triangular circuits ; the closing errors of such circuits 
would obviously give a most satisfactory check on the accuracy of the results attained. It cannot 
but be regarded as a most fortunate thing, when looked a t  by the light of subsequent experience, 
that General Walker's foresight led him to adopt this plan, for by i t  errors have been brought to 
notice which would otlierwise have escaped detection,--errors serious enough to diminish the value of 
the work, and yet of such a nature as to be ignored by the ordinary method of computing the 
probable errors, as they are due to a constant cause, and are not susceptible of elimination by the 
system of reducing the observations as adopted in the earlier years of these operations. 

The longitude equipment, which has been in use at  various times since the season 1872-73, when 
it was first employed by Captain J. Herschel and Captain W. M. Campbell in Southern India, remained 
essentially the same throughout the nine seasons, the results of which are collected in this volume for final 
reduction and di$cussion. There have been from time to time minor changes both in the equipment and 
system of procedure, which it is desirable to glance at  in this place, as they bear upon the history of the 
circuit-errors, and show the reasons why some of the early arcs ltave been rejected, and the rest re-com- 
puted on an improved system. The work of the f i s t  season 1872-73 was chiefly tentative, and under- 
taken especially to enable the observers to become familiar with the instruments, and to decide upon 
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the best system to be adopted. This year's work was definitely rejected, partly for the above reason, 
but chiefly because of a fault in Telescope No. 2, which proved to be so shaky that no confidence 
could be placed in its performances. This fault was remedied by Mr. Doderet, Mathematical Instru- 
ment Maker to the Madras Government, and a fair start was made in the season 1875-76. During that 
season and the following ones, moderately good results were obtained ; only moderately good because 
the circuit-errors seemed larger than would be expected, considering the minute care taken in the 
adjustment of the instruments, and in every process connected with the observations. Even thus 
early some anxiety began to be felt as to the cause of these errors, and the bad effect they might 
eventually produce on the value of the results, as well as a feeling of disappointment that with a,ll the 
care expended on the xork, their source could not be traced out. 

I n  the season 1881-82 the circuit-errors increased largely, so much so that i t  was obvious that 
unless some remedy were devised it would be almost useless to proceed with the work. A further exami- 
nation of the instruments showed that Mr. Doderet's cure had been only temporary, and that the tube 
of No. 2 Telescope hail again become loosened to such an extent that the increase of circuit-errors was 
quite intelligible. The telescope mas then repaired by Mr. Bolton at  the Mathematical Instrument 
Office in Calcutta, and the measurements mere proceeded with. On resuming work in the seasons 
1882-83 and 1883-84 the errors again asserted themselves, though considerably diminished in magnitude, 
and seemed wrapped in greater mystery than ever. 

As the large errors in 1881-82 had been clearly traced to unsteadiness of the tube, it was only 
natural to suppose that the comparatively small errors of the subsequent years might be attributed to 
an incomplete rectification of this fault; i t  mas therefore determined to return the instruments to the 

. makers, Messrs. Cooke and Sons of York, to be thoroughly overhauled, and to have some alterations 
made in some of their details. Suspicion fell upon the Ys of the transit telescopes which were of a 
peculiar construction. They are described at  page 3 of Part I of Volume I X  of the Account of the 
Operatiotzs, &c., and as it was supposed that they might be the seat of instability, they were discarded, 
and new fixed Ys of the old established type supplied in their place. 

The repaired instruments were examined by Colonel G. Strahan, R.E., a t  the Greenwich Obser- 
vatory before being returned to India, and as the tests applied showed the stability to be satisfactory, 
operations were renewed in 1885-86 with the expectation of greatly improved results. This expectation 
was however again doomed to disappointment, and although extra , precautions and additional changes 
of. pivots, and observers, &c., were introduced, there was no material decrease in the average magnitude 
of the circuit-errors. 

Possible Sources of Cirmit-E~rors. 

I n  Sections 3, 4, and 5 of the Appendix to Volume X, will be found a discussion on the so-called 
circuit-errors, in which various surmises are made as to their cause, most of them however being at  once 
dismissed as inadequate to produce the effect. 

It mill be superfluous to enter into a description of all the experiments which have been made to 
localize the cause of these errors, because many of them have been entirely abortive. The observers' 
attention has been pretty steadily directcd to Collimation, Level, and Azimuthal Deviation, as being the 
most promising quarter in which to experimentalize, and it has now been found that they were justified 
in this, as the true source of error has been at  length localized there, though not exactly in the direction 
suspected. The errors were supposed to be caused by a want of stability in the position of the line of 
collimation. The process of collimating, i.e., the determination of the micrometer reading of the telescope 
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when the  sight-line is perpendicular to the axis of the pivots, has always been carried out by GFauss's 
method, i.e., by two collimators, one placed to the north and one to the south of the transit telescope, 
and that of levelling by reflection of the wires from mercury placed vertically below the telescope. I n  
collimating, the telescope is horizontal, pointed first to the south and then to the north, and in level- 
ling, it is pointed towards the nadir ; but in observing clock-stars for longitude, the telescope is always 
pointed within a few degrees of the zenith, and there was no evidence to show whether the sight-line 
might not shift its position during these various movements. To elucidate this point various experiments 
were made by observing stars alternately direct and by reflection, and by vertical collimators, but the 
evidence as far as it showed anything, showed that no such instability of the sight-line existed. 

At the commencement of each season, new and elaborate precautions were taken in changing 
pivots more frequently, in more minute refinements in making the adjustments, and other such matters, in 
hopes of diminishing these mysterious circuit-errors, but all in vain. Some of the circuits closed satis- 
factorily while others showed errors that were much larger than could reasonably be expected or 
accounted for, thus raising a suspicion that it was more due to a happy chance than to real precision 
when the errors turned out to be small. That a chance elimination of error may really thus occur was 
pretty clearly shown in the work of 1880-81, in which season the circuit-errors were as small as could 
reasonably be expected, a result which has been shown by subsequent investigation to be due to mutual 
cmcelment by mere chance. It seemed hardly reasonable to hope that after the cause of these mysteri- 
ous errors had eluded search for so many seasons, i t  should be eventually completely explained, and 
that a means of rc-computation should be discovered, which has almost entirely negatived their effects. 
This is however the case, and the final results in this volume 'are given to the world in full confidence 
that their accuracy is probably as high as is possible of attainment with modern instruments. 

Discovery of the Cause of the Circuit-Errors. 

The errors have now been traced with considkrable certainty to the faulty nature of the colli- 
mator object-glasses, by which an erroneous determination of the position of the sight-line of the 
telescope with respect to the axis of the pivots may be, and often has been, made. 

The way in which the discovery of the source of trouble was led up to, was as follows :-It was 
noticed that on several occasions, notably at  Deesa in 1885, that the values of C, as obtained in the two 
pivot positions differed considerably, in fact by a quantity distinctly larger than could be due to faulty 
observation. The discrepancy in the case of Deesa alluded to mas no less than nine divisions of the 
micrometer, a quantity that exceeds many times any possible error of intersection by even an unskilled 
observer. This alteration of nine divisions took place persistently every time the telescope was reversed, 

5- (within an amount at least that was well within the limits of observation) throughout the whole six 
nights of the measurement of the arc Deesa-Mooltan. No explanation of this anomaly could be dis- 
covered, and no special notice was taken of it at the time. But when the computation of this and the 
adjacent arcs was completed on the system at  first adopted, it became evident that there was something 
very wrong about it, for all the circuits in which it entered showed abnormally large circuit-errors, and 
this fact led Capt. Burrard, who was employed on the work that season (though not at  Deesa), to con- 
nect the faultiness of the arc with the variation of C,, and thus to obtain a clue to the solution of the 
dBculty. I t  seemed extremely improbable that a real change of the position of the sight-line should 
occur in merely reversing pivots when carefully executed without jar, and next to impossible that this 
change should almost exactly.repeat itself at  each subsequent reversal; for it must be remembered that 
no new strains are set up in the tube or any part of the apparatus by mere reversal, exactly the same 
part of the pivots being in contact with the Ys in both positions, and no change beipg made in the 
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distribution of weights. The change of 0, could only therefore be accounted for by an error in some of 
the quantities used in its determination. At page 22 of Part I of this volume, the method employed in 
determining the value of C, by means of two collimators, one placed to the north and the other to the 
south of the transit telescope, is described in detail. 

The formulae used am as follows :- 

and 
C, = + (D + E - k (A - B)) for 1.P.E. 

C, = 4 (D + E + k (A - B)) for 1.P.W. 

where k is a factor employed in reducing the divisions of the micrometer of the south collimator to those 
of the transit telescope; D is the reading of the transit telescope micrometer when the cross of the 
North collimator is intersected; E the same for the South collimator; A is the reading of the South 
collimator micrometer when intersecting the cross of the North collimator, and B is the reading of the 
South collimator when its moveable wire intersects the cross in its own diaphragm. 

Apart from the consideration that it is desirable as a general rule to vary as much as possible the 
circumstances under which a set of observations is taken, the chief reason for changing pivots is, that 
errors arising from the sight-line of the telescope not being perpendicular to the axis of the pivots, or in 
other words, from faulty collimation, are completely cancelled by taking the mean of the observations 
in the two pivot positions. But this cancelment does not hold if the position of the sight-line with 
regard to the axis is unstable, and shifts its position during reversal, and it seems to have been 
somewhat hastily concluded, from the variation in the, value of C,, that such a shift really occurred ; 
hence the idea arose that observations in either pivot position should be made complete in themselves 
by the application of C, as determined by observations in that particular position, without reference 
to its value after reversal, thereby abandoning almost entirely the principle of cancelment of error by 
reversal. Reverting to the formula 

it seems unlikely that any of the pinti t ies contained therein, with the exception of A, can be affected 
by the imperfection of the collimator object-glasses. I n  determining D and E (the readings of the 
N and S collimator crosses respectively in the transit telescope) the object-glass of the transit telescope 
being much larger than those of the collimators the whole surface of the latter is invariably brought into 
use, and moreover B being the reading of the collimator micrometer when its moveable wire is brought 
into coincidence with its own fixed cross, i t  is in no way affected by imperfections of the object-glass. 
A is however very materially affected, and experiments, which will be subsequently described, show that 
the reading of A varies considerably according to the particular parts of the object-glass brought into 
play. Now this, when reduced to its ultimate consequences, means simply that the angle formed by the 
sight-lines of the two collimators is not correctly determined, or it may express the state of things better 
to sap that owing to faulty object-glasses the collimators have no definite sight-lines, their position depend- d 

ing on the part of the object-glass in use, and that therefore the angle between them is indeterminate ; 
as this angle enters with opposite signs in C, and C, (which symbols will be henceforward used to dis- 
tinguish C, as found by observations I.P.3. and I.P. W. respectively) it follows that C, - C, is equal to 
twice the value of the error, or uncertainty of this angle, measured in divisions of the transit telescope 
micrometer. 

It was not until the arc Deesa-Mooltan was measured that any case had occurred in which the 
difference between C, and C, was sufficiently marked or persistent, to attract attention. Now however 
that the discovery has been once made that this difference exists, and is an uncancelled source of error 
in an arc, i t  is not difficult to trace its existence in previous work : the greater the difference between 
C, and 0, in any arc, the greater will be the correction caused by the re-computation on the principle 
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of a mean C,. I n  some cases in which the difference is small, the correction almost vanishes; this 
probably arises from the collimators being by chance so placed as to bring nearly the whole of their 
object-glasses into play, as mill be further explained in the next chapter. 

Efect of Erroneow Measurement of the Angle ( A  - B). 

The effect of an error in the measurement of the angle (A - B) may be easily traced out as 
follows :-Take the case of any particular star whose declination is 8. 

Let t,, t, be the observed times of transit I.P.E. and I.P. V. corrected for all sources of error 
except collimation. 

DE and D, be the readings of the transit telescope micrometer when the cross of the North 
collimator is intersected I.P.B. and I.P. W. respectively. 

BE and Ew the same for the South collimator. 

m the value in seconds of time of one division of the micrometer of the transit telescope. 

T, the true time of transit. 

8, or k. A - B the true angle between the sight-lines of the two collimators, measured in 
divisions of the transit telescope micrometer. 

C, the reading to which the micrometer is set during the transit observations. 

Then for I. P. E. 

Tl = t. + m (C, - C.) sec 8 = t, + m iD" - A - C. sec8, 
2 2 

and for I. P. W. 
3 

~ ~ = ~ + m ( ~ . - ~ , ) s e c 8 = t , + m {  - Dw + Ew - - 0 + c,] sec 8. 
2 2 

Now if instead of C,, C, and C, are used to represent the values obtained for C, in the two pivot 
positions, by means of & an erroneous value of 8, and TE and Tw represent the corrected times of transit, 
then 

6' T, = t. + m (CE - C,) sec 8 = t. + m iDe + EE - - - C, ] sec S, 
2 2 

and 
T, = tw + m (C. - C,) sec 8 = tw + ma { - D w + ~ w  - B+ c.] sec8. 

2 2 

These being compared with T, give 

8-6' - m- TE - TI - 
2 

sec 8, 

and - - -  

0 - 8  
T,-T,=m--- 

2 
sec 8, 

i.e. each value of the arc is burdened with an error of the same magnitude and sign, and therefore 
that their mean i s  burdened with the same error. 
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A mean C, dispenses entirely with the use of the faulty angle 6', so long as the collimators are 
not disturbed, for 

Szlmmay of Bea80lz8 for adopting a Meam 0,. 

To justify then the adoption of the computation with the mean C,, we have the following facts :- 
(1) I n  examining the circuits formed by the arcs when computed by the old method, large circuit-errors 
often appear where the differences between CE and 0, are large ; (2) Errors in the measurement of the 
angle between the sight-lines of the two collimators are competent to, and actually do, produce the 
differences between CE and C, ; (3) Experiments, to be described in the next chapter, show that there 
are defects in the object-glasses of the collimators, and possibly also in those of the transit telescopes, 
which make the measurement of this angle doubtful ; (4) The extreme improbability of any such periodic 
movement in the position of the sight-line as would on reversal cause the observed differences between 
C, and C,; (5) The desirability of carrying out in its integrity the principle of cancelment of colli- 
mation error by reversal ; and (6) The fact that with one or two very trifling exceptions the circuit-errors 
are notably diminished throughout the whole network, and brought down to a satisfactorily low average. 
This last consideration, if standing alone, would carry little weight, but taken in connection with the 
others is significant. 

Bq'ection of certain Arcs.  

For the reasons given above a re-computation of all the arcs (with the exception of those of 
1881-82) has been carried out on the principle of a mean C,, before they have been taken in hand for 
the simultaneous reduction. It.is important to note that so long as the same value of C, is used in both 
positions, its actual magnitude is of little consequence, as not affecting the principle of cancelment. 

The reason why the arcs of 1881-82 have been exempted from re-computation is that as the tube 
of No. 2 telescope was obviously shaky during that season, no system of calculation could render its 
performances trustworthy, and the entire work of that season has been rejected. This is of little con- 
sequence as Hazaribagh-the station to which most of the arcs measured that season were joined-?~ 
of little importance in the general network, and may be omitted without detriment ; of the remaining 
arcs of that season, two, viz., Fyzabad-Agra and Jalpaiguri-Calcutta, were subsequently re-measured, 
after the tube had been repaired, with results so different that the old values have been entirely rejected. 

The effect of shakiness of the telescope tube is easily traced by an examination of the observations 
for determining C,. When the tube is steady, there is very little fluctuation in the values of D and E 
so long as the pivots are not reversed, although C, may vary considerably : when there is any shake or 
looseness, it becomes at once apparent even without pivot reversal, by the great differences in the read- 
ings of D and E, according to the direction in which the telescope is rotated, whether from the nadir 
upwards, or from the zenith downwards. I t  is on account of such differences as these that the arcs of 
1881-82 have been rejected, and by no means because the circuit-errors are abnormally large. 



CHAPTER 11. 

ON SOME EXPERIMENTS FOR TESTING THE OBJECT-GLASSES OF THE TI1ANSIT 
TELESCOPES AND OF THE COLLIMATORS. 

It has been shown in the preceding chapter that any error in measuring the angle (A - B), & 
which the sight-lines of the two collimators are inclined to each other, vitiates the determination of C, in 
such a way that observations in both pivot positions are affected with an error in the same direction, 
if the sight-line of the transit telescope remains immoveable with regard to the axis of the pivots during 
reversal. It was also shown that, on this hypothesis of perfect stability, C, = 4 ICE + C,). If an 
accurate value of C, be required from observations in one pivot position, it is imperative that the angle 
between the sight-lines of the collimators should be determined with great precision, as its value enters 
directly into the computation of C, ; but if observations in the other pivot position be added, without 
any disturbance of the collimators, and a mean taken between the two, this angle is eliminated from 
the result. The experiments now to be described show that, except under special conditions which are 
somewhat troublesome to secure in actual practice, and which as a matter of fact have not obtained 
hitherto, there are defects in the object-glasses of the collimators which render the measurement of this 
angle uncertain; and that on this account neither CE nor C, alone are to be trusted in reducing transit; 
observations. 

For the examination of the object-glasses of the collimators and the transit telescopes the follom- 
ing five classes of experiments were devised :- 

(1). Experiments on the effects produced in the value of C, by small vertical, and lateral displace- 
ments of the collimators with regard to the sight-line of the transit telescope, without 
reversal of pivots. 

(2). Experiments on the value of C, as obtained from collimators in horizontal and vertical 
positions, as well as at intermediate altitudes. 

? 



380 ELEC~EO-TELEGRAPHIC LONGITUDES. CCRAP. n. 

(3). Experiments to ascertain whether any difference in the value of C, was noticeable when 
the transit telescope was removed, so that vision was no longer effected through the aper- 
ture in the cube. 

(4). Experiments on the object-glasses of the collimators with full and reduced apertures. 

(5). Experiments on distant meridian marks, and on images of the mires reflected from mercury, 
with full and reduced apertures, to test the object-glasses of the transit telescopes. 

The details of these five classes of experiments, so far as they are necessary to justify the 
conclusions arrived at, will now be given. 

.8%*8t Cla88 of Experiments. 

The two collimators being placed on their respective piers in the position usually adopted in 
actual work, were very carefully aligned, so that their sight-lines were not only parallel, but as nearly 
coincide~lt as could be effected, and centrally placed with regard to the aperture in the cube of the transit 
telescope. This was accomplished by the following contrivance. A lamp placed a t  the eye-end of one 
collimator projected from the object end a cylindrical beam of light of the same diameter as the object- 
glass, and this being received on a white disk of cardboard placed over the object-glass of the other colli- 
mator enabled the observers to obtain the required coincidence without much trouble, the exactness of 
parallelism being subsequently gained by a cautious lateral shifting of the eye-end of one of the 
collimators, till the two crosses were noted as superimposed, or very nearly so; the final adjustment 
was effected with the micrometer. The value of C, was then determined by the usual process as described 
at page 22 of Part I of this volume. 

The collimators were then moved half an inch to the right, to the left, upvards, and downwards 
euccessively, still retaining exact parallelism and coincidence of sight-lines, as well as uninterrupted 
vision through the cube. Under none of these changes was any material change noted in the value of 
C,, nor any difference between C, and C,. The effect of lateral displacement is obviously to bring into 
use different parts of the object-glass of the transit telescope. This is not however a consequence of 
vertical displacement, as might at first sight be supposed, because in this case the part of the object-glass 
used in viewing the north collimator when the collimators are depressed half an inch, is the same 
as that which comes into play in vieming the south collimator when the collimators are raised half an 
inch, and vice verad. 

The amount of lateral and vertical displacement available is very limited, for the collimator 
object-glasses being 2+ inches in diameter, and the aperture in the cube only 3% inches, any displace- 
ment, more than that mentioned above, gives rise to partially obstructed vision through the cube, thus 
introducing new conditions which are dealt with under the fourth class. The object-glasses of the 
transit telescopes being five inches in diameter, it follows that only a small portion towards the centre 
can thus be dealt with. 

Second Class of Experiments. 

I n  these, an endeavour was made to ascertain if C, showed any variation corresponding to different 
altitudes at  which the collimators were placed; for i t  seemed by no means unlikely that in raising 
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the telescope from a horizontal position towads the zenith, varying strains might be set up, which would 
bnceivablg alter the value of C,. These experiments were inconclusive, and showed no variations in 
0, traceable to sucrh a oause. I n  carrying them out rt peculiar form of vertical collimator was used 
for zenith observations, which proved to be so handy and aocurate, that it may be worth while tQ 
describe it in this place. The instrument is shown in Plate IV. It is a modified form of that known 
as Captain Kater's vertical floating collimator, a contrivance which has rather fallen into disuse in the 
present day. It consists essentially of an annular wooden trough, supported on two T-iron bars spanning 
the observatory in an east and west direction ; this trough is turned out of a solid block, in which 
& substantial wooden ring, nearly square in section, floats on mercury. Attached to this ring by two 
stout brass arms is a collimating telescope fitted with a micrometer, so as to hang vertically when the ring 
is floating in the trough : so far the principle is exactly that of Captain Kater's collimator*. He seem8 
to have concluded that the telescope thus hanging freely, and floating on mercury would always recover 
the same inclination to the horizontal plane, after being rotated through an angle of 180°, or being 
disturbed in any way. I n  these experiments this was not found to be strictly the case, and as extreme 
rehement was aimed at, it was thought better to attaoh two very sensitive and well tested levels to the 
floating ring, as shown in the Plate. By reading these, the necessity for assuming the unchsnged inclinac 
tion of the telescope to the horizontal plane was obviated. The rough adjustment to verticality of the 
sight-line was made in the fmt instant by placing shot in holes formed for this purpose in the upper 
surface of the ring, the final adjustment being secured by the micrometer screw. The levels were then 
sa adjusted that the bubbles played near the centres of their runs, and then the instrument was ready 
for use in the determination of the true zenith point by rotation through 180". The ready reversal by 
merely giving a slight twist to the ring rendered this a most handy means of employing a fixed zenith 
point, which for convenience, ready application, and precision, left nothing to be desired. The ring 
when rotated wa8 stopped, when it came to the proper position, by a projecting pin as shown in the Plate. 

Third CZaso of Ba?perimerate, 

These experiments showed conclusively that no change could be detected in C,, whether the vision 
tKas through the aperture of tlle cube, or the telescope was entirely removed, so long as the alignment 
was sufficiently perfect to ensure uninterrupted vision. If the alignment was not good, differences in 
C,, owing to partial obstruction of the field of view of the collimators appeared, but these will be dealt with 
under the fourth class. As no special care has been taken in tlie longitude operations that the view 
through the cube should be entirely unobstructed, it seeme quitei likely that some of the momaliee 
111 C, may be traceable to this source. 

These are the most important of all, and are in themselves quite suilicient to afford retlsons for the 
differences between Cg and C,. Tliey deal with the quantity A in the formula Go=+ (D + E - k. A-B), 
this being the reading of the South collimator micrometer, when its moveable wire intersects the North 
collimator cross. The reading was taken under various conditions of full and of reduced apertures, and 
shows discrepancies under these circumstances sufficient to account for the mysterious variations of C, 
The two collimators being adjusted carefully, as described under tho first class of these experiments, 

Irr the Pbte Lh tlng wibh i he  telsroope md lerela abtached, ir repnrontsd u rrirerl above the annular trough for Cho mka of groator oleurnem 



semicircular disk of cardboard of the same diameter as the object-glasses of the colIimators was p'm 
pared, and so adjusted as to shut off consecutively the east, west, upper, and lower halves of the effective 
aperture. The reading of A was taken under each of these conditions with the results given in the 
,following table :- 

Table I.-VALUES OF A.-(Collimators appertaining to Telescope No. 1). 
-- - -- 

I n  this table A is expressed in divisions of the South collimator micrometer. To convert A (or 
differences between two values of A) into divisions of the transit telescope micrometer, in which unit 
D, E and Co are always expressed, it must be multiplied by 1.666. The subscripts o, E, w, u and L in 
this, and succeeding tables, signify that the whole aperture, the edstern, western, upper, and lower halves 
respectively of the object-glasses were in use. . - 
-, 

It would have been better in some respects if a diaphragm obscuring three quarters, instead of one 
-half, of the apertures had been employed, leaving one quarter open in the shape of a sector, but it was 
found that the great diminution of light thereby caused rendered the intersections uncertain and difficult. 

As parallel rays are being dealt with it is immaterial in theory in which of the two collimators the - 
disk is inserted, but as the alignment with every precaution might not be quite perfect, the disk was 
inserted in each successively. The table shows that the precaution is almost unnecessary, the differences 
being generally so small as not to exceed the uncertainties of observation. 

B S Y A B I ~ .  

I 

At the end of the 
experimentsthe 
diskwasremoved, 
and the read- 
i n g o f * a g a i n  
taken,toseei.f 
any movement 
had taken place. 

' 

. 

t' 

The greatest discrepancy occurs between the eastern and western halves, amounting to 4'9 divisions 
of the collimator microscope, or 8.1 divisions of that of the transit telescope. Now assuming as an ex- 
treme case that the western half gives the true result, then if in practice, through bad alignment, the 
-eastern half only is in u s e a n d  against such an event there is no ctpriori probability-the angle (A-B) 
,between the sight-lines of the collimators would be in error by that amount; and this error (as has been 
shown above) enters directly into the determination of Co with the same sign both I.P.E. and I.P. W., 
.the effect being that transits of stars in both positions occur either too early or too late by rn sec 6 x 8.1; 
.where m = 0~0225, the value in seconds of time of one division of the micrometer, and 6 is the star's 
declination. I n  the case of an equatorial star this amounts to o"18. Stars used for longitude work are 
generally seleoted within a few degrees of the zenith, and for such, the error in the time of trmsit arising 
from this source would be, in latitude X, 0'. I 8 x seo A ; a quantity which would vary from o8*r 8 in South 

r 

Each of the read- 
ings in these 
columnsis the 
mean of two, one 

' taken by Captain 
Burrard, and one 
by Lieut. Lenox- 
Conyngham. 

Meana ... 

FinalMeana ... 

Full 
aperture 
of both 

~011imtora 

58. 
56.8 

57 ' O  

58.2  

.. . 

57.6 

Ao=57.6  

Eastern half of 
object-glass in use 

~ i s k  inserted in 

 NO*^ 1 south 
collimntor collimator 

Upper half of 
object-glass in me 

Disk inserted in 

 NO*^ 1 ~ o u i l l  
collimator collimator 

58.7 
58.7 
59'0 
60.2 
. . . 

59.2 

Western half of 
object-glw in use 

Disk inserted in 

NOM 1 BOU~II  

collimator collimator 

57'5 
,j7'5 
59'1 
58-5 
..- 

-------- 
58-2 

59'2 
60.2 

57'7 
59.3 
. . . 

59.1 

53'9 
54'2 
54'2 
55-3 
. . . 

54-4 

Lower half of 
o b j e c t - g h  in urn 

Disk inserted in 

collimator collimator I 
58'0 

57'2 
57'3 
57.3 
. . . 

57-5 

AE=59 .2  

53'5 
54'0 
56'0 

53.0 
54'3 

54.2 

58'5 
59'0 
59'8 
61.0 

. . . 

59.6 

c--- 

An=57'9  Aw=54'3 

59'2 
57'0 
56'6 

57.5 
. . . 

57.6 

A ~ = 5 8 ' 6  
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India to on*z I in the Punjab. The great distance apart at  which - the collimators have been placed in prac- 
tice rendered the coincidence of their sight-lines difficult to secure, and the alignment has hitherto been 
considered sufficiently good in actual practice if clear vision of both crosses was obtained in the field of the 
south collimator: no attempt has hitherto been made to ascertain what parts of the object-glasses were 
out of use, either on account of imperfect alignment, or on account of the interference of the cube of 
the transit telescope, through which by means of a small aperture the collimators view each other. 

It seems obvious therefore that considerable uncancelled errors may exist in transit observations 
owing to this peculiarity in the collirnrrtors, which produces different values of C, according to the part of 
the lenses brought into use. 

I t  is perhaps hardly fair to the maker of these instruments to have allowed them to be used so 
excentrically that a large portion of their object-glasses was obscured, a practice which seems to have 
arisen originally from the difficulty of adjusting them truly, when at such a considerable distance apart as 
thirty feet. I t  is a troublesome process to ensure the coincidence of the sight-lines under these condi- 
tions, especially as the necessity of their passing centrally through the aperture in the cube is equally 
important, and hence the practice arose of considering the clearness of visi'on a sufficient test of 
adjustment. It is not known why the original observers selected this distance of thirty feet, but it was 
subsequently diminished with obvious advantage. It is fortunate that there has been occasion&y a 
very notable want of adjustment in this respect, otherwise the peculiarity of the object-glasses might 
never have been suspected or proved, for if the want of truth in the alignment of the collimators had 
been trifling, small errors in the work would have remained, small enough to have escaped the close 
search to which they have now been subjected, and yet large enough to diminish the precision of tle 
results. Under existing conditions although good alignment is very desirable, still it  would never do  
away entirely with the necessity for using a mean C,, ; for so long as any regularly recurring difference 
exists between CE and C,, so long will suspicion fall rather on the angle (A - B) than upon any instability 
of the sight-line. 

Fz@h Class of Experiments. 

In  commencing the testing of the object-glass of the transit telescope the collimators were used, 
and the experiment was conducted as follows :-The three telescopes were carefully aligned, and a lampp 
being placed behind the eye-pieces of the collimators as in the fourth class, a bright circle of light was 
cast on a cardboard disk inserted over the object-glass of the transit telescope. The collimators were 
moved until this circle of light in both positions was at  the centre of the disk, the telescope being 
horizontal. 

An aperture was then cut from the centre of the disk of the same size as this circle of light. 
Theoretically the insertion of this annular disk would have no effect on the readings of D and E because 
that part of the object-glass concealed by it could in no case come into play, until the alignment was 
disturbed;-. A semicircular disk was then prepared which could be inserted in the object-glass of either 
collimator, or in the annular disk of the transit telescope : by means of this contrivance the apertures of 
any one of the three telescopes could be diminishecl at will, and in any desired position. The test con- 
sisted in taking micrometer readings of the transit telescope when intersecting, firstly, the cross of the 
north collimator, and secondly, that of the south collimator, with various apertures, the results being 
given in the two following tables. D is the reading for the intersection of the north collimator and E 
for that of the south; the subscripts having the same meaning as in the table in secti~n 6 of thia 
chapter. . a  . ,f 

-, - - - 
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Table IL~VBLUEB OF D+(Telescape No. 1). 

Table III.-VA.LUES OF E.-(~elesoo~e No. 1). 

h 

- - -  - .  

Means of two 
readings, one by 
Capt. Burrard, 
and one by 
Lieut. Lenox- 
Conyngham. 

Means .., 

Final Means * a .  

t 

- l?mm these tablee it will be seen that DE differs from Dw by 4.5 mimmeter dirisions tmd D L  f r o a  
D, by a slightly larger arnouli~j'..the dBmnces in E being somewhat smaller, v k ,  3.7 and r g  respectively 

Object-gbea 
ofTeleroopemd 

Oollimators open 

- 

1767.4 

67'7 

67.2 

67'4 

1767.4 

DO = 1767-4 

h 

Meana of two 
readings, one by 
Capt. Burrard, 
and one by 
Lieut. Lenox- 
Conyngham. 

Means ... 

FinalMma 

i 

Objeat-gls~es 

of Telescope.nd 
Oollimston open 

148'1 

48'7 

47'5 

48'3 

14.48~1 

Eo= 144891 

B P Y A B P 8 *  

: A t  the end the 
dieks were re- 
moved, and the 
reading of D 
againtaken,to 
eee if any move- 
menthadtaken 
place in either 
Collimator or 
Telescope during 
the experiments. 

A 

Emtern half 
of object-glum 

in use 

Upper half 
of object-glurer 

ur use 

Lower half 
of object-glum 

in w 

Western half 
of o b j e c t - g l ~  

in  use 

Semi- 
circular 

disk 
inserted in 
collimator 

1769'3 

69.7 

68.0 

68-2 

1768.8 

Semi- 
circular 

dlsk 
inrerted in 
collimator 

1764.9 

65-7 

66.0 

66-0 

1765-7 ---- 

Semi- 
o i ~ a l a r  

disk 
ineerted in 
collimator 

1772'5 

69.3 

69-0 

69.0 

1769.7 

Eastern I~alf 
of object-gluaen 

in use 

Semi- 
circular 

disk 
inserted in 
collimator 

1764.2 

63'6 

63.2 

62-9 

1763.5 

Aperture 
in disk of 
Telescope 

half 
corered 

1768.5 . 
69.7 

69.0 

69-1 

1969-I 

Aperture 
in disk of 
Telescope 

half 
covered 

1765.0 

64-1 

66.1 

65-0 

1765.1 

Aperture 
in disk of 
Telescope 

half 
covered 

1770.0 

70-8 

70.7 

70.4 

1770.3 

Bemi- 
circular 

disk 
inserted in 
collimator 

1450.6 

50-5 

50-7 

50-3 

1450-5 

Upper half 
of object-glurim 

muse 

Western half 
of ob jec t -ghm 

in u e  

Aperture 
in disk of 
Telescope 

half 
covered ------ 

1766.2 

65.5 

64.7 

65-4 

------- 

1765.3 

DE = 17 69.0 Do = 1765.4 DL = 1770.0 

Aperture 
in disk of 
Telescope 

half 
covered 

1450.4 

50-0 

49.7 

49.9 

1450'0 

Bemi- 
circular 

disk 
inserted in 
collimator -------- 

1450'7 

50.7 

50'4 

50-6 

--------. 

1450.6 

Semi- 
circular 

disk 
inserted in 
collimator 

1447.3 

46.8 

47'3 

48.5 

1447-5 

DW = 1764.5 

B r x A s n r .  

At the end the 
disks *ere re- 
moved, ahd the 
reading of E 
again taken, t o  
seeifanymove- 
ment had taken. 
placeduringthe 
experiments. 

Lower half 
of object-glunr 

in use 

EE = 1450.3 

Aperture 
in disk of 
Telescope 

half 
covered 

1450-5 

51-0 

51.8 

51.2 

1451-1 

Aperture 
in disk of 
Telescope 

half 
covered 

1444.9 

45-9 

46'2 

45-8 

1445.7 

- - - * . -  

Bemi- 
cimulsr 

disk 
inserted in 
collimator 

1448.0 

45'8 

47'9 

4704 

147-3 

Eg = 1450.9 Ew = 1446.6 

Apertnl-e 
in disk of 
Telescope 

half 
covered 

1449'0 

48-2 

49'0 

48.5 

1448.7 

* 

EL = 1448.0 
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As however the object-glasses of the collimators have been proved to be capable of producing larger 
differences than these under certain circumstances, when employed by themselves alone, i t  seems very 
doubtful if such Merences can be fairly imputed to the transit telescope at  all. 

It had been noticed by Captain Burrard previously, that by tilting the collimators in actual 
practice, rt change in the value of C, was caused, and this was supposed to be due to the fact that a 
different portion of the object-glass of the transit telescope mas brought into play. This is probably not 
the cause of the change, for as the telescope is much nearer to each of the collimators than they are to 
each other, it follows t l ~ a t  any alteration in their mutual inclination causes more displacement between 
their sight-lines, than between them and that of the transit telescope. If the two collimators were 
correctly aligned before tilting, then it is certain that they could not be so after tilting, unless one of 
them was bodily raised or depressed, which was never the case. The discrepancies due to incorrect 
alignment, which are abundantly evident in the fourth class of these experiments, are then produced, 
and tl~erefore there is no reason for supposing the existence of any imperfection of the object-glass of 
the transit telescope on these grounds. 

It should be mentioned here that in practice the alignment can never be so faulty, as to cause 
the obscuration of any part of the object-glass'of the transit telescope, owing to the necessity of the 
collimators being mutually visible through the aperture in the cube. As the object-glasses of the colli- 
mators had been proved to be faulty, inasmuch as they gave different images for different parts of the 
aperture, it seemed to h futile to attempt further to examine the object-glasses of the transit telescopes 
by their means. It fortunately happens t l ~ s t  an excellent distant meridian mark exists at Dellra Dun, 
consisting of a pyramid of masonry eight feet high, and distant about nine miles on a ridge of the sub- 
Himalayas nearly 6,000 feet above the station, and this was viewed with full and reduced apertures, as 
in the case of the collimator experiments. No resulting differences in the readings of the micrometer 
when the moveable wire was made to intersect the mark were noticeable ; but these results are not con- 
sidered of much weight, as owing to haze the mark mas somewhat unsteady and difficult to intersect. 

The object-glass was subsequently tested again on the same principle, except that instead of a 
distant mark, the reflexion of the wires themselves from the surface of mercury was used as an object 
for inter~ection with varying apertures. Again no variations were recognizable, and hence it has been 
concluded that the object-glass is as nearly as possible perfect. Now if it really be perfect, the readings 
D and E mill not vary, even i f  the collimators are not correctly aligned, unless the alignment is so bad 
that only parts of the collimator object-glasses come into use, a state of things wl~icll is not possible in 
practice, for it would prevent mutual visibility of the collimators through the aperture in the cube. 

It may therefore be concluded that the variations in C, are solely due to the uncertainty in the 
quantity A in the formula C, = + (D + E =f k. A - B) or, in other words, are caused by faulty align- 
ment of the collimatotr, so that parts of their object-glasses are shut out, either by non-coincidence of 
their sight-lines, or by interposition of part of the cube of the transit telescope. 

This completes the series of experiments with Telescope No. 1 and its collimators : subsequently 
a similar series was instituted for the second equipment, with the same results, i.e., that the value of A 
depended greatly upon which parts of the collimator object-glasses were brought into effective use, but 
differing only in this respect that the objeot-glass of Telesoope No. 2 did not come out of the trial as 
successfully as that of Telescope No. 1. 

Observations with it were taken ae before with full and reduced apertures on the distant meridian 
mark, but for the same reason as in the former case not much reliance was placed on the results. The 
reflexion of the wires from the mercury trough was then used as an image for observation, and it was 
found that material differences existed in the d i n g s  according to the part of the object-glass in use. 
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The fbllowing table shows the values of M, or the readings of the micrometer when the direct and 
reflected images of the wire coincided, from whioh it ie evident that a serious diracrepancy exists between 
the eastern and western halves of the object-glass of Telescope No. 2 :- 

Table 17.-VALUES OF M.-(Telescope No. 2). 

It is satisfactory to f h d  that when the collimators were so arranged as to allow varying differences 
between C, and C,, that C, the mean of the two remained nearly constant. Thus at Kurrachee in 1890 
four values of CE and 0, were taken as follows, the collimators being moved after each pair :- 

CE a Mean = Co 
1720-6 1724'3 I 722.5 

22.5 24.0 23'3 

2 

ICMt h.lf 
in ure 

1515'4 

16 6 

15.2 

14' I 

... 
'5'5'3 - 
1516-5 

16-4 

15'9 

16.5 

1516'3 - 
ME 1515.8 

Whole object-glasr North half huth half Wmt half 
in use 1 i n w  1 i n w e  1 inwe 

The same process repeated at Waltair in 1891, when the collimators were wholly removed after 
each night's work, and set up again the next day, gave results as follows :- 

1518.3 

18.5 

17.0 

17.5 

18-4 

1517.9 - 
1518.1 

17.8 

18-8 

18.9 

1518.4 - 
MO 1518.2 

CE Ow Mean = Co 
~484'4 1473'6 I479 ' 0 

82-2 76'9 79'6 

81 -3 77'8 79'6 

84- 8 73'2 79'0 
78'0 82 3 80.2 

1517'9 

17'3 

17.2 

18.0 

... 
1517.6 - 
1519-0 

19.0 

19.0 

19.0 

1519'0 - 
MN 1518.3 - 

1519.1 

17'3 

18-0 

19-o 

. . . 
1518.4 - 
1519.0 

18.5 

18. I 

18.9 

1518.6 - 
Ms 1518.5 

1519.0 

19'5 

19'5 

19.8 

. . . 
1519.5 - 
1521 '2 

20.4 

19.0 

20.0 

1520.2 - 
M w  1519.9 - 
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and lastly in Dehra Dun in 1892 the following values were obtained :-- 

CE cw Mean = CO 
1512~1 1520' 1 1516. I 

15'1 16.7 '5 ' 9 

'5'5 1 5  ' 7 I 5 . 6  
16. I 14.8 15'5 

To sum up, the following conclusions may be legitimately drawn from these experiments :-(I) That 
the instability of the sight-line of the transit telescopes is apparent only, not real; (2) That the 
collimators of both equipments are faulty, inasmuch as their object-glasses give different images 
according to the part of them that comes into play ; (3) That the object-glass of Telescope No. 1 is very 
nearly perfect ; (4) That the object-glass of Telescope No. 2 is decidedly of inferior form ; (5) That very 
careful alignment will nearly prevent these imperfections from having an injurious effect on the final 
results ; (6) That the use of a mean C, does so almost completely ; and (7) That a very careful align- 
ment in future combined with the adoption of a mean C, will give results, from which errors due to these 
faults may be cousidered as practically entirely eliminated. 
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Explanation of Revised Abstract of Detminations of Coltimation and Level Correction-Constatats. 

This Abstract diflera from those of the same kind in previous volumes only in the columns headed c,, c and b. 

I n  order to obtain the revised figures in these columns the mean of the values of C, in position I.P.E., and in 
position I.P. W. are entered separately in the column of remarks. 

,The mean of theae two quantities ia taken as the final value of C, to be used for every day of observation on that 
particular arc i.egardlesa of pivot psition. 

c, is the collimation correction-constant. It is equal to C, - C, for I.P.E., and C, - C, for I.P. W. 

c is obtained from c, by subtracting the diurnal aberration. 

b is the level correction-constant. It is equal to Co - M for I.P.E., and M - Co for I.P.W. 
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Astronl. 
Date 

1876 

Jan. 28 

,, 29 
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Feb. 

1, 9 

,, 10 

Feb. 19 

,, 20 
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,, 22 
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Mar. 3 
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26 
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Apr. 1 

11 2 
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I.P.E. 

1.P.W. 

,, 

1.P.E. 

,, 

1P.W. 

I.P.W. 

,, 

,, 

I.P.E. 

1, 

,, 

I.P.E. 

,, 
,, 

I.P.T. 

,, 

1P.W. 

,, 

,, 

I.P.E. 

,, 

,, 

,, 

,, 

a .z 
J 

h r( 

6 
ki 
rn 
a, 

B 

5 
V 

b 

8 

2 
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a 
b 

m 

2 

$ 
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m 

w 

m 

Q 
4 

h ,-l 

6 
;r, 

H 
d 
w 
3 
V 

2 
F4 
a 
4 
3 

Level 

M I  
54'4 

53'5 

56-1 

55'5 

56'4 

56'9 

51.1 

55'1 

55'3 

58.8 

95'0 

94'9 

93-4 

99'5 

99'0 

101.4 

100.9 

1oi.a 

53.1 

49.4 

49.4 
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48.8 

47'5 

47'1 

48.7 

48.9 

47.6 

47'1 

48.a 

48.6 

47'9 

Bemarkm 

. 

Mean Co 

I.P.6. -56.1 
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Mean C, 
a 

I.P.E. - 1987 
I.P.W. -100.7 - 
General 
Mean -99.7 

- 4  

Mean C, 
d  

I.P.E. - (8.1 
I.P.W. - 48.3 
General 
Mean - 4.3 - 

Mean C, 

xP'E' - 49'8 
I.P.W. -48-5 

aenersl 
Mean - 49.2 - 

Collimation 

d  

+3'2 

-1'4 

-0.5 

6 

+I-9 

+1.6 
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+1.6 

+Z'I 
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+0.6 

+I'3 

Instru- 
mental 
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I.P.E. 

I.P.W. 

I 

I.P.E. 

,, 

I.P.W. 

I.P.W. 

,, 

,, 

I.P.E. 

,, 
,, 

I.P.E. 

,, 
, 
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,, 

I.P.6. 

1, 
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,, 

$9 

B ,  

I.P.E. 

81 

o 

'2 
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N 

2 
8, 
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a I e 
PI x 

h 

2 
g, e 
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o 
5 
PC 

A 

m 

h 
N 
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0 - 
& 
w 
U 
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c;l 
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N 
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# 
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2 
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t2 
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PI 

Co I 

55.3 

58.1 

59'3 

56.0 

51.1 

57.5 

1w.2 

roo-7 

101.1 

98.6 

98.1 

99'4 

48.1 

49.6 

46.9 

48.1 

48.5 

48.3 

48.6 

48.1 

48.6 

47.0 

46.6 

51.7 

52.6 

51'1 

C. 1 

55.0 

55.0 

55'0 

55.0 

55'0 

55'0 

95.0 

95.0 

95.0 

95.0 

95.0 

95'0 

50-0 

50.0 

50.0 

50.0 

50.0 

50'0 

50.0 

50.0 

50.0 

50.0 

50.0 

50.0 

50.0 

50.0 

c, 1 
d d d d d  

+ama 

-1'1 

-2.2 

+a-2 

+aal 

-1.1 

-4.7 

-4'7 

-4'7 

+4'7 

+4'7 

+4'7 

-1.7 

-1.7 

-1.7 

+1.7 

+ 1.7 

+1.7 

+om8 
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+0'8 
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-0.8 

-0.8 

-0'8 
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o 

+I-3 

-3'1 

-3'1 

t1.3 

+1'3 

-3'1 

-5.6 

-5-6 

-5.6 

+3'8 

+3.8 

+3'8 

-2.6 

-2-6 

-2.6 

+0.8 

'0.8 

+0.8 

-0.1 

-0.1 

-0.1 

-1.7 

-1'7 

-1'7 

-1.7 

-1'7 

o 

d d d d d d  

-0.6 

-1.1 

-1.1 

-0.6 

-0.6 

-1.2 

+aer 

+1'1 

+Z.I 

+I.I 

+I.I 

+ 1.1 

-1.6 

-1.6 

-1.6 

-0.2 

-0.2 

-0.1 

-5'3 

-5'3 

4-3'5 

t3.5 

+3'5 

+3'5 

- j.3 

-5'3 

C. 

96.4 

94'5 

94'1 

95.3 

96.3 

95'2 

58.9 

58'1 

60.6 

54'5 

55.3 

54.4 
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100.8 
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99.1 
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71'4 
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I.P.W. = 99.1 
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Level Collimation 
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58.8 
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69.6 
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54'548 

54.610 

54'599 

54'518 

54'550 

54.538 

54'562 

54.651 

54'703 

54.647 

54.605 

6 54.570 

54,618 

6 54,594 

1876 

March 22 

r, 3, 

,, 24 

11 8, 

,, 26 

r, 3s 

,, 29 

,, ,I 

n 80 

,r $1 

1, 81 

8,  I, 

April 1 

11 11 

I, 2 

I ,, 

by Observations I. P. E. 

o I. P. W. 

& n e d  Meanr 

Whence 

by0bservstionsI.P.E. 

11 I. P. W. 

General Meanr 

Whence 

Observations 

E Clock 
E A L - P  

( D J  

13 16'629 

16.573 

16.585 

16.534 

16.6ao 

16.638 

16.483 

16.461 

16.381 

16.347 

16.639 

1 6 . 6 1 ~  

,.. ... 
...-s. 

16.569 

16.54a 

13 1 6 - 5 4  

with 

W Clock 
- a L + p  

r 

a 37.136 

37.167 

37'181 

37.170 

...... 
37'195 

37.331 

37'323 

37.305 

37'325 

37'390 

37'350 

237-170 

37.338 

a 37'254 

with 

W Clock 
- A L + p  

m  8 

6 54'559 

54'564 

54.608 

54'643 

54.603 

54'583 

54.656 

54.7" 

54.777 

54'764 

54'565 

54'592 

6 54.593 

54.678 

6 54.636 

Instrumental 

Position 

st 

I 

Instrumental 

Ponition 

a t  

l 
with 

W Clock 
- A L + ~  

( A #  

13 16.689 

16.666 

16.658 

16.674 

16.673 

16.662 

...... 

...... 
16.420 

1 6 - 4 6  

16.587 

16.638 

16'539 

16'535 

16.547 

16.531 

13 16.590 

I.P.E. 

1, 

,, 
91 

,, 
I.P.W. 

$ 9  

,, 
a, 

,, 

,, 

Means 

Whence 

I.P.W. 

I, 

,, 
I S  

,, 
81 

I.P.E. 

a 

n 

,a 

11 

,, 
,, 

I# 

,, 
'11 

I.P.E. 

$1 

,a 

8s 

I ,  

II 

I.P.W. 

11 

,, 
19 

11 

M 

I.P.E. 

1 )  

81 

SB 

11 

#I 

I.P.W. 

IY 

3s 

11 

PI 

#a 

I.P.B. 

8s 

IS 

81  

I.P.W. 

11 

,, 
I Y  

11 

DS 

I) 

81 

I.P.E. 

PI 

19 

18 

I.P.E. 

81 

11 

n 

11 

IS 

I.P.W. 

11 

I J  

aa 

o 

8s 

Mean Values Values 



404 ELECTRO-TELEGRAPHIC LONGITUDES. 

Deduction of the Apparent Dzference of Longitude, AL, and the Retardation of Signale, p. 

f Longitude by Stan of 

rervatiom with 

General Meana 

Whence . . . . . .  Whence . . . . . .  8LN - 25 26 .532  Whence . . . . . .  
Correction for Relative Correction for RelaLive Correction for Relative 

Personal Equation, Hx - C, 

Again . . . . . .  Again . . . . . .  
Correction for Relative Correction for Relative 
Personal Equation, HB - Cg - - 0.019 Personal Equation, HB - CB 

ALE - 12 9.830 

p = + 0'044 

- - - 



REVISED ABSTRACT OF RESULTS OF ALL OBSERVATIONS. 405 

Deduction of the Apparent Diference of L o t & g i t u d e ,  AL, m d  the Retardation of Siglaale, p. 

BOMBAY (E), AJYD DEESA (W) DEESA (E), AND KURRACHEE (W) 

datmnomical 

Data 

1880 

December 18 

11 31 

II 14 

19 II 

o 16 

3s $1 

19 17 

n II 

11 18 

11 18 

IS 19 

11 #I  

Antronomical 

Date 

1881 

Jan- 6 

11 11 

11 6 

19 11 

IS 7 

I, 11 

11 8 

o I) 

31 9 

PI 11 

91 10 

11 1 8  

Mean 

( D J  

Whence ... ... ... 6LN - a 31.611 

Oorrection for Belatire Personal Equation, C,, - H ,  0 + 0.031 

ALN - a 31.652 

Again ... ... ... 6L, = a 31.644 

Correction for Eelatire Personal Equation, C, - H g  - - 0.009 

AL, - a 31.635 

Finally 
m # 

A L =  4 (AL,+ AL,) = 2 31-64 

p = + 0.042 

C 

Instrumental 

Positionat both 

Btatiom 

I.P.E. 

n 

11 

n 

n 

n 

I.P.W. 

11 

19 

S1 

11 

I S  

m J 

Whence ... ... ... 8% = 20 40'547 

Correction for Relative Personal Equation, Hg - CN - - 0.031 

AL, =+= a0 40.516 

Again ... ... ... 6Lg = 20 40.533 

Correction for Relative Personal Equation, H, - C, - + 0 . 0 9  

ALB = 20 40.542 

Finally 
m J 

AL = 4 (AL, + AL,) = 20 40'529 

p = + 0.064 

- 

Instrumental 

podition atboth 

Stations 

I .  P. W. 

II 

I, 

18 

IS 

II 

I . P . E .  

IY 

81 

11 

11 

II 

Values Mean Values 

by Observations I .  P. E. 

11 I. P. W. 

General Means 

by Observatio~~s I. P. E. 

n I. P. W. 

General Means 

Apparent DBerence of 
Longitude by Stan of North Aspect, 

by Obnervations with 

Apparent DifFerence of 
Longitude by Stan of North hpect,  

by Obeervations with 

E Clock 

- a g - p  

R) J 

2 31'529 

31.615 

31.622 

31'588 

31'559 

31-59' 

31'594 

. 31.662 

31'563 

3I.533 . 

31 -553 

3I.533 

1 31'584 

31'573 

2 31'579 

E Clock 

- a N - p  

m J 

l o  40.470 

40'525 

40' 603 

40.622 

40' 642 

40.717 

40'305 

40'415 

40' 343 

4O.355 

40'427 

4 0 . 3 ~ ~  

ao 40.368 

40'597 

W Clock - 6LN + p  

m J 

a 31.710 

31.662 

31'654 

3 1 - 6 4  

31' 726 

31'692 

31.671 

31'746 

31.618 

3I.579 

31 '586 

 seem.^ 

a 31.682 

31.642 

s 31.662 

W Clock 

-- 6L, + p 

tn 8 

2 0  40'557 

40- 603 

40'767 

40'779 

40' 756 

40.820 

40.501 

40'484 

40'470 

40'510 

40'499 

4Oe59l 

20 40.509 

40'714 

20 40.611 



406 ELECTEO-TELEGRAPHIC LONGITUDES. 

Deduction of the Apparent Direrenee of Longitude, AL, and the Betardatwn of Signale, p 

L 

BOMBAY (E), AND KURRACHEE (W) JUBBULPORE (E), AND BOMBAY (W) 

AaLronomical 

Date 

1881 

Januery 17 

I# 11 

IS 18 

IS s t  

91 19 

9s IS 

11 20 

11 31 

11 21 

n 11 

$1 23 

IS II 

Mean 

Astronomical 

Date 

1881 
February 6 

#I 11 

n 7 

I )  11 

11 8 

I)  I) 

9) 9 

11 I S  

11 10 

n 11 

11 13 

YI 11 

n 14 

II 11 

Mean 

Inatmmental 

Positionst both 

Stations 

I. P. E. 

n 

1s 

IY 

IY 

11 

I. P. w. 
II 

YI 

YI 

11 

11 

Values 

by Observations I. P. B. 

I I  I. P. W. 

Genernl Means 

Instrumental 

Position st both 

Stations 

I. P. 3. 

n 

n 

#Y 

n 

1s 

19 

II 

I. P. W. 

IY 

91 

II 

18 

$8 

Valuer 

by Obaervatiom I. P. 3. 

I) I. P. W. 

Geneml ?deans 

Apprent  Difference of 
Longitude by Stan of North Aspect, 

Whence ... ... ... lLN 23 12.241 

Correction for Relative Personal Equation, H, - C, - - 0.031 

A L N  - 23 1a.110 
Apin ,. . ... ... 8Lg = a3 12'210 

Correction for Relative Personal Equation, Hg - Cg - + 0.009 

nLg - 23 12.219 
Finally 

fJl J 

AL = 4 (AL, + AL, ) = 23 12,215 

p = + 0.105 

by Obsemations 

E Clock - 8LN - p 

R) * 
23 12.077 

12'073 

12'079 

1 1 ~ 0 2 2  

12.252 

12.214 

12.137 

12.109 

11.165 

12.105 

12.163 

12.243 

23 12.120 

12.154 

23 I Z ' I ~ ~  

Apparsnt DifFerence of 
Longitude by Stan  of North Aqect, 

by Obaervationn with 

Whence ... ... ... 8LN - 28 31.881 
Correction for Relative Pmonsl Equation, Hlr - 0, - - 0.084 

d, - 18 31'797 
Again ... ... ... 8Lg - 28 31'873 
Correction for Relative Personal Equation, Hg - 0, = - 0.038 

AL, - 1 31'835 

Finally 
rn J 

AL = 4 (AL, + AL,) = 28 31.816 

p = + 0.091 

with 

W Clock - 8L, + p 

R) J 

23 12.208 

12.169 

12'313 

12.277 

12.414 

12.411 

12'270 

12.339 

la.335 

12.383 

12.464 

11.565 

23 12'299 

12'39.3 

a3 12.346 

m J 

E Clock - 8L, - p 

R) J 

28 31'79a 

,...., 
31 '699 

31'794 

31.759 

31.787 

31.~95 

31.726 

31'834 

31'787 

31 '903 

31.794 

31.811 

31.850 

28 31'750 

31.830 

28 31'790 

W Clock 

-8% + P 

(R J 

28 31.951 

31.988 

32'011 

31.957 

3 1 . w  

31'970 

31'901 

31.970 

31'854 

32-029 

32-01 j 

3%- w r  

31.970 

32'059 

18 31'956 

31'988 

28 31.971 

0 J 



REVISED ABSTRACT OF RESULTS OF ALL OBSERVATIONS. 407 

Deduction of the Apparent Dgerence of Longitzlde, AL, m d  the Retardation of Signals, p. 

JTJBBULPOEE (E), 

Whence ... ... ... aL, - 5 42'999 

Correction for Relative P e r s o d  Quation, H, - C, - - 0.084 

AL, - 5 43.915 

Again ... ... ... aLg a 5 42.992 

Correotion for Relative P e r s o d  Equation, Hs - Cn - 0.038 

AL, - 5 43'954 

Finally 
(I) r 

AL = 4 (ALa + AL,) = 5 42'935 

p =  + 0.119 

JUBBULPORE (E), 

Astronomical 

Date 

1881 

February 23 

I# IS 

II  24 

n I I  

18 26 

IS I I  

IS 28 

II IS 

M m h  2 

1 1  >I 

91 3 

)I )I 

Mean 

AND BOLABUM (W) 

Apparent Difference of 
Longitude by Stars of North Aspect, 

... ... Whence ... a& a 7 42'967 

Correction for Relative Personal Equation, 0, - HN - + 0.084 

A h  - 7 4.3'051 

... ... Again ... 8L, - 7 41.962 

Correction for Relatire Personal Equation, Cg - Hg - + 0.038 

aLs - 7 43'000 

Finally 
m r 

AL = 4 (AL, + AL,) = 7 43.026 

p = + 0.070 

Astronomical 

Date 

1881 

March 11 

I) I )  

11 12 

ID II  

JI 13 

II IS 

JI 16 

II  IJ 

ss 17 

I 1  9 1  

II 20 

I# I #  

ID 21 

I I  I I  

Mean 

Instrumental 

Porition at both 

Stations 

L P. W. 

O 

II 

II 

11  

1 9  

1. P. 6. 

n 

II  

I1  

$1 

II  

Valuea 

by Observntione 

E Clock - 8L, - p 

m r 

5 42.881 

42 -944 

41'909 

41.907 

41'784 

42.814 

42.886 

42.894 

42'897 

41'835 

42'905 

49'907 

5 42'887 

42'873 

5 42.880 

AND AGRA (W) 

Apparent DSerenca of 
Longitude by Stam of North Aspect, 

Instrumental 

Position at both 

Stations 

I. P. 6. 

I( 

91 

IS 

IS 

II 

I. P. TP. 

II 

91 

I1 

11 

18 

I I  

IS 

Values 

by Obaervntions I. P. E. 

IS I. P. W. 

General Meam 

with 

W Clock - 8L, + p 

m r 

5 43.064 

43'089 

43.125 

43-19' 

43 '078 

43.166 

43'075 

4 3 - 4 1  

43'102 

43.129 

43.106 

43'209 

5 43.114 

43'119 

5 43'1.17 

m 

by Obeervations 

E Clock 

-a=%'p 

(I) r 

7 43'945 

43'034 

42'976 

43 43"'57 

43'092 

43' 138 

42 - 688 

42'712 

......... 
42.736 

42.684 

42.782 

42'854 

42.825 

7 43'040 

42' 754 

7 42'897 

by Observations I. P. E. 

IJ I. P. TP. 

General Moans 

with 

W Clock - 8L, + p 

m J 

7 43'138 

43.119 

43.212 

43'144 

43 ' 285 

43' 133 

42'816 

42-801 

49'891 

42.904 

42 '833 

41.827 

43.028 

43'972 

7 43'189 

42.884 

7 43'037 

m r 



ELECTRO-TELEGRAPHIC LONGITUDES. 

Deduction of the Apparent Dzflerence of Lo~lgi tude,  AL, and the Retardation of Signals, p. 

I 
JUBBULPOEE (E), AND DEESA (W) AGRA (E), AND DEESA (W) 

Astronomical 

Data 

1881 
f i m h  28 

II 19 

91 29 

1, SI 

18 80 

I) 99 

18 81 

91 I)  

April 1 

o II  

9 9  8 

91 19 

Astronomical 

Date 

1881 

April 10 

II II  

IS 11 

81 ID 

11 18 

I# It  

11 14 

II II 

IS 16 

11 II  

I( 16 

#I IS 

Mean 

Instrumental 

Positionat both 

Stations 

I. P. W. 

as 

n 

n 

II 

1, 

I .P .E .  

II 

II 

IS 

n 

19 

Inst,rumental 

Position atboth 

Stations 

I. P. E. 

II  

13 

11 

11 

,, 
I. P. W. 

IS 

11 

n 

n 

11 

Values Mean Values 

by Obnervationn I. P. E. 

I* L P. TP. 

General Means 

by Obervrtions I. P. E. 

e, I.  P.  TP. 

Gencnrl Means 

Apparent Difference of 
Longitude by Btam of North Aspect, 

by Observations with 

m I 
-Whence ... ... ... ~ L N  - 31 3.326 

Correction for Belative Personal Equation, CN - H, - + 0.084 

ALN 31 3.410 

Again ... ... ... 8% - 31 3'338 

Correction for Relative Penonal Equation, CE - Ha - + 0.038 

"L, " 31 3.376 

Finally 
m I 

AL = a (ALN + A L , )  = 31 3.393 

p = + 0.081 

Apparent Difference of 
Longitude by Stars of Rorth Anpeat, 

by Obwrvations with 

E Clock - a ~ ,  - p 

m 8 

31 3'904 

3'071 

a m g x  

3 -  t66 

3.123 

3'169 

3'453 

3'493 

3'383 

3'438 

3'371 

3'394 

31 3.422 

3'069 

31 3.246 

m 8 

Whence ... ... ... 8LN - 23 20.296 

Correction for Relative Personal Equation, CN - H N  - + 0'084 

AL, - 23 20.380 

I 

Again ... ... ... 6LS = 23 20.321 

Correction for Relative Pemonal Equation, Ca - Ha - + 0.038 

"L, " 23 20.159 

Finally 
Q I 

AL = 4 (ALN + AL,)  = 23 20.370 

p = + 0.051 

E Clock 

- " - P  

A J 

a3 20.126 

20- 280 

20.381 

20. j82 

20'423 

20.380 

ao. 163 

20. 258 

20.099 

20' 134 

20.107 ' 

20.108 
- 

33 20.345 

20.145 

23 20'245 

W Clock - a ~ ,  + 

m I 

31 3.210 

3'317 

3 '  283 

3'340 

3'273 

3'299 

3'566 

3'484 

3'585 

3'505 

3.510 

3'506 

31 3'526 

3'287 

31 3'407 

W Clock 

- a h  + P 

m J 

23 20.367 

20' 465 

20'547 

......... 
20.505 

~0.435 

20.352 

20.265 

20.264 

20' 182 

20.202 

20.1 15 

- 
a3 20.464 

20. a jo  

13 20.347 



REVISED ABS!l!RA@T O F  RESULTS OF ALL OBSERVATIONS. 409 

Deduction of the Difererwe of Xmgitude, AL, from Observations of Tramits zoith Zocal Clocks, c d n e d  by 
Clock Cornparisone. 

The records at  both ststions were transcribed by the same person. + Eaclr Obserrer transcribed his o m  r e c o d  of trbnsib. 

2 
n - 
2 
.g 
Z 
Y 

4 

1877 

April 30 

13 I, 

May 1 

11 2 

I) I$ 

,, 3 

I)  ,I 

91 4 

II 13 

,, 6 

11 II 

11 7 

I SI 

11 8 

II 11 

n 9 

)I I- 

(E), 

gpoch 

by 

=', 

h m  r  

14 53 38 

15 21 31 

152512 

145127 

15 20 29 

14 55 59 

15 21 50 

14 54 15 

152129 

14 51 12 

15 22 23 

145159 

'5 2! 54 

14 53 3 

152015 

145440 

15 21 32 

h n  
Mean 8LN - I 51 20.064; Whence 8LS - I 51 19.996 

Correction for 
Relative ] HN - 0. - - 0.030 as - Cg + 0.016 

Personal Equation 

Ditto of Lramcribing - o.ooo* - 0-ooo* 

AL, - I 51 20'034 AL, - 1 51 20.022 

Whence 
h m  r  

AL = f (AL, + AL,) = I 5,1 20-028 

BOMBAY 

Instrumental 

Position 
a t  

. I w  

Mean 8Ln - o 49 42'856 ; Whence 6Lg - o 49 42.820 
Correction for 

Relalive pH-%- - 0.030 Hg - Cg = + 0.026 
Personal Equation 

Ditto of tranlcribing = - 0.01 I+ - - O ~ O I I ~  

AL, - o 49 41.815 ALE - 0 49 42.835 

Whence 
I m  r  

AL = f (AL, + AL,) = o 49 42-825 

- 

I.P.E. 

I,  

Z.P.W. 

11 

)I 

I, 

I ,  

I I  

II 

Z.P.E. 

11 

,, 
9,  

I.P.W. 

II  

11 

Is 

AND ADEN (W) 

Corrected 
Difference of 

Observed 
Times at 
Epoch TE 

Reduced tostars 
of 

North Aspect, 

MN 

r  

- 29.721 

29'843 

31.881 

33.776 

33'909 

35'967 

35.917 

38.131 

38.117 

40.181 

40.229 

4 4 . 1 ~  

44'253 

46.309 

46.364 

48.011 

&l.ozz 
I 

s 

Z.P.B. 

9 ,  

I.P.W. 

r~ 

,I 

I I  

I, 
,I 

II 

,, 

II  

1.P.E. 

11 

,I 

II 

19 

3 
FI 
4 

U 

'g n 
8 
3 

1877 

May 23 

n 26 

,, 27 

,, 28 

,, 29 

,, 30 

Deduced 
Clock 

Difference, 
D 

at  Epoch 

Tn 

h m  

I 51 

r  

49'740 

49.785 

51.917 

53.917 

53'961 

55'988 

56.027 

58.109 

58.147 

60.195 

60.244 

64.407 

64'450 

66.348 

66.382 

68'129 

68.163 

Apparent 
Difference 

of 
Longitude, 

6LN 
-D+MN 

h m  

I 51 

r  

20.019 

19.942 

20.036 

20.141 

20.052 

z0.021 

zo.110 

19.978 

20.030 

zo.014 

20.015 

20.217 

20.197 

20.039 

ao.018 

20.118 

20'141 

Mean / 20.064 

h m  r  

ADEN 

Instrumentel 

Position 
st 

(E), AND 

Epoch 

by 

TB 

h m r  

16 42 5 

164626 

164630 

16 54 48 

16 46 32 

16 56 54 

h m  

Z.P.E. 

8, 

,, 

I.P.W. 

,, 
I, 

Z.P.E. 

,, 

I? 

I.P.W. 

IS  

I, 

SUEZ (W) 

Corrected 
Difference of 

Observed 
Times a t  . 

Epoch T, 
~ u c e d t o S t u r n  

of 
N o r t h h p c t ,  

ME 

8 

+ 4.473 

5.374 

6-159 

6.478 

7.017 

1 8  

r  

Dednced 
Clock 

 is^^^^^^, 
D 

at Epoch 

T~ 

h m  

0 49 

r  

38'320 

37.480 

36.822 

36.249 

35.891 

35-687 

Mean 

h m  

Apparent 
DifFerence 

of 
Longitude, 

~ L N  

h n b  

0 49 

r  

42'793 

42'854 

42.981 

42'727 

41.918 

42.865 

42.856 

r  



410 ELEC!l!EO-TELEGRAPHIC LONGITUDES. 

Deduction of the Dzyerence of Zmgitzlde, AL, from the Determination of Zocal Clock Correctiom, combined 
by Clock Comparisons. 

\ * Tho records at both stations were taunscribed by the rome pereon. 

BOMBAY (E), AND ADEN (W) 

h m  a h m  s 

Mean 6LN = I 51 20-051 Whence 6L, = I 51 19.983 

Correction for Relative Personal Equation, H, - C, = - 0.030 H , - C , =  + 0-026 

Ditto transcribing Equation - - o'ooo* - - o'ooo* 

AL, = I 51 ZO*OZI AL, = I 51 20-009 

- 

h m  8 

Whence AL = 4 (AL, + AL, ) = I 51 20.015 

Value deduced in preceding Table = I 51 20.028 

h m  r  

Final value of AL, Bombay-Aden, being the mean of the above = I 51 20'022 

z 
'g 3 

Q 
4A 

. q  

1877 
ApnlaO 

May 1 

,, 2 

I, 3 

,, 4 

,, 6 

r, 7 

,, 8 

r, 9 

Apparent 
Difference of 

Longitude 

8% 
= 

D + AT, - AT, 

h m r  

I 51 19.942 

20.094 

20.111 

20.066 

20.020 

19'963 

20- 168 

19'978 

20.1 13 

Epoch 

T~ 

h  m r  

16 8 36 

15 43 43 

16 26 39 

15 52 51 

16 I 26 

16 5 3 3  

15 53 40 

1 5 4 6  4 

I 5 5 4 3 7  

e m  1 51 20.051 

Difference 
of c l o c k s ~ ,  

a t  
Epoch Tp 

h m r  

I 51 49-86' 

51.944 

54'059 

56.073 

58.203 

60.315 

64.495 

66.415 

68.203 

E Clock Deduced 

Clock Corrections 

* E~oc'l T~ 
IM~N- 
mental 

Position 

I  P.E.  

I .  P. JV. 

,, 
,, 
,, 

I .P .E.  

,, 
I .P .W.  

31 

W Clock 

. 

for 

E clock 

AT, 

c 

-17.638 

18 203 

18.871 

19.609 

20.309 

Z I ' I O J  

22.425 

23.165 

23'634 

Instru- 
rnenhl 
Position 

I. P. E. 

I. P. JV. 

IS 

I, 

,, 
,, 

I. P. E. 

,, 

,, 

for 

w clock 

AT, 

r  

+ 11.281 

13.647 

15.077 

16.398 

1;-874 

1 9 . ~ 4 8  

21'9oz 

23.272 

24.456 

Correction 
as by Stars 
of Sorth 
Aspect 

r  

-17.655 

18.zzr 

18.871 

19.621 

20.319 

21.117 

22.434 

23.167 

23.641 

Time 

h m r  

16 39 23 

16 19 11 

16 28 33 

16 16 18 

16 23 qq 

1 6 2 8  o 

16 11 35 

1 5 5 1 2 3  

1 6 1 4 1 4  

Hourly 
Rate 

Correction 

r w 

r  

+ 0.064 

-060 

.060 

'059 

-056 

.064 

.oj6 

-053 

'052 

Correction 
as by Stars 
of North 

Aspect 

r  

+ 1 2 . ~ 4 8  

13.611 

15'075 

16 375 

17'853 

19.224 

21.885 

23.267 

24'439 

Hourly 
Rate 

Correction 

TIE 

r  

- 0.033 

.030 

'030 

'030 

-028 

'035 

'030 

'013 

- 0 2 2  

Time 
(by EClock) 

h m r  

15 37 49 

15 8 5 

16 24 45 

15 29 23 

15 39 7 

15 43 6 

15 35 45 

15 4 0 4 4  

15 35 0 



REVISED ABSTRACT OF RESULTS OF ALL OBSERVATIONS. 411 

Deduction of the Diference of Zongitude, AL, from the Determitzation of Zocal Clock Correc tw?~ ,  combined 
by Clock Cornparisone. 

Each O b r e n u  tnnmibed hia o m  mar& of hnutr .  

ADEN (E), AND SUEZ (W) 
' 

4 a 
'i s: 

E f a  . . 7 ,  

4 
ETh 

1877 

May 25 

r,  ,, 
,, 26 

,, I, 

,, 27 

,, rr  

,, 28 

I, 11 

,, 29 

st 1, 

I, 30 

,, ,, 

Difference 
of  lock^^, 

a t  
Epoch TE 

W Clock 

h m  8 h m  r  

Mean 6LN = o 49 42.831 Whence 6L, = o 49 42.795 

Correction for Relative Personal Equation, H, - C, = - 0.030 H , - C , =  + 0.026 

Ditto transcribing Equation - - - O'OII* = - 0-011* 

AL, = o 49 42.790 AL, = o 49 42.810 

h m  r  

Whence AL = 4 (AL, + AL, ) = o 49 42.800 

Value deduced in preceding Table = o 49 42.825 

h m  r 

Final value of AL, Aden-Suez, being the mean of the above = o 49 42- 813 

Apparent 
Difference of 

Longitude 

~ L N  - 
D + AT, - AT, 

h m  r  

04938'.321 

38.238 

37'484 

37'419 

36.828 

36.732 

36.256 

36.191 

35 893 

35.853 

35'689 

35.664 

Moan 

Instru- 
mental 
Positlon 

E Clock Deduced 

Clock Corrections 

h m  r  

o 49 42.721 

42.790 

42'772 

42.868 

42.876 

42 ' 949 

42'727 

42.841 

42.855 

42,920 

42 ' 765 

42.884 

o 49 42.831 

at Epoch 

for 

E Clock 

AT, 

h  m  r  

16 41 4 

18 18 45 

1 6 4 0 1 1  

18 18 33 

16 41 6 

18 16 28 

16 46 o 

18 9 58 

16 41 9 

18 16 58 

1 6 5 1  5 

18 18 52 

Correction 
as by Stam 
of No1 th 
Anpect 

"0 Hourly 

Correction 
mental 
Position 

Tg 

for 

W Clock 

AT, 

Correction 
as hy Stare 
of NodL 

Anpect 

r  

- 4.581 

4'6.31 

5'557 

5'654 

6.660 

6.714 

7'883 

7.900 

9.158 . 
9'274 

10.787 

10.880 

Time 
(by Eclock) 

r 

- 8.981 

9'18.3 

10'845 

1l . lo3 

12.708 

12.931 

14'334 ' 14.550 

16.120 

16..311 

17'863 

18.100 

Hourly 
Rote 

Correction 

rw 

r  

- 8.978 

9'173 

10.844 

11.099 

1z.705 

12.922 

14.344 

14'542 

16.117 

16.335 

17'874 

18.091 

I. P. E. 

,I 

,, 
,I 

I, 

11 

Z.P. W. 

3, 

I, 

,, 
,t 

,I 

r  

- 4'582 

4.635 

5.558 

5,656 

6.661 

6.717 

7.887 

7'904 

9.160 

9.278 

10.778 

10.887 

h m r  

16 42 59 

18 25 20 

16 41 13 

18 2 1  39 

16 43 I 

18 22 4 

16 52 48 

18 1s 35 

16 43 5 

18 21 42 

16 43 6 

18 25 28 

h m r  

16 39 8 

18 12 9 

16 39 8 

18 15 27 

16 39 10 

18 10 51 

1 6 3 9 1 1  

18 4 2 0  

16 39 13 

18 12 13 

16 59 3 

18 rz 15 

r  

- 0.088 

-082 

-091 

-086 

.080 

-082 

i - 0.037 

-042 

'031 

'039 

'055 

-065 

Z.P. B. 

I I  

1) 

II 

99 

81 

1.P.W 

$1 

I I  

II 

98 

81 



4x2 ELECTEO-TELEGRAPHIC LONGITUDES. 

Deduction of the Apparent Dzflerence of Xongitude, AL, and the Retardation of Signals, p. 

Nm.-Lieut.-Colonel Campbell obsorved at  W on December 2nd, a h ,  5th and 7th. Major Heavieide observed at  W on December 6 t h  8 t h  9th d 11th. 
Msjor Strahan observed a t  E throughout. 

JALPAIGURI (E), AND FYZABAD (W) 

Finally AL = 26 22.986 

p = + 0.124 

Astronomica1 

Date 

1882 

December 2 

,I  # I  

11 4 

II 11 

11 6 

SI 18 

II 6 

19 I I  

11 7 
18 I I  

11 8 

11 Y I  

II  9 
II  

11 11 

I) I, 

By Transits at both Stations 
with the same Clock 

Apparent Difference of 

Longitude by Stam of North Aspect 
by Observations with 

E Clock - 8LN - p 

0 )  8 

26 22.701 

...... 
23'0g5 
23.141 

22-783 

22.742 

22.861 

23.015 

22'737 
12.837 

22.861 

22.938 

22.781 

22.841 

22'931 

23 '003. 

26 22.765 

22.981 

26 22'873 

In- 
strumentnl 

position 
at  

both 
Stations 

I.P.B. 

'I . 
I.P.W. 

II 

I.P.E. 

I I  

I.P.W. 

I 

I.P.E. 

I I  

I .  

~9 

I.P.E. 

w 

I.P.W. 

$I 

W Clock 

' a h  + P  

II) r 

26 22.988 

23'0Z7 

23 '414 

23'391 
23.061 

23-01 2 

23' 167 

23'274 

23'&4 
23.041 

23-2 j6 

23.183 

23'037 

2.3 '057 

23.127 
, 23.129 

26 23.036 

93 ' 243 

26 23.140 

( A .  

Mean of daily mean values for inetrumentsl position I. 1: E. at both stations 

11 I I  I. P. W. ,, 

General Means 

8LN 26 13-006 

('N - C ~ )  + (% - = N )  

2 
- - 0.013 

AL, - 26 ~2'99.1 

aL, - 26 22.958 

( ' 0 - ' 8 )  + ( ' ~ - ~ 8 )  - + o.022 - 
2 

AL, = 26 22-980 

m r 
AL = 26 22-987 

p = + 0'134 

By Clock Comparisons 

26 21-893 

zj.111 

26 23'002 

m r 

Epoch 

by 
E Clock 

Tn 

h m  r 

...... 

...... 
4 51 29 

5 11 44 

4 51 29 

5 11 43 

4 51 14 

5 12  23 

4 50 26 
5 12  az 

4 50 24 
5 12  21 

4 50 23 

5 1 2  19 
4 50 20 

5 12 16 

Whence ... ... ... ... ... 6Lx = 26 a3.002 

+ 4 9, 
Correction for Relative Personal Equation, ('N - 'N ) ( - *N ) - - 0.OOg 

7 

AL, - 26 22.993 

Again ... ... ... ... ... 6Lg = 26 22-950 

+ 4 Y, - H a )  
Correction for Belatire Peraonal Equation, ('8 - C~ ) ( - + 0.024 

7 

AL, 26 22.974 

m r 
Whence AL = + (AL, + AL, ) = 26 22.984 

p = + 0'114 

))I I 

Corrected 
Difference of 

Observed Times 
at  Epoch TB 

Reduced to Stars 
of North Aspect 

MN 

m r 

...... 

...... 
- I 52.706 

52.710 

54.862 

55'006 

56'558 

56.599 
58.691 

58.705 

2 0.454 
0.486 

2.669 

2.650 

6.418 

6.326 

Deduced 

Clock Difference 

D 

at Epoch 

TB 

m r 

...... 

...... 
28 15'944 

15'980 

17.800 

17.824 

19.688 

19'717 
21.605 

21.640 

23.501 

23'53' 

25'5 19 

25.552 
29.380 

29.416 

Apparent 
Difference of 

Longitude 
by Slars of North 

h p e c t  
6L, - D + M, 

m r 

...... 

...... 
26 23.238 

23,160 

22,938 

21.818 

23.130 

23.118 

22.914 

22.935 

23 '047 

23'045 
22.850 

22.902 

22'962 

23'0gO 



REVISED ABSTRACT OF RESULTS O F  ALL OBSERVATIONS. 4x3 

Deduction of the Apparent Diference of Zongitude, AL, and the Betardatwn of Sigmle, p. 

JALPAIGURI (E), AND CALCUTTA (W) 

Finally AL = I 30.290 

p = -k 0'045 

AotronOmid 

Data 

1882-88 

December 21 

PI I I  

11 26 

#1 ( 9  

*I 87 

8) o 

s9 28 

S¶ ,I 

31 29 

n IS 

January B 

n )I 

By Transits a t  both Stations 
with the same Clock 

Apparent Difference of 

Longitude by Stsm of North Aopect 
by Obeemtiona with 

E Clock 

- a h - p  

an 8 

1 30'507 

3 0 . 5 1 ~  

29.881 

19'954 

30'559 

30'505 

29.904 

30'010 

30'534 

30'490 

29' 964 

30'023 

I 30'518 

29.956 

I 30.237 

In- 
atmmental 

Position 
at  

both 
Station8 

I. P. W. 

IS 

I. P. E. 

11 

I. P. K 

# I  

I. P. E. 

8)  

I. P. W. 

11 

I. P. E. 

I I  

W Clock 

- a h  + P  

m J 

I 30.526 

30,603 

'9'943 

30m053 

30'637 

30'597 

30'03 I 

30'033 

30.638 

30.635 

30-031 

30.078 

' I 30.606 

30.027 

1 30'317 

Mean of daily mean valuea for inrtmmental position I. P. W. at both stations 

98 II I. P. E. I )  

Qeneml Means 

m J m a 
8% - I 30.277 

8, - HN - + 0.017 

ALN - I 30-294 

8Lg - I 30.276 

Bs - Ha - + o.og5 

aLS 1 1 30.311 

m 8 

AL = I 30.303 

p = + 0.040 

1 30'54'1 

19'954 

I 30.251 

Whence ... . . . ... 8& - I 30.251 

Correction for Eelatire Personal Equation, . - Hs - + 0.017 

AL, I 30.268 

Again ... ... ... 8Lg - I 30.250 

Correction for Relative Pereonal Equation, 8, - Hg - + 0.035 

AL, a I 50.285 

m J 

Whence AL = 4 (AL, + AL,) = I 30.277 

p = + 0.050 

01 a 

Apparent 
Difference of 

Longitude 
by Btara of North 

Aspect 
8 % - D + M ,  

m a 

1 30'589 

30.575 

29.950 

29'970 

30.540 

30'598 

29'913 

"9'9'9 

30'497 

30'483 

3O'=J"5 

29'967 

By Clock Comparisons 

Deduced 

Clock Difference 
D 

at Epoch 

TR 

m r 

1 3'937 

1'936 

0'822 

0.819 

0.141 

o- 132 

0 59'515 

59'5'4 

59'015 

59'018 

56.041 

56.038 

. gpooh 

by 

Tn 

h m  a 

5 18 33 

33 51 

16 55 

31 21 

'7 41 

33 58 

17 38 

34 46 

17 35 

33 52 

17 23 

33 40 

Corrected 
Difference of 

Oherred Time8 
at Epoch T, 

Reduced to Otom 
of Nortli Aopect 

MN 

m a 

+ o 27.652 

27'639 

a9.128 

19'151 

30'399 

30.466 

30' 398 

30'405 

31'471 

31'465 

33' 964 

33'939 



1 

ELECTRO-TELEGRAPHIC LOhTGITUDES. 

Deduction of the Apparent Dzfereme of Zongitzcde, AL, and the Retardation of Signals, p. 

h 

- 
CIIITTAOONG (E), AND JALPAIGURI (W) 

p  = + 0.113 

Aetronomical 

Date 

1 883 

January 12 

11 11 

II 18 

II IJ 

II 14 

11 I I  

11 15 

n ]I 

I I  17 

11 11 

II 18 

# I  )I 

By Transits at both Stations 
with the same Clock 

Apparent Difference of 

Longitude by Stars of North Aspect 
by Obaervntions with 

E Clock 
" 8Lx - p 

m r 

12 24.977 

24'971 

24'520 

24'514 

24.957 

14'964 

24.486 

24.513 

24.909 

24.892 

24'533 

24'492 

12 24'945 

24.510 

12 24.728 

In  - 
s t m e n t a l  

poa;tion 
at  

both 
Station8 

I. P. 6. 

81 

I. P. W. 

11 

I. P. E. 

I,  

I. P. W. 

81 

I. P. E. 

I )  

I .P .  W. 

81 

W Clock - 8LN + p 

ms c 

12 25'135 

25' 130 

24.680 

24'840 

25 '093 

25'198 

24.842 

24'767 

25'154 

25 - I 92 
24.772 

24.8~ 

la 25.150 

34 - 789 

12 24'970 

Mean of daily mean valuea for instrumental position I. P. E. a t  both stations 

11 I I  I. P. TP. 11 

General Means 

m r m 
6Ln = 1 2  24.849 

Hn - 5, - - 0.017 

AL, - 12 24.832 
8% = 1 2  24.829 

Hg - Sg - - 0.035 

AL, - ra 24.794 
m 8 

AL = 12 24.813 

p  = + 0'121 

- 

By Clock Comparisons 

12 25.069 

24.640 

12 24'855 

Whence .. . ... ... 8LN = 12 24.855 

Correction for Relative Personal Equation, H, - 8, - - 0.017 

AL, - 12 24.838 

Again ... ... ... 8Lg = 1224'835. 

Correction for Relative Pemonal Equation, H, - 8, - - 0-035 

AL, - 12 24.800 

m r 
Whence AL = 4 ( A L ,  + AL, ) = IZ 24.819 

p =  + 0.104 

m r 
Finally AL = 12 24.816 

Epoch 

by 

TE 

A m r  

7 27 21 

5I 59 

27 20 

51 12 

37 6 

51 1 1  

27 5 

51 9 

17 I 

52 8 

26 59 

51 4 

Deduced 

Clock Difference 

D 
a t  Epoch 

T~ 

ms 8 

13 1'738 

1.7~9 

4.260 

4'309 

6'927 

6.962 

9'489 

9'530 

, 14'419 

14'467 

16.786 

16.831 

Corrected 
Difference of 

Observed Times 
a t  Epoch TP 

Reduced to Gtarn 
of North Aspect 

M, 

m r 

- o 36.610 

36'f48 

39'613 

39'691 

41 -872 

41'935 

44'795 

44'868 

49-41) 

49'297 

52.126 

52'270 

Apparent 
Difference of 

Longitude 
by Btan of North 

Ae.pect 
8LN - D + IdN 

tn r 

IS 25.128 

25'021 

24.647 

24.618 

25"=55 

25.027 

24.694 

24.661 

25.012 

25.170 

24.660 

24.561 



REVISED ABSTRACT OF RESULTS OF ALL OBSERVATIONS. 415 

Deduction of the Apparent Diference of Longitzcde, AL, and the Retardation of Signals, p. 

CHITTAGONG (E), AND CALCUTTA (W) 

I m J 

Finally AL = 13 55.145 
p = + 0.061 

btmm0micd 

Data 

1883 

January 28 

I Y  JY 

IJ 24 

YI JI 

IY 25 

YI YY 

YI 26 

Y Y  YY 

JI 28 

91 Y Y  

II 29 

YY YY 

YI 80 

YY I Y  

By Transits at both Stations 
with the same Clock 

Apparent Difference of 

Longitude by Stars of North hpec t  
by Obsemstions with 

E Clock 
0 8LN - p 

m J 

13 55'036 

54.9'9 

55 ' 163 

55'323 

54'915 

54.883 

55.227 

55'349 

55'035 

55.071 

55.221 

55 '141 

55'057 

55'003 

13 54'990 

55'971 

13 55.131 

In- 
strumental 

Position 
at 

both 
stations 

I. P. W. 

I S  

I. P. 6. 

n 

I. P. W. 

YY 

I. P. E. 

YY 

I. P. W. 

JY 

I. P. L 

YY 

I. P. W. 

IY 

W Clock - 8LN + p 

m r 

13 5j.001 

54-91' 

55'4O3 

55'434 

55'040 

55.014 

55'335 

55'3i6 

55- 161 

55' '44 

55'378 

55'365 

55'178 

55.150 

13 55'083 

55'38a 

13 55'233 

m J 

Mean of daily mean valuea for instrumental position I. P. W. at both stations 

JJ Y I  I. P. 6. YI 

General Means 

m 8 
8LN - 13 55'182 

HN - 8, - - 0.017 

ALN = 13 55.165 

QLB - 13 55.171 
HE - Be - - 0.035 

AL, - 13 55.137 
m J 

AL = 13 55-15' 
p = t 0.051 

By Clock Comparisons 

13 55'017 

55'323 

13 55'170 

Epoch 
by 

TB 

h m r  

8 o 26 

I7 34 

a 10 

19 4 

1 5  

19 24 

2 5 

19 37 

1 58 

19 32 

1 55 

'9 30 

I 51 

'9 27 

Whence ... .. . ... 8LN- 13 55.170 

Correction for Relative Personal Equation, EN - S - - 0.017 

A% c. 13 55'153 

A& ... ... ... EL, - 13 55.160 

Correction for Relative Penonal Eqution, H, - a, - - 0.035 

A%, ' I3 55.125 

m J 

Whence AL = 4 (AL, + AL, ) = 13 55.139 
p = + 0.071 

Corrected 
Difference of 

Obsened Times 
at Epoch TE 

Reduced to Stare 
of North Aepect 

MN 

m J 

- 0  4'734 

4'T24 

0.881 

0'847 

+ 2'973 

1-33'' 

6.094 

6. a01 

12.430 

12.463 

rgSjao 

'5'315 

17.661 

17'748 

Deduced 
Clock Dllerence 

D 
at Epoch 

Tx 

m J 

13 59'698 

59'670 

56.271 

56.228 

52.650 

51.615 

49' 1 25 

49'089 

42- 642 

42.606 

. 40-026 

39 ' 993 

37.421 

37'386 

Apparent 
Difference of 

Longitude 
by Stars of North 

Aspect 
8LN - D + M, 

m J 

13 54'964 

54'946 

55'390 

55'381 

54'923 

54'945 

55'2'9 

55'291 

55'072 

55-49 

55 '346 

55'308 

55'082 

55.134 



416 ELECTEO-TELEGRAPHIC LONGITUDES. 

Deduction of the Apparent Dzf ireace of I;o?~gitade, AL, and the Retardation of Signak, p. 

CALCUTTA (E), AND FYZABAD (W) 

p = + 0.067 

hetronomical 

Dste 

1883 

February 8 

II IS 

11 o 

I1 I1 

I* 10 

9, IS 

II 11 

#I IS 

P, 18 

*I 11 

IS 14 

YI IS 

By Transits at both Stations 
with the same Clock 

Apparent Difference of 
Longitude by Stars of North A q w t  

by Observstiom with 

-ah - P  - aL, + 

A 8  

I n  - 
strumental 

po8ition 
a t  

both 
Stations 

I. P. E. 

II 

I .P .V .  

I, 

I . P . E .  

II 

I . P . W .  

st 

I. P. E. 

II 

I.P.W. 

II 

b) 8  

Mean of daily mean values for instrumental position I. P. 6. st both stations 

I) #I I. P. TP. rn 

General Means 

m r 

By Clock Comparisons 

a4 52.805 

- 52.549 

34 ~"677 

I wad 

Whence ... ... ... ah ' 24 52.677 

Correction for Belatioe Personal Equation, H,, - S,, - - 0.017 

AL, - 24 52.660 

Again ... ... ... ... 8L, - a4 52.682 

Correction for Belative Personal Equation, Ha - Sg - - o. 035 

AL, - 24 51.647 

m J 

Whence AL = 4 (AL, + AL, ) = 24 52- 654 

p = + 0'075 

(I) J 

Finally AL = 24 52.661 

a4 52.831 

53'743 

52-520 

52.543 

5amfaa 

52'775 

52-501 

52'457 

52'771 

52'724 

52.478 

52'532 

a4 52.761 

52'505 

34 52.633 

Epoch 

by 

T, 

h r b  J 

9 41 32 

10 I 38 

9 38 55 

...... 
9 37 18 

xu 1 11 

9 41 30 

lo 1 36 

9 41 a9 

10 1 35 

9 41 28 

1 0  1 35 

14 52.851 

52.888 

...... 

...... 
5s-881 

52'799 

52.678 

53'674 

52'858 

52'808 

5a.586 

52.661 

a4 52.8q8 

42.650 

24 52'749 

Deduced 

Clock Difference 

D 

at Epoch 

TE 

b ) ;  

2.096 

a'oax 

33 56.919 

...... 
51'992 

51.913 

47'@ 

47'381 

40.018 

39'967 

36'391 

36'342 

I Corrected 
Difference of 

Observed Tuner 
Bt Epoch TI 

Reduced to Btam 
of North A~pect  

MN 

m 8  

+ o jo'7ro 

50.812 

55.632 

...... 
I 0.811 

0.892 

5.104 

5'154 

1a.741 

11'855 

16.182 

r6.192 

m J 
8L, - a4 52.691 

Hx - 8, - - 0.017 

A& - 24 53'674 
8Lg - 24 52.696 

HB - sg - - 0'0j5 

AL, - 24 52.661 
m J 

AL = 24 52.668 

. p = + 0.058 

Apparent 
Difference of 

Longitude 
by Gtanr of North 

Aspect 
8L, - D  + M, 

b) J 

24 52.806 

52'833 

~"551 

a,.... 

52.803 

5a.805 

52'552 

52.535 

52'759 

52.822 

52'573 

52'534 
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@eductwn of the Appcwent Diference of Longitade, AL, cMtd the Retardation of Sigrtals, p. 

CALCUTTA (E), AND JUBBULPORE (W) 

dstronomical 

D& 

1883 

Februuy 22 

n IS 

ID 28 

DS D D  

11 24 

8s DI 

n 28 

D) D D  

March 2 

D D  II 

11 3 

n ID 

In- 
strumental 

position 
s t  

both 
Btations 

I. P. W. 

ID 

I. P. E. 

DI 

I. P. TP. 

ID 

I. P. E. 

ID 

I. P. TP. 

91 

I. P.E. 

SD 

33 37'671 

37.934 

33 37'803 

0 8 

Mean of daily mesn valuer for instrumental p i t i o n  I. P. W. at both statiom 

ID $1 I. P. 3. ID 

General Meanr 

By Clock Comparisons By Transits at both Stations 
with the same Clock 

Apparent Differenoe of 

Longitude by Btam of North A p t  
by Obaemtions with 

n 8 

33 31-59' 

3Sm84 

33 37'720 

Whenoe ... ... ,.. ~ L X  - 33 37.720 

Correction for Belatire Personal Equation, H, - & - - 0.017 

A h  - 33 37'703 

A& . ,a*  I.1 ,.. aLs - 33 37'725 

Camtion for Belstire Personal Equation, Hg - 8g - - 0.035 

AL, - 33 37'690 

n 8 

Whence AL = f (AL, + AL,) = 33 37.697 

p = + 0.091 

Epooh 
by 
'lock 

T, 
. 

E Clock 

- a h - P  

33 37'540 

37'770 

33 37'655 

- 33 37'729 

H, - 8, - - 0.017 

ALN - 33 37'719 

- 33 37'734 

H, - 8, - - 0.035 

AL, - 33 37'699 

n 8 

AL = 33 37.706 

P = + 0'074 

Deduced 

Clock Difference 

D 
at Epoch 

TE 

Corrected 
Difterence of 

Observed Timer 
at Epoch TE 

hduced to Stars 
of North Aspect 

M, 

h m  8 

io  o 17 

16 18 

o 16 

16 17 

0 15 

'7 49 

0 9 

16 10 

0 7 

16 8 

...... 
18 13 

W Clock 
- % + p  

n I 

Finally AL = 33 37'702 

p =  + 0.083 

Apparent 
Difference of 

Longitude 
by Btars of North 

Aspect 
a ~ ,  - D + M, 

)I) 8 

- 0 7'574 

7'509 

10'492 

10.49 

13'647 

I3.793 

29' 155 

19.219 

35'750 

35'639 

...,.. 
38.617 

tn 8 0 8 Wl 8 

33 45'095 33 37'521 33 37'547 

45'135 37.512 

48.282 37'702 

48'319 37'742 

51.285 37'584 

51'328 37.524 

34 7'025 37' 741 

7'064 37'720 

13.295 37.571 

13.316 37'501 

,. .... .....a 

16'492 37'856 
P 

m 8 

33 37'670 

37'728 

37.816 

37'900 

37'759 

3 7 ' ~ ~ ~  

37'969 

37'974 

37'615 

37'692 

37'890 

38,052 
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Deduction of the Apparent Diflkrewe of Longitzcde, hL, and the Betnrdcctiolt of Signal8, ,p. 

By Transi's at both Stations 
with the Rame Clock 

Apparent Difference of 
Longitude by Stars of North hpect 

by Obserrntionr with 

E Clook 
- a h - P  - aL, + 

A 8 

I w__L 
QI 8 

8 45'237 8 45-260 

45'176 45'W 

44'836 44.963 

44'911 44'98'5 

45 ,101 45' 243 

45'107 45'223 

44'918 44'980 

44.813 44'993 

45'187 45'331 

45 ' 201 45'Y7 

44'785 44'953 

44'870 44'997 

45 ' 146 45'257 

45' 138 45.260 

8 45.162 8 45'258 

44'857 44'979 

8 45.010 8 45.119 

A I 
8L, = 8 45.064 

E - = - 0.017 

A h  - 8 45'047 

6LB = 8 45.061 

Hg - Be = - 0.035 

ALg - 8 45'026 

rn J 

AL = 8 45.037 

p =  + 0.055 

FYZABAD (E), AND JUBBULPORE (W) 

p = + 0'052 

&tronomical 

Dab 

1883 

March 14 

SI JI 

38 26 

w 83 

n 16 

n n 

n 17 

#a n 

8# 18 

n IJ  

Y 19 

o n 

18 20 

n I) 

In- 
atmmentd 

Pomtion 
a t  

both 
Btationa 

I.  P.E. 

n 

1 . P . T .  

a )  

I. P. 6. 

1) 

I. P. W. 

as 

I. P. E. 

31 

I.P.W. 

n 

I .P.E.  

n 

Yean of daily mean valuer for imtmmentel @tion I. P. E. & both thtionr 

n n I. P. 7. n 

General hIeans 

(1) 

By Clock Comparisons 

8 45.216 

44'915 

8 45.071 

6 

E ~ o o h  

by 
E Clock 

TB 

h a *  
10 48 27 

11 14 58 

10 50 39 

11 13 4 

10 50 44 

11 13 9 

10 50 50 

11 lo 40 

10 50 55 

11 12 21 

10 51 I 

11 12 27 

10 51 6 

11 13 31 

Whence ... ... ... 8 8 45.071 

Correction for Relatire Perwnal Equation, Hx - Ex - - 0.017 

A = 8 45'054 

Again ... ... ..* 8L, - 8 45.068 

Correction for Belatire P a w d  Equation, Ell - B E  = - 0.035 

A$ 8 45.033 

QI . 
Whence AL = 4 (AL, + AL,) = 8 45.043 

p =  + 0.048 

m .  
Finally AL = 8 45 -040 

Apparent 
Difference of 

Longitude 
by Btars of North 

Aspect 
8L, = D + M ,  

m r 

8 45'251 

45 ' 247 

44'9a7 

44'911 

45 ' 144 

45'189 

45'010 

44'935 

45'211 

45 ' 249 

44'898 

44.868 

45'179 

45 ' 2-48 

Corrected 
Difference of 

Obae-ed Times 
at Epoch TB 

Reduced to Stars 
of North Aspect 

MXi 

A ;  

- o 23'921 

14'073 

31 '919 

32'047 

39'208 

39'275 

4fmo65 

47'237 

54.~~3 

54'641 

I 2'354 

2'494 

9'578 

9'6~3 

Dduced 
Clook Difference 

D 
at Epoch 

TB 

m 8 

9 9'171 

9.310 

16.846 

16.958 

24'351 

24'464 

32'075 

32.172 

39'780 

39'890 

47'152 

47'361 

54-75? 

54'871 
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Dedolctios of the Apparent Dzyerence of Zongitude, AL, and the Retnrcksth of Signale, p. 

FYZABAD (E), AND AGRA (W) 

htronomioal 

Dete 

1883 
Moxh 28 

11 SJ 

31 29 

n )I 

JS 80 

n o 

I1  81 

PD ID 

April 8 

9s 81 

ID 4 

II n 

By Transits a t  both Stations 
with the same Clock 

Apparent Difference of 
Longitude by Stars of North Bspect 

by Observations with 

E Clock - 8 1 ~ ~  - p 

m 8 

16 27'988 

27'959 

27'925 

27'883 

28.033 

28'028 

~ 7 ' 7 ~ 9  

27.780 

28'031 

28.083 

2 ~ ~ 8 2 5  

27.796 

16 28.020 

27.830 

16 27'925 

Whence AL = 4 (AL, + AL, ) = 16 28.005 

p = + 0.038 

In- 
strumental 

posit;,, 

a t  
both 

Stntioxu 

1.P.E. 

ID 

Z.P.W. 

13 

I .P .E .  

I# 

L P . n ?  

ID 

I . .  

11 

I.P.W. 

ID 

W Clock - 8L, + p 

0) J 

16 28.116 

28.131 

...... 
a7.971 

28.201 

28.202 

27'937 

27'963 

18'134 

28'273 

27.9" 

27'923 

16 28.176 

17'945 

16 28.061 

AL = 16 27.984 

p =  + 0.068 

&an of daily mean values for instrumental position I. P. 4 st both atations 

DD ID I. P. W. ,, 

General Means 

9ll  8 fn 8 

aLN - 16 27'993 

H, - S x  g + 0.007 

AL, 16 ~8.000 

BL, 16 28.025 

H, - Bg - - 0.058 

aLB = 16 27.967 

fn J 

fn J 

F i n d y  AL 5 16 27 995 

P = + 0.053 
- -  -- - 

By Clock Comparisons 

16 08.118 

27.910 

16 28.014 

Epoch 

by 
C1ook 

T. 

h m  
11 58 32 

11 1 7  23 

11 59 58 

1 2  18 24 

11 58 10 

12 17 56 

11 57 0 

" '17 39 

11 58 56 

11 17 55 

11 59 5 

12 18 I 

Whence ... ... .. . tLx - 16 28.014 

Uorrection for Belative Personal Equation, Hx - a + 0.007 

AL, - 16 28.0~1 

dgain ,.. ... ... ... tLg - 16 18'046 

Correction for Belative Penonnl Equation, Hg - Sg - - 0.058 

AL, - 16 27-988 

. fn J 

Apparent 
Difference of 

Longitude 
by Stcua of North 

bpec t  
8 L ,  - - D + M ,  

0 )  8 

16 28-070 

28.112 

17'974 

27.906 

28.068 

28.137 

2'1'905 

27'878 

28.112 

28.200 

17.926 

27'874 

Corrected 
Difference of 

Observed T~mes 
at Epoch TE 

Beduced to Stars 
of North Aspect 

M N  

a 8 

+ o 20-591 

20.645 

21.260 

11.214 

22.328 

22'399 

22'731 

22'729 

25'639 

25 '747 

26.601 

26.573 

Deduced 

Clock Jmerence 

D 
at Epoch 

TE 

fn J 

16 7'479 

7'467 

6'714 

6.691 

5'740 

5'738 

5'I74 

5'159 

2 '483 

2'453 

1'325 

1.301 



4g0 ELECTRO-TELEGRAPHIC LONGITUDES. 

. Dedwction of the Apparent Darereme of Longitude, AL, and the Retardation of S47rtal8, p. 

AKYAB (E), M D  CALCUTTA (W) 

p =  + 0.063 

hetronomicsl 

Dat8 

1888 

November 27 

11 11 

December 8 

I1 SI 

I I  9 
11 )I 

II 10 

11 31 

IS 11 

II 1s 

1) . 12 

11 11 

11 18 
II I)  

IS 14 

n n 

By Transit. at both Stations 
with the same Clock 

Apparent Difference of 

Longitude by Stan of North hpact 
by Oboemations with 

E Clock - tL, - p 

I)) J 

18 9'639 

9.652 

9'366 

9'351 

9'055 
9- 182 

9.188 

9'142 

9'438 

9'513 

9'458 

9'520 
9.118 

9' 266 

9.200 

9'295 

18 9.561 

9'424 

9'155 
9.206 

18 9'337 

W Clock - tL, + p 

I)) 8 

18 9'799 

9'829 
9.426 

9'463 

9'187 
9.218 

9'397 
9'3=' 

9'716 

9'7x0 

9'556 

9'619 

9'328 

9'318 

9-39' 

9'333 

18 9'764 

9'516 

9.165 

9'356 
- 

18 9'475 

A J 

IkIean of daily mean vdum for krstrnmentd p i t i o n  I. P. E. at both stations 

JS 11 I. P. W. at E Station and I. P. E. at W Station 

n 13 I. P. W. at both stations 

11 n I. P. E. at E Station and I. P. W. at W station 

General Means 

m I 

Instrumental 
Position 

at 

tL, - 18 9.406 

H,-8, - + 0.008 

AL, - 18 9'414 

tL,, - 18 9'378 

Ha - Be - - 0.029 

ALg '. 18 9'349 

(II 8 

AL = 18 9-382 

p  = + 0.069 

By Clock Comparisons 

18 9.701 

9.482 

9'246 

9.2s8 

18 9'431 

1 

I. P. 6. 

11 

I. P. W. 

19 

,, 
81 

I. P. E. 

9s 

,, 
n 

I. P. W. 

II 

,, 
19 

I. P. E. 

1s 

Epoch 
by 

TB 

h m  8 

4 23 I$ 

41 41 

5 '5 51 

29 31 

15 51 

29 31 

15 52 

29 31 

15 5' 

29 32 

'5 52 

29 31 

15 53 

29 33 

I5 53 

'9 32 

Whence ,.. ... ... tL, - 18 9.432 

Correction for Belatire P e m d  Equation, HE - 8, - + 0.008 

AL, - 18 9'440 

Again ... ... ... ... tLg - 18 9'404 

Correction for Belatire Personal Equation, H, - 8, - - 0'029 

AL, = 18 9'375 

m 8 

Whence AL = 4 (AL, f AL,) = 18 9.407 

p  = + 0.056 

m a 
Finally AL = 18 9.395 

W 

I. P. E. 

1s 

11 

I . P . K  

11 

11 

11 

I. P. B. 

18 

,, 
IS 

I. P. W, 
11 

,, 
11 

Corrected 
Difference of 

Obsemed Times 
at Epoch TE 

Reduced to Stam 
of North Aspect 

M, 

m 8 

+ o 11.036 . 
11 -079 

17.662 

'7'758 
18.356 

18.308 

18.868 

18'944 
19'151 

19.218 

18.648 

18.821 

18.037 

18.038 

17'777 

17'923 

Deduced 

Clock Difference 

D 

at Epoch 

TB 

m I 

17 58.767 

58 767 

51'738 
51.726 

50.877 
50.866 

50'354 

50'349 

50.392 

50'392 

50'784 

50'789 
51'251 
51.250 

51.488 

5 I -488 

Apparent 
Difference of 
Longitude 

by Stam of North 
h p e c t  

8% -U + M, 

I)) 8 

18 9'803 

9 ' 846 

9'400 
9 - 4 4  

9'233 

9'174 
9'222 

9'293 

9'543 
9.610 

9'432 
9.610 

9.288 

9'288 

9.265 

9'41 I 
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Dedwtwn of the Apparent Diference of Longitude, AL, and the Retardation of Signals, p. 

AKYAB (E), AND CIIITTAGONG (W) 

p =  + 0.036 

Aatronomid 

Date 

1883-84 

December 26 

11 PI 

#I 27 
11 11 

n 28 

n 11 

I) 29 

I1 91 

IS 80 

11 11 

January 2 

1) 11 

IS 8 
11 I) 

11 4 

11 9s 

By Transits at both Stations 
with the same Clock 

Apparent DBerence of 

Longitude by Stam of North Aspect 
by Observations with 

E Clock - a ~ ,  - p 

m 8 

4 14'461 

14'403 

14'297 

14.331 
14.081 

14.046 

13'986 

14'040 

14'353 
14'328 

14.311 

14'34'3 

13'940 

13'993 
14'095 
~ q . r q r  

4 14'386 
14-32s 

14.015 

14.066 

4 14.197 

W Clock - a ~ ,  + p 

m J 

4 14'534 
14.518 

14'375 

14'375 
14.107 

14'113 

14'095 
14' 163 

14'384 

14'374 

14'384 
14.381 

14.046 

14.019 

14'194 
14.196 

4 '4'455 

14'379 

'4'074 
14.162 

4 14.268 

m a 

Mean of daily mean raluea for instrumental position I. P. E. at both atations 

IS 18 I. P. U? at E Station and I. P. E. at W StaLion 

JS JS I. P. W. s t  both stations 

n n I. P. E. at E Station and I. P. W. s t  W Station 

General Meanr 

m 8 

Instrumental 

Position 

at 

a h  4 14.r3a 

HN - 8, + 0.008 

A h  " 4 14'240 

8% - 4 14.280 

H,, - - - o*o29 

ALE 4 14.251 

m J 

AL = 4 14'246 

p = + 0.036 

By Clock Comparisons 

4 '4'439 

14.360 

14'053 
14. 126 

4 14.245 

1 

I. P. E. 

11 

I. P. W. 

II 

,, 
1s 

I .P .E .  

11 

,, 
1s 

I. P. W. 

)I 

,, 
11 

I. P. 3 .  

11 

Epoch 

by 
'lock 

TB 

h m  J 

5 51 16 
6 6 32 

5 51 15 
6 6 32 

5 51 14 

6 7 39 

5 51 I3 
6 6 30 

5 51 13 
6 5 21 

5 5' 11 

6 6 28 

5 51 10 

6 6 27 

5 5' 9 
6 6 a6 

Whence ... ... ... aLR I 4 14.245 

Correction for Belstive Penonal EqnsLion, Hs - 8, + 0.008 

- 4 14'253 

A@U ... ... ... aLg = 4 14.293 

Correction for Relative P e m d  Eqnstion, H,, - 8,, - 0-029 

AL, - 4 14.264 

m J 

Whence AL = 4 ( AL, + AL, ) = 4 14- 258 

p = + 0.036 

m J 

Finally AL = 4 14.252 

W 

I. P. E. 

I D  

,, 
IS 

I.P.W. 

II 

. ,, 
11 

I. P. E. 

11 

,, 
I) 

I .P.W.  

19 

PI 

IS 

Apparent 
Difference of 

Longitude 
by Stam of North 

Aspect 
aL, - D + M, 

A J 

4 14.514 
14.522 

14'394 

14'356 
14.124 

14.114 

14'109 
14-104 

14'318 

'4'390 

14.346 

14'344 

13'952 
14.021 

14' 175 
14.117 

Corrected 
DlfEerence of 

Observed Times 
s t  Epoch TE 

RBduced to Btara 
of North Aspect 

M , 
m a  

+ o 16.488 

16.608 

25'808 

25'872 

35.208 

35'321 

44'927 

45'032 

54' 797 

54'955 
I 25.046 

25-156 

34'657 

34'834 

44'732 

44'791 

Deduced 

Clock Difference 

D 
at Epoch 

TE 

m 8 

3 58.026 

57'914 

4'3.586 

4'3.484 
38.916 

38.793 
29- 182 

zgmo7a 

19.531 

19'435 

2 49.300 
49' 188 

39' 295 

39' 187 

29'443 
29.326 
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Deduction of the Apparent Dzference of Zongitude, AL, and the Retardation of Signals, p. 

Batmnomical 

Date 

1084 

January 21 

,, 9 s  

II 22 

ss ,, 

II 23 

SJ ,, 

II 24 

19 ,, 

,, 25 

II ,, 

IS 26 

11 ,, 
II 29 

IY ,, 
1, 80 

o ,, 

I. P. 

Astronomical 

Data 

1084 

February 8 

,, I, 

8 ,  

81 IS 

n 9 

I, ,I 

9 s  ,, 
I# I9 

IJ 12 

IS 91 

II Is 

IS ss 

8 s  18 

ss I, 

91 ,, 
8 ,  I, 

I. P. W. at E Station and 
I. P. E. at W Station ] 
I. P. W. at both stations 
I. P. E. at E Station and \ 
I. P. T. at W Station ) 

General - -  Means 

PROJIE (E), AND 

Instrumental 

Position 

at 

l W  

CHITTAGONG (W) 

Apparent Difference of 

Longitude by Stars of North Aspect 

I. P. W. 

I. P. E. 

,, 
I. P. W. 

I, 

I. P. E. 

,, 

I. P. W. 

,, 
I. P. E, 

,, 
I. P. W. 

I, 

I. P. E. 

I, 

I. P. W. 

E. at both 

PROME (E), 

Instmmental 

Position 

at by Observations 

E Clock - tLN - p 

m r 

13 30.343 
30 .3~4  
30'231 
30'329 

30'465 
30.503 

30.546 
30'5'9 

30' 293 
30' 298 

30.3 76 
30'376 

30'673 
30.648 

30.510 
30.426 

30.217 
30.226 

30.306 
30'324 

30'584 
3 0 . 5 5 ~  

30'490 
30'392 

30.255 
30' 243 

30'459 
30.408 
30.61 I 
30'541 
30'512 
30.426 

13 30.573 

30'478 

30.280 

30'351 

1 13 30.421 

AND AKYAB (W) 

Apparent Difference of 

Longitude by Sbm of North Bapect 

I. P. W. 

YI 

I. P. E. 

Y I  

I. P. W. 

9 s  

I. P. 8. 

YY 

I.P.W. 

9 s  

I. P. E. 

I1 

I. P. r. 

n 

I. P. E. 

YI 

stations 

I. P. E. 

I9 

I. P. W. 

I* 

,, 
9, 

I. P. 6. 

SS 

8 ,  

8 ,  

I. P. W. 

as 

I, 

I. P. E. 

I, 

n r 
Whence ... ... ... tL, - 13 30'469 

Correction for Relative Personal Equation, H, - 8, - + 0.008 

ALN - 13 30'477 . 
Again ... ... ... a=J, a 13 $0'495 

Correction for Relative Pemnal Equation, Ha - 6, - - 0.029 

AL, - 13 30'466 
-- 

m r 

Finally AL = 4 (AL, + AL, ) = 13 30.472 
p = + 0.048 

with 

W Clock - QL, + p 

m r 

13 30'417 
30'511 

30' 269 
30.261 

30.516 
30'564 
30.611 
30.696 

30'345 
30'405 

30'485 
30'443 

30'776 
30' 758 
30.526 
30'573 

30 ' 343 
30'391 
30.518 
30'478 

30'735 
30'710 

30'552 
30.488 

30'368 
30.341 

30.483 
30.461 

30.676 
30' 7 0 0  
30.586 
30'555 

by Observations 

E Clock - tL, - p 

m a 

9 16.326 

16'330 

16- 168 

16.356 

16.017 

15.960 

16.129 

16.109 

16.405 

16.361 

16.236 

16.185 

16.122 

16.089 

16.a52 

16a~og 

9 16.356 

16.261 

16.047 

16.175 

9 16.210 

I. P. E. 

I, 

YI . 

I9 

I. P. W. 

IS 

,I 

J l  

I. P. E. 

I, 

,, 

n 

1P.U'. 

ll 

I, 

,I 

(X r 
Whence ... ... ... 8l& = 9 16.252 
Oorrection for Eelative Pemonal Equation, H, - 6, - + 0.008 

AL, - 9 16.160 

Again ... ... ... 8Lg - 9 16.291 

Correction for Relative Personal Equation, He - Eg - - 0.029 

AL, - 9 16.26.3 

m r 

Finally AL = 4 (AL, + AL, ) = 9 16.262 

p = + 0'042 

with 

W Clook - tLN + p 

R r 

9 16.347 

16.439 

16.411 

16'413 

16- 107 

16.049 

16.263 

. 16.205 

16.491 

16.413 

16.389 

16'334 

16.207 

16.095 

16.181 

16.a51 

9 16.453 

16.387 

16.115 

16.250 

9 16.194 13 30'517 General Means 
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Deduction of the Apparent D i f e m c e  of Longitzrde, AL, and the Retardation oy Signals, p. 

b 

MOULMEIN (E), 

I. P. 7P.at E Station and 
L P. 3. at \V SLation ] 
I. P. W. at both  tati ions 

I. P. E. at E Station and 
I. P. W. at w station I 

Gonelnl Means 

dstronomical 

Date 

1884 

b ~ a r ~ h  8 

11 9 

9, 10 

88 ,, 

,, 11 

18 ,, 

,, 12 

81 ,, 

IS 13 

9s ,, 

. $1 14 

JJ ,, 

9s 15 

,I  ,, 
- 

I. P. 

AND PROME (w) 

Apparent Difference of 

Longitude by Stare of North Aapect 

MOULMEIN (E), 

h t rumen ta l  

Date 

AND AKYAB (m) 

Apparent Difference of 

Longitude by Stsrs of North Aspect 
by Observations 

E Clock - 8LN - P 

nb r 

9 38.639 
38.697 

38.844 
38.855 
38.721 
38.722 

38.71 I 
38'734 
$3.685 
38.721 

38.746 
38.792 

38.774 
38'747 
38.624 
38.648 

38'500 
38.690 

38.738 
38.751 

38.745 
38'758 
38.689 
38.638 

38.687 
38.660 

38.797 
38,788 

9 38.674 

1884 

Naroh 26 

,, 27 

9, ,, 

,, 28 

18 ,, 
,, 29 

18 ,, 

JI 80 

18 ,, 

1, 81 

18 ,, 
April 1 

IS , 

5 r I. P. 

by Observatione 

E Clock - 8LN - p 

n r 

18 54.810 
54'837 

55'045 
55'033 

54'9ia 
54'970 
...... ...... 
54'945 
54'971 

55'43 
55'082 

~ 4 . 9 4 ~  
54'930 

54'937 
54'866 

54'957 
54'986 

55'037 
55'045 

54'887 
54'954 

54'9.30 
54'883 

54'819 
54'888 

18 54'877 

with 

W Clock 
= QL, + p 

m 6 

9 38.780 
38' 798 

38,858 
38.835 
38.800 
38.825 

38.761 
38.701 

38.760 
38.776 
38.826 
38.841 

38.746 
38.814 

38.672 
38 ' 643 

38 760 
38.738 

38.744 
38.770 
38'829 
38.745 
38.681 
38.645 

38' 747 
38.760 

38.969 
, 38.852 

9 38.684 

Instrumental 

Poeition 
a t  

l i l W  

with 

W Clock - QL, + p 

m r 

18 54.992 
54'961 

55'153 
55'128 

55.033 . 
55.014 

54'924 
54'961 

55 '039 
55'036 
55.168 
55'1a8 

55'011 
55,068 

54'927 
54'9'8 . 
55.021 

54'959 

55 '075 
55'083 

54'949 
55'111 

54'946 
. 55.008 

54'970 
54'953 

18 54'955 

38 '745 

38.789 

38.685 

-- 

9 38.723 

I.P.E. 

I .P .W.  

I. P. B. 

9, 

I. P. W. 

,, 

I.P.E. 

,, 

1 P . W .  

,, 
I. P. 6. 

,, 

I . .  

E. nt both 

I. P. E. 

I. P. W. 

,I 

I. P. 3. 

,, 
I . P . W .  

,, 
I. P. E. 

,, 
I . P . W .  

,, 
I. P. 3. 

,, 
I. P. T. 

E. a t  both 

Whence ... ... ... QLN - 9 38'746 

Correction for Relative Pemonsl Equation, 8, - H, - - 0.008 

A h -  938.738 

Again ... ... ... 8% - 9 38'749 

Correction for Relative Peraonsl Equation, S8 - H, + 0.029 

- 9 38.778 
- 

m 6 

Finally AL = 4 (AL, + AL,) = 9 38.758 
p = + 0-023 

54'928 

55'051 

54'944 
- 

18 54'950 

I.P.E. 

I .P .W.  

$8 

I. P. E. 

,, 
I. P. W. 

11 

I. P. E. 

,, 
I .P .W.  

II  

I. P. 3. 

,, 

stations 

I. P. W. 

,, 
I. P. 8. 

SI 

L P. W. 

,, 
I.P.E. 

IY 

I. P. T. 

,, 
I. P. 3. 

IJ 

I. P. T. 

,, 

stations 

... ... ... Whence QL, - 18 54,988 
Correction for Relative Personal Equation, SN - H, - - 0.008 

A L ~  - 18 54'980 
... ... Again ... QL, - 18 54'938 

Correction for Relative Pemonal Equation, 8, - Hg = + 0.029 

AL, - 18 54.967 
m r 

Finally AL = 4 (AL, + AL,) =r: 18 54-974 
' p  = + 0.038 

54'996 

55.122 

55.031 

18 55.026 

m r 

I. P. W. at  E Station and? 
I. P .  E, at W Station j 
I. P. W. at  both stations 
X. P. E. a t  E Station and \ 
I . P . K a t W B t a t i o n  > 

9 38.769 

n r .  

General Meane 





ELECTRO-TELEGRAPHIC LONGITUDES 

PART IV. 

SIMULTANEOUS REDUCTION 

AND 

BIN& RESULTS OF THE WHOLE OF THE OPERATIONS, 

ALSO 

A SHORT DISCUSSION ON LOCAL ATTRACTION. 





CHAPTER I. 

THE FINAL REDUCTION OF TEIE ARC9 OF LONGITUDE. 

The arcs of longitude, contained in this, and in the preceding Volumes I X  and X, extend in 
a network over the greater part of India from Peshawar in the north to Cape Comorin in the south, 
and from Quetta in the west to Moulmein in the east, as will be seen from the chart in Plate V. In 
consequence of the measures of these arcs being fallible, the difference of longitude of any two stations 
connected in different ways by two or more arcs, will vary according to the arcs selected for the connec- 
tion. Hence it is necessary to undertake the simultaneous reduction of them all into one harmonious 
whole; and the particulars of tl~is reduction are given in detail in the present volume. By the ex- 
pression " one harmonious whole " is meant that whatever selection of arcs is taken as a route to join 
any two stations, the resulting difference of longitude of those two stations is always the same. 

The operation is a far simpler one than the corresponding reduction in the case of the triangula- 
tion and base-lines, partly because the number of quantities to be dealt with is very much less, but 
chiefly because the conditions to be fulfilled are fewer and simpler : there is in fact only one condition, 
and that is, that the so-called " circuit-error " of every triangle formed by three arcs of longitude should 
be equal to zero; for it is obvious that if this condition hold for every triangle in a network, it will also 
hold for every polygon formed in any way whatever of such triangles. Hence i t  follows that,,in a 
simple network of triangles built up one upon another without any crossing or superfluous rays, the 
number of equations to be solved will be equal to the number of triangles. I n  the network reduced in 
this volume there is only one case of a superfluous ray, and that is in the quadrilateral Agra-Deesa- 
Kurrachee-Mooltan, where both diagonals have been measured ; tlie wl~ole problem resolves itself into 
the solution.of thirty-one equations containing fifty-five unknown quantities, which equations are to be 
solved in such a manner that the sum of the squares of the corrections to the arcs is made a minimum. 

I n  every triangle formed by three arcs of longitude, if the work is perfectly performed, one of 
the arcs must equal the sum of the other two, the difference from equality is called throughout t,he 
description of longitude work in India the circuit error " of the triangle. Of the three stations forming 
the augular pohts of such a triangle, one must necessarily be to the east, one to the west, and the third 
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lying eomewliere between these two, (excluding the possible though extremely unlikely case of more than 
one of the stations being on the same meridian). I n  the schedule of equations given in Table III 
the two arcs containing the middle station are written with tlie positive sign, and the third arc, ie., the one 
joining the extreme stations, is written with the negative sign ; and hence the algebraic sum of the 
three gives the numerical value of the circuit-error as the right-hand member of tihe equation. 

It mill be noticed that this system of reduction takes no account of the weight of each arc, 
and it will be advisable to show here, why it was believed that the rejection of weights, or, more 
correctly speaking, the assumption of equal weights for all the arcs, was justifiable. Briefly stated 
the reason was that the only data available for computing the probable error of an arc (on the 
reciprocal of which the weight depends) produced probable errors so small in comparison with 
tliose that were shown actually to exist by the circuit equations, that it was clear that some cause of 
inaccuracy was present, which prevented the formulae employed for determining the probable error from 
representing even approximately its true value. The usual system of computing the probable error of 
a quantity that has been determined by a number of independent measures, is by a discussion in some 
form or other of the residuals; or in other words by a comparison of each individual value with the mean 
of certain groups or sets in which it occurs : but in the case of these arcs of longitude the following 
difficulty arises. The assumption of a mean C, for observations in both pivot positions, as explained in 
Part 111, results in the same final mean whatever the actual assumed value of Co may be, i.e., whether 
Co be taken at  o, 10, zo or any other magnitude, the finally concluded value of the arc will, so far a t  
least as i t  depends on collimation correction, remain the same : the effect of an error in the adopted 
value of C, is that the measures in the different pivot positions will be more or less divergent, thus 
giving rise to a large probable error if computed from the residuals by the usual method, though the final 
mean will be unaffected. Hence it follows. that the discrepancies which appear between observations 
I.P.E. and I.P. W., so far as they are caused by an erroneous C,, should not be allowed to have any 
effect in decreasing the weight of an arc. Practically it is not possible to ascertain to what extent dis- 
crepancies of this sort are due to this cause, or how far to other causes which might reasonably be 
supposed to justify a decrease of weight, and consequently any attempt to base the weight of an arc 
upon considerations of this kind seems impracticable. For altl~ough a weight form might perhaps be 
designed to take account of tllese discrepancies on a system analogous to that by which the angles of 
the triangulation are weighted, the difference of each observation on any night from the mean of that 
night corresponding to the errors of one zero, and the differences between successive nights corres- 
ponding to the errors of zero means, yet it appeared so doubtful whether any weight thus deduced 
mould give any true idea of the relative accuracy of the arcs, that the idea was abandoned, and a l l  the 
arcs have been assumed to possess the same weight. 

These longitude observations furnish another instance of the well-known fact that if groups of 
measures of a certain quantity are made at  different times, but under exactly the same apparent condi- 
tions, and with the Fame instrument, such groups will differ by quantities which appear surprisingly 
large, and impossible to be accounted for. The results obtained from night to night, under the same 
conditions as far as pivot position, clock, relays, stars, observers, &c., are concerned, show considerable 
discrepancies, much larger in fact than can be attributed to want of skill or care in the observers. 
Changes of pivots may naturally be expected to produce, and do produce, marked fluctuations in the 
measures, more marked indeed than those alluded to above, yet these latter are by no means insignificant. 

An attempt was made to obtain a relative weight for each aro without any regard to its computed 
probable error in the following way. For each arc the following data were prepared, (1) the difference 
between its greatest and least value, or the range over which all the measures were distributed, and (2) 
the number of stars on which the arc depended. The value of p, the electrical retardation, for each arc3 
was added to all the observations I.P.E. and subtracted from all those I.P. 7K before the range was 
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taken out. It w a ~  found that these two quantities varied between comparatively narrow limits for 
marly all the arcs observed ; and hence it follows that if the errors are distributed according to the law 
of the probability curve,-and there is no ctpriori improbability in such a supposition-that the relative 
weights of ad the arcs will also vary between narrow limits. The first of the two above mentioned 
quantities approximates pretty closely to 08*5,  and the second to 180. An obvious objection to this pro- 
ceeding is that the rmge, though not the accuracy of the final value of an arc, is affected by an error 
in the adopted value of C, aa explained above. 

An empirical formula for the relative weight was deduced from these data by dividing the number 
of stars observed by one hundred times the range ; this however produced weights, as might be expected, 
varying so little from equality, and so closely proportional to the number of stars observed, that it was 
considered an unnecessary addition to the labour of reduction to apply them. It is satisfactory to observe 
that the close agreement of these two quantities in all the arcs that were examined, affords a strong 
justification for the assumption finally made in the reduction, viz., the equal weight of all the arcs that 
enter into it. 

Personal equation might reasonably be supposed to have a considerable effect on the final con- 
cluded value of an arc, being liable to flu~tuat~ions which are often obscure, and incapable of being 
controlled : moreover error in this equation enters into tlie result with its full value, and does not admit of 
cancelment, except partially by interchange of observers. The weight of an arc might reasonably be 
made to depend on the uncertainty, or variability, of this equation, but here a difficulty cOmes in. Per- 
sonal equation is generally measured three times at least, and often more, during a season's work : now if 
its value varies from time to time, the only practical assumption is that it varies uniformly, and it has 
been the custom to compute its value on this supposition ; so that the only available system of applying 
weights based on personal equation would be to give an arbitrarily low value to those arcs during which 
the equation was varying quickly and vice uersd, but it could not be expected that such a system would 
command any confidence, nor would it justify the extra labour which it would entail in solving the 
equations of condition. 

If an attempt be made to obtain a probable error from the consideration of residuals, as furnished 
by the observations on each single night, or from groups of observations during which no change of 
pivot is made, it will be found that a probable error thus deduced will be absurdly small in comparison 
with the circuit-errors. The influence of erroneous estimation of the moment when a star crosses a mire 
is extremely minute, for in the case of a single wire the probable error of the estimation amounts to 
only oa-04, and for the eleven wires over which a star is usually taken, to only about O'.OI ; and as from 
one hundred and eighty to.two hundred stars are generally observed on each arc by each observer, it 
seems obvious that errors resulting from this cause must be utterly insignificant.. 

There is yet another source of error remaining, which seems at  first sight as if it might be made 
a basis for assigning relative weights to the arcs, i.e., the value of p, which is the electrical retardation, 
or, to speak more exactly, half the difference between AL as determined by the E. and by the W. clock, 
respectively. Now the velocity with which an electric signal is transmitted along a wire is by no means 
accurately known, there is, however, an empirical formula in use by the Prussian Geodesists as follows :- 

where t is the time of transmission in seconds of time and m is the length of the wire in miles, but i t  is 
not known what reliance can be placed on its correctness. Now in most cases there is no difficulty in 
ascertaining within small limits the length of the mire connecting two stations, and it has been 
found in every case that p exceeds the value of t as calculated from the above formula; this excess 
can only be attributed to armature-time in the various relays used on the commutator-board. It is by 
no means certain whether a l l  or any of this armature-time is cancelled in the mean of the observations 
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with the two clocks, and any outstanding portion of it must always become a positive source of error 
in the resulting value of the arc. Still the accurate following out of the effects of armature-time through 
all the apparatus, vide page (zI), Appendix, Volume X, leaves so much doubt on this point, and so much 
open to mere supposition, that at the most a mere arbitrary weight could be assigned being some simple 
function of the difference between the theoretical and tGe actual p : and although it seems probable 
that an abnormal value of p may very reasonably be supposed to indicate an untrustworthy arc, no 
satisfactory system of assigning a weight based on such a consideration has been devised. A brief dis. 
cussion on the value of retardation as deduced from the whole of the Indian longitude operations will 
be found in Appendix No. 2 of this Volume. 

A doubt was suggested at one time whether errors in the places of the circumpolar stare 
used in the determination of the deviation of the transit instruments from the meridian, would have 
any appreciable effect. I t  is obvious that if the two instruments are on the same parallel of latitude, 
and the same circumpolar stars used at both stations, no effect can ensue; but in some cases the stations 
differ largely in latitude, and an investigation was made which completely banished all suspicion that 
any bad effect could be thus produced. I n  the case of the arc Bombay-Kurrachee (two stations having the 
greatest difference of latitude okany pair yet observed) it bas found that an error of one second of time 
in the Right Ascension of 8 Ursae Minoris or 51 Cephei (which were taken as typical circumpolar stars) 
would only produce a difference of deviation in the two instruments of &, of a micrometer division, a 
quantity entirely rejectaneous in the correction of transits of longitude stars for azimuthal deviation. 

These considerations, taken in conjunction with the fact that the circumstances under which each 
arc was measured, were made as similar as possible, as far as the number of stars observed, the pivot 
changes, the arrangement of the electrical apparatus, &c., were concerned, seem to justify the assumption 
of adopting an equal weight for all ; and this has accordingly been done in the simultaneous reduction. 

The numerical reduction can for the most part be presented in tabular form. 

I n  Table No. I is given a list of the fifty-five arcs, which enter into the reduction, with their observed 
numerical values. For convenience of computation a distinguishing number (in brackets) is allotted to 
each. Table I1 contains the thirty-one circuits formed by these fifty-five arcs with their numerical 
errors. Each circuit is expressed symbolically -by the numbers of the arcs forming it, and is also dis- 
tinguished by a Roman numeral. 

The correction to each arc being symbolized by the letter s with a subscript corresponding to the 
number of the arc to which it appertains, thirty-one equations are formed in which the left-hand 
member contains corrections corresponding to the several arcs in the equations of Table 11, and the 
right-hand members are the same as those in that table, but with the signs changed throughout. These 
equations are exhibited in Table 111, and have now to be solved subject to the two following conditions, 
(1) that each equation shall be exactly satisfied, and (2) that the sum of the squares of x,, xs, x,, b. 
shall be a minimum. To effect this the following well-known process is employed :-Each equation is 
differentiated, and the first is multiplied by an indeterminate factorf,, the second by&, the third byf,, and 
so on. The equations thus formed are added together, forming a resulting equation in which the co- 
efficients of dx,, dxs, d ~ , ,  &c., consist of the indeterminate factorsf,, f,, f,, kc., connected by addition 
and subtraction only. If the equation x: + x: + x: + &c., = minimum be also differentiated, and 
the coefficients of dx,, dxeS dx3, h., in the result be equated to those of dx,, dx2, dx3, in the former 
equation, a set of values of x,, x2, x3, h., is obtained in terms of the indeterminate factors. TctbZe IB 
gives a synopsis of the values of x,, x,, x,, &c., thus expressed. 

These values being then substituted in the set of equations in Table 111 produce thirty-ane 
equations between thirty-one unknown quantities f,, J2, f,, &c., which are exhibited in Table 7. 
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This group is solved in the manner usually employed for simultaneous equations, and the values 
I 

of the indeterminate factors f,, f,, f,, thus obtained .are given in Table PI, and these being s u b s t i t u ~  
in Table I P furnish the values of x,, z,, xy &c., given in Table 711, which will be found to fu161 the two 
necessary conditions. 

Table P I I I i s  inserted to prove the accuracy of the numerical work by actual substitution of 
the computed values of f and x in the original equations, and lastly in Table IX are shown the corrected 
values of the several arcs as well as the geodetic values, and a comparison between the two is given in 
the last column. 

It will be noticed that the corrections are satisfactorily small ; out of the fifty-five there are 
8 8 

19 between o ooo and o oro including the latter value 

As the longitude from Greenwich of Kalianpur, the origin of the Indian Survey is still liable to fnrther 
small corrections, it has not been thought necessary to give any table of absolute longitudes of Indian 
stations; they a n  however be obtained very approximately, if required, by taking the longitude of 
Kalhnpur in Table IX at 77" 39' 2 I" 83 or jh I om 3 7'- 455 E. of Greenwich, and making the necessary 
additions or subtractions. 
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Tdk &=of d m  d t h  th& distbgukhimg Number8 aadjokmed ralues . ' 

. 

Buns of Are 

Mooltan-Quetta ... ... 
Kurrachee-Quetta ... ... 
Moolh-Knrrachee ... ... 

... Agra-Deesa ... 

... Deesa-Kurrachee ... 
... Deeaa-Mooltan ... 

Agra-Kurrachee ... ... 
Agra-Mwltan ... ... 

... Amritsar-Mooltan ... 
Peshawar-Mooltan ... ... 
Amritaar-Peshawar ... ... 

... Agra-Amritaar ... 
... Dehra Dun-Agra ... 

llehra Dun-Amritaar ... 
Fyzabad-Agra ... ... 
Fyzabad-Dehra Dun ... 
Fyzabad-Jubbulp~re ... 
Jubbulpore-Agra ... ... 
Jubbulpore-Deesa ... ... 

... JubbulporeBombay 

Jubbulpore-Kalianpur ... 
Agra-Kalianpur ... ... 
Kalianpur-Bombay ... ... 

... Bombay-Kurrachee ... 
Bombay-Deesa ... ... 
Jubbulpore-Bolarum ... 

... Bolarum-Bombay ... 
Bolarum-Bellary ... ... 
- 

No . 

(1 ) 
( 2 )  

( 8 )  

( 4 )  

( 6 ) 

( 6 )  

( 7 )  

( 8 ) 
( 9 )  

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

O h e d V a l n e  

. 

(I) 8 

1626.867 

2 37.230 

8 19'653 

8 7'273 

0 35' 708 
10 21.141 

11 15.006 

10 39.331 
nr  36. 129 

13 16.567 

6 54'615 
12 16.868 

1911.525 

13 28.501 

20 9.194 

33 37'702 
24 52.661 

I 30.290 

26 22.986 

1355.145 
12 24.816 

4 14.252 

IS 9.395 
9 16.262 

13 30.472 

9 38'758 

18 54'974 

Nuns of Am 

Bellary-Bombay ... ... 
... Bangalore-Bellary ... 

Bellary-Mangalore ... ... 
MangaloreBombay ... 
Bangalore-Nagarkoil ... 
Nagarkoil-Mangalore ... 
Madrae-Nagarkoil ... ... 
Madras-Bangalore ... ... 

... Madras-Mangalore ... 

... Madrae-Bellary ... 

... Madras-Bolarum ... 

... Waltair-Madras ... 

... Waltair-Bolanun ... 
Waltair-Jubbulpore ... 

... Calcutta-Waltair ... 
Calcutta-Jubbulpore .me 

... Calcutta-Fyzabad ... 

... Jalpaiguri-Calcutta ... 

... Jalpaiguri-Fyzab ad ... 
Chittagong-Calcutta ..a 

Chittagong-Jalpaiguri ... 
... Akyab-Chittagong ... 
... ... Akyab-Calcutta 

... Prome-Akyab ... 

... Promdhittagong ... 

... Modmein-Prome ... 

... Moulmein-Akyab --• 

O k e d V d n e  

4n 

17 43-499 
. o I 603 

1741'976 
23 20.370 

20 40.529 

P 58 582 

44 0-992 
. 26 I 9 053 

13 44'281 

o 27.483 
13 16.776 

IZ 34.725 

o 7.233 

1241.995 

16 27.995 
16 20*704 

8 45.040 
' 7 43 026 

31 3-393 
2831.816 

9 10.323 

I 27-319 
19 21 -441 

23 12.215 

2 31.644 

5 42.935 
22 48.785 

6 21.943 

No . 

(29) 

(30) 

(31) 

(32) 

(33) 

(a) 
(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(4) 

(45) 

(46) 

(47) 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 
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Table .TI.-Circuit Errors. 
Table II1.-Synopsis of Eqtcatwns 
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between the Ifideteminate Factors. 
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Table PI.-!Dte Palws o f  the Indeterminate Factors. 

Table PI..-The Paluee of the Arc- Corrections. 

ha-Correction 

2 1  

3 s  

4 

34 

"6 

"6 

"7 

$8 

9 

"10 

"11 

"19 

"13 

I 1 4  

C 1 ~  

"16 

"17 

"18 

"10 

Adopted 
to 

three placer 
of decimals 

8 

+ -029 
- '029 
- -022 
+'045 

+ '030 
+ -023 
- '018 
- '033 
+so04 

+ '013 
+ '013 
+ .OIO 
+ '032 
$ '005 

+ . O I ~  
+ -038 
- '028 
- '031 
+ -017 

Value to five 
placer of 

8 

+ '02897 
--02897 

--02207 

+'04472 

+ '03034 
+ '02341 
- '01794 
-'03287 

+-00358 

+ '01279 
+*01279 

$ .OIOSj 

+ '03227 
+ '00582 
+ -01236 
+ .03809 
-'02759 

-'03104 

+-01668 

Arc-Correotion 

Xm 

"pl 

"89 

x% 

x~ 

"!a 

"M 

"97 

2 %  

"99 

"a3 

" ~ 1  

"S9 

"33 

xS4 

x36 

I 8 6  

x ~ 7  

Xsa 

Value to five 
places of 

s 
- -04268 
+ ~00009 
+.oog14 

+ '00923 
-.01930 

-.00764 

+ 'O37.54 
+.or578 

--01334 

+'00412 

-.00264 

- '04'49 
-'01339 

-'01012 

- '00001 
+ .OIOI2 
--or276 

+no2811 

-.02140 

Adopted 
Value to 

three Arc-Correotion 
of decimals 

8 

- '043 
• 000 

+-009 

+ '009 
- -019 
- -007 
+ '037 
+ -016 
- -013 
+'004 

- -003 
- .041 
- -014 

- '010 
' 000 

+ .OIO 
- '0x3 
+*028 

- .ozz 

xso 

240 

"41 

"4.9 

2~ 

"4.i 

x46 

% I  

I 4 7  

Xu 

"rp 

xsO 

%I 

x69 

"6s 

Xu 

"66 

s 

+ 00094 
+*00501 

- -03605 
+ '01541 
-.01563 

-'00723 

+ '02137 
+'o1513 

+.OOI~O 

-'00725 

+.or663 

-'09414 

-moo938 

-'02435 

+'01352 

-*01083 

+*o1083 

C 

' 000 

+.006 

- -036 
+ -016 
- -016 

, - '007 
+ '022 
+ -015 
+.002 

-'007 

+ -017 
- '004 
- -009 
- '024 
+ '014 
- ,011 
+ * O I I  
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Table PII1.- The Numerical Checks thrmgh the A b8oZute T e r m .  

Value a8 

given in 
~~~~i~~ of 
Condition 

- .080 

+ .093 

+ - 1 0 1  

- -029 

+ '047 

+ .022 

+ -037 

+ -058 

- '071 

- ' 0 2 2  

- .003 

+ '052 

' - -067 

+ -042 

+ -096 

- -025 

- '059 

- -018 

- -091 

+ -006 

- '033 

-t- -009 

+ '042 

+ -089 

+ 'oo7 

+ .OOI 

+ '035 

+ '039 

- -042 

- -046 

- ' 0 0 2  

No. of 
Equation of 
condition 

I 

11 

111 

IV 

v 
VI 

VII 

VIII 

I x  

x 
XI 

XI1 

XI11 

XIV 

XV 

XVI 

Xvll 

XV1ll 

XIX 

XX 

XXI 

XXII 

XX1ll 

XXIV 

xxv 
XXvl 

XXV1l 

XXV1ll 

XXIX 

xxx 
XXX1 

By 

Indeterminate 
Factom 

- '079999 

+ '093001 

+ . I 0 1 0 0 0  

- ,028999 

+ ,046999 

+ ' 0 2 2 0 0 0  

+ '037001 

+ -05800o 

- '071000 

- '021999 

- ~003000 

+ -0j20o1 

- -066999 

'042002 

+ .og6oo1 

- .025001 

- -058998 

- .or;ggg 

- .ogoggg 

+ .005998 

- 3033003 

+ .oogoo~ 

+ '042002 

+ ~089001 

+ ~007000 

+ .00095~9 

+ '034999 

+ '039001 

- .04zooo 

- -045999 

- ' 002001  

Arc-Correctiom 

"8 + + 9  - 3 1  

"4 + "6 - "7 

"4 +."6 - "8 

6 3 - 6  

"1s +"Q -"a 

"11 + " l 0 - " 0  

"1s + x i a - x i r  

"16 + "1s - "16 

"17 + " 1 8 - " 1 5  

"13 + " i ? 2 - " 2 1  

X i 8  + $4 - "19 

"91 + x e g - x i ? O  

"no + "26 - "19 

"26 + "6 -"I* 
X u  + XW - xm 

4 a  + " n ~ - " n i  

"31 + "83 - "29 

"85 + "34 - "37 

$38 + x s i - ~ s 7  

"36 + x ~ - x s 8  

%I + x ~ - x s ~  

"39 + " ¶ 8 - " 3 8  

" + " 3  - 4 1  

x ~ + x ~ - x 4 1  

+ $a - 2 4 4  

$46 + x 1 7 - x ~  

"40 + "45 -"47 

"49 + "46 - "48 
x6s + xw - "6s 

"64 + "62 - "56 

w " 5 1  

Substitution of 

Arc-Corrections 

As compnted to 
five decimals 

8 

- .o8oo1 

+ '09300 

+ . I 0 1 0 0  

- .02900 

+ '04700 

+ ' 02200  

+ '03700 

+ 'oj800 

- '07099 

- 002199 

- .00300 

+ '05200 

- .o6700 

+ '04200 

+ .o9600 

- '02500 

- '05900 

- -01800 

- *09100 

+ '00600 

- '03300 

+ .dogoo 

+ '04200 

+ .089oo 

+ '00701 

+ 'ooIoI 

+ '035OO 

3- '03901 

- -04201 

- '04601 

- ' 0 0 2 0 1  

Equations of Condition between 

Indeterminate Factom 

+ 3 f i  + f 4  

+3 f 9  + f 3  - f 4  + f l l  + f l l  

+ f S  4-3 f 3  + f 4  + f 6  + f l l  

+ f i  - f 2  + f s  + 3 f 4  -fir 

+ f s  + 3 f 6  - f a  + f 7  

- f 6  + 3 f 6  

+ f s  + 3 f 7  + f 8  

+ f 7  +3 f a  + f ~  
+ f 8  + 3 f 9  + f l ~ + f l l + f & l  

+ f 0  + 3 f l O + f l l - f 1 9  

+ f ~  + f s  + f ~  +fro +3 fii + f i s  

- f i o + 3 f l s - f l ~ + f l ~  

+ f i l  - f l ~  +3 f i s  + f ~ - f l b  

+ f 2  - f 4  + f lS+3f14  

+ f l 9  - f i g  +3 f i s  - f i b  + f ~  
- f i s + 3 f i a - f i i + f z s  

- f 16 + 3 f 17 + f 19 

+ 3 f 18 + f 19 - f 91 

+ f i i + f i e + 3 f i ~ - f e o - f ~  

- f f i ~ + 3 f s o + f a l + f 9 n  

- f18+f i?0+3f2l  

+ f l a - f i o + f e o + 3 f m + f m  

+ f 99 + 3 f % + f ,  
+ f l 6 + f B t 3 f M + f 9 6  

+ f z 4 + 3 f e s  + f e a  

+ f 9  +f26+3f26+fp? 

+ f 9 6 + 3 f w + f i 8  

+ f 21 + 3 f m  - f 31 

+ 3 f i o  + f 30 + f 81 

+fpo 4-3 f 9 0  

- f ~ + f 2 9 + 3 f 8 1  

ei:i2z 
C 

- -080 

+ '093 

-1- * I 0 1  

- .029 

+ '047 

+ ' 0 2 2  

+ '037 

+ '058 

- '071 

- ' 0 2 2  

- '003 

+ -052 

- -067 

+ '042 

+ .o96 

- -025 

- '059 

- .018 

- -091 

+ -006 

- '033 

+ -009 

i- ,042 

+ ,089 

+ -007 

+ '001 

+ '035 

+ '039 

- -042 

- -046 

- ' 0 0 2  
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ELECTBO-TELEGRAPHIC LONGITUDES . 
.Table IX.-Final Reszclts, and C-ocvr.iron of Geodetic with Astroaomicat Paluee . 

The mean of two measurements. one in 1685-86 and the other in 1889.90. ir Wen. 
t The mwurement of 1891-92 is taken oids Part I. Chupter VI. page 37 . 

Distinguishing 
Number 

( 1 ) 

(2) 

( 3 ) 

( 4) 

(5 ) 

( 6) 

( 7) 

(8) 

( 9 ) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(%) 

(25) 

(26) 

(27) 

(28) 

N A X E  0. ABO 

Mooltan-Quetta . . .. 
Kurrachee-Quetta .. . . 
Mooltan-Kurrachee . . .. 
Agra-Deesa . . .. 
Deesa-Kurrachee . . . . 
Deesa-Mooltan . . . 
Agra-Kurrachee .. .. 
Agra-Mooltan* . . .. 
Amritsar-Mooltan . . .. 
Peshawar-Mooltan . . .. 
Amritaar-Peshawar . . .. 
Agra-Amritsar . . . . 
Dehra Dun-Agra . . .. 
Dehra Dun-Amritsar .. 
Fyzabad-Agra . . . . 
Fyzabad-Dehra Dun . . 
Fyzabad-Jubbulpore .. 
Jubbulpore-Agra . . .. 
Jubbulpore-Deess . . .. 
JubbulporeBombay .. 
Jubbulpore-Kalianpur 

Agra-Kalianpur . . .. 
Kalianpur-Bombay . . .. 
Bombay-Kurrachee . . .. 
Bombay-Deesa . . .. 
Jubbul pore-Bolarnm .. 
Bolirrum-Bombay? . . . . 
~ o k u m - ~ e l l a r ~  . . .. 

Value of Am 

m a  

17 43'499 

o 1.603 

17 41.976 

2320-370 

20 40.529 

2 58.582 

44 0.gg2 

26 19.053 

1344.281 

o 27.483 

13 16.776 

12 34.725 

0 7 . 2 3 3  

12 41.995 

16 27.995 

16 20.704 

8 45.040 

7 43.016 

31 3'393 

28 31.816 

9 10'323 

I 27.319 

19 21.441 

23 12.215 

2 31.644 

5 42'935 

22 48-785 

6 21.943 

Corrected 
Astronomical 
Value of d r o  

m  8 

17 43'528 

o 1. 574 

17 41.954 

2320'4x5 

20 40.559 

2 58.605 

44 0.974 

26 19'020 

1344'285 

o 27'496 

13 16.789 

12 34'735 

0 7 ' 2 6 5  

12  42'000 

16 28.007 

16 20.742 

8 45'012 

7 43'995 

31 3.410 

28 31.773 

9 10'323 

I 27.328 

19 ~ 1 ' 4 5 0  

23 12.196 

2 31'637 

5 42'972 

22 48.801 

6 21.930 

Correction by 
Simultaneour 

Beduction 

J 

+'029 

-. 029 

-.oz2 

+'045 

+ '030 

+-023 

-*o18 

--033 

+ . O O ~  

+'o13 

+'013 

+'ore 

+'03z 

+'005 

+-012  

+ '038 

-so28 

-.031 

+.o17 

-.043 

'000 

+'oog 

+*oog 

-.or9 

-*oo7 

+'037 

+ -016 

-.o13 

~eode t i c  Valne 
of Arc from the 

Triangulation 

in 

17 43'714 

o 1'436 

17 42'278 

2319-803 

20 40.775 

2 58.497 

44 0'578 

26 18'300 

1343'737 

o 26.192 

13 17'545 

1 2  34.563 

0 9 ' 3 4 8  

12 43.911 

16 28-417 

16 19.069 

8 44.369 

7 44'048 

31 3'851 

a8 32'901 

9 11.003 

1 26.955 

19 21.898 

23 11-725 

30-950 

543'42% 

22 49.479 

6 22.114 

*'"' of 
Geodetic abore 
Antronomical 

Valne 

J 

+oe186 

-0.138 

+oS324 

-0.612 

+om216 

-0.108 

-0.396 

-0-720 

-0.548 

-1.304 

+0.756 

-0.172 

+2-083 

+1'911 

+oS41o 

-1.673 

-0'643 

+I'O53 

+o'qqI 

+1.128 

+oa680 

-0'373 

+os448 

-0.471 

-0.687 

+Oa450 

+og678 

+om184 
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Table IX.-ElimPtal Resulta. Comparisolc of Geodetic with Astr-ical Pal~s.-[continnea). 

* The mean of two messurements. one in 187677 md the other in 1887.88. in taken . 
f These geodetic values are liable to a further very smsll correction when the Burme Triangulation now in p r o m 8  Q completed md d u ~ d  . 

Dutingnishing 
Number 

(29) 

(30) 

(31) 

(32) 

(33) 

(M) 

(35) 

(36) 

(37) 

(38) 

(39) 

(4) 

(41) 

(42) 

( )  

(44) 

(4) 

(4) 

(47) 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

N A Y S  OP ABO 

Bella ry-Bombay . . .. 
Bangalore-Bellary . . .. 
Bella ry-Mangalore . . .. 
Mangalore-Bombap .. 
Bangalore-Nagarkoil .. 
Nagarkoil-Mangalore .. 
Madras-Nagarkoil . . .. 
Madraa-Bangalore . . .. 
Madras-Mangalore . . .. 
Madras-Bella ry . . .. 
Madras-Bolarum .. .. 
Waltair-Madras . . .. 
Waltair-Bolarum . . .. 
Waltair-Jubtulpore . . .. 
Calcutta-Waltair . . .. 
Calcutta-Jubbulpore - *  

Calcutta-Fyzabad . . . . 
Jalpaiguri-Calcutta . . .. 
Jalpaiguri-Fyzabad . . . . 
Chittagong-Calcutta .. 
Chittagong-Jalpaiguri .. 
Akyab-Chittagong . . .. 
Akyab-Calcutta . . .. 
Prome-Akyab .. .. 
Prome-Chittagong . . .. 
Moulmein-Prome . . .. 
Moulmein-Akyab . . .. 

O o d o n  by 
Simultaneous 

Beduction 

+*m4 

-0003 

-. 041 
-'014 

-. 010 
.om 

+*OIO 

-- '013 

+a028 

--• 022 

-000 

+ -006 
-no36 

+a016 

-*or6 

--'007 

+ '02% 
-1-015 

+ -00% 
-*007 

+*o17 

-.oo4 

-. 009 
-'02q 

$0014 

-.OII 

+-or1 

m e t i c  Vdue 
of Am from the 

Ri.nguLLion 

.) 8 

16 27'365 

2 37'374 

8 19-791 

8 7.574 

o 35.775 

10 21.390 

11 15.385 

10 39.610 

21 36'775 

13 16.984 

6540870 

12 16.612 

19 11'482 

13 28.060 

20 9.684 

3337'744 

24 53.375 

I 30. 933 

26 24.308 

13 55'1957 

12 24.262t 

4 14'236t 

18 9'431t 

9 16.556t 

13 30'792t 

9 38.8?6t 

18 55'432t 

Vdue of dro 

0 8 

16 26.867 

237'230 

8 19'653 

8 7'273 

o 35,708 

10 21~141 

11 15.006 

10 39'331 

31 36.129 

13 16.567 

6 54.615 

12 16.868 

rg 11'525 

13 28.501 

20 9-194 

3337'70% 

24 52.661 

13o~zgo 

26 22.986 

13 55-45 

12 24.816 

4 14'252 

18 9.395 

g 16-262 

13 30'47% 

938.758 

18 54.974 

Oomwted 

drtronomid 
Vdue of Am 

.) 8 

16 26.871 

3 37.227 

8 19.612 

8 7.259 

o 35.698 

10 z1~r41 

11 15.016 

10 39.318 

21 36.157 

13 16-545 

654-615 

12 16.874 

19 11.489 

13 28.517 

20 9.178 

3337'695 

24 52.683 

1 30.305 

26 22.988 

13 55'138 

12 24.833 

4 14.248 

18 9.386 

g 16.238 

13 30'486 

9 38.747 

18 54.985 

of 
Geodetic above 
hstronomid 

Value 

8 

+om494 

+0'147 

+0*179 

+0*315 

+o-077 

+om24g 

+om369 

+om292 

+on618 

+om439 

+os255 

-0.262 

-0-007 

-0.457 

+oS5o6 

+0.049 

+0*692 

+om628 

+I  '320 

+0'057 

-0.571 

-0~012 

+oSo45 

+os318 

+0'306 

+om129 

+0'447 



ON LOCAL A!L'TRACTION AND THE EVIDENCE FOR THE NECESSITP OF CHANGES IN THE 
ADOPTED ELEMENTS OF THE EARTH'S PlGUBE. 

If the true figure of the earth be an oblate spheroid it is obvious that correct measurements 
of arcs. of tlie meridian, combined with a knowledge of the astronomical latitudes of the terminal 
stations of the arcs, would suffice to give its form and dimensions. But the diverse results obtained 
from measurements of this kind in various parts of the globe prove that this supposition is untenable. 
Perhaps one of the greatest difficulties that has to be encountered is that known as local attraction, 
or a deviation of the plumb-line from the vertical caused (generally though not invariably) by the con- 
tiguity of mountain masses. As the determination of astronomical latitude depends on the direction 
of the plumb-line (or what comes to the same thing, the position of the bubble in a, spirit-level) any 
error in this direction, resolved along the meridian, produces a corresponding error in the latitude; 
and such erroneous latitude taken in conjunction with linear measures will fail obviously to give the 
true meridional curve. A similar difficulty occurs in arcs of longitude, because, owing to local attrac- 
tion either the bubble of the level employed in levelling the axis of the transit instrument is displaced, 
or the surface of the mercury used for levelling by reflection of the wires in the eye-piece becomes 
inclined to the horizon, according to the method of levelling employed ; and an error in the times of star 
transits is thus introduced ; hence measurements of this kind produce contradictory results : a study of 
tlie table giving the comparative lengths of the geodetic and astronomical arcs shows at once that 
local attraction is a quantity quite sensible to the measuring power of modern instruments, and is 
moreover in many cases such as we have been led to expect by previous experiments-(1) that the 
plumb-line is deflected towards mountain masses, and (2) that it is deflected towards the sea. There 
are notable exceptions to these two conclusions, but the general tendency seems to bear them out. 
Nothing definite or final can be arrived at until the latitude observations are completed ; but by making 
some more or less probable assumptions, it is not difficult to gain some approximate knowledge both of 
the error of the assumed equatorial axis, and of the amount of local ,attraction at  each station of 
observation. 

Colonel Clarke's investigations into this subject, in his valuable work entitled " Geodesy," shorn 
that in'all probability the equator and the parallela of latitude are not circular, but elliptical: the rough 
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and ready method of computation here adopted does not pretend to enter into any refinement of this 
kind. The great preponderance of arcs in which the geodetic value exceedi the astronomical value 
ahows roughly that the adopted cu&ature of India from east to west is too great, or in other words, that 
the adopted equatorial diqmeter ia too small. 

It is necessary to distinguish clearly between the terms " geodetio value and "astronomical 
value" used in this chapter. The former is obtained from the triangulation by calculation, in which 
certain assumed elements of the earth's figure are adopted. The latter is merely the difference of time 
at  the two terminal stations at  any instant, as obtained by astronomical observations. The geodetio 
value of an arc of longitude is affected by any error in the adopted elements, whereas the astronomical 
value is affected only by local attraction, this last source of error being almost wholly inoperative in the 
case of geodetio values, that is to say, if 

a, = the true value of any arc in seconds of time. 

a' = ,, geodetic 93 . 93 

a" = ,, astronomical 91 91 

xe = the displacement of the zenith in seconds of time at the eastern Btation (positive towards 
the east) owing to local attraction, 

zW = the same thing for the western station, 

I + k = ratio of the true, to the adopted equatorial axis. 

Then we have these equations (very 'approximately) 

a' = a* ( I  + k), 

and subtracting a'- an =' aok - xe + x,,, 

where d is the excess of the geodetic over the astronomical value. As k is very small and a, very nearly 
equal to a', a'k may be substituted for ad;: without hesitation. Every measured arc will thus yield 
an equation of the above form. 

Now in order to apply this equation in the present ease it will be convenient to present the list 
of data in another form. In Table IX of the preceding chapter the geodetic and astronomical values 
are given for every arc, but in the subjoined table they are so arranged that all arcs are measured from 
Kalianpur as origin. This is of course merely a matter of addition or subtraction amongst the figures 
given in the first table. Moreover as the calculation pretends to be merely a rough appro'ximation, only 
two places of decimals are retained, possibly it may be thought that even one place would sufiice, but 
the additional labour of retaining two is insignificant. 
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T a b l e  8. 

I n  this table the names of the stations with a distinguishing number are given from east to 
west. These numbers must not be confused with those used in the charts and in the simultaneous 
reduction. Column 2 contains the names of all the arcs reckoned from Kalianpur as origin,ektwards 
and westwards, with a symbolical letter attached to each. I n  column 3 are shown the geodetic values of 
the arcs in time, the same values being given in seconds in column 4. Column 5 gives the seconds only 
of the astronomical values of the arcs, and columns 6 and 7 the excess of the geodetic over the astrono- 
mical values in time and in arc respectively. It cannot fail to be noticed in this table how much more 
persistent the excess of the geodetic values is in the arcs east of Kalianpur than in those west of it. This 
would lead to the idea that either the curvature on the former side is less than that on the latter, or that 
there is a sensible deflection of the zenith eastwards at Kalianpur, which makes all the observed western 
arcs appear too large. From these data the following equations are formed, in which x,, x2, $c., sig* 

A 

h 

Nuns snd Number of 
atation 

Moulmein (1) 

Prome ( 2 )  

Akyab (3) 
Chittagong ( 4 ) 
Jalpaiguri ( 6 ) 
Calcutta ( 6 ) 

Walt& ( 7 ) 
Fyzabad ( 8 )  

Madras ( 9 )  

Jub bdpore (10) 

Bolarum (11) 

DehraDun (12) 

Agra (13) 

Kalianpur (14) 

Bangalore (16) 

Nagarkoil (16) 

Bellary (17) 

Amri tsar (18) 

Mangalore (19) 

Bombay (20) 

Deesa (21) 

Peshawar (22) 

Mooltan (23) 

Kurrachee (24) 

Quetta, (2s) 

Beduced to 
moondr 

4h4 
4215 

3658 

3404 
2660 

2569 

1359 

1075 
622 

551 
208 

96 

87 
... 
17 

53 

I75 
668 

674 
1162 

1313 
1465 

1491 

2554 

2555 

Am and camponding Symbol 

Moulmeintogalianpur,a, 

Prome 9s a, 

A k P b  $3 a, 
Chittagong 3) a* 

Jalpaiguri Y S  a, 

Calcutta, ss a6 

Waltair Y s 4 
Fyzabad Y s '13 

Madras Y S  

Jubbulpore Y Y  40 
Bolarum 9) "11 

DehraDun 93 . Q ~ s  

Agra ss '1s 

... ... 
Kalianpur to Bangalore a,, 

ss ~ a ~ a r k o i l  a,, 

SY Bellary a,, 
99 Amritsar a,, 

93 Mangalorea,, 

39 Bombay a, 

99 Deesa a,, 

ss Peshawar a,, 

31 Mooltan a,, 

ss Kurracheea, 

99 Quetta a,, 

IJecondm 
uLmnomid 

52139 

13.64 

57.40 

43-6 
18.32 

48*02 

38'84 

55'34 

21.97 
10.32 

27.35 

34-59 

27.33 
... 

17.35 

53-05 

54'58 

7-41 

14-19 

21.45 

53-09 
24.20 

51-69 

33.65 

35.22 

Gteodetio value 
of Aro 

I n  8 

11953.61 

11014-73 

I o 58.18 

5643'94 

44 19-68 

4248.75 
22 39-06 

V 75-37 
10 22-45 

g I I * O O  

3 27'58 
I 36-30 

I 26.96 

... 
17- 16 

52'93 

2 54'53 
11 7-61 

1114-32 

19 21.90 

21 52-85 

2425.15 

24 51-35 

4233'62 

4235.06 

E X C ~ M  of Geodeti0 over 
Amhnomicd value 

~n time I 

+1*'22 

+ ~ . o g  

+om78 

+oS78 

+1*36 

+oa73 
+oS22 

+0'03 

+oa48 
+om68 

+0*23 

+1'71 

-0'37 
... 

-0-19 

-0.12 

-0'05 

+oS2o 

fo '13  

+0*45 
-0.24 

+oS95 

-0.34 
-0.03 

-0.16 

~n aro 

+1gf3o 

+16'35 
+11*7o 

+11.70 

+20°40 

+10'95 

+ 3-30 
+ 0'45 

+ 7-20 
+IO-20  

+ 3-45 
+25'65 

- 5'55 
... 

- 2-85 

- 1.80 

- 0'75 

+ 3.00 

+ 1-95 

+ 6-75 
- 3-60 

+14*25 
- 5.10 

- 0 ' 4 5  
- 2 . 4 0  
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the deflection, owing to local attraction, of the zenith at  each station in seconds of time, eastwards or 
westwazds, the former giving the positive sign. 

Each arc joining Kalianpur with any other station of observation produces an equation; those 
in which Kalianpur is the western station differing in sign from those in which that station is to 
the east :- , 

8 I# 

- xlc + x1 = - 1'22 + a l  k =  - 0'26 = - 3-90 

- x,, + a, = - 0.16 - a& = - 0-67 = -. 10.05 

In order to obtain the figures in the Imt two oolumns the value of k must be known. There are in 
thia schedule only twenty-four equations and (including k) twenty-six unknown quantities, it will be 
necessary therefore to make some assumptions. They might be subjected to a solution by the method of 
minimum squares, but apart from the labour entailed by this method, which would be a wholly unnecea- 
aary refinement at this stage of the discussion, it seems doubtful if the principle of thereby getting the 
most probable solution would hold in this case ; and therefore it seems profitable to make some arbitrary 
assumption. 
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It is almost impossible to make any assumption here to which no objection can be raised. 
Perhaps the best is based on the following considerations. If local attraction does not exist at the 

terminals of any particular arc then k may be taken as excess of geodetic over astronomical value , and 
length of arc 

extending the principle me will assume in absence of anything better that 

average excess of geodetic over astronomical values - sum of col. 6 in T . z e  k =  - 
average length of arc sum of col. 4 

for a large number of arcs where the local attraction may be supposed to be more or less eliminated. 
There are, however, two arcs involving Dehra Dun and Agra which, besides being extremely short ones, 
show abnormal local attraction* ; they are therefore omitted, and hence 

it will suffice if we take k = 0002. This value being substituted in the schedule of equations given 
above produces the figures in the last two columns. These now represent the dzferencee between the zenith 
deflection at  Kalianpur and every other station ; in order to get the actzlcct values another assumption is 
necessary. We may make an unlimited number of such assumptions with more or less probability. 
h o n g  other fairly probable ones let us take the following three :- 

(1) That the zenith deflection east or west a t  Kalianpur is zero, 

(2) That the aum of the zenith deflections a t  all the stations of observation is zero, and 

(3) That the excess of the geodetic above the astronomical values averages the same amount in 
the eastern and western arcs, reckoning from Kalianpur. 

On the first supposition the figures aa they stand in the last column of the preceding list of equa- 
tions r,epresent the absolute deflections. 

On the second supposition 3"-42 must be added to each of these quantities in order to obtain the 
absolute deflections. 

For the third supposition a constant x,,-representing the zenith deflection at Kalianpur-must 
be assumed such that the valuea of k, as deduced from the eastern and western arcs respectively, will be 
identical. 

If k be derived from the eastern arcs as they stand at  present in Table X, we have, omitting 
(la) and (13) as before 

and from the western arcs 

and s,, must be taken sf such a magnitude that 

tke solution of which equation gives x14 = 08* I 88 or 2". 82. 

* If them two arm be included k = .oooa55. 

I 
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If this number be added to each of those in the last column of the preceding schedule, we obtain 
the actual zenith deflections on the third supposition. The stations in the following list are arranged in 
order of the magnitude of the deflection on all three assumptions :- 

a n n a H Y 

Peshawm 3.9.90 +13'32 +12*72 Bangalore - 2-85 + 0.57 - 0.03 

A@;* + 5'85 + 9'27 + 8-67 Calcutta - 3.30 + 0.12 - 0.48 
Bombay + 3-30 + 6-72 + 6-12 Prome - 3'75 - 0'33 - 0.93 

Fyzabad + 2-85 + 6-27 + 5.67 Moulmein - 3.90 - 0-48 - 1.08 

Amritsar + 1-05 + 4-47 + 3-87 Madras - 5-40 - 1-98 - 2-58 

Waltair +0 '75 + 4-17 + 3'57 Deesa - 7-50 - 4-08 - 4.68 

Kalianpur 0.00 + 3-42 + 2.82 Kurrachee - 8-10 - 4-68 - 5-28 

Akyab - 0 * 7 5 + 2 * 6 7 + 2 * 0 7  Mooltan - 9 . 6 0 - 6 . 1 8 - 6 . 7 8  

Bellary -1'35 + 2-07 + 1-47 Quetta -10-05 - 6-63 - 7- 23 

Chittagong - I 50 + I -92 + 1-32 Jalpaiguri -12.45 - 9.03 - 9-63 

Nagarkoil - 1-95 + 1.47 + 0.87 Dehm Dun -25.35 -21 -93 -22-53 

Bolarum - 2-85 + 0'57 - 0.03 

I t  is worthy of remark that if we take I + k at  I 000220, as deduced above, it brings the earth's 
equatorial radius into much closer accordance with Colonel Clarke's value than that which bas been 
hitherto used in the Indian geodesy under the name of Everest's Constants, 1st set. I n  this set 
a = 20,922,932 feet, and a x 1.ooo2zo = 20,927,535 feet, which is much nearer to Colonel Clarke's 
latest value, viz., 20,926,202 feet, as given at page 319 of his " Geodesy" published in 1880. 

At page 309 of the same work Colonel Clarke, after showing his reasons for believing that the 
equator is an ellipse of small excentricity, writes thus :-" The meridian containing the smaller diameter 
" of tile equator passes through Ceylon on the one side of the earth, and bisects North Amerioa on the 
" othea. This position of the axes, brought out by a very lengthened calculation, certainly corresponds 
" very remarkably with the physical features of the globe-the distribution of land and water on its 
" surface." The rough analysis of the longitude arcs given above certainly bears this out, inasmuch 
as it shows that the curvature in India is flatter than that due to the assumed spheroid with circular 
equator : as would necessarily be the case if India were situated, as Colonel Clarke supposes, near the 
extremity of the minor axis of the equatorial ellipse. 
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No. I, 

DETERMINATION OF THE GEODETIC ELEMENTS OF THE LONGITUDE STATIONS. 

General B e m r h .  

All the points used as longitude stations are connected with the stations of. the Great Trigonometrical Survey, in 
o&r that their geodetic latitudes and longitudes may be accurately determined. The longitude stations at Deesa, Madras, 
Bangalore, Mangalore, and Bombay were selected so close to principal stations that simple linear measurements sufEced 
for their connection, and the resulting deduced elements, with the descriptions of the stations, are given in the Appendix to 
Part I of Volume IX. The longitude stations at Dehra Dun and Quetta were also connected with fixed stations by linear 
measurements, and the deduced geodetic elements are given in Tabks A, B and C 'in this volume. 

Owing to the extensioxl of the Survey of India Offices in Calcutta, the longitude station of 1881-82, 1882-83, and 
1883-84, described in Appendix to Volume X, could not be used in 1891-92, but a new point was selected close to the 
old station, and the necessary linear measurements taken to determine the geodetic elements. The longitude station at 
Bolarum of seasons 1876-76 and 1880-81, and described in Appendix to Volume IX, having been built over, a new station 
wm selected in 1891-92, close to the old point, and connected with it by measurements detailed below. 

To fix the longitude stations at Agra, Kurrachee, Jubbulpore, Bellary, Fyzabad, Mooltan, Amritsar, Peahawar, 
Nagarkoil, and Waltair, special triangulation was necessary in each case. The triangulation for the first five stations is given 
in Appendices to Volumes IX and X, while the triangulation for the other stations, executed by Captain S. G. Burrard, R.E., 
and Messrs. McNair and Bond, will be found in Tabks A, B and C, with explanatory diagrams in Plates VII and VIII. 

The latitudes, longitudes and azimuths were computed by the formulae given on pages 121 to la, Volume I1 of the 
Account of the Operations of the Great l'rigono~netrical Survey of.India, using the elements of the figure of the earth 
aa etated on page 127 of that volume. The elements of all trigonometrical stations and points employed, with the exception 
of the station at Quetta, are final, and are for the most part published in the printed records of the Great Trigonometrical 
S w e y  of India, to which references are given. All the stations a d  points used were clearly identified, and their exact 
positions recovered beyond doubt. 

Descriptions of S t a t h u  ccnd Point8 of the Cmecting T h g u l s t i o n ,  a d  of those at which the Longitude 
Obeervatiolu, were taken. 

AGRA CONNECTION, 

See Appendix, Volume X. 
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MOOLTAN CONNECTION. 

MOOLTAN CITY DOME is an intersected point of the Mooltan-Shujabad-Khangarh Secondary Seriea emanating 
from the Sutlej Series : it is the spire of the dome of Mir Ahmad Shah's Mausoleum, which lies 1 4  miles N.E. of the Mool- 
tan Cantonments, and immediately east of the village of Suri Miani. 

MOOLTAN FORT DOME is also an intersected point of the Mooltan-Shujabad-Khangarh Secondary Series: i t  is 
the apire of the large dome of Shah Rukhn-ul-Alsm's Mausoleum. 

MOOLTAN TELEGRAPH OFFICE STATION is situated at the N.W. angle of the paka roof of the Government Tele- 
graph Office. A circle and dot engraved on a stone let into the roof marks the station. I t  is 2.83 feet from an arrow on 
the western parapet, 8.08 feet from the S.W. comer of the westerly of the two northern chimneys, and 9.96 feet from 
the N.W. comer of the single central chimney. 

MOOLTAN LONGITUDE STATION not being visible from Mooltan Telegraph Office Station, a peg on the meridian of 
the Longitude Station, and 40.78 feet north of it, was observed to, and its distance from the Telegraph Office Station 
found by direct measurement to be 138.37 feet on an azimuth of 227' 11' 17"-4. 

DEESA CONNECTION. 

See Appendix, Volume IX. 

AMRITSAR CONNECTION. 

R A ~ B A G H  STAT~ON ie a station of the Bari Doab Secondary Seriea emanating from the Qmhagarh Meridional 
Series: it is situated on the roof of the highest building of the Ram Bagh, at present (1885) in the occupancy of the 
Amritsar Station Library. When Mr. McNair visited the station in 188Ei, he found that the marble slab, which marked 
the station, had been removed; but, having recovered the site, he embedded a etone with a circle and dot engraved on it, 
in place of the marble slab. 

AMRITSAR MINARET STATION is a station of the Bari Doab Secondary Series emanating from the Garhagarh 
Meridiond Series: it is situated on the platform of the north-eastern of the two minarets built by S d a r  Jodh Sing 
Ramgaria, situated about the centre of the city, and some 150 yards E. of the celebrated Golden temple. The station io 
marked by a circle and dot on a piece of marble let into the masonry, and covered over with a layer of mortar. 

AMRITSAR. COVINDCARH FORT STATION is on the roof of the highest building, used as a hospital in 1885, inside 
the fort of Govindgarh which lies W.N.W. of the city of Amritsar. The station is denoted by a circle and dot cut on a 
slab of stone let into the roof. The building described in Synopticd Volume IV, page 97,, , aa " The old house ", on 
which the station of the Bari Doab Secondary Series was situated, was not in existence in 1885. 

AMRITSAR HALL GATEWAY STATION is on the roof of the western tower of the Hall Gateway, which is the main 
north entrance into the city of Amritsar. A circle axid dot engraved on a stone embedded in the roof marks the station. 

AMRITSAR, CHAGAR MAL'S HOUSE STATION is on the roof of the western entrance to Ghagar Ma1 Sett's house. A 
&-ole and dot engraved on a slab of sandstone embedded in the masonry marks the station. 

AMRITSAR LONGITUDE STATION is situated in the compound of the Government Telegraph Office, and about 20 feet 
to the west of the main building. 

> 

KURRACHEE CONNECTION. 

See Appendix, Volume IX. 

PESHAWAB CONNECTION. 

PIR SABAK HILL STATION is one of Lieutenant Carter'a stations of the Peshawar Secondary Series, which emanates 
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from the &eat Indns Series. It is situated on the summit of a hill E. of Pi Sabak village on the left bank of the Kabul 
river; marked by a pillar with a circle and dot engraved on the rock in sit& 

JALALA SIR HILL STATION is one of Lieutenant Carter's stations of the Peshawar Secondary Series, which e m a n a h  
from the Great Indus Series. I t  is situated on Jalala peak of the Khatak range which divides the districts of Peshawar 
and Kohat, and lies 45 milea east of the Afridi village of Janakhor, and 5 miles west of the hill cantonment and sanitarium 
of Cherat. A well marked foot-path leads from Cherat to the station, and is the best approach to it. The station is 
marked by a circle and dot cut on stone, covered with a cairn of stones. 

PESHAWAR, CHOR KHATRI STATION ia situated near the N.E. corner of the roof of the western of the two build- 
ings known as the Ghor Khatri, once a Buddhist monastery, then rebuilt into a Hindu temple, and now used as a sarai. A 
circle and dot engraved on a slate slab embedded in the mud roof marks the station. This station is not identical with 
Peahawar Gurkatri k. of the Peshawar Secondary Series of Synoptical Volume I. 

PESHAWAR TELEGRAPH OFFICE STATION is at the east end of the roof of the main building of the Government 
Telegraph Office, and just above the room in which the astronomical clock was mounted. A circle and dot engraved on a 
slate slab let illto the mud roof marks the station. 

PESHAWAR LO NClT UDE STATION is in the compound of the Government Telegraph Office, and is 15.3 feet south 
and 54 feet east of Telegraph Office Station. 

DEHRA DUN CONNECTION. 

DEHRA DUN LONGITUDE STATION is situated in the north-eastern portion of the Survey of India Office com- 
pound, 33.54 feet north of the Haig Observatory, 214 feet from the western gate-post of the N.E. entrance to the Survey 
property, 43.5 feet from the northern boundary wall measured on the ray to the Mussooree eastern meridian mark, and 
628.8 feet due east of the smaller Photo-heliograph Observatory called Dehra Dun Dome Observatory T.S. (new) in Synop- 
tical Volume 11. 

MADRAS CONNECTION. 

See Appendix, Volume IX. 

BANGALORE CONNECTION. 

See Appendix, Volume I X .  

NAGARKOIL CONNECTION. 

RADHAPURAM STATION is a principal station of the Great Arc Meridional Series, Section 8' to 18'. I t  is situated 
on the high plateau, about I t  miles N.E. by N. of the village of Radhapuram on the road from Idindakarai on the coast 
to the town of Nanguneri, and 84 miles E.S.E. of the large village of Panagudi. I t  is in the lands of the village of 
Radhapuram, sub-division Rdhapuram, taluk Nanguneri, district Tinnevelly. When visited by Mr. Bond in January 
1888, the station pillar, 10 feet high, and protecting pillar were found in perfect preservation. The protecting pillar, sur- 
mounted by a conical capping stone, was removed for the observations, and on the completion of the work, was rebuilt of 
the former dimensions and the capping stone replaced. For further description vide page 2 L d .  of Volume XI1 of the 
Account of the Operations of the Great Trigonometrical Survey of India. 

KUDANKULAM OBSERVATORY STATION is a principal station of the Great Arc Meridional Serie8, Section 8' to 18'. 
It is situated on the highest point of an excessively rocky and thorn-covered swell of gently undulating ground about four- 
fifths of a mile from the sea coast, and 12 miles N.E. by E. of the extreme point of Cape Comorin. It is in the lands of 
the village of Vijayapati, taluk Nanguneri, district Tinnevelly. For further description vide page 2 5  of Volume XI1 
of the Account of the Operations of the Great IE/igonomtrical Survey of India. 

The station was visited by Mr. Bond on the 15th December 1887. On opening the entrance to the observatory i t  
was found that all the wood-work supporting the eastern half of the roof had been completely destroyed by white-ants, 
and the d4bris lay upon the floor of the building: the wetern half of the roof was almost in the same state. The two 
large beams supporting the sides of the meridional aperture in the roof were hanging loosely from the wall. On clearing 
away the dkbria the eastern half of the floor of the building was found to be paka, and in the centre, in line with the 
meridional opening, was a granite slab 3-25 feet in diameter, in which a cylindrical hole had been bored and the following 
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heription engraved on it "Great Trigonometrical Survey, Kudankolam Observatory, Cape Comorin Base Extension 
" A.D. 1869." 

MANPOTTAI HILL STATION is a principal station of the Great Arc Meridional Series, Section 8' to 18'. It ir 
situated on a rock on the summit of a hill, which lies about a mile S.E. of the junction of the roads from Travancore and 
Cape Comorin to the town of Nanguneri, 3 of a mile E. of the road from Cape Comorin to Panagudi, and 3 U  yards 
6. of the Aramalai and Tiruchendur road. The station is about 8 miles from the sea, and is identical with that of 
'' Munpotha" of Colonel LambtonJs triangulation, the mark of which was found engraved on the rock, and adopted fbr 
the present station. It is in the lands of Perungudi village, sub-division Radhapuram, taluk Nanguneri, district Tinnevelly. 

The station consists of a platform of stones and earth, 16 feet square and 8 feet high at the outer sides, enclosing 
a solid, circular and isolated pillar of masonry 34 feet in diameter, which contains two marks, one on a stone embedded in 
the upper surface of the pillar, and the other 1.5 feet below it, engraved on the rock. The directions and distances of the 
neighbouring villages are :-Panagudi N., 3# miles ; Tanakarakulam (on the road) N.E. by E., 84 miles ; Koilkinar N.N.E., 
4 mile; Paluvur (on the road to Cape Comorin) S., 4 miles; and Perungudi E.N.E., 2 miles. 

The station was visited by Mr. Bond on the 15th January 1888 and found intact, but without a protecting pillar. 
After the completion of observations, a pyramidal covering pile of stones was erected 7 feet in diameter at base, and 8 
feet in height. 

THOVALAMALAI HILL STATION is on Kanniakurchi, the highest peak of the Thovalamdai range, situated 7 mil- 
N.E. of Nagarkoil, and about a mile east of the high road to Tinnevelly. I t  is in line with the old fortification wall extending 
from Poigaimalai (about 4 a mile N. of Aramalai) southward to the coast. The ascent which can only be made from the south 
side along the fortification wall is exceedingly steep. It is in the Tairur pravarti, Agasteahwaram taluk of the southern 
division of Travancore. The following are the directions and distances of the surrounding places :-Malangur S.W. by S., 
miles 34 ; Ramapuram temple W. by S., miles 34 ; Thovala N.W. by W., miles 2 ; and Palaur E. by S., miles 8. 

The station consists of a platform of earth and stones 74 feet square enclosing a solid, isolated pillar of masov ,  
8 feet in diameter and 2 feet in height, with two marke, one on the rock in sit12 and another at the surface of the pillar. 

TATAKAMALAI HILL STATION is on the top of a steep hill, called Thadagaimalai, some 3,000 feet above the plain 
and about 2 miles N, of the high road. This is an intersected point of the Great Arc Meridional Series, Section 8' to 18O, 
and was called by 'Colonel Branfill r r  Camel's hump h." Nagarkoil lies 7 miles S.S.W., Puthapandi 3 miles S.W. 
by W., and Aramalai 3 miles S.E. It is situated in the Thovala pravarti and taluk of the sonthern division of Travancore. 
The path to the summit starts from the village of Sithapal, following the road to Aramalai for a distance of 2 miles, and 
thence leads up the southern face of the hill. 

The station, which is 95 feet from the southern extremity of the hill, consists of a solid, isolated pillar of masonry, 
8 feet in diameter and 2 feet in height, surrounded by a platform of earth and stones 7+ feet square, with a mark engraved 
on the rock in sitd and another at the surface of the pillar. 

AMRITWAMALAI HILL STATION is on the highest sharp conical peak of a rocky hill of that name, so called from the 
medicinal herbs found there. It rises about 1,41)0 feet above the level of the country, and liea about 5 miles N.W. of Cape 
Comorin. On the southern face of the hill and about 400 feet above the plain is a temple of Paramarth-linge-swami. It 
is in the pravarti and taluk of Agasteshwaram of the southern division of Travancore. 

The station consists of a solid, circular and isolated pillar of masonry, 3 feet in diameter and 2 feet in height, 
surrounded by a platform of stones and earth 74 feet square, with two marks, one on a stone embedded in the upper sur- 
face of the pillar, and the other engraved on the rock in sit& The directions and distances of the neighbonring villages 
are :-Tambarkulam W., miles 2 ; Mailadi N., miles 18 ; and Kotaram S.E., miles 2. 

NAGARKOIL LONGITUDE STATION is in the compound of the Traveller's Bungalow. The following directions 
and measurements were taken from the station to the huilding :-N.W. corner of verandah S.E. by S., 60.17 feet ; N.E. 
coruer of plinth of building S.E. by E., 87.75 feet. The station is denoted by a mark-stone embedded in a small maaonq 
pillar 2.5 feet below the ground level, which is built between the transit piers. It is in the Kotar pravruti,, Agasteshwaram 
taluk of the southern division of Travancore. 

MANGALORE CONNECTION. 

See Apgendix, Volume IX. 
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BELLARY CONNECTION, 

8ee Appendix, Volume IX. 

See Appendix, Volume IX. 
BOMBAY CONNECTION. 

KALIANPUR CONNECTION. 

KALIANPUR HILL STATION is a principal atation of the Sironj Base-Line Figure, and is the origin of the latitnder 
and longitudes of the whole Indian Survey. It ia situated on a flat elevated ridge of iron-clay formation, locally called 
Bhuri Tori, which skirts the Sironj valley to the S.W. and N., and separates Malwa from the table-land to the north. The 
main road from Bhopal, vid Bhilaa and Sironj, to the Cantonment of Goona passea 350 yards N.E. of the station. The 
circumjacent villages with their distances and bearings are :-Kalianpw Q mile S.E., Jalalpw 1 mile S.W. by W., Barenda 
13 milea N.W., Karimabad 1Q milea E.; and the town of Sironj 24 miles E.S.E. The station is situated in the Tonlc State 
of the Rajputana Agency. 

The station ia marked by a solid, isolated pillar of masonry, 2 feet high, containing mark-stones at top and hottom, 
and enclosed in a platform of solid masonry 144 feet square. 

There are two meridional pillars connected with this station, one to the north at a distance of 5773.9 feet, and the 
other to the south at a distance of 6056.8 feet, on both of which the meridian of the station ia accurately marked. 

The Kalianpur Observatory, erected by Colonel G. Everest in 18% for astronomical observations, stands e0 feet dpe 
west of this station. 

KALIANPUR LONGITUDE ' STATION is on the same ridge as, and 35-21 feet due south of Kalianpur Hill Station. 

JUBBULPORE CONNECTION. 

See Appendix, Volume X. 

QUETTA CONNECTION. 

MASHELAK HILL STATION is a station of the Quetta Secondary Series which emanates from the Great Indrps 
Series, and is situated on one of the highest peaks of the Mashelak range, which liea about fourteen miles due weat of the 
Quetta Cantonmente. The metalled road from Quetta to Gulishtan passea 44 miles N.E. of the station, while the Qhoghsi 
pass is 8 miles S.S.W. The village of Babazai is 3 miles to the S.E., and that of Bazai 3 milea E. by N. 

The station is marked by a circular and isolated masonry pillar 24 feet high containing two mark-atones, one at ths 
surface, and the other at the ground level. 

TAKATU HILL STATION is a station of the Quetta Secondary Series which emanatea from the Great Indus Series, and 
is situated on the highest peak of the western extremity of the Takatu range, which liea about eight miles due north of the 
Quetta Cantonments. The station is immediately above a spring of water known as Chashma, and the circumjacent villag- 
with their distances are :-Kuchlak (a railway station of the Quetta Loop Line) 3 miles N.N.W., Samali 3 miles W.N.W, 
Malazai 2f miles W. by S., Sara Ghurgi 24 milea S.E. The road from Quetta to Kil'h Abdulla Khan passes 14 mil- 
W.S.W. of the station. 

The station is marked by a circular, isolated pillar of masonry 24 feet high with two mark-stones, one at the surface 
and the other at the ground level. 

QUETTA TELEGRAPH OFFICE STATION is a station of the Quetta Secondary Series which emanates from the Great 
Indus Series. I t  is situated in the compound of the house occupied by the Deputy Superintendent of Telegraphs, Quetta 
Division, and lies between the house and an out-office east of the home. It is 58-88 feet from the S.E. corner of the home, 
snd 66.5 feet from the south corner of the out-office. 

The station consists of a platform enclosing a circular, isolated pillar of masonry having a wooden peg in ita cen* 
with two lines cut on it. 

QUETTA LONQITUDE STATION is in the same compound as the Quetta Telegraph Office Station, and lies 22-26 f e d  
east and 8-08 feet south of it. 

CALCUTTA CONNECTION. 

CALCUTTA LATITUDE STATION ie a secondary station of the Calcutta Longi tudid  Beria, It ia a h &  fi y d a  



( 8 )  APPENDIX. 

east of the building known as No. 9 Park Street, formerly occupied by the Government Mathematical Instrument O5ce. 
The station is denoted by a mark-stone over which a protecting pillar of stone slabs has been built. I t  is capped by a 
marble stone, on which the following inscription is engraved :-"This stone marks an astronomical station of the G. T. 

Survey, where the latitude was observed by Mr. H. Taylor in 1864-85." 

CALCUTTA LONGITUDE STATION lies 32.75 feet north and 31.375 feet east of the Calcutta Latitude Statioh. I t  is 
not identical with the Calcutta Longitude Station described in Appendix to Volume X, which stood 20.3 feet due north of 
the Latitude Station, and was destroyed when the new building for housing the Mathematical Instrument O5ce was built; 
but a correction has been made to all arcs measured at this new point to reduce them from i t  to the old site. 

' 

WALTAIR CONNECTION. 

WALTAIR HILL STATION is a secondary station of the Bider Longitudinal Series, and is situated in the district of 
Vizagapatam. It is on the sea coast between the towns of Vizagapatam and Waltair. A pillar of masonry 4 feet in 
height marks the station, which stands on a sand hill close to the cantonment of Waltair. 

WALTAIR HELIOTROPE STATION is a secondary station of the Bider Longitudinal Series, and is situated on a sand 
hill about 4 a mile N.E. of the town of Waltair. 

W A L T A I ~  AUXILIARY STATION is denoted by a circle and dot cut on the rock in sitd, on the southern slope of 
the Demru-Simashilem range. I t  is situated in the taluk and district of Vizagapatam. 

WALTAIR, NARSING RAO'S HOUSE, the point referred to is the western end of the gable of Narsing RaoJs house in 
the town of Waltair. 

WALTAIR LONCITUDE STATION is in the enclosure of Narsing Rao's house, and lies 95.50 feet east, and 4 . 2 5  feet 
south of the western end of the gable of the house. The longitude station of Vizagapatam, now destroyed, is distant 3.0837 
miles on an azimuth of 38' 0' 6".7. 

BOLARUM CONNECTION. 

LACHHMANPUR HILL STATION is a station of the Hyderabad Minor Serietl which emanates from the Great Arc 
Meridional Series, Section 8' to 18'. I t  is situated on the highest rock of a rugged hill about a mile S.E. by S. of the 
village of the same name, 1) miles N. of Nizampet, 24 miles S.S.W. of Baurampet, and 6) miles N.E. of Lingampalle 
Railway Station of the Nizam's State Railway. 'A cart track from Nizampet to Baurampet passes close to the station. It 
is in the Atraf-i-Balds district of the Nizam's Dominions. The station is marked by a circle and dot on the rock in  sitd, 
with an isolated masonry pillar built over it, having a mark-stone on the top, and surrounded by a temporary platform of 
atones and earth. 

HYDERABAD, NAUBATPAHAR HILL STATION is a station of the Hyderabad Minor Series emanating from the Great 
Arc Meridional Series, Section 8' to 18'. I t  is situated on the northern peak of a low hill 200 yards S. of the south end 
of the Husain Sagar tank, and equi-distant from the cantonments of Secunderabad and the city of Hyderabad on the N. 
and S. respectively. The station is denoted by a circle and dot on a large stone embedded in a rough platform of stones 
and earth. It is in the Atraf-i-Balda district of the NizamJs Dominions. 

BOLARUM P.W.D. OFFICE STATION is on the roof of the N.W. wing of the Public Works Office at Bolarnm, a 
cantonment of the Hyderabad Contingent. The following measurements were taken to fix the point of observation:- 
N.E. corner of parapet of roof 12.25 feet, N.W. corner of parapet of roof 32.5 feet, S.W. corner of parapet of roof 
32'292 feet, and S.E. corner of parapet of roof 12.125 feet. A circle and dot cut on the roof, was covered with an 
earthen pan, and a masonry pillar 15 inches square and 12 inches high built over it. The pillar was then plastered and 

white-washed, and a capping stone marked thus embedded on the surface, the junction of the grooves being 

plumbed over the mark on the roof. 

BOLARUM LONGITUDE STATION ia in the compound of the Public Works Office, and 221.63 feet north and 16.394 
feet west of Bolarum P.W.D. Office Station. This station is 16.394 feet west, and 2LE.17 feet south of the Longitude Station 
described in Appendix to Volume IX. A correction has been applied where necessary to reduce all arcs to the old station. 

FYZABAD CONNECTION. 

See Appendix, Volume X. 
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FABLE A. TR1ANG)ULATION FOR THE CONNECTION OF LONGITUDE STATIONS. 

Cmputatwn of Diangles. 

* Compntarl from the latitude and lonrit,ude taken from the final computations of the Mwltan-Shujabd-Khangarh Secondary Series. 
t Taken from the final computations of the Gwlrugorh Aleridional Beria. 
f Mean deduced from Triangles Nos. 4 nn:l6. 

T d e n  from the 5 4  computations o i  the Great Indue Series. 

Longitude Station 
to beflxed 

MOOLTAN 

AYBITSAB 

PEBHAWAB 

Name of Ststion 

Mooltan City Dome 

Mwltan Fort Dome 

Mooltan Telegraph Offlce 8 .  

Sums ... 

Rambagh s. 

Amritaar Minaret ,, 
Amritrrar, Govindgarh Fort ,, 

Bums ... 

Amritaar, Govindgarh Fort s. 

Rambogh ,, 
Amritear Hall Gateway ,, 

Sums ... 

Rambagh 8. 

Amritear Hall Gateway ,, 
Amritsar,Ghagar Mal'sHouse ,, 

Sums ... 

Amritsar Hall Gateway s. 

Amritsar, Qovindgarh Fort ,, 
Amritsar, Qhagsr Mal'n House ,, 

Sums ... 

Amritssr,QhagarMal'sHouse 8. 

Amritsar Hall Gateway ,, 
Amritear Longitude 1, 

Sums ... 

Pir Srbak h.6. 

Jalala Sir ,, 
Peshawar, Qhor Khatri s. 

Bums ... 

0 
0 .- 
g r , a 
FI 
tc 

Inch 

12 

12 

9,  

,, 

,, 

8 ,  

12 

NO. of 
Triangle 

1 

2 

8 

4 

6 

6 

7 

Oberved 
Angle 

0 1  H 

54 14 19'4 

... 
62 o 34- 7 

... ... 

5 1 1 1  2.8 

68 6 41'7 

60 42 15'8 

180 o 0.3 

14 28 10.8 

23 24 46.1 

142 7 7.6 

180 o 4.5 

27 27 11.6 

60 59 13.3 

91 33 39.2 

180 o 4.1 

81 7 55.8 

16 41 47.2 

81 10 I 7- I 

180 o 0.1 

25 41 I -0 

16 59 16.4 

1-31 19 39'6 

179 59 57.0 

51 5 14.1 

81 59 28.6 

46 55 18.0 

180 o 0.7 

Distance in 
- 

Log Feet 1 r a  1 Eiles 

4.0639889 

4'1074593 

4*roo6961* 

3-i661667 

3'8420444 

3'8151074t 

3.4515506 

3-6530214 

3'8420444 

3'1154302 

3'3934748 

3'4515506 

3.6518664 

3'1154263 

3'6530224 

2'9~1ar06 

2'7499679 

3'11542833 

5'0556354 

5-1603410 

5'0281711~ 

Corrected 
Angle 

O f #  

54 14 19.4 

6 3 4 5  5.9 

62 o 34'7 

180 o 0.0 

51 11 2.7 

68 6 41.6 

60 42 15.7 

180 o 0.0 

14 28 9'3 

23 24 44.6 

142 7 6.1 

180 o 0.0 

27 27 10-3 

60 59 11'9 

91 33 37.8 

180 o 0.0 

81 7 55'8 

16 41 47.2 

82 10 17.0 

180 o 0.0 

25 41 2 ' 0  

16 59 17'4 

137 19 40-6 

180 o 0.0 

51 5 13.9 

81 59 28'3 

46 55 17-8 

180 o 0.0 

Corrections for 

Spherioal ObnerVa- 

11587.5 

12807.4 

12609.4 
-- 

5836'7 

6951'0 

6532'9 
-- 

Excess 

2'195 

2.426 

2'388 

1.105 

1.316 

1'2.37 

tion 1 E m r  

2828.5 0.536 

I 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 
- 0.9 

- 1.0 

- 0.9 

- 2.8 

4498'0 

if 

... 

... 

... 

... 

- 0.1 

- 0.1 

- 0.1 

- 0.3 

- 1.5 

- 1.5 

- 1-5 

- 4-5 

- 1.3 

- 1'4 

- 1.4 

- 4.1 

0.0 

orno 

- 0.1 

- 0.1 

+ 1.0 

+ 1'0 

+ 1.0 

+ 3'0 

+ 0.7 

+ 0.7 

+ 0.7 

+ 2.1 

0,852 r 
6951.0 
-- 

1304'5 

2474'4 

2828'5 
-- 

4486'1 

1304.4 

4498.0 
-- 

834'1 

562.3 

1304.5 
-- 

113667'3 

144657.8 

106701.6 
-- 

1.316 

0'247 

0.469 

0.536 

0.850 

0.247 

0.852 

0.158 

o-107 

0'247 

21.528 

27'397 

20.209 



APPENDIX. 

FABLE A. TRIANGULATION FOB THE CONNECTION OF LONGITUDE STATIONS. 

Compuu.tatim of Triangles-(Continued). 

* T d e n  from Triangle No. 478, page 1158-~ of the Gtrest Am Seriea, Section 8" to 18; Volume XU[ of the A m a f  oj the Opu&'oru, 4c. 

Longitude Station 
to be fixed 

PESHAWAB 

NAaAXKOIL 

Corrected 
angle 

0 I It 

126 35 45'7 

3 37 "-6 

49 47 2.7 

180 o 0.0 

61 8 5 

82 39 r 

36 12 54 

180 o o 

91 50 28 

a5 56 16 

62 13 16 

180 o o 

51 57 34 

78 46 52 

49 15 34 

180 o o 

91 ng 19 

,, 

,, 

,, 

0 
0 .- 
2 
2 3 
tc 

Inch 

12 

12 

,, 

,, 

Distance in 

Log F w t  1 Feet 1 Miles 

12 

18 

14 

No. of 
Triangle 

8 

9 

10 

11 

5.0773992 

3.9730431 

5'0556354 

4.7764056 

4.8304389 

4'6054748* 

4.7564056 

4.4175035 

4'7234518* 

4'43431.37 

4'5196427 

4'4175035 

4.8263041 

Kudsnkdam Observatory 8. 

Amritwamalai h.s. 

Sums ... 

Tatatamalai L.B. 

Thoralamalai ,, 
Nagarkoil Longitude 8 .  

Sums ... 

Thovalamalai h.s. 

Amritwamalai ,, 
Nagarkoil Longitude 8. 

Sun;s ... 

Name of Station 

Peshawar, Ghor s. 

Jalala Sir h.8. 

Perbawar Telegraph OHce s. 

Sums ... 

Badhapuram 8. 

Kudankulam Observatory ,, 
Thovalamalai h.0. 

Bums ... 

Manpottai 33.8. 

Kudankulam Obsenstory 8. 

Thovalamalsi h.s. 

Sums ... 

Manpottai H.8. 

Thovalamalai h.6. 

Tatakamnlai 91 

Bums ... 

Thovalsmalai h.s. 

119508.6 

9398.2 

113667'3 
-- 

59759 

67677 

40316 
-- 

59759 

26152 

52900 
-- 

27184 

33857 

26152 

67035 

22'634 

1'780 

21 '528 

r1.318 

12.818 

7.636 

11.318 

4.9j3 

10-019 

5.148 

6.412 

4'953 

12.696 

25 ag 34.2 

63 I 6.2 

179 59 58-6 

693255'7 

64 10 8.5 

46 16 56.0 

180 o 0.2 

63 20 25'4 

67 29 50'1 

49 9 45'9 

180 o 1.4 

Observed 
Ande 

O I N  

126 35 48.6 

3 37 14'4 

49 47 5.6 

180 o 8.6 

61 8 7 - 1  

82 39 4.6 

36 12 56'8 

180 o 8'5 

91 50 32'8 

25 56 19.2 

62 13 16'9 

180 o 8'9 

51 57 30.6 

78 46 51.1 

49 15 36'7 

159 59 59'4 

91 29 18.2 

Corrections for 

Spherical Observa- tion 
Excess 1 E m .  

I I, 

- 0.1 - 2.8 
0.0 - 2.8 

- 0.1 - 2.8 

- 0.2 - 8.4 

... - 2.1 

... - 3.6 

... - 2.8 

... - 8.5 

.,. - 4.8 

... - 3.2 

... - 0.9 

... - 8.9 

... + 3'4 

... - 0.1 
- 2'7 

... + 0.6 

... + 0.8 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

4'460.31 14 

4.7764056 

4'5470604 

4.5296152 

4.4343131 

4.5326410 

4.5470606 

4.4603114 

- 2.2 25 29 32 

+ 2.8 63 I 9 L + 1.4 180 o o 

+ 3'3 69 32 59 

+ 0.5 64 10 9 

- 4'0 46 16 52 

- 0.2 180 o o 4 
28861 

59759 
-- 

35242 

33854 

27184 
-- 

34091 

35242 

28861 
-- 

- 1.4 
- 3.1 
+ 3 * 1  

-1.4 

5-466 

11.318 

6'675 

6.412 

5.148 

6.457 

6.675 

5.466 

6.3 zo 24 

67 29 47 

49 949 

180 o o 
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TABZE A. TIlIANGULATION FOR THE CONNECTION OF LONGITUDE STATIONS. 

Compoc tatwn of Trkmgles-(Continued). 

Taken from the field computations of the Quetta Becondary Series, which are not in terms of the 5nal reduction of the Triangulation of the 
Great Tri onometricsl Survey. 

t &mputed from the latitude and longitude taken from page 6 L D .  of the B i d n  Longitudinal Series, Llynoptical Volume X 
f Taken from the final computations of the Qwat Am bleridional Series, Section 8" to 18', not yet published. 

Corrected 
h g l e  

O D  n 

35 30 55-24 

81 38 23.24 

62 50 41.52 

180 o 0.00 

Longitude Station 
to be fixed 

QUETTA 

No. of 
Triangle 

15 

3 

3 2 
8 8 

Inch 

14 

Distance in 

Lag n e t  1 re& 1 Miles 

WALTAIB 

BOLARUM 

16 

17 

18 

Correctiona for 

s p h e r i d  Observa. 
tion 

Excess I E m r  

/I n 

- 0.24 + 0'28 
- 0.24 + 0.29 
- 0-24 + 0.29 

- 0.72 + 0.86 

Name of Station 

Meehelak h.8. 

Takatu ,, 
Quetta Telegraph O5ce s. 

Bums ... 

6 

18 

12 

8-470 

14.425 

12.973 

1.787 

2.674 

1.299 

1.691 

0.434 

1'587 

7.482 

9'081 

10'471 

4'6505058 

4'881j491 

4.8356685" 

3'9748418 

4'1497313 

3'8j617aot 

3'9508844 

3'3602786 

3.974418 

4.5966370 

4'6807721 

4.74263403 

Obaerved 
Angle 

0 1  R 

35 30 55.20 

81 38 23.19 

62 50 41.45 

179 59 59.86 

447~0.4 

76163.9 

68496.5 
-- 

9437'2 

14116.6 

6857'6 
-- 

8930.7 

2292'3 

9437% 
-- 

39503.4 

47947'9 

55288'4 
-- 

Waltair h.8. 

Waltair Heliotrope 8. 

Walt& Auxiliny 9 1  

Bums ... 
Waltair Heliotrope s. 

Waltsir Auxiliary 1, 

Waltair, Naming h ' s  House 

Sums ... 

Lachhmanpur h.s. 

Hyderabad, h'nubatpahar 

Bolarnm P. W. D. 0500  s. 

Bums ... 

35 41 I 1.0 

119 13 8.5 

25 4 44'0 

179 59 3'5 

;o zo 16 

13 59 16 

... 

... 

44 17 19.1 

57 56 43.0 

77 45 56'7 

179 59 58.8 

... 

... 

... 

... 

... 

... 

... 

- 0.1 
- 0.1 
- 0.9 

- 0.4 

I 

+18-8 

+ 18'9 
+18.8 

+56-5 

... 

... 

... 

... 

+ 0.5 
+ 0.5 
+ 0.6 

+ 1.6 

35 41 30 

119 13 17 

25 5 3 

180 o o 

70 20 16 

13 59 16 

95 40 28 

180 o o 

44 17 19.5 

57 56 43.4 

77 45 57.1 

180 o 0'0 
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T D L E  B. TRIANGULATION FOR THE CONNECTION O F  LONGITUDE STATIONS. 

Geodetic Latitzcdes, Longitudes m d  Azimuth .  

* Taken from the final computations of the Mooltnn-6l1ujabnd-Kl1an~rh Secondary Series. 
t Vide pages and 112-=. of the Qurhagarh Meridional Series, Synoptical Volume IV. 
3 ,, page 9 L D m  and 8nal computations of the Great Indus Series, Synoptical Volume I. 
5 ,, p g m  166-A. and 167-A. of the Great Arc Meridional Series, Section 80 to 18', Volume XII of the Accmnt fl the @eratiom, $c. 
11 Taken from the field computations of the Quetta Becondary Series, which are not in terms of the 5 a l  reduction of the triangulation of the G d  

'l!rigonornet.~ical Survey. 
T Pids page 66-=. of tho Bider Longitudinal Series, Synopticnl Volume X. 

** %ken frou the finsl couputatiou of the Great Am Meridioual Series, Bection 8' to la", not yet p ~ b h h e d .  

Longitude Station 
to be &ed 

MOOLTdR 

AMRITSAB 

PESHdWAE 

NAQABKOIL 

QUE!l!TA 

WALTAIB 

BOURUM 

Name of Station 

Mooltrm City Dome 

Mooltan Fort Dome 

Mooltan Telegraph 05- 8. 

Ilambagh a. 

A m r i t ~ v  Minaret 11 

Amritaar, Govindgarh Fort ,, 
Amritear Hall Gateway ,, 
Amritsar, GhagarMal'eHonrre ,, 
h i t s a r  Longitude 3, 

Pir &bak h.a. 

Jalala Sir B) 

Peahawar, Qhor Khatri 9. 

Peshawar Telegraph 0 5 0 0  ,, 

Badhapursm 8. 

Kudankulam Obaemtory ,, 
Manpottai H.S. 

Thoralamalai h.3. 

Tatakamalai ,, 
Amritwamalai 3, 

Nagarkoil Longitude & 

Maahelak h.0. 

Takatu n 

Quetta Telegmph O5ce 8 .  

Waltair h.8. 

Waltair Heliotrope 0. 

Waltair, Naming Beo'n Home 

Iarchhmanpnr h.a 

Hyderabad, Naubatpahar ,, 
Bolarum P.W.D. O5ce 8. 

m 

-nth 

0 1  I 

OfMooltanB'ortDome 302 43 49' 1 

,, Mooltan City Dome 1.22 44 49'9 

I, n n 176 58 12.4 

Of A m r i h r  Mi- 0. 2 25 57'4 

8, Rambagh rc 182 25 55'7 

,, -,, 133 36 26.1 

,, Amri~ar,GovindgarhFort,, 68 5 0.8 

,, Axnrit.81~ H d  Gatew'ay ,, 329 12 52.5 

Of Jalalask h.0. 36 46 30 

,, I)k Sabak a 2x6 33 29 

8, I, 267 29 44'3 

,, Peahawar, Ghor ghat r i  a. 260 59 47.1 

Of Yapttsi H.B. 81 36 45 

RBdha~-m B. 185 55 26 

, ,Kudanku lamObamtoy , ,  3091142 

, ,Manpothi H.B. 221 I 45 

9, Thovalamalai h.8. 322 14 29 

r, I )  81 194 44 1 0  

Of Takatu h.8. a48 2 35-24 

~~Maf ihe l ak  ,, 68 8 40.79 

n ,I , I, 103 40 35-45) 

Of Walt&Heliotrope n. 209 a Sa 

8, Waltair n .  29 3 2 

,, Waltair Heliotrope n. 257 56 6 

Of Hyderabad,Naub- ha. 327 58 28.88 

I, h h h m a n p w  n 147 59 59'79 

,, n ,, 103 43 34-18 
> 

Longitude 
h t  of Greenwich 

0 1 11 

71 28 4~'6~* 

71 30 46'58* 

71 28 53-41 

74 55 14'23t 

71 55 ll'ozt 

74 54 9-50 

74 54 57.77 

74 54 50.05 

74 54 50'63 

ta 5 54'343 

71 53 19'15f 

71 37 17'09 

fr 35 26.81 

77 44 34'895 

77 43 53'445 

77 37 5-16! 

77 34 14.15 

77 31 28.36 

77 33 1-03 

77 a8 30'74 

66 48 54'7811 

67 0 59'6811 

67 a 58.62 

83 a1 18-458 

83 52'908 

83 21 "-71 

78 25 37 '05- 

78 30 39.87- 

783338'47 

No. of 
Trinngle 

1 

2 

3 

4 , s  

6 

7 

8 

11 

12 

13,14 

16 

17 

1 8  

Lstitude North 

O f  1 

30 13 4*77* 

30 1 I 57-26* 

30 10 58.17 

31 38 17-36? 

31 37 1r76t 

3I 37 36s55 

31 37 53-17 

3I 38 4-26 

31 37 58'7a 

34 I j1.40$ 

33 47 24.093 

34 o 32-ao 

34 17.66 

8 16 59.445 

8 lo z1-5j5 

8 15 53-3r5 

g 12 37-57 

8 16 10.82 

8 8 0.63 

8 11 25.30 

30 14 54.8811 

30 19 7.8511 

30 11 57.37 

'7 42 35.068 

17 43 34'50q 

17 43 29-75 

17 32 3.86- 

17 24 19'02** 

1 7 3 0  xrqar 
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TABLI 0. DEDUCL'ION OF THE GEODETIC ELEMENTS OF !CHE LONGITDDE STATIONS. 

Name of Station 

Agra Longitude a .a. 

Mooltan Telegraph Offlce r ... 
Reduction to Longitude r ... 

Mooltan Longitude r. *,d . 

Deem Longitude a. ... ... 

Amritaar Longitude a. ... ... 
Kurrachee Longitude a ... ... 
Peshawar Telegraph O5ce a. ... 

fleduction to Longitude r ... 
Peshawnr Longitude a. ... ... 
Dehra Dun Dome Observatory T.B. ... 

Reduction to Longitude a. ,.. 
Dehra Dun Longitude s. ... ... 

Madran Longitude s. ... --. 

Bangalore Longitude a. ... ... 

Nagarkoil Longitude a. ... ... 

Mangalore Longitude a. ... ... 

Bellary Longitude a. ... ... 
Bombay, Colaba s. ... ... 

Reduction to Longitude a. ... 
Bombsy Longitude s. ... ... 
Kalianpur H.8. ... ... 

Beduotion to Longitude r. ... 
Kalianpur Longitude a. ... ... 
Jubbulpore Longitude a ... ... 

Latitude North 

0 1 1  

27 9 39'93 

30 10 58'17 

+ 0.53 

30 10 58.70 

Longitude 
Esat of awenaich 

0 1  a 

78 3 29'07 

71 28 53-41 

+ I ' 16 

71 2s 54'57 

Blrx~sxe 

Vide page (19) of Vol: X of the A M O I ~  of iL Opera- 
t w w ,  &. 

Fixed by special triangulation (oida Tabkr A and B). 

A peg on the meridian of the Longitude s., and 40.78 feet 
north of it, wns observed to, and its distnnce from the 
Telegraph OtEce s. found by direct measurement to be 
138'37 f-t, m-de psge (4). 

24 15 29-35 

31 37 58-72 

24 51 2-44 

34 o 17-66 

- 0.15 

34 o 1;-51 

30 19 29.13 

0.00 

30 19 29'13 

13 4 3'75 

13 o 41-29 

8 1% 25-30 

12 52 14.14 

15 8 33'06 

18 53 48-94 

+ o'$s 

18 53 49-49 

24 7 11-26 

- 0.35 

24 7 10'91 

23 l o  1o.10 

72 13 31-03 

74 54 50.63 

67 3 20.40 

71 35 26-81 

+ 0.64 

71 35 27'45 

78 5 42' I a 

+ 7-18 

78 5 49-36 

80 17 21-51 

77 37 27.37 

77 28 30-74 

74 53 9.89 

76 58 6-76 

72 5 r r 5 - 73 

+ 0.55 

72 51 16.a8 

77 41 44-75 

o e w  

77 41 44'15 

79 59 29-19 

Tide page 258 of Vol: I X  of the Amoust, 80. 

F i  by special triangulation (vide Tabh A and B). 

Vide p g e  259 of Vol: I.. 

Fixed by apecia1 triangulation (aids Tabh A and B). 

The Longitude s. is 15.3 feet mouth and 54 feet wt of 
the Telegraph Office s., page (5). 

Vids page 86*-L of Synoptical Vol : 11. 

The Lon itude s. is 628.8 feet due east of Dehrs Dun 
Dome 8bservatory T.S., vide page (5). 

Videpagea58ofVol:IX. 

Videpagea58ofVol:IX. 

Fixed by special triangulation ( d e  Tablsr A and 4). 

Vide page 258 of Vol : IX. 

Vide page 258 of Vol : IX. 

Vide page 6 k B .  of Synoptioal Vol : XXVI. 

Vide page 258 of Vol : I& 

Vide pages 134 and 135 of Vol: I1 of the Aococrnt of the 
Operatiow, 4c.  

The Longitude a. in 35.21 feet due 0011th of Kalian- 
pur H.S., wide page (7). 

Vide p g e  (19) of Vol : X. 
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TABLE 0. DEDUCTION OF THE GEODETIC ELEMENTS OF THE LONGITUDE STATIONS-(Continued). 

Name of Btetion 

Quetta Telegraph O5ee e. ... 
Reduction to Longitude 6. ... 

Quetta Longitude s. ... ... 
Calcutta Latitude r. ... ... 

Reduction to Longitude 6. ... 
Calcutta Longitude r. ... ... 
Waltsir, Nming Bao's House ... 

Reduction to Longitude e. ... 
Walt& Longitude s. ... ... 

Bolarum P.W.D. O5oe s. ... 
Reduction to Longitude r. ... 

Bolanun Longitude 6. ... ... 

Fyrsbad Longitude a. ... ... 

Longitude 
Ewt of h n w i c h  

0 1 11 

67 a 58.62 

+ 0.25 

67 a 58-87 

,88 13 55 -95 

+ 0.33 

88 13 56-28 

83 a I 19.7 1 

+ 0.99 

83 21 30-70 

78 33 38'47 

- o. I 7 

78 33 38-30 

81 l o  35'33 

Latitude No*h 

O I  N 

30 11 51-37 

- 0.08 

30 11 57.19 

a2 31 54-67 

+ 0.32 

1 2  32 54-99 

17 43 29-75 

- 0'44 

17 43 29-31 

rf 30 11.21 

+ 1.20 

17 30 13'41 

16 46 40.66 

t 

B B Y A B X B  

The Longitude s. ir 8.08 feet south and aasa5'feet eut 
of the Telegraph O5ce s., wide page (7). 

Vids page of Byxioptical Vol : XIL 

The Lon~itude 8. is 3a-75 feet north and 31.375 feet e u t  
of the Latitude r., wide page (8). 

Fixed by rpecial triangulation (dds Tabh A and B). 

The Longitude I. ia 4 - 2 5  feet eouth and 95-50 feet en& 
of Nnreing Eho'r House, uida page (8). 

Fixed by special triangulation (oide Tabla A and B). 

The Longitude s. is 221 '63 feet north and 160394 feet 
west of P.W.D. O5ce r., oida page (8). 

Vidapage(~g)ofVol:X. 



No, 2, 

ON RETARDATION. 

The transmission of electrical signals along a telegraphic wire, though of enormoua velocity, is not absolutely 
instantaneous, and hence it follows that the value of an arc of longitude will M e r ,  according as it is determined 
by the transmission of clock signals from east to west, or from west to east; in other words, if the true value of the arc is 
AL, p the time of transmission in either direction (assumed to be equal in both cases), ALE and A h  the values of the 
arc as determined by the east and west clocks respectively, then 

Hence a value of p may be obtained from each arc measured, and an attempt ia here made to deduce from these valuw a 
law for the velocity of the transmission of the signals. 

I n  the following list the arca are given in order of their lengths. The first column contains the date of measure- 
ment, the second, the names of the terminal stations. Column 3 contains the distances as measured along the telegraph 
lines ; column 5, the actual retardation8 as deduced from the formula p = f ( A h  - ALE ). Column 4 will be explained 
below. 

List of Longitccde Arcs, showing the Distances by Telegraph Route, and the 27teoretical and Observed Retardation on each. 

Year of 
Mearurement 

1876-76 

1863-84 

1887-88 

1876-76 

1885.86 

1885-86 

18815-86 

1883-84 

1882.68 

i 

Di,tance 
in miles 

187 

195 
at6 

a35 

240 

255 
a80 

282 

28; 

Name of Am 

BangalorsBellary ... ... 
ALyabChittagong ... ... 
M a d r a k h g a l o r e  ... ... 
Boluum-Bellary ., ... 
AmritulcMooltan ... ... 
Dehra Dun-Amri- ... 
D o h  Dun-Agrs ... ... 
Prome-Akyab ... ... 
Fyzabd-Agrn .i.  ... 

Rlrvrsxe  

Pid Lucknor and Chwnpore. 

Ratadation in 
t1ewnd8 of time by 

Prussian 
Formula 

'003 

'003 

'003 

'003 

'004 

'004 

'004 

'-4 
-004 

Observa- 
tion 

'025 

-036 

'054 

'009 
-027 

-056 

-043 

'042 

,053 
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Liet of Longitude Arcs, shoroing Distances by Tekgraph Route, and the Ticemetical and Observed 
Retardation on each-(Continued). 

There is little doubt that armature-time plays an important part in the retardations shown in column 5, and a 
term to represent it must be introduced in any formula employed for their investigation. I t  obviously does not depend on 
the length of the line, but on the adjustment of the chronograph-relays, the strength of the current, and other similar 

B X X A B K ~  

BY line m s h  to 8ironj now d L m . o Y d  

ViB Madras Railwq to Qmtdd and thence to Be- by 
Mysore Btate Ihiiway. 

Via Dsccr 

Ghazbbrd. 

ViB Bezrsdr. 

East Cout. 

Pid Meernt, Deoband and Boorkee. 

By apocial line to Bimnj now dirmantled. 

Pi4 b a a  and Csloutte. 

Vi4 Lahore. 

ViB Msdraa and Eut  Cout. 

Vid Barhi and Allahnbsd. 

Via Caloatta, Barhi and Benam. 

Vid Deem and Hyderabad. 

Vtd Allahabad and A p .  
ViB Bombay. 
Vid Ranigsnj, Barhi and Allahabad. 

- 
Year of 

Meeaurement 

1889-90 

1889-90 

1882-88 

1876-76 

1885-86 

1882-8 

1883-84 

1880-81 

1880-81 

1887-88 

1885-86 

1891-92 

1882-83 

1887 -88 

1875-76 

1880-81 

1887-88 

1880-81 

1883-84 

1885-86 

1891-92 

1891-92 

1887-88 

1875-76 

1891-92 

1882-8 

1889-90 

1883-84 

1889-90 

1889-90 

1885-86 

1680-81 

1883-84 

1882-8 

1685-86 

1891-92 

1887-88 

1882-8 

1882-88 

1880-81 

1885-86 

1889-90 

1887-88 
1880.81 

1880-81 

1891-93 

Name of h 

Aga-Kalianpur ,,, ... 
Jubbulpore-Kalinnpar ... ... 
Jalpaiguri-Calcutts .,, ... 
MsdrabBellary I.. ... 
Amritssr-Peaham ... ... 
Chittagong-Calcutts ... ... 
Moulmein-Pmme ... ... 
Bombay-Deess ... ... 
Deesa-Kurraahee ... ... 
B e h  ry-Mangalore ... ... 
Agra-Amritsar ... .-. 
Wsltair-Bolarum ... ... 
Fyzabad-Jubbulpore ... ... 
Madnrs-Mangalore ... ... 
Madras-Bolarum ... ... 
Agra-Deem .., .-. 
Nagarkoil-Mangalore ... 0.. 

Jubbulpore-Bgrs ... ... 
Pmme-Chittagong ... ... 
Perhawar-Moo1t.n ,.. ... 
Bolsrum-Bombay ... ... 
Waltair-Madras ... ... 
Madras-Nagarkoil ... ... 
Bellary-Bombay ... ... 
Fymbad-Dehrs Dun ... ... 
Calcutta-Fyzabad ... ... 
Mooltan-Quetta .., ... 
Akyab-Calcutta ... ... 
Kurrachee-Quetta ... ... 
Kalianpur-Bombay ... . 
Mooltan-Kurrachee ... ... 
Jubbulpore-Bombay ... ... 
Moulmein-Akyab ... ... 
Chittagong-Julpaiguri ... ... 
Agm-Mooltan ... ... 
Calculta-Waltair ,,, ... 
Bangalore-Nagarkoil ... ... 
CalcuttaJubbulpore ... ... 
Jalpaiguri-Fyzabad ... ... 
Bombay-Kurrschee ... ... 
Deerra-Mooltan ... ... 
Agm-Kurrachee ... ... 
Mangalore-Bombay ... ... 
Jubbulpore-Deer* ... ... 
Jubbulpore-Bolnnun ... ... 
Waltair-Jubbulpow ... ... 

Distance 
in 

290 

296 

305 

305 

310 

351 
363 

410 

425 

4a5 

. 435 

444 

454 

454 

465 

475 

475 

476 

477 

486 

487 

490 

493 

519 

530 

533 

535 

546 

548 

607 
610 

628 

645 

656 

675 

690 

710 
726 

838 

840 

840 

900 
' 945 

950 
1 1 15 

1176 

Retardation 
recondaof 

Prussian 
Formula 

'005 

'005 

'005 

'005 

'O05 
-006 

moo6 

' w 7  

'007 

'007 
oof 

'007 

.008 
em8 8 

-008 
-008 
a 0 0 8  
-008 

.008 

-008 
.008 

'009 
.009 

-0Og 

'009 

.009 

-0%' 

'011 

-01 I 

-011 

'012 

-012 

-013 

-013 

-013 

.or4 

-016 

so16 

so16 

-018 

.or9 

-019 

'024 

-026 

in 
time by 

Obaerva- 
Lion 

-04.8 

'05" 

'045 
so23 

'047 
-061 

-013 

-042 

-064 

-061 

-018 

' 107 

'052 

'058 

*ozr 

'05 I 

'042 

'070 

-048 

'067 

-086 

'104 

'058 

'032 

.off3 

-067 

'049 

' 06.3 
-078 

-086 

-062 

'09 1 

'0.38 
. r r 3  

so70 

-11.3 

-075 

-d3 
I 24 

-105 

-051 

"33 

'093 
a08 I 

I I 9 - 191 
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causes : but as I?O record exists giving any details of these, it must necessarily be represented in the formula by a constant. 
In practice the relays were always so adjusted aa to be easily moveable by a very weak current, with a view to reduce the 
axmature-time as much ae possible. 

The velocity of transmission of an electric signal along a wire is represented by Prussian geodesists by the formula 

t ia meawred in aeconds, and m is the length of the arc in miles ; and column 4 in the above table contains the values 
of the retardations as computed thereby. This formula is probably a purely empirical one, based on actual experiments, and 
is hardly likely to represent the true state of things, except for reasonably short distances of 1000 miles and under; for the 
presence of m9 in the formula evidently presupposes a constant slackening in the speed of transmission as the distance 
increases, aa may be easily shown from the followin'g consideratiolls :- 

t = *ooo,o12,g m + ~ooo,ooo,oo8 m9 for the distance m 

and t' = -ooo,o12,9 (m + I) + ~ooo,ooo,oo8 (m +  for the distance (rn + I). 

Hence the time of traversing 1 mile after having traversed rn miles is 

and aa m becomes very large the first two terms may be neglected and therefore 

Hence it is evident that as m increases t' - t increases, or in other words the velocity decreases; a brief calcula- 
tion on this basis will show that after traversing 624 millions of miles, the velocity is reduced to one mile per second. 
This however is obviously of little importance, if the formula represents the time of signal-transmission within practical 
distances. I 

I n  the following discussion it will be seen that a formula which includes only the first power of the distance re- 
pments the observed retardations very nearly as well as one which, like the Prussian formula, recognizes also the square 
of the distance. It will be more convenient if 100 miles instead of 1 mile be taken as the unit of measurement and 
the Prussian formula then becomes t = .oo1,2g I + *ooo,o8 P, I being the distance thua expressed. 

Let us first trace out a formula which &volves the square of the distance, and for this purpose aasume that the 
time of signal-transmission may be represented by the formula 

where r ia the relay or armature-time, and o and y are constants to be determined from the observations. 

Each arc in the above list furnishes an equation of this form, but to simplify the arithmetical solution they are 
collected into groups for each hundred miles of distance, thus for all distances from 150 milea to 260 milea the value of 
2 is 2, for those from 250 to 350,l is 3, and so on; the equations then become 

r + 2 x + y = '030 being the mean of a group of 5 arcs 

r + 3 8  + 3'y = '045 ,, 3, ,, 9 ,a 

r +  4x + q9y = '055 I, )) ,I 7 ,, 
r + 5 x  + 59y = '061 9 )  19 J )  17 ,J 

r + 6 x  + 6 % ~  = '069 J )  I) >I J J  

r + 7 x  + y9y = 0091 3, 1) I# 6 8 ,  

r +  8 x +  8 9 y = * o g q  9 )  J) I) 8 9, 

r + 9 x  + g9y = -113 ,I 9 )  ?J 2 ,, 
r + IOX + logy = -081 J) J?  JJ I ,, 
r + Irx + I I ' ~  = 0119 9, 9, I, 1 ,, 
r + 1 2 ~  + 1 1 2 ~ ~  = -191 I J  JJ  8 ,  1 ,, 
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This group muat now be solved on the principle that the values f d  far r, x, and y, when substituted in the equatiom 
produce residuals, the sum of whose squares is to be a minimum, each equation being weighted according to the number of 
arcs on which i t  is based. 

The solution of these presents no difficulty; when treated by the well-known method applicable to aach cases 
they give rise to the three following normal equationa, viz :- 

55 r + 2848 + 1746y = 3.607 
284r + 17468 + 12488y = a1.782 

1746r + 124888 + 1 0 1 2 0 2 ~  = 154'918 

from which by the ordinary processes of elimination the following values are obtained 

r = -023 
X = '00537 
Y = '00047 

giving as a formula for expressing the time of signal-transmission 

*p = *023 + '00537 X 2 + '00047 X p. ( 1  ) 
Now if a formula be assumed baaed only on the first power of the dietance we get, by omitting y, in the above schedde 
the two normal equationa 

557 + 2848 = 3-607 
284r + 1746x = 21-782 

which give by elimination the following values , 
r = -007 
x = -01 129 

these difler considerably from the former values, but they represent, by means of the equation 
*p = *007 + *01129 x 1 ( 2 )  

the actual values of retardation nearly if not quite as well. The computed values of retardation as compared with tha 
actual ones are ae follows in the two systems :- 

By 1st formula By 2nd formula Actual 
8 8 8 

0.036 0.030 0.030 

' 043 -041 '045 
-052 -052 '055 
*o6a .063 no61 
07 I '075 069 

so84 so86 -091 
.og6 '097 ' 094 
109 109 '113 

'124 • 120 *081 

' I39 ' 131 ,119 
' I55 142 -191 

The last tnree arca are very discordant in both systems, but this is partly accounted for by the last arc being the 
only one in the whole system, on which, owing to its great length, an intermediate relay was necessary, and partly by the 
actual values being based on one arc only. The first formula gives for the rate of transmission of the signal about 4000 
miles per second, and the second formula about 8800, that given by the Pmsian formula being about 10,500. In the 
experimental arc meaaured at Dehra b u n  where I = o it was found that p or r = -015, it is probably only a chance 
coincidence that this is exactly the mean of the values of r given by the 1st and 2nd formulre. 

The observed values of retardation immensely exceed those given by the h s i a n  formula in every caae, but ae no 
detaih are at hand as to the thickness, insulation, or material of the wires, or the strength of battery employed in deducing 
it, no conclusion as to the reason of the discrepancy can be drawn. 

In this formula 100 mila  ir the unit of the memurement I ,  and p M meerrwed in wconds of time. 
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List of Published W o r b  of the Great Trigonmnetrical Survey of Iadicr. 

Account of the Measurement of an Arc of the meridian between the parallels of 18" 3' 
and 24" 7', being a continuation of the Grand Meridional Arc of India as 
detailed by the late Lieutenant-Colonel Lambton in the Volumes of the 
Asiatic Society of Calcutta. By Captain George Everest, of the Bengal Artillery, 
F.R.S., &c. London, 1830. (Out  of print). 

An Account of the Measurement of two Sections of the Meridional Arc of India, bounded by 
the parallels 18" 3' 6" ; 24" 7' 11" ; and 29" 30' 18". By Lieutenant-Colonel 
Everest, F.R.S., &c., late Su&eyor General of India, and his Assistants. London, 1847. 
(Out of print). 

Account of the Operations of the Great Trigonometrical Survey of India. 
Price Rupees 10-8 per volume. 

Volume I. The Standards of Measure and the Base-Lines, also an Introductory Account 
of the early Operations of the Survey, during the period of 1800-1830. 
By Colonel J. T. Walker, R.E., F.R.S., kc., &c., Superintendent of the Survey. 
Dehra D h ,  1870. 

Do. 11. History and General Description of the Principal Triangulation and of its 
Reduction. By Colonel J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General 
of India and Superintendent of the Survey, and his Assistants. Dehra Dhn, 1879. 

Do. 111. The Principal Triangulation, the Base-Line Figures, the Karslchi Longitu- 
dinal, N.W. Himalaya, and the Great Indus Series of the North-West 
Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., &c., &c., Superintendent of 
the Survey, and his Assistants. Dehra D6n, 1873. 

Do. IV. The Principal Triangulation, the Great Arc (Section 26"-30°), Rahfin, Gurhd- 
garh and Jogi-Tila Meridional Series, and the Sutlej Series of the Nortli- 
West Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., kc., &c., Superinten- 
dent of the Survey, and his Assistants. Dehra D6n, 1876. 

Do. IVA. The Principal Triangulation of the North-West Quadrilateral, including the 
Reduction and Details of the Jodhpore and Eastern Sind Meridional Series. 
Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel C. T. 
Haig, R.E., Offg. Deputy Surveyor General, in charge, and published under the orders 
of Colonel G. C. DePrBe, S.C., Surveyor General of India. Dehra Dbn, 1886. 

Do. V. Details of the Pendulum Operations by Captains J. P. Basevi, R. E., and 
W. J. Heaviside, R.E., and of their Reduction. Prepared under the directions 
of Major-General J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of 
India and Superintendent of the Trigonometrical Survey. Dehra Dlin and Calcutb, 
1879. 

DO. TI.* The Principal Triangulation of the South-East Quadrilateral, including the 
Great Arc-Section 18" to 24", the East Coast Series, the Calcutta and the 
Bider Longitudinal Series, the Jabalpur and the Bibpur  Meridional Series, 
and the Details of their Simultaneous Reduction. Prepared under the direc- 
tions of Major-General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General 
of India and Superintendent of the Trigonometrical Survey. Dehra Dbn, 1880. 

Do. VII. General Descriptjon of the Principal Triangulation of the Nortli-East Quadri- 
lateral, including the Simultaneous Reduction and the Details of five of the 
component Series, the North-East Lon~itudinal, the Budhon Meridional, 
the Rangir Meridional, the Amua Meridional, and the Kar&ra Meridional. 
Prepared under the directions of Lieutenant-General J. T. Walker, C.B., R.E., F.R.S., 
kc., kc., Surveyor General of India and Superintendent of the Trigonometrical Survey. 
Dehrn Dbn, 1883. 

* No oopier available e t  the Trigononletrice1 Branoh Ofice, Dehre Din. 



Z k t  of Published Work8 of the Great Trigonometricat Survey of India. 

Account of the Operations of the Great Trigonometrical Survey of India-(Continued). 

Volume VIII. 

Do. IX* 

Do. X. 

Do. XI. 

Do. XII.  

Do. XTII. 

Do. XIV. 

Do. XV. 

Details of the Principal Triangulation of eleven of the component Seriea 
of the North-East Quadrilateral, including the following Series ; the Gur- 
whni Meridional, the Gora Meridional, the Hurilhong Meridional, the 
ChendwAr Meridional, the North Phrasdth Meridional, the North M a l h -  
cha Meridional, the Calcutta Meridional, the East Calcutta Longitudinal, 
the Brahmaputra Meridional, the Eastern Frontier-Section 23" to 26", and 
the Assam Longitudinal. Prepared under the directions of Lieut.-General J. T. 
Walker, C.B., R.E., F.R.S., kc., &c., Surveyor General of India and Superintendent 
of the Trigonometrical Survey. D e b  Dlin, 1882. 

Electro-Telegraphic Longitude Operations executed during the years 1876-77 
and 1880-81, by Lieut.-Colonel W. M. Campbell, R.E., and Major W. J. 
Heaviside, R.E. Prepared under the directions of Lieut.-General J. T. Walker, C.B., 
R.E., F.R.S., kc., kc., Surveyor General of India and Superintendent of the l'rigono- 
metrical Survey. Dehra Dlin, 1883. 

Electro-Telegraphic Longitude Operations executed during the years 1881-82, 
1882-83 and 1883-84, by Major G. Strahan, R.E., and Major W. J. Heavi- 
side, R.E. Prepared under the directions of Colonel C. T. Haig, R.E., Deputy 
Surveyor General, Trigonometrical Branch, and published under the orders of Lieut.- 
Colonel H. It. Thuillier, R.E., Surveyor General of India. Dehra D h ,  1887. 

Astronomical Observations for Latitude made during the period 1806 to 
1886, with a General Description of the Operations and Final Results. Pre- 
pared under the directions of Lieut.-Colonel G. Strahan, R.E., Deputy Surveyor 
General, Trigonometrical Branch, and published under the orders of Colonel H. R. 
Thuillier, R.E., Surveyor General of India. Dehra Dhn, 1890. 

General Description of the Principal Triangulation of the Southern Tri- 
gon, including the Simultaneous Reduction and the Details of two of the 
component Series, the Great Arc Meridional-Section 8" to lBO,  and the 
Bombay Longitudinal. Prepared under the directions of Lieut.-Colonel G. Strahan, 
R.E., Deputy Surveyor General, Trigonometrical Branch, and published under the 
orders of Colonel H. R. Thuillier, R.E., Survey or General of India. Dehra Dlin, 1890. 

Details of the Principal Triangulation of five of the component Series of 
the Southern Trigon, including the following Series ; the South Konkan 
Coast, the Mangalore Meridional, the Madras Meridional and Coast, the 
South-East Coast, and the Madras Longitudinal. Prepared under the directions 
of Lieut.-Colonel G. Strahan, R.E., Deputy Surveyor General, Trigonometrical Branch, 
and published under the orders of Colonel H. H. Thuillier, R.E., Surveyor General of 
India. Dehra D h ,  1890. 

General Description of the Principal Triangulation of the South-West 
Quadrilateral, including the Simultaneous Reduction and the Details of 
its component Series. Prepared under the directions of W. H. Cole, Esq., M.A., 
Offg. Deputy Surveyor General, l'rigonometrical Branch, and published under the 
orders of Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra D h ,  
1890. 

Electro-Telegraphic Longitude operations executed during the years 1885-86, 
1887-88,1889-90 and 1891-92, and the Revised Results of Arcs contained in 
Volumes IX and X ;  also the Simultapeous Reduction and the Final 
Results of the whole of the Operations. Prepared under the directions of 
Colonel G. Strahan, R.E., Deputy Surveyor General, Trigonometrical Branch, and 
published under the orders of Colonel H. R. Thuillier, R.E., Surveyor General of India 
Dehra Db, 1893. 



Zist of Published Worh of the Great Trigonometvical Survey of Iadia. 

Synopses of the Results of the Great Trigonometrical Survey of India, comprising 
Descriptions, Co-ordinates, kc., of the Principal and Secondary Stations and other Fixed 
Points of the Several Series of Triangles. Price Rupees 2 per volume. 

Volume I. 

Do. 11. 

Do. 111. 

Do. IV. 

Do. V. 

DO. VI. 

Do. VII. 

Do. VI I  A. 

Do. VIII. 

Do. IX. 

Do. X. 

Do. XI. 

Do. XII. 

Do. XIII.  

Do. XIIIA. 

The Great Indus Series, or Series D of the North-West Quadrilateral. BY 
Colonel J. 1'. Walker, R.E., F.R.S., &c., &c., Superintendent of the Survey, and his 
Assistants. Dehra D h ,  1874. 

The Great Arc-Section 24' to 30°, or SeriesA of the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., F.R.S., &c., &c., Superintendent of the Survey, and hia 
Assistants. Dehra Dlin, 1874. 

The Karrichi Longitudinal Series, or Series B of the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., F.R.S., &c., kc., Superintendent of the Survey, and hia 
Assistanta, Dehra D6n, 1874. 

The Gurldgarh Meridional Series, or Series Pof the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., F.R.S., &., kc., Superintendent of the Survey, and his 
Assistanta. Dehra D h ,  1878. 

The Rah6n Meridional Series, or Series E of the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., F.R.S., kc., &c., Superintendent of the Survey, and his 
Assistants. Dehra Diin, 1875. 

The Jogi-Tila Meridional Series, or Series G,  and the Sutlej Series, or Series 
H of the North-West Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., 
kc., &., Superintendent of the Survey, and his Assistanta. Dehra DGn, 1875. 

The North-West Himalaya Series, or Series C of the North-West Quadrilateral, 
and the Triangulation of the Kashmir Survey. By Major-General J. T. Walker, 
C.B., R.E., F.R.S., &c., &c., Surveyor General of India and Superintendent of the Survey, 
and his Assistants. Dehra Dlin, 1879. 

The Jodhpore Meridional Series and the Eastern Sind Meridional Series of 
the North-West Quadrilateral. Prepared in the Office of the Trigonometrical 
Branch, Survey of India, Colonel C. 1'. Haig, R.E., Deputy Surveyor General, in 
charge, and published under the orders of Colonel H. R. Thuillier, R.E., Surveyor 
General of India. Dehra Dlin, 1887. 

The Great Arc-Section 18" to 24', or Series A of the South-East Quadrilateral. 
By Colonel J. T. Walker, C.B., R.E., F.R.S., &c., kc., Superintendent of the Survey, 
and his Assistants. Dehra Dhn, 1878. 

The Jabalpur Meridional Series, or Series E of the South-East Quadrilateral. 
By Colonel J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of India 
and Superintendent of the Survey, and his Assistants. Dehra Diin, 1878. 

The Bider Longitudinal Series, or Series D of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra Diin, 1880. 

The Bildspur Meridional Series, or Series F of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra Dllxn, 1880. 

The Calcutta Longitudinal Series, or Series B of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., kc., &c., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra D6n, 1880. 

The East Coast Series, or Series C of the South-East Quadrilateral. By Major- 
General J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of India and 
Superintendent of the Survey, and his Assistants. Dehra Dlin, 1880. 

The South Pgrasnhth Meridional Series and the South Malfincha Meridional 
Series of the South-East Quadrilateral. Prepared in the Office of the Trigono- 
metrical Branch, Survey of India, Colonel C. T. Haig, R.E., Offg. Deputy Surveyor 
General, in charge, and published under the orders of Colonel G. C. DePrde, S.C., 
Surveyor General of India. Yehra Dih, 1886. 
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Synopses of the Results of the G. T. Survey of India, kc.-(Continued). 

Volume XIV. 

Do. XV. 

Do. XVI. 

Do. XVII. 

Do. XVIII. 

Do. XIX. 

Do. XX. 

Do. XXI. 

Do. XXII. 

Do. XXIII. 

Do. XXIV. 

Do. XXV. 

The Budhon Meridional Series, or Series J of the North-East Quadrilateral. 
By Lieutenant-General J. T. Walker, C.B., R.E., F.R.S., &c., kc., Surveyor General 
of India and Superintendent of the Survey, and his Assistants. Dehra Diin, 1883. 

The Ran& Meridional Series, or Series X of the North-East Quadrilateral. 
By Lieutenant-General J. T. Walker, C.B., R.E., F.R.S., kc., &c., Surveyor General 
of India and Superintendent of the Survey, and his Assistants. Dehra Dlin, 1883. 

The Amua Meridional Series, or Series 5, and the Kariira Meridional Series, 
or Series M of the North-East Quadrilateral. By Lieutenant-General J. T. 
Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General of India and Superintendent 
of the Survey, and his Assistants. Dehra D ~ u ,  1883. 

The Gurwhni Meridional Series, or Series N, and the Gora Meridional Series, 
or Series 0 of the North-East Quadrilateral. By Lieutenant-General J. T. 
Walker, C.B., R.E., F.R.S., &c., kc., Surveyor General of India and Superintendent 
of the Survey, and his Assistants. Dehra Dlin, 1883. 

The Hurilhong Meridional Series, or Series P, and the ChendwAr Meridional 
Series, or Series Q of the North-East Quadrilateral. By Lieutenant-General 
J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of India and Superin- 
tendent of the Survey, and his Assistants. Dehra Dhn, 1883. 

The North PkasnAth Meridional Series, or Series R, and the North Mallinchrt 
Meridional Series, or Series S of the North-East Quadrilateral. Prepared 
by J. B. N. Hennessey, Esq., M.A., F.R.S., &c., kc., Offg. Deputy Surveyor General, 
in charge of Trigonometrical Surveys, and his Assistants, and published under the 
orders of Colonel G. C. DeMe, S.C., Offg. Surveyor General of India. Dehra 
D6n, 1883. 

The Calcutta Meridional Series, or Series T, and the Brahmaputra Meridional 
Series, or Series P of the North-East Quadrilateral. Prepared by J. B. N. 
Hennessey, Esq., M.A., F.R.S., kc., &c., Offg. Deputy Surveyor General, in charge of 
Trigonometrical Surveys, and his Assistants, and published under the orders of Colonel 
G. C. DePrde, S.C., Offg. Surveyor General of India. Dehra Dlin, 1883. 

The East Calcutta Longitudinal Series, or Series U, and the Eastern Frontier 
Series-Section 23" to 26', or Series W of the North-East Quadrilateral. 
Prepared by J. B. N. Hennessey, Esq., M.A., F.R.S., &c., kc., Offg. Deputy Surveyor 
General, in charge of Trigonometrical Surveys, and his Assistants, and published 
under the orders of Colonel G. C. DePAe, S.C., Offg. Surveyor General of India. 
Dehra D6n, 1883. 

The Assam Valley Triangulation, E. of Meridian 92", emanating from the 
Assam Longitudinal Series, or Series X of the North-East Quadrilateral. 
Prepared in the O5ce of the Trigonometrical Branch, Survey of India, Colonel 
G. Strahan, R.E., Deputy Surveyor General, in charge, and published under the orders 
of Colonel H. R. Thuillier, R.E., Surveyor General of India. Preliminary I88Ne. 
Dehra Dhn, 1891. 

The South Konkan Coast Series, or Series C of the Southern Trigon. Prepared 
in the O5ce of the Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., 
Deputy Surveyor General, in charge, and published under the orders of Colonel 
H. R. Thuillier, R.E., Surveyor General of India. Dehra D6n, 1891. 

The Mangalore Meridional Series, or Series D of the Southern Trigon. . 
Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel G. 
Strahan, R.E., Deputy Surveyor General, in charge, and published under the orders 
of Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra Dlin, 1891. 

The South-East Coast Series, or Series F of the Southern Trigon. Prepared 
in the Office of the Trigonometrical Branch, Survey of India, Colonel G. Strahm, R.E., 
Deputy Surveyor General, in charge, and published under the orders of Colonel 
H. R. Thuillier, R.E., Surveyor General of India. Dehra Dlin, 1891. 
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Synopses of the Results of the G. T. Survey of India, kc.-(Continwed). 

Volume XXVI. The Bombay Longitudinal Series, or Series B of the Southern Trigon. 
Prepared in the O5ce of the Trigonometrical Branch, Survey of India, Colonel G. 
Strahan, R.E., Deputy Surveyor General, in charge, and published under the orders of 
Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra D6n, 1892. 

Do. XXVII. The Madras Longitudinal Series, or Series U of the Southern Trigon. 
Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel G. 
Strahan, R.E., Deputy Surveyor General, in charge, and published under the orders of 
Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra Dlin, 1892. 

Do. XXVIII. The Madras Meridional and Coast Series, or Series E of the Southern Trigon. 
Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel G. 
Strahan, R.E., Deputy Surveyor General, in charge, and published under the orders of 
Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra Ddn, 1892. 

Do. XXIX. The Great Arc-Section 8" to 18O,or Series A of the Southern Trigon (in pressj. 
Do. XXX. The Abu Meridional Series, or Series I, and the Qujarht Longitudinal Series, 

or Series K of the South-West Quadrilateral. Prepared in the O5ce of the  
Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor 
General, in charge, and published under the ordere of Colouel H. R. ThuiUier, R.E., 
Surveyor General of India. Dehra D6n, 1892. 

Do. XXXI. The Khanpisura Meridional Series,or Series Gof the South-West Quadrilateral. 
Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel G. 
Strahan, R.E., Deputy Surveyor General, in charge, and published under the orders of 
Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra D6n, 1893. 

Do. XXXII. The Singi Meridional Series, or Series H of the South-West Quadrilateral. 
Prepared in the Office of the Trigonometricrrl Branch, Survey of India, Colonel G. 
Strahan, R.E., Deputy Surveyor General, in charge, and published under the orders of 
Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra Dh, 1893. 

Spirit-Levelling Operations of the Great Trigonometrical Survey of India. 
Price Rupee. 1 per volume. 

Heights in Sind, the Pnnjab, N.W. Provinces, and Central India, to May 1862. Calcutta, 
1863. 

Do. in N.W. Provinces and Bengal, to May 1865. Roorkee, 1866. 
Do. in the Punjab and N.W. Provinces, Season 1866-67, Sections I to IV. Dehra Dhn, 

1869. 
DO. in the N.W. Provinces and Oudh, Seasons 186'7-69, Sections V and VI. Dehra 

D6n, 1869. 
DO. from Lucknow vib Goruckpore, &c., to Dildernugger G. T. Sumey Bench-mark 

near Ghazeepore, Seasons 1868-70, Section VII. Dehra Dhn, 1871. - 
Do. from Goruckpore vib Bettiah, &c., to G. T. Survey Benchmark near Parsurman, 

Season 1870-71, Section VIII. Dehra Dhy 1872. 
Do. from G. T. Survey Bench-mark near Parsurman to Q. T. Sumey Bench-mark at 

Pirpanti Railway Station, and from G. T. Survey Bencll-mark at Purninlh 
Church to N.E. End of Sonakhoda Base-Line; Season 1871-72, Section IX. 
Dehra D6n, 1873. 

i 
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Spirit-Levelling Operations of the Great Trigonometrical Survey of India.-(Continued). 

Heights in Cutch, Kattywar, Guzemt, ThAna and Bombay districts, No. 1 Bombay Presi- 
dency, Seasons 1874-78. Dehra DGn, 1879. 

Do. in Cuttack, Balasore, Midnapore, Howrah, 24-Pergunnahs, the Sundarbans and 
Hooghly districts of Bengal, Seasons 1881-83. Dehra D h ,  1884. 

Do. in the Thhna, Nbsik and Kl~Bndesh districts of Bombay, and in Dhk, Dewb, 
Gwalior, Bhopal and Tonk, Native States of the Central India Agency. No. 4 
Bombay Presidency and Central India Agency, Seasons 1877-78 and 1881-84. 
Dehra D h ,  1886. 

Do. in the Bombay Presidency and.Nizamys Dominions, Nos. 2 and 3 (Rcvised Edition), 
Seasons 1877-80. Dehra DGn, 1886. 

Do. in the Madras Presidency, No. 1, Seasons 1869-85. Dehra Dbn, 1886. 
Do. in the Madras Presidency, No. 2, Season 1886-86. Dehra D h ,  1887. 
Do. in the Madras Presidency, No. 3, Season 1886-87. Delira Dbn, 1888. 
Do. in tho Madras Presidency, No. 4, Season 1887-88. Dehra DGn, 1889. 
Do. in the Madras Presidency, No. 6, Season 1888-89. Dehra D6n, 1890. 
Do. in the Madras Presidency, No. 6, Seasons 1888-89 and 1889-90. Dehra Dlin, 1891. 
Do. in the Bombay Presidency, No. 6, Season 1889-90. Dehra Dbn, 1891. 
Do. in the Bombay Presidency, No. 6, Season 1890-91. Dehra D6n, 1892. 
Do. in the Bombay Presidency, Hyderabad Assigned Districts and Central Provinces, 

No. 7, Seasons 1890-91-92. Dehra D h ,  1893. 

Auxiliary Tables to facilitate the Calculations of the Survey of India. Third Edition. 
Revised and extended under the direction of Lieut.-Colonel H. R. Thuillier, R.E., Surveyor 
General of India, by Colonel C. T. Haig, R.E., Deputy Surveyor General, in charge of the Trigo- 
nometrical Branch of the Survey of India. Dehra Dh, 1887. Price Rupees 2. 

Hand-book of Professional Instructions for the Topographical Branch, Survey of India De- 
partment. Prepared by Colonel G. Strahan, R.E., Deputy Surveyor General, Trigonometrical 
Branch, under the direction of Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra 
Dbn, 1891. Price Rupees 2-8. 

Hand-book of Professional Instructions for the Trigonometrical Branch, Survey of India De- 
partment. Prepared by Colonel G. Strahan, R.E., Deputy Surveyor General, Trigonometrical 
Branch, under the direction of Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra 

, Dh, 1891. Price Rupees 6. 

April, 1893. 
















