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TELEGRAPHIC LONGITUDE DETERMINATIONS IN INDIA.

The telegraphic longitude determinations, details of which are now
given in a collected form, were none of them taken under perfectly
satisfactory conditions, such as were available to the officers of the Great
Trigonometrical Survey in their far more elaborate series of measurements
made a few years later.

The impossibility of interchanging observers or of settling their
relative personal equations, and the want of proper chronographs, left in
each case a small uncertainty, insignificant in comparison of the best values
obtainable by any other method than that of telegraphic signals, but
nevertheless existent and incapable of elimination from the results.

So long since as the end of 1861, I proposed to the Government of
Madras an extensive series of telegraphic longitude measurements, and
in the ‘ Proceedings of the Madras Government, 1lth January, 1862,”
I was called upon to report what arrangements would be required to carry
out my views in determining the relative longitudes of Bombay, Beypore
and Trevandrum on the West Coast, and of Calcutta, Cocanada and Nega-
patam on the East, from the Madras Observatory. In my report, submit-
ted on the 80th of the same month, I pointed out the desirability of such
determinations, the very moderate outlay involved, and the processes which
then appeared to me most suitable for the purpose. On the 22nd Septem-
ber 1862, I submitted further specifications of the instruments required for
the purpose, and was most desirous of doing what has since been so ably
accomplished by the officers of the Great Trigonometrical Survey, but the
matter was allowed to drop and my plans fell through in consequence.

The need of a good cylinder chronograph for other purposes, especially
for investigation of the solar parallax by means of observations of the
planet Mars in opposition, for which Madras Observatory is above all
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others the most favorably situated in the world, was often urged, but to
this day nothing of the kind has been supplied, except a French tape
recorder, sent out in November 1874, for the Transit of Venus due in the
following month ;j—a mere toy which no astronomer would care to possess
and which has never been of the slightest use since its arrival. The chro-
nographs now constructed by leading American and British makers are as
near perfection as can be desired, and enable inexperienced observers to
make records, equal, if not superior to those obtainable by long practised
observatory assistants without such aid ; while in cases in which numerous
times have to be noted, in more rapid succession than any one could
possibly accomplish by the old eye and ear method, they are simply indis-
pensable. American chronographs seem to me preferable for their greater
simplicity, having only one pen or pencil for both clock seconds and
observer’s records, instead of two, separately marking side by side ; and
also in their being worked by a portable chronometer, just as readily as
by a fixed astronomical clock.

So far as the Madras portion of the eight following longitude deter-
minations is concerned, the star observations for local time have been
reduced, by application of the known personal equation for each transit
observer, to my own standard ; but never having even seen the gentlemen
with whom I had to co-operate in five cases, and having had no oppor-
tunity of comparing our habits of observation in any, except that of
Avanashi, the small difference due to personal equation between myself and
the operator at the other end remains in each case indeterminate.
The probable errors for the mean results of transit observations and
telegraphic signals on each night have been deduced by Professor C. H. F.
Peters’ convenient formula (disregarding algebraic signs and squarmg) by

multiplying each of the means of the Residual Errors by v 845

bined in the usual way, show, for the final results for each place, the small
amounts of uncertainty attributable to the time found by the star transits
and to the exchanges of telegraphic signals, over and above which there
will still remain the unknown personal equations and the errors of coin-
cidence comparisons whenever a different time-piece was used for finding
local time and for noting the signals. The latter cannot exceed two or
three hundredths at the most, but the former may amount to a sensible
fraction, of a second. In no instance however is it likely that any result
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will be so much as a second of time in error, and for the purposes for
which seven of these determinations were made, viz., for the Total Solar
Eclipse of December 1871 and the Venus Transit in December 1874, no
such accuracy was required.

The longitude or difference of time between Madras and Greenwich was
first approximately determined by Mr. John Goldingham, by means of
eclipses of Jupiter’s satellites, between 1787 and 1815, and was com-
municated by him to the Royal Society as 5. 21m. 9'4s. Additional
observations of the same nature, taken between 1817 and 1826, confirm-
ed this result, giving a mean value only 0°4s. less but about 10 seconds
too great as now determined. -

The next astronomer, Mr T. G. Taylor, realizing the now familiar
fact, that time found by eclipses of Jupiter’s satellites is extremely uncertain,
differing with the telescopic aperture and power employed, as well as with
the conditions of the atmosphere, twilight, moonlight, and most of all
perhaps with the observer’s health and visual perception, had recourse to
the far better method of moon culminators, and from a few observations in
1831 obtained a smaller value, viz., 5h. 21m. 3'77s. which was adopted in
the Nautical Almanac list from 1835 to 1861. A much closer approxima-
tion was, subsequently arrived at by Mr. Taylor from the discussion
of lunar observations between 1831 and 1844, which gave 5h. 20m. 57:2s. ;
but though published in 1845 it was overlooked and not admitted into the
Nautical Almanac list until 1862.

The adopted value 5h. 20m. 59-4s. given in the Nautical Almanac
since 1882, is a combination result, in which the telegraphic longitude
of Suez, by members of the Transit of Venus Expedition in 1874, was
combined with others, between Suez, Aden, Bombay and Madras, made by
the officers of the Great Trigonometrical Survey of India in 1876 and
1877.

Should a final trial by means of direct signals between the Greenwich
and Madras Transit Clocks ever be accomplished, verification rather than
correction will probably be all that can be expected from the undertaking.
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PONDICHERRY.

The first telegraphic determination of the difference of longitudé
between Madras and any other station in India was made conjointly by
myself at Madras and by Mons. G. Fleuriais at Pondicherry. The reasons
for this undertaking are best given in M. Fleuriais’ own words, in the
following letter addressed to me by that able and distinguished officer.

Poxprcuerry, 5th Decembre 1869.

Moxnsievr Lie DIRECTEUR,

En Avril 1867, Jéi été chargé par Ie bureau des longitudes de France,
d’une Mission Scientifique ayant pour objet la recherche, par la methode
astronomique dite des Culminations lunaires, des longitudes absolués
d’un certain nombre de points du globe.

Mes instructions m’enjoignaient ;
J

1°, d’observer a Paris, pendant 3 mois au moins, avee les instruments
que j'emporterais en voyage, afin de m’habituer au maniement de ces
derniers et de determiner trés exactement mon équation personnelle.

2°, D’accomplir un tour du monde complet en sejournant sur les
Points suivants : Montévideo, Sandy Point (de N. de Magellan), Valparaiso,
Callao, Panama, Honolulu, Yokohama, Shanghai, Pondicherry.

8°, De revenir & Pariset d’y déterminer de nouveau la valeur de mon
équation personnelle.

Sur les 9 stations désignées, 8 sont achevées. Arrivé 4 Pondicherry
le 27 Novembre, jo termine actuellement le montage d’une Lunette méri-
dienne qui me permettra de commencer, dés la réapparition de la Lune, les
observations qui m’incombent.

Comme vous l'avez, dejd compris, le but que se propose le Bureau des
Longitudes est l’obtention d’un certain nombre de Méridiens fondamentauz
qui poussaient ultériéurement servir 4 la verification des points interme-
diaires.
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Partout ou je I'ai pu, J’ai cherché a relier les villes environnants au
point ol je sejournai moi-méme, soit au moyen du télégraphe electrique,
soit par traversée chronometriques.

Les résultats que je vais m’efforcer d’obtenir ici, n’auront qu'un bien
médiocre interet s’ils ne s’adressent qu’a Pondicherry.

I1 n’en serait point de méme si cette derniére ville pouvait etre relide
aux grands Centres des Indes.

Les différences des méridiens de Bombay, Calcutta, Madras ont, je
crois déjd été obtenues au moyen du télégraphe. Mais aucune opération
de ce genre n’a encore en lieu sur Pondicherry.

Votre présence & Madras, jointe & I'existence d’une ligne télégraphique
directe (ol pouvant etre etablie en communication directe) entre ce point
et Pondicherry, m’a fait penser que vous vous occupeiz avec plaisir de la
détermination des différences d’heures des deux villes en question.

Une semblable opération, si j’en juge par l’analogue que j’ai du faire
en 1868 entre Santiago et Valparaiso, ne demanderait guére que le like
usage du télégraphe pendant 2 heures au plus ; mais auparavant, il faudrait
etablir, par correspondance, des conventions simples et nettes, faire quelques
démarches officielles, enfin convenir d'un jour et d’une heure donnée pour
laquelle il serait facile 4 vous et a moi d’obtenir le reglage parfait de un ou
plusieurs chronometres.

Dans cette circonstance tout depend de votre volonté. Je n’ai done
voulu ni parler de ce projet 4 Monsieur le Gouverneur ni entrer dans
aucun detail d’execution. J’attends pour cela votre réponse, qui, si elle est
favorable comme je I'espere, exciterait un vif sentiment de reconnaissance
chez ceux dont je ne suis que le mandataire. . ’

Veuillez agréer Monsieur le directeur, &c., &ec.

(Signed) G. FLEURIAIS,

Lieutenant de Vaisseau, en Mission Scientifique & Pondicherry (gouvernement. ) '

It is needless to state that the opportunity thus afforded me of co-
operating with Monsieur Fleuriais was most willingly complied with, and
the few requisite preliminary preparations being made, the work was success-

2
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fully carried out on January 14th, 1870. The use of the telegraph wire
was readily granted us by the Government Telegraph Department, and the
local officers in charge rendered us the most cordial aid at each end of the
line. My thanks were especially due on this occasion to G. Barclay, Esq.,
Assistant Superintendent at Madras.

The local sidereal time at Madras being found by ten good transit
observations, a mean time chronometer was compared with the transit
clock by means of coincident beats and was then carefully transported to
the Government Telegraph Office about three miles distant, where the
signals, consisting of sharp taps on the Morse instrument employed for
the usual telegraphic messages, were both given and recorded by me per-
sonally, in preference to noting those sent by a signaller, a precantion
which no doubt renders the results far more certain than when the latter
course is adopted. The mean time chronometer was then taken back to
the Observatory and again compared with the Fransit clock, its rate being
determined solely from the comparisons made before and after the opera-
tions.

At Pondicherry precisely the same course was followed by Mons.
Fleuriais, his local sidereal time being also found by ten clock stars, using a
sidereal chronometer by Bréguet, and for comparison and signalling a mean
time one by Leroy. The time determinations, comparisons and signals are
given in the following tables, but it is to be regretted that Mons. Fleuriais
only sent me five out of the thirty-eight signals transmitted to him, viz.,
the first and last of each set, and one intermediate one which he con-
sidered preferable to all others as being an absolute coincidence. No
retardation, either of current or instruments, was perceptible on this
occasion.

In publishing telegraphic longitude determinations it is wusual to
suppress the individual signals and to give only mean results, but I have
exhibited all in detail, so as to render the admission of a single erroneous
step impossible throughout,

The special geographical points referred to in this determination are,
" the centres of the Transit Circle in the Madras Observatory and of the Light-
house at Pondicherry. The difference of time between Mons. Fleuriais’
temporary observatory and the Light-house was given by him 056 second,
as obtained by triangulation with a theodolite.



TIME DETERMINATIONS AND CHRONOMETER COMPARISONS.

MADRAS,

.

PONDICHERRY.

Local Sidereal Time Determinations, 1870, January 14.

Name of Transit Sidereal Residual Name of [Chronometer| Sidereal Residual
Star. Clock. Correction. Errors. Star. Bréguet, 8389.| Correction. Errors.
h. m. s, 8. h. m. m. & s.
& Arietis ...... 3 5 — 3422 + 001 a Ceti......... 2 57 -1 1513 + 011
Alcyone ...... 3 40 — 3432 - 006 8 Arietis ... 3 5 -1 1524 000
o’ Eridani.....| 4 6 — 3436 — 008 || Alcyone...... 3 41 -1 1527 —-001
€ Tauri ......... 4 22 ~ 3433 — 004 v’ Eridani ... 3 55 -1 1531 — 004
Aldebaran..... 4 29 — 3428 + 001 € Can. Maj... 6 55 -1 1528 + 008
vGeminornm.[| 6 31 — 3430 + 008 n Can. Maj... 6 59 —1 1534 + 002
€ Can. Maj....| 6 54 — 34:37 + 003 | 3Geminorum 7 14 -1 1531 + 005
& Geminorum 7 13 — 34°29 + 012 ¢ Can. Min... 7 21 -1 1539 - 002
Procyon........ 7 383 — 3443 , 000 Castor......... 7 28 -1 1542 — 005
Pollux. 7 38 — 3445 — 002 Procyon...... 7 34 —1 1547 — 010
Means .........] 5 383 — 3434 0045 Means 5 43 -1 1532 0048
Adopted daily change.......... . — 107 Adopted daily change. .. .......c.cccovennea. — 070
Nore.—The adopted daily change duly allowed for in finding the Residual Errors.
Comparisons of Chronometers used for Signalling.
Transit Sidereal |Chronometer| Mean Time [|Chronometer| Sidereal [Chronometer | Mean ’I‘ime
Clock. Correction.| Dent 1668. | Correction. || Bréguet 889. Correction. | Leroy 227. | Correction.
h. m. s. s. ke m. s. 8L h. m. s. m. s h. m. s. ", €.
4 26 0 | — 3429 8 57 54:0f — 1054 5 53 50| —1 1531 |10 26 135| — 1 3553
8 612 | —3445 |12 87 295 — 1028 7 57 10| -1 1533 |12 29 135| —1 3581




Madras and Pondicherry Time Corrections, 1870, January 14.

TELEGRAPHIC LONGITUDE DETERMINATIONS IN

INDIA.

At 8h. 58m. by Mr. Pogson’s Chronometer Dent 1868, it was 1054 seconds fast of Madras Mean Time

with an adopted daily rate of 170 seconds losing.

At 10h. 26m. by M. Fleuriais’ Chronometer Leroy 227, it was lm. 3553s. fast of Poundicherry Mean

Time, with an adopted daily rate of 827 seconds gaining.

Hence at 10 k. 25m. by Chronometer Dent 1668, the relative correction was lm. 25'09s., and its change

~+ 0-00345 second per minute.

Telegraphic Signals from Madras to Pondicherry. .
Madras Pondicherry Difference. Relative Pondicherry Residual
Signals. Records. Mad.—Pon. Correction. West. Errers.
h. m. s. hv m. s s. m. e. m. 8 s.
100 0 30 10 0 1575 1425 1 2501 1 3926 — 001
100 O 9 4575 14:25 1 2504 1 3929 +- 0:02
11 30 11 15-80 14:20 1 2504 1 3924 - 0-03
18 30 18 1580 14-20 1 2507 1 3927 0-00
10 20 © 10 19 4580 14-20 1 2507 1 3927 000
10 12 600 10 11 5178 1422 1 2505 1 3927 0012
Telegraphic Stgnals from Pondicherry to Madras.
Madras Pondicherry Difference Relative Pondicherry Residual
Records. Signals. Mad.—Pon. Correction. West. Errors.
h. m. s h. m. s. s. m. 8. m. s s.
10 30 293 10 3015 143 1 2511 1 3941 + 014
30 442 30 30 14-2 1 25611 1 3931 -+ 004
31 142 31 0 14°2 1 2511 1 3931 + 0°04
31 293 3115 14-3 1 2511 1 3941 + 014
10 31 443 10 31 30 143 1 2511 1 3941 -+ 014
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Telegraphic Signals from Pondicherry to Madras.

Madras. Pondicherry Difference Relative Pondicherry Residual
Records. Signals. Mod.—Pon. Correction, West. Errors.
) W AR R e ' 8 8 m. S m. 8. s.
10 32 142 10 32 O 142 1 2511 1 3931 + 0°04
32 292 32 15 14°2 1 2512 1 3932 + 005
32 441 32 30 141 1 2512 1 3922 — 005
33 142 338 O 142 12512 1 3932 + 005
33 292 83 15 142 1 2512 1 3932 4 005
33 442 33 80 142 1 2512 1 3932 + 005
34 141 34 O 141 1 2512 1 3922 -~ 005
34 292 34 15 14-2 1 2512 1 3932 -+ 005
34 4438 34 30 143 1 2512 1 3942 + 015
35 142 3 O 142 1 2513 1 3933 4 006
35 290 35 15 140 1 2513 1 3913 - 014
35 442 35 30 142 1 2513 1 3933 + 006
36 141 36 0 141 1 25303 1 3923 — 004
36 442 36 30 142 1 2513 1 3933 + 006
37 141 37 O 141 T 26213 1 3923 -~ 004
37 292 .37 16 14°2 1 2513 1 3933 + 006
37 442 87 30 142 1 25138 1 3933 + 006
38 140 38 0 140 1 2514 1 3914 - 013
38 441 38 30 141 1 2514 1 3924 - 003
39 142 39 0 142 1 2514 1 3934 + 0-07
39 291 39 15 14°1 1 2514 1 3924 — 003
39 441 39 30 1471 1 2514 1 3924 — 003
41 291 41 15 141 1 2515 1 3925 - 002
T 41 440 41 30 140 1 25'.15 1 3915 - 012
42 142 42 0 142 1 2515 1 3935 + 008
42 290 42 15 140 1 2515 1 3915 — 012
42 442 42 30 14:2 1 2515 1 3935 + 008
43" 141 43 0 141 1 2515 1 3925 — 002
43 290 43 15 140 1 2515 1 3915 - 012
43 441 43 380 141 1 2515 1 3925 — 002
44 141 4 0 141 1 2518 1 3926 - 001
44 292 44 15 142 1 2516 1 3936 -+ 009
44 440 44 30 140 1 2516 1 3916 - 011
45 140 45 0 140 1 2516 1 3916 - 011
45 440 45 30 14:0 1 2516 1 3916 - 011
46 142 46 0 14:2 1 2516 1 3936 + 009
46 290 46 15 140 1 2518 1 3916 - 011
46 443 46 30 14'3 1 2516 1 3946 + 019
47 140 47 0 140 1 2517 1 3917 - 010
10 47 291 10 47 15 141 1 2517 1 3927 000

3
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Telegraphic Signals from Pondicherry to Madras.

Madras Pondicherry Difference Relative Poﬁdicherry Residual
Records. Signals. Mad.—Pon. Correction. West. Errors.
h. m. s (R TIR ’ s. m. . m. s. s.
10 47 440 10 47 30 14:0 1 2517 1 3917 -.010
48 141 48 0 141 1 2517 1 3927 000
48 290 48 15 140 1 2517 1 3917 - 010
48 442 48 30 14-2 1 2517 1 3937 -+ 0’10
49 140 49 0 140 1 2517 1 3917 - 010
49 290 49 15 140 1 2517 1 3917 - 010
49 440 49 30 140 1 2518 1 3918 - 009
50 140 50 0 140 1 2518 1 3918 - 008
50 291 50 15 141 1 2518 1 3928 -+ 001
10 50 442 10 50 30 142 1 2518 1 3938 + 011
10 40 4068 10 40 2645 1413 1 2514 1 3927 0‘075"

Hence by five signals to and fifty-five from Pondicherry, Monsieur Fleuriais’ temporary Observatory was
1m. 39:27s. West of Madras.

Final Results.

. ‘ h. m. s.
Madras Observatory East of Greenwich .. 5 205940
Pondicherry Observing Station West of Madras. = 1 BRI
Pondicherry Light-house East of Observing Station + 056

Pondicherry Light-house Hast of Greenwich ... 5 19 2069
Probable Error of result, exclusive of Personal
Bgoabiof .~ 5 0T ey + 0:020
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SINGAPORE.

The second application for a telegraphic longitude determination was
made to me by Professor J. A. C. Oudemans, Surveyor General of Java, in
November, 1870, and was one of the greatest interest, from its importance
as a link in the telegraphic line from Greenwich to Australia. Professor
Oudemans had already connected Batavia, the capital of Duteh India, with
Singapore, and the cable between the latter place and Madras having been
very recently laid, he hoped to have been granted its use early in 1871.
The permission came too late, and Professor Oudemans had to return to
Batavia without carrying out his plans. The cordial offers of co-operation
on the part of the officials of the British India Fxtension Telegraph Com-
pany, without which success would have been improbable, induced him to
make a further representation of the importance of the work to his Govern-
ment ; and this meeting with favorable consideration, I had great pleasure
in lending willing aid to the scheme. Telegraphic correspondence, most
freely and liberally granted by the Company, enabled us speedily to arrange
all details, and the work was accomplished on the four nights, July 24th,
25th, 26th and 28th, 1871.

Owing to unfortunate interruptions and other causes 1t is to be
regretted that no steps towards the calculation of the results were possible
until January, 1876, when I first received Professor Oudemans’ time correc-
tions and records of signals. The individual clock corrections not having
been furnished me, I can only express my hope and belief, that Professor
Oudemans has modestly underrated the accuracy of his observations for
time and I cannot acquiesce in the rejection of any one of the four results
obtained. In his abstract, published in the * Astronomisches Nachrichten
No. 2486” he has used only the mean of the signals exchanged on the
first and third nights, whereas, if I had rejected any, it would have been
those of the third night, in consequence of a too large change in the cor-
rection of the mean time chronometer I used for giving and noting the
signals. The work on the last night was, on my side, probably the best of
the four, and in any case I consuier none so doubtful as to be unworthy of
acceptance.

There is a small difference between my ciock corrections now given and
those furnished to Professor Oudemans, arising from change in the adopted
personal equations of my assistants, which were then only provisionally
assumed, but have since been finally settled, so far as can be done, from all
the observations made for the purpose. Altogether, my final longitude of
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Singapore is 025 second more. than Professor Oudemans deduced, and 0-54
less than has since been found by Lieut. Commander C. H. Davis and Lieut.
J. A. Morris of the U. S, Navy, in January, 1882. The exquisite instru-
ments I had the pleasure of seeing employed here by my esteemed American
friends Messrs. Davis and Lemley, as well as the skilful way in which they
were handled, were the realization of what I had hoped for when I first
made my own proposals to Government for longitude determinations upon
my arrival in India. Perfection of accurate simplicity, eschewing all
affectation of needless refinement, seems to be the distinguishing charac-
teristic of American scientific instruments and researches in general, and
of such nature were the appliances and methods used upon this occasion.

The operations for determining the difference of longitude between
Madras and Singapore require little explanation beyond what is given in the
following tabular statements.+ The points referred to were, the Madras
Transit Circle and the Singapore Government Flagstaff. As in the case of
Pondicherry, a mean time chronometer was compared with the Madras
Transit Clock and conveyed to and from the Office of the British Indian
Extension Telegraph Company, about four miles from the Observatory.
An unsatisfactory change in the chronometer rate, in the interval between:
the before and after comparisons, occurred on July 26th, but the result does
not appear to have'been much affected thereby. At Singapore, Professor
Oudemans used a mean time chronometer for the signals on the first night,
but on the other three the sidereal chronometer with which his transits
were observed. The signal taps were given at each end by ourselves, but
the records are far more difficult by cable than on a land line ; the lateral
motion of a small flash of light, reflected from a tiny mirror on a screen,
appearing to an observer far less satisfactory than the sharp tap of a Morse
instrument. i

The scheme agreed upon was, twelve signals at fifteen seconds interval
from Madras ; the same from Singapore, and both operations repeated ; but
I see no advantage in such interrupted records and prefer to treat all sent
the same way as one series each night. One or two signals were occasion-
ally missed, but each result was so similar in quality, that weights on that
account were unnecessary.

The Mean Retardation, which is of course due partly to actual wave
retardation through the cable and partly to inertia in the instruments at
each end, called by the American observers  Wave and armature time,”
was smaller in our case than in theirs, arising no doubt from the use of a
greater battery power in 1871 than in 1882,
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Local Sidereal and Mean Time Determinations.

MADRAS. SINGAPORE.
s Transit Sidereal Residual. All Time Corrections reduced to the position
- Clock. | Correction, Errors. of the Government Flagstaff.
1871, July 24. ’ 1871, July 24.
h. m. s. 8.

Antares ....... 16 21 + 5844 0:00

¢ Hereulis....| 16 35 4 5855 + 011 || Time determinations made by means of an excellent
Universal Instrument by Repsold, and a Mean

« Ophinchi....| 16t 51 4 5838 — 008 Time Chronometer, Schmidt 325.

« Herculis....| 17 8 + 5851 4008 || Two zenith distances of Arcturns observed in one
position and one in another. Also four zenith

6 Ophinchi....| 17 13 + 5835 — 008 distances each of Altair and 8 Ceti.

a Ophinchi....| 17 28 + 5839 - 003

u Herculis ....| 17 40 + 5846 + 004 Star. Chronometer. { Correction.

ut Sagittarii.] 18 5 | +5830 - 011 “ho om m s

¢ Aquile...... 18 59 + 5838 — 002 A TCORTUS .., . fotelstiloss s 8§ 8 —2 210685

5 Aquile...... 19 18 + 5839 0:00) - ([FALLAIT..; .. ... oo e Rttt 13 40 -2 2047

h? Sagittarii.] 19 28 | 4 5332 S 01078 |8 Cotis:.....oeaberantly L 14k 5 ~2 2067

Altair..........| 19 44 + 5852 + 014 Adopted daily change ... e +207

B Aquil®....... 19 48 + 5841 + 003 -

a2 Capricorni| 20 10 + 53837 000

Means.........| 18 12 + 5841 0055

Probable error of mean correction ... + 0013

Adopted daily change ... .. .. — 045

1871, July 25. 1871, July 25.
h® Sagittarii..] 19 28 + 5817 + 023
v Aquilee....... 19 39 + 5789 — 004 | Sidereal Time found with a new portable Transit
4 ] Instrument by Wenckebach, the eyepiece of which

Altair.......o| 19 44 + 5797 + 004 was at one extremily of the axis. The Chronome-
ter used was Hohwn 394. No details of the ob-

B Aquil®......| 19 48 |- 45791 - 002 gervations communicated, but the estimated un-

5 certainty of the result given as 0'15 second.
p Capricorni..| 20 21 -+ 5781 - 011
32 Vulpeculee.] 20 48 + 57-80 - 011
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MADRAS. SINGAPORE.
S Transit Sidereal Residual All Time Corrections reduced to the position
ar. Clock. Correction. Errors. of the Government Flagstaff.
1871, July 25—continued. 1871, July 25—continued.
h. m. 8. 8.
¢ Cygni........ 21 7 + 5794 4 003
B Aqguarii 21 24 + 5787 — 003
h. m. s.
¢ Pegasi.......|. 21 87 + 5789 — 001 || At 17 30 the correction was ................. -+ 24:56
Adopted daily change ...ecccceeecivevecvneeniee... -+ 2:33
Means ......... 20 26 + 57°92 0069
Probable error of mean correction ... + 0021 %
Adopted daily change ... — 042
1871, July 26. 1871, July 26.
# Ophiuchi....[ 16 51 -+ 8755 —~ 003
a Herculis..... 17 8 + 57-62 + 004 Sidereal Time found with the portable Transit
e Instrument and Chronometer Hohwn 394, as
a Ophiuchi....| 17 28 + 57-56 - 001 follows :—
u Herculis.....] 17 40 + 5767 + 010
7%, 200 a2
u Sagittarii.... 18 5 + 57:55 ~ 001 By six stars eyepiece East -+ 28085
¢ Aquile......[ 18 59 -+ 5751 ~ 004 By five stars eyepiece West -+ 28-238
& Aquile......| 19 11 + 6749 — 006 By six stars eyepiece East + 28259
3 Aquilw...... 19 18 -+ 57:60 + 005
" h, m. s.
v Aquile......| 19 39 + 5748 - =006 Hence at 18 O the correction was..... --27-04
Altair.......... 19 44 | 45758 | 4004 || Its estimated uncertainty.. ... cco.ee.. 010 -
. Adopted daily change ...... «.oovieveees + 228
Means .........| 18 24 + 5756 0044
Probable error of mean correction +0-012
Adopted daily change —036
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MADRAS.

SINGAPORE.
Star. Transit Sidereal Residual All Time Corrections reduced to the position
Clock. | Corrections. Errors. of the Government Flagstaff.
1871, July 28, 1871, July 28.
h. m. s. s.
« Herculis....| 17 40 + 5673 — 006 Sidereal Time found with the portable Transit
Instrument and Chronometer Hohwn 894 as
Vega.. .| 18 32 + 56:80 + 003 follows :—
¢ Aquilos... ... 18 59 + 5672 . — 005
w Aquilee...... 19 11 + 5677 4+ 001 By five stars eyepiece East 4+ 333"904
b Aquile 19 18 + 5670 — 008 By ten stars eyepiece West + 33514
v Aquile...... 19 39 + 5679 + 004 By seven stars eyepiece East + 33:318
Altair 19 44 + 56'83 + 008 h = ¥
B8 Aquil®......| 19 48 + 5674 — 001 At 22 40 the correction was........ .. 43240
a2 Capricorni| 20 10 + 56-77 + 002 Its estimated uncertainty......ccecevsieernnn 020
p Capricorni..| 20 21 + 56:73 - 001 Adopted daily change... ...ccocovtersienncees - 288
Means.....ecvr. 19 20 + 5676 0087
Probable error of mean correction +0010
Adopted daily change —040
Comparisons of Madras Chronometer used for Signalling.
Transit Sidereal | Chronometer| Mean Time Transit Sidereal | Chronometer| Mean Time
Clock. _Correction. Dent 1668. | Correction. Clock. Correction. | Dent 1668. | Correction.
1871, July 24. 1871, July 26.
h. m. s, 8. h. m. s, s. h. m. s. s. h. m. s. s.

17 45 2| 4 5842 9 38 16| -—220 17 46 1| - 5787 9 31 14 + 597
20 24 2 ’ + 5837 \ 12 16 50 | -2:30 19 46 6 l + 5754 } 11 31 O l + 527
1871, July 25. 1871, July 28.

17 5528, 45796 9 44 40 +i'72 18 12 37| <4 5678 9 49 45 + 14:01
20 25 3 ’ + 57°92 12 13 50 l + 217 20 54 0 4 5673 | 12 30 41 ‘ + 1452
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Madras and Singapore Time Corrections, 1871, July 24.

At 9 h. 38 m. by Mr. Pogson’s Chronometer Dent 1668, it was 220 seconds fast of Madras Mean Time,
with an adopted daily rate of 0'91 second gaining.

At 13h. 52'5m. by Prof. Oudeman’s. Chronometer Schmidt 325, it was 2m. 20'57s. fast of Singapore
Mean Time, with an adopted daily rate of 2:07 seconds losing.

Hence at 11h. 13m. by Chronometer Dent 1668, the relative correction was 2m. 18'40s. and its

change — 000207 second per minute.

Telegra; hic Signals from Madras to Singapore.
Madras Singapore Difference Relative Singapore Residual
Signals. Records. Sing.—Mad. Correction. East. Errors.
.~

h il s, h, m. s. h. m. ¢ s m. S. h. m. 5 s.
10 45 O 12 21 4250 1 36 4250 2 1846 1 34 2404 + 001
45 15 21 5735 36 42:35 2 1846 34 2389 — 014
45 80 22 12'50 36 42:50 2 1846 34 2404 + 001
45 45 22 2750 36 42'50 2 1846 34 24°04 <+ 001
46 0 22 4245 36 4245 2 1846 34 2399 — 004
46 15 22 5750 36 4250 2 1848 34 2404 + 001
46 30 23 1240 36 4240 2 1845 34 2396 — 0°08
446 45 28 2745 36 4245 2 1845 34 24:00 — 003
47 0 23 4250 36 4260 2 1845 34 2405 -+ 002
47 15 23 5750 36 4250 2 1845 34 24°05 + 002
47 30 24 1245 36 4245 2 1845 34 2400 — 003
57 30 34 1250 36 4250 2 1843 34 2407 + 0°04
57 45 34 2745 36 4245 2 1843 34 24:02 — 001
BS 0 34 4280 36 4250 2 1843 34 2407 + 004
58 15 34 5760 36 4250 2 1843 34 2407 + 004
58 46 35 2750 36 4250 2 1843 34 2407 -+ 0°04
59 0 35 4250 86 4250 2 1843 34 2407 + 004
59 16 35 8750 36 4250 2 1843 34 2407 + 004
59 30 36 1240 36 4240 2 1843 34 2397 - 006
59 45 36 27:50 36 4250 2 1§'43 34 2407 + 004
1 0 0 12 38 4250 | 1 36 4250 2 1843 34 2407 + 004
11, 52 1286 12 28 5533 1 36 4247 2 1844 1 84 2408 - 0038




Telegraphic Signals from Singapore to Madras, 1871, July 24.
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Madras Singapore Difference. Relative Singapore Residual
Records. Signals. Sing.—Mad., Correction. Bast. Errors.
h. m. s. h, m. s. h. m. s n. s, h. m. 8. 8.
10 50 340 12 27 1550 1 36 4150 2 1845 1 34 2805 + 016
50 490 27 38035 36 4135 2 1845 34 2290 -+ 001
51 44 27 4560 36 4120 2 1845 34 2275 — 014
51 339 28 1505 36 4115 2 1844 34 2271 - 018
o1 485 28 3010 36 4160 2 1844 34 2316 + 027
52 40 28 4525 36 4125 2 1844 34 2281 — 008
52 190 29 030 36 4130 2 1844 34 2286 — 003
52 340 29 1540 36 41'40 2 1844 34 2296 + 007
52 486 29 3000 36 4140 2 1844 34 2296 + 007
53 40 29 4530 36 41-30 2 1844 84 2286 - 003
53 190 30 025 36 4125 2 1844 34 2281 - 008
11 1 340 38 1495 36 4095 2 1842 34 2253 - 036
1 489 38 3020 36 . 41-30 2 1842 34 2288 — 001
2 40 38 4525 36 4125 2 1842 34 2283 — 006
2 188 33 040 36 4160 2 1842 34 2318 -+ 029
2 336 39 1500 36 4140 2 1842 34 2298 -+ 009
2 485 39 2995 36 4145 2 1842 34 2303 -+ 014
3 40 39 4550 36 4150 2 1842 34 2308 + 019
3 190 40 030 36 41:30 2 1842 34 2288 — 001
3 338 40 1505 36 4125 2 1842 34 2283 — 006
3 490 40 3025 36 4125 2 1842 34 2283 — 006
4 40 40 4525 36 4125 2 1842 34 2283 — 006
11 4 190 12 41 025 1 36 4125 2 1842 1 34 2283 — 006
10 57 4239 12 34 2371 1 36 4132 2 1843 1 34 2289 0109

<
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Madras and Singapore Time Corrections, 1871, July 25.

At 9h. 45m. by Mr. Pogson’s Chronometer Deut 1668, it was 1:72 seconds slow of Madras Mcan Time, with
an adopted daily rate of 4:84 seconds losing.

At 17h. 30m. by Prof. Oudeman’s Sidereal Chronometer Hohwn 394, it was 24:56 seconds slow of Singa:

pore Sidereal Time, with an adopted daily rate of 2'33 seconds losing.

llence at 10h. 45m. by Chronometer Dent 1668, the relative correction was 8h. 1lm. 81:20s. and its
chango 4 0°16507 second per minute.

Telegraphic Signals from Madras to Singapore, 1871, July 25.

Madras Singapare Difference. Relative Singapore Residua]
Signals. Records. Sing.—Mad. Correction. East. Errors.
.0
h. m. s h. m. 8. h. m. s. h. m. s. h. m. 5. 6.

10 35 15 20 21 8350 9 45 5350 8 11 2958 1 34 23902 - 011
35 30 21 2365 45 5365 11 2963 34 2402 - 001

35 45 21 3880 45 5380 11 2967 34 2413 + 010

36 0 21 53'80 45 5380 =471 34 2409 -+ 006

36 15 22 880 45 5380 | 11 2975 34 2405 -+ 002

36 30 22 2390 45 5390 bI51 S829:79 34 2411 -+ 008

36 45 22 3900 45 54°00 11 2983 34 2417 + 014

37 0 22 .54:00 45 54°00 11 2987 34 24413 + 010

37 15 23 900 45 5400 11 2991 34 2409 + 006

37 30 23 2400 45 54°00 11 2996 34 2404 -+ 001

37 45 23 3900 45 54:00 11 3000 34 2400 ~ 003

38 0 23 54:00 45 54°00 11 3004 34 2396 — 007

49 15 35 1100 45 56700 11 3190 34 2410 <+ 007

49 30 35 2600 45 56700 11 3194 34 24°06 + 003

49 45 35 4100 45 56'00 1] S31599 34 2401 — 002

50 O i 35 5605 45 5605 11 3203 34 24:02 — 001

50 15 36 11-10 45 5610 11 3207 34 2403 000

50 30 36 2610 45 5610 11 3211 34 2399 -~ 004

50 45 X 36 4105 45 5605 11 3215 34 2390 - 013

51 O 36 56°10 45 5610 11 3219 34 2391 — 012

b1 15 37 1115 45 5615 11 32:23 34 2392 - 011

51 30 37 2625 45 5625 11 3227 34 2398 — 005

51 45 37 4125 45 5625 11 3232 34 2393 — 010

10 52 0O 20 37 5645 9 45 56'45 8 11 3236 1 34 2409 - 006
10 43 3750 | 20 29 3250 9 45 5500 8 11 3097 1 34 '2403 0064
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Madras Singapore Difference. Relative Singapore Residunal
Records. Signals. Sing.—Mad. Correction. East. Errors.
h. m. s. h. m. s, h. m. s, Aol . 58 h. m. 8. s,
10 44 210 20 30 15 9 45 540 8 11 3109 1 34 2291 + 004
44 360 30 30 453 540 11 3113 34 2287 000
44 509 30 43 45 541 11 3117 34 22:93 -+ 006
45 60 31 o0 43 540 11 3122 34 2278 — 009
45 209 31 15 45 541 11 3126 34 22:84 - 003
45 360 31 30 45 540 11 31:30 34 2270 - 017
45 508 31 45 45 542 11 3134 34 22:86 — 001
46 59 32 0 45 541 11 3138 34 2272 — 015
46 205 32 15 45 545 11 3142 34 2308 + 021
46 355 32 30 45 545 11 3146 34 2304 + 017
46 506 32 45 45 544 11 3150 34 2290 -+ 003
47 55 33 0 45 545 11 31:54 34 2296 -+ 009
53 345 39 30 45 555 11 3262 34 2288 + 001
53 494 39 45 43 556 11 32:66 34 2294 -+ 007
54 45 40 O 45 555 11 3270 34 22:80 - 007
54 195 40 15 45 555 11 3274 34 2276 - 011
54 345 40 30 45 555 11 3278 34 2272 - 015
54 495 40 45 45 555 11 3283 34 2267 - 020
55 44 41 O 45 556 11 3287 34 2273 — 014
66 192 41 15 45 558 11 3291 34 22'89 + 002
55 3471 41 30 45 559 11 3295 34 2295 + 008
556 490 41 45 45 560 11 3299 34 2301 + 014
56 40 42 0 45 560 11 3303 34 2297 + 010
10 56 190 20 42 15 9 45 560 8 11 3307 1 34 2293 + 006
10 50 2005 20 36 1500 9 45 5495 8 11 32:08 1 34 2287 0092
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Madras and Singapore Time Corrections, 1871, July 26.

At 9%, 81m. by Mr. Pogson’s Chronometer Dent 1668, it was 597 seconds slow of Madras Mean Time, with

an adopted daily rate of 842 seconds gaining.

At 18k. Om. by Prof. Oudeman’s Chronometer Hohwn 394, it was 27:04 seconds slow of Singapore Sidereal
Time, with an adopted daily rate of 2-28 seconds losing.

Hence at 10k. 25m. by Chronometer Dent 1668, the relative correction was 8h. 15m. 25'83s. and its
change -+ 0°15685 second per minute.

Telegraphic Signals from Madras to Singapore, 1871, July 26.

Madras Singapore Difference. Relative Singapore Residual
Signals. Records. Sing.—Mad. Correction. East, Errors.
| 2
i Eon. 1is. h. B, 3, R .8 h. m. s . %, " s, s,
10 16 30 20 6 1855 9 49 4855 3 15 2449 1 34 2406 000
16 45 6 3360 49 4860 15 2453 34 2407 -+ 001
17 © 6 4860 49 4860 15 2457 34 2403 — 003
17 15 7. %8370 49 480 15 2461 34 2409 -+ 003
17 30 7 1865 49 4865 15 2465 34 24°00 — 006
17 46 7 3375 49 48775 15 2469 34 2406 000
18 © 7 4865 49 4865 15 2473 34 2392 - 014
18 15 8 345 49 4875 15 2477 34 23:98 — 008
18 30 8 1880 49 4880 15 2481 34 2399 ~ 007
18 45 8 3395 49 4895 15 2485 34 24°10 -+ 004
19 0 8 4900 49 4900 15 24-89 34 2411 + 005
31 15 21 600 49 51:00 15 2681 | 34 2419 +013
31 30 21 21:00 49 5100 15 2685 34 2415 + 009
31 45 21 36:00 49 5100 15 2689 34 2411 + 005
32 0 21 5105 49 5105 15 2693 34 2412 -+ 006
32 15 22 615 49 5115 15 2697 34 2418 + 012
32 30 22 2105 49 5105 15 2701 34 2404 — 002
32 45 22 3605 49 5105 15 2705 34 2400 ~ 006
33 0 22 5115 49 35115 15 2708 34 2407 + 001
33 15 23 610 49 51-10 15 2712 34 2398 ~ 008
33 30 23 2125 49 5125 15 2716 34 2409 -+ 003
33 456 23 3620 49 51-20 15 2720 34 2400 — 006
10 34 O 20 23 5120 9 49 5120 8 15 2724 1 34 2396 — 010
10 25 3065 20 15 2062 9 49 4997 8 15 2591 1 34 2406 0057
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Madras Singapore Difference. Relative Singapore Residunal
Records. Signals. Sing.—Mad. Correction. East. Errors.
h. m. s, h. m. s. h. m. 3 h. m. 8. h. m. s. s.
10 20 421 20 10 30 9 49 479 8 15 2516 1 34 2274 — 024
20 569 10 45 49 481 15 2519 34 2291 - 007
21 120 1 © 49 480 16 2523 34 2277 | =021
21 268 11 15 49 482 16 2527 34 2293 - 005
21 419 11 30 49 481 16 2531 34 2279 - 019
21 566 11 46 49 484 15 2535 34 2305 + 007
22 115 12 o 49 4895 15 2539 34 2311 + 013
22 265 12 15 49 4895 15 2543 34 2307 4+ 009
22 416 12 30 49 484 15 2547 34 2293 — 005
22 565 12 45 49 485 15 2581 34 2299 -+ 001
23 115 13 0 49 1 48'5 15 2555 34 2295 - 003
23 265 13 15 49 485 15 2559 34 2291 — 007
' 385 245 25 15 49 505 15 2746 34 2304 + 006
35 395 25 30 49 505 15 2750 34 2300 4 002
35 545 25 45 49 505 16 2754 34 2296 — 002
36 95 26 0 49 505 16 2758 34 2292 - 006
36 244 26 16 49 506 16 2762 34 2298 000
36 394 26 30 49 506 15 2766 34 2294 — 004
86 543 26 45 49 507 16 2770 34 2300 4 002
87 - 92 27 0 49 508 16 2774 34 2306 + 008
37 240 27 15 49 510 16 2778 34 2322 + 024
37 391 27 30 49 509 15 2781 34 2309 + 011
37 540 27 46 49 510 15 2785 34 2316 -+ 017
10 38 91 20 28 O 9 49 509 8 156 2789 1 34 2301 -+ 003
10 29 2550 20 19 1500 9 49 4950 8 15 2662 1 34 2298 0086
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Madras and Singapore Time Corrections, 1871, July 28.

At 9h. 50m. by Mr. Pogson’s Chronometer Dent 1668, it was 1401 seconds slow of Madras Mean

Time, with an adopted daily rate of 4'56 seconds losing.

At 22h. 40m. by Professor Oudeman’s Chronometer Hohwn 394, it was 32'40 seconds slow of Singapore

Sidereal Time, with an adopted daily rate of 2:88 seconds losing.

Hence at 10h. 33m. by Chronometer Dent 1668, the relative correction was 8h. 23m. 23-88s. and its
change -+ 016545 seconds per minute. .

Telegraphic Signals from Madras

to Singapore,

1871, July 28.

Madras Singapore Difference. Relative Singapore Residual
Signals. Records. Sing.—Mad. Correction. East. Errors.

»

h. m. s h. m. s. h. m, 5. h. m. s. h. m. s. 88

10 30 15 20 28 285 9 57 4785 8 23 2343 1 84 2442 -+ 005
30 30 28 1795 57 4795 23 2347 34 24748 + 011

30 45 28 32:95 57 4795 23 2351 34 24744 + 0:07

31 0 28 47-90 57 4790 23 2355 34 2435 ~ 002

81 W1's 29 300 57 4800 23 2359 34 2441 + 004

31 30 29 1800 57 4800 23 2363 84 2437 000

31 45 29 3300 57 4800 23 2367 34 2433 — 004

32 0 29 4805 57 4805 23 2371 34 2434 - 003

32 15 30 310 57 4810 23 2376 34 2434 — 003

32 30 30 1810 57 4810 23 2380 34 2430 — 007

32 45 30 3305 57 4803 23 2384 34 2421 - 016

3 0 30 4825 57 4825 23 2388 34 24:37 000

39 15 37 450 57 4950 23 2491 34 2459 + 022

39 30 37 1935 57 4935 23 2496 34 2439 + 002

39 45 37 3435 57 4935 23 2500 34 2435 - 002

40 0 37 4940 57 4940 23 2504 34 2436 — 001

40 15 38 450 57 4950 23 2508 34 2442 + 005

40 30 38 1950 57 4950 23 2512 34 2438 + 001

40 45 38 3450 57 4950 23 2516 34 2434 — 003

41 0 38 4955 57 4955 23 2520 34 2435 — 002

41 15 39 455 57 4955 23 2525 34 2430 — 007

10 41 30 20 39 1960 9 57 4960 8 23 2529 1 34 2431 — 006
10 35 3614 20 33 2482 9 57 4868 8 23 2431 1 34 2437 0051




Telegraphic Signals from Singapore to Madras, 1871, July 28.

TELEGRAPHIC SIGNALS.

Madras Singapore Difference. Relative Singapore Residual
Records. Signals. Sing.—Mad. Correction. East. Errors.
h. m. s. W, s, h. m. s. h. m. s. h, m. s s.
10 34 126 20 32 0 9 57 474 8 23 2408 1 34 2332 <+ 003
34 275 32 15 57 475 23 2412 34 2338 <+ 009
34 424 32 30 57 476 23 2416 34" 2344 + 015
34 875 32 45 57 475 23 24:20 34 2330 + 001
35 125 33 0 57 475 23 2424 34 2326 - 003
35 275 33 15 . 5785 (4TS 23 2429 34 2321 — 008
35 424 33 30 57 476 23 24°33 34 2327 — 002
35 575 33 45 57 475 23 2437 34 2313 — 016
36 123 34 O 57 477 23 24'41 34 2329 0'00
36 274 34 15 37 476 23 2445 34 2315 - 014
36 421 34 30 57 479 23 2449 34 2341 + 012
36 570 34 45 57 480 23 2453 34 2347 + 018
- 43 112 41 O 57 488 23 2557 34 2323 — 006
43 260 41 15 57 490 23 2561 34 2339 + 010
43 410 41 30 57 490 23 2565 34 238385 + 006
43 560 41 45 57 490 23 2569 33 2331 -+ 002
44 110 42 0 57 490 23 2573 34 2327 — 002
44 260 42 15 57 490 23 2577 34 2323 - 006
44 409 42 30 57 491 23 2581 34 2329 000
44 559 42 45 57 491 23 2585 34 2325 — 004
43 108 43 0 57 492 23 2589 34 2331 4+ 002
45 260 43 15 57 490 23 2594 34 2306 — 0238
45 408 43 30 57 492 23 2598 34 2322 - 007
10 45 556 20 43 45 9 57 494 8 23 2602 1 34 2338 <+ 009
10 40 416 20 37 5250 9 57 4834 8 23 2505 1 34 2329 0074
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Summary of Telegraphic Results.

wom Some of Sl g o
h. m. 8. s. s,

July 24 ...| By 21 from Madras 1 34 2403 +'0-007

» 3 e-| By 28 from Singapore 1 34 2288 + 0019 e

» 25 ...| By 24 from Madras 1 34 2408 + 0011

» .| By 24 from Singapore 1 34 2287 + 0016 i

» 26 .. By 28 from Madras 1 34 2406 + 0010

5 3 o] By 24 from Singapore 1 34 2298 + 0015 oiv;

» 28..| By 22 from Madras 1 84 24:37 + 0:009 -,

» s | By 24 from Singapore 1 34 2829 * 0013 .,

Final Results.
h. m. s.

Madras Observatory East of Greenwich ............ & 20 5940

. Singapore East of Madras...........cccoeseerrervnerennns 1 84 23°56
Singapore East of Greenwich..........c...covvvvveneen.. 6 55 22°96
Probable Error of Signals and Madras Transits...... + 0014
Compound Retardation (Current and Instruments). 0-549
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AVANASHI.

A Government expedition being sanctioned for the observations of
the Total Eclipse of the Sun which swept across Southern India on 1871,
December 12th, the Railway Station nearest to the central line of totality
naturally suggested itself as most convenient for the transport of a staff of
observers, instruments, tents and all camp requisites, and with the kind
permission of Mr. R. B. Elwin, Agent and Manager of the Madras Railway
Company, the grounds of the Avanashi Station, in Coimbatore District,
were selected for the purpose. Mr. G. K. Winter, the Company’s Te-
legraph Engineer, who so ably assisted me npon a similar occasion at Masu-
lipatam, in August, 1868, having again undertaken the polarisation obser-
vations of the Solar Corona, I was further favored with the use of the .
line to make a telegraphic longitude comparison with the Madras Observa-
tory.

The point of reference at Avanashi was a small brick column, north-
east of the Railway Station, built to hold the portable transit instrument
brought from Madras. The transitinstrument itself, an old one by Dollond,
repaired but not improved, was very unsatisfactory in its level adjustment.
Only four clock stars were observed either at Madras or at Avanashi on
the night of the longitude operations, but the relative personal equations of
the operators being known considerably within the limits of fluctuation to
which such individual peculiarities or habits are liable, the longitude of
Avanashi is probably more definitely settled than that of any other place in
the determination of which I have participated.

My chief native assistant, the late C. Ragoonatha Charry, having only
just returned to Madras, the signals were exchanged between him, at the
Royaporam terminus of the line, about five miles from the Observatory,
and myself at Avanashi. The noisy interruption of a train, arriving just as
the records were commenced, led me to ask for more signals from Madras,
but, as shown by the residual errors, really without cause. At each station
a mean time chronometer was compared with the sidereal clock or chrono-
meter by which the transits were observed, and was then carefully carried
to the telegraph office as on previous occasions.
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Local Sidereal Time Determinations, 1870, December 14.

MADRAS. AVANASHI.
* Name of Transit Sidereal Residual Name of lei;%?olrlnetzr Sidereal Residual
Star. Clock. Correction. Errors. Star. H onan¢ | gorrection. Errors.
arris.
h, m. s s. h,  m. 2 8.
0 Ceti.vuennrns 1 18 — 2335 + 006 61 Tauri......| 4 16 — 12+24 —035
B Arietis... .. 1 48 —23'54 —011 Aldebarap...| 4 29 —11'52 + 037
a Persei....... 3 16 —23-46 + 003 8 Orionis...... 5 26 —11-98 —011
Alcyone....... 3 40 | —2350 +001 || e Orionis..... 5 30 —11'80 +007
»
Means «........| 2 30 — 2346 0053 |[Means..........| 4 55 —11'88 0225
Probable Error of Mean Correction......... + 0026 Probable Error of mean correction ......... 3 0110
Adopted daily change......c.. ccovevveceecnrens =100 Adopted daily change ..........c.cceerieveennene. 4 0°34

Comparisons of Chronometers used for Signalling.

Transit Sidereal mgngfgr Mean Time %h;‘gg:;n:ﬁr Sidereal |Chronometer Mean Time

Clock.  |Correction. Dent 1337 Correction. Hamds, Correction. | Dent. 1668. | Correction.
1870, December 14. 1870, December 13.

h. m. s. s. h. m. s. 8. he m. s. s h. m. s. m. 8

1 6 9] -2340 | 7 34 30 + 197 2 45 35, - 12-25 l 9 28 40 l—lo 53-20

4 3 49| -2353 |10 31 40 1870, December 14.

+ 273

8 1441|

- 1184 |14 40 1 ,—10 52-60




Madras and Avanashi Time Corrections, 1871, December 14.

TIME CORRECTIONS AND TELEGRAPHIC SIGNALS.
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At 16 h. 32 m. by C. Ragoonatha Chary’s Chronometer, Arnold and Dent 1337, it was 273 seconds slow of
Madras Mean Time, with an adopted daily rate of 616 seconds losing.

At 14 h. 40 m. by Mr. Pogson’s Chronometer, Dent 1668, it was 10 m. 52'60 s. fast of Avanashi Mean

Time, with an adopted daily rate of 0°49 second losing.

Hence at 9 . 15 m. by Arnold and Dent 1337, the relative correction was 10 m. 5511 s. and its change
+ 0000394 second per minute.

Telegraphic Signals from Madras to Avanashi, 1871, December 14.

Madras Avanashi Difference. Relative Avanashi Residual
Signals. Records. Mad.—Avan. Correction. West. _ Errors.
k. m. 8 h. m. 8. 8. m. 8. m. 8. s,
8 51 15 8 50 310 440 10 5502 11 3902 000
51 30 50 460 440 10 5502 11 3902 000
51 45 51 12 438 10 5502 11 3882 - 020
52 0 51 160 44-0 10 5502 11 3902 000
62 15 51 311 439 10 5502 11 3892 - 010
52 80 51 460 440 10 5502 11 8902 000
52 45 62 l'Q 44:0 10 $502 11 3902 000
63 0 52 162 438 10 5502 11 3882 - 020
83 15 52 310 440 10 5502 11 3902 000
53 30 52 460 440 10 5503 11 3903 + 001
63 45 53 10 440 10 5508 11 3903 4+ 001
54 0 53 162 438 10 55-03 11 3883 - 019
54 15 53 310 440 10 6503 11 3903 + 001
64 30 53 461 439 10 5503 11 3893 - 009
65 0 54 160 440 10 5508 11 3903 -+ 001
55 15 54 310 440 10 65503 11 3903 4 001
65 45 556 10 440 10 5503 11 -39:03 + 001
56 0 65 160 440 10 5504 11 3904 -+ 002
66 15 55 310 440 10 5504 11 3904 -+ 002
66 30 55 460 440 10 5504 11 3904 4002
56 45 66 10 440 10 5504 11 38904 + 002
67 0 656 160 440 10 5504 11 3904 <+ 002
57 15 56 310 440 10 5504 11 3904 + 002
58 30 67 460 440 10 5504 11 3904 +002
8 58 45 8 58 10 44-0 10 5505 11 3905 - 003
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Telegraphic Signals from Madras to Avanashi, 1871, December, 14.

Madras Avanaghi Difference. Relative Avanashi Residual
Signals, Records. Mad.—Avan. Correction. East. Errors.
m. 8. h. m. 8. 8. m. 52 m. s. 8.

8 59 0 8 58 160 440 10 5505 11 38905 -+ 003

89 18 88 310 440 10 5505 11 3905 + 003
59 30 58 460 44:0 10 5505 11 8905 + 003
59 456 59 10 4440 10 5505 11 3905 -+ 003

9 0 0 59 161 439 10 5505 11 3895 + 007
0 15 59 3809 44°1 10 5505 11 8915 + 0138
0 30 59 460 440 10 5505 11 39C5 <+ 003
0 45 9 0 10 44:0 10 5505 11 3905 + 003
1 o 0 160 440 10 5505 11 3905 -+ 003
1199 153 0 312 438 10 5506 11 3886 — 016
1 30 0 460 44:0 10 5506 11 38906 + 004 -
1 45 1 10 44:0 10 5506 11 39:06 +004"
2 0 1 160 440 10 5506 11 3906 + 004
2 15 1 310 440 10 5506 11 39-06 + 004
2 30 1 460 44°0 10 5506 11 38906 + 004
2 45 28 11-0 44:0 10 5506 11 3906 4 004
38 0 2 160 440 10 5506 11 3906 = 0°04
3 15 2 3810 440 10 5506 11 3906 -+ 004
3 30 2 480 440 10 5506 11 39:06 + 004
3 45 3 11 439 10 5507 11 3897 — 005
20 15 19 312 43-8 10 5513 11 3893 — 009
20 30 19 46'1 439 10 5518 11 3903 + 001
20 45 20 10 44:0 10 5513 11 3913 4011
21 .0 20 162 438 10 5513 11 3893 - 009
21 15 20 312 438 10 5513 11 3893 — 009
21 30 20 460 440 10 5514 11 3914 + 012
21 45 21, 1°8 437 10 5514 11 3884 — 018
22 0 21 161 439 10 5514 11 3904 + 002
22 15 21 318 437 10 5514 11 3884 — 018
22 30 21 461 439 10 5514 11 3904 -+ 002
22 45 22 10 440 10 5514 11 3914 + 012
23 O 22 161 439 10 5514 11 3904 -+ 002
23 15 22 3141 439 10 5514 11 3904 4+ 002
23 30 22 461 439 10 5514 11 3904 <+ 002
9 23 45 9 23 10 440 10 5514 11 3914 4012
9 3 4075 9 2 5680 4395 10 5507 11 3902 0053
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Telegmph.ic Signals from Avanashi to Madras, 1871, December 14.

Madras Avanashi Difference. Relative Avanashi Residual
Records. Signals. Mad.—Avan. Correction. West. Errors.
h, m, s, h. m. s. s. m. s. m. s, s.

9 10 591 9 10 15 . 4401 10 5509 11 3919 + 010

11 140 10 30 440 10 5510 11 3910 4 001
11 289 10 45 439 10 5510 11 3900 — 009
11 439 - L RS0 439 10 5510 11 39:00 — 009
11 590 11 15 440 10 5510 11 3910 + 001
12 140 11 30 440 10 5510 11 3910 + 001
12 288 11 45 438 10 5510 11 3890 - 019
12 438 12 o 43'8 10 5510 11 38'90 -~ 019
12 589 12 15 439 10 5510 11 3900 - 009
13 140 12 30 44°0 10. 5510 11 3910 -+ 001
13 290 12 45 440 10 5510 11 3910 4 001
18 440 | 13 N 0 - 440 ' 10 5511 11 3911 + 002
13 5§91 13 1_5 441 10 5511 11 3921 + 012
14 140 13 30 44°0 10 5511 11 3911 -+ 0-02
14 290 13 ‘45 440 10 55711 11 3911 -+ 002
14 441 14 O 44°1 10 5511 11 3921 + 012
14 590 14 15 44:0 10 5511 11 3911 -+ 002
15 140 14 30 44:0 10 5511 11 3911 -+ 002
05°=20°F |, 14 45 441 10 5511 11 3921 + 012
9 15 440 9 15 O 44°0 10 5511 11 3911 + 002
9 13 2149 9 12 3750 43'99 - 10 5510 11 3909 0064
m. S. S.
Avanashi West by 60 Signals from Madras 11 3902 =+ 0006
Avanashi West by 20 Signals to Madras ... w11 3909 + 0012
Final Results.
: h. m. 5.

Madras Observatory East of Greenwich. .. & 20" 5940

Avanashi Transit Pillar West of Madras. 11 39:05

Avanashi Transit Pillar East of Greenwich, ... 5 9 2035

Probable Error of Signals and Transits. 244 + 0114

Retardation. (Current and Instruments.) 0-035
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JAFFNA.

Longitude determinations of Jaffna and Colombo, in Ceylon, were
requested by Captain (now Lieut-Colonel) J. L. Tupman, R. M. A., in con-
nection with his observations of the total eclipse of the Sun, on 1871, Decem-
ber 11th. The Madras Observatory expedition to Avanashi for the same
purpose prevented any exchanges of signals before the eclipse, but C. Ragoo-
nathachary, the first native assistant, having been sent back immedi-
ately after, to aid in the Avanashi longitude determination, and Captain
Tupman being desirous of leaving Jaffna as soon as possible, the first
exchange was carried out on December 15th, before my return to Madras.
The second, on December 16th was between Captain Tupman and myself.

On both these occasions the comparison and transport of a mean time
chronometer was for the first time dispensed with, thanks to the obliging
arrangements of P. V. Luke, Esq., the Officer in charge at the Madras
Government Telegraph Office, who made temporary connections with the
line from the Observatory used for firing the Fort Time Signal Gun ; thereby
enabling the signals to be given and recorded frqm the transit clock
direct, instead of as before, by the intervention-of a chronometer.

The geographical point of reference at Jaffna was a stone pier, erected
on purpose near the centre of the open parade ground within the Fort.
The observations for local time were double altitudes of the Sun, taken by
Captain Tupman, with an excellent three vernier reflecting circle by Messrs.
Troughton and Simms, and a mercurial artificial horizon. The time-piece
used was a very good marine chronometer, Muston, No. 610, beating half-
seconds and shewing a few minutes short of Greenwich mean time. The
probable errors of Captain Tupman’s time determinations could not well be
shewn, as the altitude observations were reduced in groups instead of singly ;
but from the quality of the instruments employed and the evident care and
skill of the observer, they must have been very small and would have made
but a trifling increase in the probable error of the final result.

It is to be regretted that Captain Tupman’s detailed records did not
reach me until 1876, January 30th, and still more that a- further and yet
longer interval elapsed before I could again give the subject due atten-
tion. The subsequently far better established longitude of the Madras Ob-
servatory and the final deduction of the personal equations of each of my
assistants enable me however, now to furnish final values, entitled to far
more reliance than earlier reductions would have yielded.
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Madras Sidereal Time Determinations.

Name of Transit Sidereal Residual Name of Transit Sidereal Residual
Star. Clock. | Correction. Errors. Star. Clock. | Correction. Errors.
1871, December 15. 1871, December 16.
h. m. s. s, h. m. s. s
: Piscium .....| 23 34 — 24:37 — 002 ¢ Piscium......| 23 34 —~ 25'30 — 004
8 Sculptoris...| 23 43 — 24:33 + 002 8 Sculptoris.! 23 43 — 2533 — 007
» Piscium. ...| 23 53 — 24°34 + 002 w Piscium ....| 23 53 — 2527 000
aAndromed®] O 2 — 2440 — 004 aAndromed®| 0 2 — 2540 ='0:13
v Pegasi.......,] 0 7 — 24:36 + 001 v Pegasi....... 0. % - 2527 + 001
12 Ceti.........] 0 24 — 2440 — 002 12 Ceti «oe0ooe.l 0 24 |- — 2536 - 007
B Ceti........./| 0 38 — 24:37 + 002 B Ceti.......... 0 38 — 2528 + 0-01
BlArietis......] 1 48 — 24749 — 006 o* Eridani....| 8 52 — 2542 000
Aldebaran....] 4 29 — 24'51 <+ 003 o Eridani ......| 4 6 — 2541 + 002
Bigel .......... o 9 - 2450 + 0-07 ePanri. .. .22 4 22 — 2520 + 024
Means ...... 11 — 24:41 0031 - Mean........ 1 16 — 2532 0059
Probable error of mean correction....... =+ 0010 Probable error of mean correction........ = 0:020
Adopted daily change........ceseuvriieans. — 0°96 Adopted daily change.....c...eceeeereennces — 0°92

Jaffna Mean Time Determinations.

1871, December 13.

By five double altitudes of the Sun’s -upper limb,
followed by five more of the lower limb ; taken with
a reflecting circle by Troughton & Simms, in re-
versed positions of both circle and artificial horizon,
between 8 and 9 A.M. of December 14th, civil
reckoning ;—the Chronometer, Muston 610, was
5k. 13m. 12-14s. slow, when it shewed 15h. 24m.;
corresponding to 20h. 38m. of Jaffna Mean Time,
on December 13th.

1871 December, 15, 16.

By ten double altitudes of the Sun’s upper limb and
ten of the lower limb, taken with the same instra-
ments and precautions as before, between 8 and
9 A.M. of December 16th, civil reckoning, combined
with twenty more similar observations between 3
and 4 P.M,, the Chronometer was 5h. 13m. 12°61s.
slow, when it shewed 18h. 54m.; corresponding to
Oh. 8m. of Jaffna Mean Time, on December 16th.

Its adopted daily rate was 0'22 second losing.
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Madras and Jaffna Time Corrections, 1871, December 15.

At 1h. 11m. by the Madras Transit Clock, it was 2441 seconds fast of Sidereal Time, with an adopted
daily rate of 0°96 second gaining.

At 3h. 24m. by Captain Tupman’s Chronometer, Muston 610, it was 5h. 13m. 12:47s. slow of Jaffna Mean
Time, with an adopted daily rate of 0:22 second losing.

Hence at 2h. 19m. by the Madras Transit Clock, the relative correction was 1h. 1lm. 1'59s. and its
change — 0°16465 second per minute. i

Telegraphic Signals from Madras to Jaffna, 1871, December 18.

Madras Jaffna Difference. Relative Jaffna Residual
Signals, Records. Jaff.—Mad. Correction. West. Errors.
k. m. s. Rop vt v s, h. m.. s. ho m. s N s. &
2 11 15 3 21 2020 1 10 520 1 11 287 57-67 + 019
11 30 21 3510 10 510 11 282 5772 + 024
11 45 21 5020 10 520 11 278 57:58 + 010
12 15 22 2010 10 510 11 270 5760 -+ 012
12 30 22 8505 10 505 11 266 5761 -+ 013
12 45 22 5005 10 .505 11 262 5757 + 009
18 15 23 20.00 10 500 11 254 5754 -+ 006
13 30 23 3495 10 495 11 250 5755 -+ 007
13 45 28 5000 10 500 11 245 5745 - 003
14 15 24 1990 10 490 11 237 5747 - 001
. 14 30 24 3490 10 490 11 233 5743 — 005
14 45 24 49°95 10 495 11 229 5734 - 014
15 15 25 1960 10 460 11 221 57:61 +'013
15 30 25 384-55 10 455 11 217 57:62 ~+ 014
15 45 25 4955 10 455 11 213 5758 + 010
16 15 26 1950 10 450 11 204 5754 -+ 006
16 30 26 3450 10 450 11 2:00 5750 -+ 002
16 45 26 4945 10 445 11 196 5751 + 003
17 15 27 19°50 10 450 11 1-88 5738 - 010
17 30 27 84'50 10 450 11 184 5734 - 014
17 45 27 4945 10 445 11 180 5735 - 013
18 15 28 1920 10 420 11 171 5751 -t 003
18 30 28 34°40 10 440 11 167 5727 - 021
- 18 45 28 4920 10 420 11 163 5743 - 005
2 19 15 3 29 1910 1 10 410 1n 155 57°45 - 003
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Telegraphic Signals from Madras to Jaffna, 1871, December 15.
Madras Jaffna Difference. Relative Jaffna Residual
Signals. Records. Jaff.—Mad. Correction. West. Errors.

RS 1Y) ¥ IES h. m. s. h. m. 8: h. m. s, 8. s.

2 19 30 3 29 3405 1 10 405 1 11 151 57:46 — 002
19 46 29 4905 10 405 11 1+47 5742 - 006
20 15 30 19-00 10 400 11 1-38 57'38 - 010
20 30 30 34:00 10 400 11 1:34 57°34 - 014

2 20 45 3 30 4895 1 10 395 1 11 130 5735 - 013

2 16 000 3 26 460 1 10 460 1 11 208 5748 095

Telegraphic Signals from Jaffna to Madras, 1871, December 15.

Madras Jaffna Difference. Relative Jaffna Residual

Records. Signals. Jaff.—Mad. Correction, West. Errors.

h. m. s h. m, - s h. m. s he m. s s. !

2 25 573 3 3 0 1 10 27 1 11 044 5774 + 001
26 121 36 15 10 29 11 040 57:50 — 023
26 273 36 30 10 27 11 036 5766 — 007
26 422 36 45 10 28 11 032 57'52 - 021
27 123 37 15 10 27 11 024 5754 - 019
27 275 37 30 10 25 1 020 5770 — 003
27 426 37 45 10 24 i1 016 5776 4 003
28 127 38 15 10 23 i1 008 57-78 4005
28 277 38 30 10 23 11 003 5773 000
28 428 38 45 10 22 10 5999 5779 4 006
29 130 39 15 10 20 10 5991 5771 - 002
29 280 39 30 10 20 10 5987 57-87 + 014
29 428 39 45 10 22 10 59-83 57'63 — 010
80 130 40 15 10 20 10 5974 5774 <4 001
30 281 40 30 10 19 10 5970 5780 4 007
30 431 40 45 10 19 10 5966 5776 4 003"
40 599 51 0 10 01 10 5797 57'87 + 014
41 148 51 15 10 02 10 5793 5773 000
41 298 51 30 10 02 10 57-89 57°69 — 004
41 450 3 61 45 1 10 00 1 10 5784 57-84 4011
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Madras Jaffna, Difference. Relative Jaffna Residual

Records. Signals. Jaff.—Mad. Correction. West. Errors.

h. m. 8 he m. s oo o, s, he m. s 8. s.

2 42 150 3 52 15 1SS O 00 1 10 5776 5776 -+ 003
42 300 52 30 10 00 10 5772 5772 - 001
42 451 52 45 9I50:0 10 5768 5778 -+ 005
43 152 53 15 9 598 10 5760 57'80 -+ 0:07
43 302 53 30 9 598 10 5756 5776 + 003
43 453 53 45 9 597 ‘10 5752 5782 + 009
44 152 54 15 9 598 10 57-43 57:63 - 010
44, 303 54 30 9 597 10 5739 5769 - 004
44 452 54 .45 9 598 10 5735 57'58 - 018
45 153 55 15- 3) LG 10 5727 5757 — 016
45 303 55 30 9 597 10 5723 57°53 — 020%.
45 454 55 45 9 596 10 5718 57'58 - 015
46 158 *56 15 9 592 10 5710 5790 + 017
46 308 56 30 9 592 10 5706 5736 4 013
46 459 56 45 9 591 10 5702 5792 + 019
47 159 57 15 9 591 10 56'94 5784 + 011
47 310 87 30 9 590 10 5690 57°90 + 017
47 460 57 45 9 590 10 5686 5786 +013
48 310 58 30 9 590 10 5673 5773 000
48 460 58 45 9 590 10 56'69 5769 - 004
49 162 59 15 9 588 10 5661 5781 -+ 008
49 312 59 30 9 588 10 5657 5777 + 004
49 462 59 45 9 588 10 56'563 5773 000
50 163 4 0 15 9 587 10 5644 5774 -+ 001
50 312 0 30 9 588 10 5640 5760 - 013
50 463 0 45 9 587 10 5636 57'66 — 007

2 51 18 4 1 o 1 9 587 1 10 56'32 57-62 — 011

2 39 5608 3 49 5649 1 10 041 1 10 5814 5773 0086
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At 1h. 16m. by the Madras Transit Clock, it was 25-32 seconds fast of Sidereal Time, with an adopted daily

rate of 0'92 second gaining.

At 3h. 38m. by Captain Tupman’s Chronometer, Muston 610, it was 5k, 13m. 12'69s. slow of Jaffna Mean

Time, with an adopted daily rate of 0°22 second losing.

Hence at 2h., 19m. by the Madras Transit Clock, the relative correction was 1lh. 7m. 4'56s. and its

change — 0'16462 second per minute.

Telegraphic Stgnals from Madras to Jaffna, 1871, December 16.

Madras Jaffna Difference. Relative Jaffna Residnal
Signals. Records. Jaff.—Mad. Correction. West. Errers.

h. m. s h. m. s. h. m. s. h. m. s, 8. s.

2 15 15 3 21 232 1 6 82 1 7 518 5698 — 014
15 30 21 382 6 82 7 514 56'94 —~ 018
15 45 21 5380 6 80 7 510 5710 - 002
16 15 22 232 6 82 7 501 5681 ~ 031
16 45 22 529 6 79 7 493 57:03 — 009
17 15 23 227 6 77 7 485 5715 + 003
17 30 23 3877 (N7 7 481 57:11 — 001
17 45 23 527 6 77 A i 5707 ~ 005
18 15 24 225 6 75 7 468 57°18 4+ 016
18 30 24 375 6 75 7 464 5714 + 002
18 45 24 525 6 75 7 460 5710 ~ 012
19 15 25 223 6 738 7 452 5722 -+ 010
19 30 25 373 6 73 7 448 57°18 4+ 006
19 45 25 522 6 72 7 444 5724 4012
20 15 26 222 6 72 7 485 5715 + 003
20 30 26 371 6 71 7 431 57:21 +019
20 45 26 521 6 71 7 427 5717 -+ 005
21 15 27 220 (5 ¥ 7A0) 7 419 5719 + 007
21 30 27 370 (o 7 (0) 7 415 5715 -+ 013
21 45 27 520 6 70 7 411 5711 - 001
22 15, 28 220 6 70 7 408 2703 — 009
22 30 28 369 6 69 7 398 5708 — 004
22 45 28 518 6 68 7 394 5714 -+ 002
23 15 29 217 6 67 7 386 57°16 -+ 004
23 45 29 516 6 66 7 378 5718 + 006
24 15 30 215 6 65 7 370 5720 + 008
24 30 30 365 .6 65 7 3866 5716 + 004

2 24 45 3 30 515 1 6 656 1 7 861 5711 — 011
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Means of Signals from Madras to Jaffna, 1871, Dec. 16.

Madras Jaffna Difference. Relative Jaffna Residual
Signals. Records. Jaff.—Mad. Correction. West. Errors.
h. m. s. h. m. s. h. m. s. h, m. s. 8. s.
2 20 000 3 26 728 1 6 728 1 7 440 5712 0085
Telegraphic Signals from Jaffna to Madras, 1871, December 16.
Madras Jaffna Difference. Relative Jaffna Residual
Records. Signals. Jaff.—Mad. Correction. West. Errors.
h. m. s. h. m. s. h. m. s. by rm. & s. s.
2827 9l 3 33 15 1 6 59 1 7 323 57-33 4 005
27 242 33 30 6 58 7 818 57:38 4 010
27 391 33 45 6 59 7 314 5724 —00%
28 92 34 15 6 58 7 805 5725 — 003
28 24°3 34 30 6 57 7 301 57-31 -+ 003
38 392 34 45 6 58 7 297 5717 — 011
29 94 35 15 6 56 7 289 57-29 + 001
29 245 35 30 6 55 7 285 5735 -+ 007
29 396 35 45 6 55 7 281 57-31 + 003
30 96 36 15 6 54 7 272 5732 -+ 004
30 24'5 36 30 6 53 7 268 5718 - 010
30 396 36 45 6 54 7 264 57-24 -~ 004
31 97 37 15 6 53 7 256 57°26 — 002
31 248 37 30 6 52 7 252 5732 -+ 004
31 400 37 45 6 50 7 248 5748 + 020
32 100 38 15 6 50 7 239 57-39 + 011
32 250 38 30 6 50 7 2385 5735 -+ 007
32 400 38 45 6 50 7 231 5731 -+ 003
33 101 39 15 6 49 7 228 5733 -+ 005
33 250 39 30 6 50 7 219 57'19 — 009
33 402 39 45 6 48 7 214 .57:34 -+ 006
34 101 40 15 6 49 7 206 5716 - 012
34 252 40 30 6 48 7 202 5722 — 006
34 403 40 45 6 47 7 198 5728 0:00
35 104 41 15 6 46 7 190 57:30 + 002
35 254 41 30 6 46 71586 5726 — 002
35 404 41 45 6 46 7 181 5721 - 007
36 106 42 15 6 44 7. -:78 57:33 + 005
36 255 42 30 6 45 7 169 5719 — 009
2 36 405 3 42 45 1 6 45 17 165 5715 - 013
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Means of Signals from Jaffna to Madras, 1871, December 16,

Madras Jaffna Difference. Relative Jaffna Residual
Records. Signals. Jaff.—Mad. Correction. West. Errors.
h. m. s, Rt - 8. h. m. s. h., m. s. 8. s.
2.31 5485 338 000 | 1 6 515 1 7 248 5728 0063
Summary of Telegraphic Results.
. Jaffna, Probable Compound
1871. Number of Signals. } West, ' Wous. Rotardation.
8. ; S. 8.
December 15 ..| By 30 from Madras 5748 + 0015
0125
o % ..| By 47 from Jaffna, AS 57-73 + 0°011
- 16 .{ By 28 from Madras 57:12 =+ 0'014
0070
% o ..| By 30 from Jaffna 57'28 + 0010
Final Results.
- h. m. s.
Madras Observatory East of Greenwich. 5 20 5940
Jaffna Fort West of Madras. ... 57-40
Jaffna Fort Hast of Greenwich. ... . 5 20 200
Probable Error of Signals and Madras Transits.. + 0034
Retardation. (Current and Instruments.) 0-097

10
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COLOMBO.

The longitude of Colombo, like that of Jaffna, was determined by desire
of Captain J. L. Tupman, R. M. A., in connection with the total eclipse of
the Sun on 1871, December 11th, the arrangements being much the same
on both occasions. Signals were exchanged on three nights between
Madras and Colombo by Captain Tupman and myself and I believe with
results to our mutual satisfaction. The geographical point of reference
at Colombo was the Flagstaff, behind the Governor’s Residence. At both
Jaffna and Colombo Captain Tupman expressed his great obligation for the
willing aid rendered him by G. Moberly, Esq., the Government Telegraph
official who had to assist him in all necessary electrical requirements, and
I have always had a similar acknowledgment to make from my own
experience in all cases in which the help of the Telegraph Department was
needed. “

Local Sidereal and Mean Time Determainations.

MADRAS, COLOMBO.

Transit Sidereal Residual A
Star. Clock. ey i, Mean Time Chronometer, Muston 610.
1871, December 31. d - 1871, December 30.
h. m. s, s.
67 Ceti ...... 2 10 — 8947 — 002 By five double altitudes of the Sun’s upper limb, and
five more of the lower limb, taken with the same
&2 Ceti suunrnes 2 22 — 39'53 — 007 instroments and precantions used at Jaffna, the
3 Chronometer was 5h. 12m. 37:33s. slow when it
5 Ceti veeenue. 2 37 — 3944 + 0:03 shewed 15h. 15m., corresponding to 20h. 27m. of
Colombo Mean Time.
a Ceti .....ouen 2 56 — 3958 . =010
» Orionis... ... 6 1 — 39'58 + 002
uGeminorum{ 6 16 | — 3931 + 0-30 1872, January 2.
By six double altitudes of the Sun’s lower limb and
yGeminorum.| 6 31 ~ 8978 =06 gix more of the npper limb, taken as before, the
Chronometer was 5h. 12m, 38'46s. slow when it
shewed 22h. 56m., corresponding to 4h. 8m. of
Means ......... 4 8 — 3953 0100 Colombo Mean Time.
Probable error of mean correction ...... + 0024

Adopted daily change.... ......ccccenneee... — 093
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Local Sidereal and Mean Time Determinations.

MADRAS. COLOMBO.
Transit Sidereal Residual y
Star. die? b aomection. Troork Mean Time Qhronometer Muston 610,
1872, January 4. 1872, January 3, 4.
h. m. s. 8.
v Piseium ... 1 35 — 4336 + 006 -
B Arietis......] 1 48 — 4330 — 007 By six double altitudes of the San’s lower limb, and
six more of the upper limb, taken as before, the
67 Ceti ...... 200 18 — 4327 - 002 Chronometer shewing 15h.: 13m., corresponding to
December 3rd 20h. 26m., and two similar afternoon
£* Coti........ 9 29 — 4323 + 002 gets, at Chronometer time 22h. 24m., correspond-
ing to December 4th 3k. 86m.; the combined
v Ceti.......... 2 37 — 4326 0:00 regults gave the Chronometer 5h. 12m. 40s. slow,
when it shewed 18h. 48m., corresponding to
ke . 3 5 — 4318 + 010 December 4th 1h. 7m. of Colombo Mean Time.
¢ Aurigee...... 4 49 — 4342 — 007
3 Orionis...... 5 26 — 4329 + 008
Betelgeux.....| 5 49 | — 4330 + 009
Means.........] 3 18 — 4329 0055
Probable error of mean correction........ i 0016
Adopted daily change..c......coeeeeeeecrises — 091
1872, January 5. 1872, January 4, 5.
Aldebaran..... 4 29 — 4437 — 005 By twenty-four doumble altitudes of the Sun, taken
) about the same times before and after noon as
¢ Aurigm.... ... 4 49 — 44:29 -+ 004 yesterday, the Chronometer was 5h. 12m. 41°10s.
slow, when it shewed 18h. 48m., corresponding to
e Leporis...... 5 1 — 44/85 - 001 December 5th Ok. 1m, of Colombo Mean Time.
B Tauri..... 5 19 — 44°32 + 003
3§ Orionis....... 5 26 — 4434 + 002
€ Orionis...... 5 ‘ 30 - 44'3'5~ +- 001 1872, January 5, 6.
2 Columbe...| &5 36 — 4436 000 By twenty-foufr double altitudes of the Sun, taken
- - before and after noon as on the two previous days
Betelgoux..... .5 49 — 44°42 — 005 the Chronometer was 5h. 12m. 41'94s.pslow, Wheﬁy it’;
shewel 18h. 48m., corresponding to December 6th
Oh. 1m, of Colombo Mean Time.
Mean........]| 5 15 — 44:35 0026
Probable error of mean correction...... + 0'008
Adopted daily change...........c evverennee. — 0°95
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Madras and Colombo Time Corrections, 1871, December 31.

At 4h. 8m. by the Madras Transit Clock, it was 89-53 seconds fast of Sidereal Time, with an adopted daily
rate of 0'93 second gaining.

At 3h. 59m. by Captain Tupman’s Chronometer, Muston 610, it was 5k, 12m. 37'59s. slow of Colombo Mean
Time, with an adopted daily rate of 0'49 second losing.

Hence at 4h. 39m. by the Madras Transit Clock, the relative correction was 8m. 3'87s. and its
change — 0°16481 second per minute.

Telegraphic Signals from Colombo to Madras, 1871, Decomber 81.

Madras Colombo Difference. Relative Colombo Residual
Records. Signals. Col.—Mad. Correction. West. Errors.
h. m. s. h, m. 8. m, 8 ] m. ] 8

3 51 407 3 58 15 6 343 8 1167 NS 787 + 0'10'
51 555 58 30 6 3845 8 1163 1 37138 - 014 °

52 107 68 45 6 343 8 11'59 0% 287:29 + 002

52 410 59 15 6 3840 8 1150 1 3750 + 023

53 110 59 45 6 340 8 11:42 1 3742 + 015

53 410 4 o0 15 6 340 8 11:34 1 3734 . + 007

53 560 0 30 6 340 8 11'30 1 3730 ~+008

54 111 0 45 6 339 8 1125 1 3735 + 008

b4 410 1 15 6 340 8 1117 1588717 - 010

54 561 1 30 6 339 8 11413 1 8728 — 004

55 111 1 45 6 339 8 1109 1 3719 — 008

55 412 2 15 6 338 8 1101 1 3721 — 006

55 562 2,30 6 338 8 1097 1 3717 - 010

56 11'3 2 45 6 337 8. 1093 1 3723 — 004

56 414 3 15 6 336 8 1084 1 3724 . — 003

57 116 3 45 6 335 8 1076 1 3726 - 001

57 415 4 15 6 335 8 1068 1 3718 — 009

53 417 5 15 6 333 8 1051 i1 487:21 — 006

58 570 5 30 6 330 8 1047 1 38747 + 020

59 120 - 5 45 6 330 8 1043 1 3743 + 0’16

59 420 GaSIS 6 330 8 1035 I 151795, + 0:08

4 0 120 6 45 6 330 8 1026 1 3726 - 001

0 420 7 15 6 330 8 1018 1 3718 — 009

0 572 7 30 6 328 8 1014 1 18734 + 007

1 121 7 45 6 329 8 1010 1 3720 - 007

4 1 270 4 8 0 6 330 8 1006 1 3706 — 021
3 56 2928 4 3 288 6 3360 8 1087 1. ~=87R7. 0'089
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Telegraphic Signals from Madras to Colombo, 1871, December 81.

Madras Colombo Difference. Relative Colombo Residual
Signals. Records. Col.—Mad. Correction. West. Errors.
PP T . S, m. s m. e m. s s
30 0 4 36 280 6 280 8 535 1 38733 + 081
30 15 36 433 6 285 8 531 1 3661 — 023
30 30 36 582 6 282 8 527 1 3707 + 003
30 45 37 132 6 282 8 523 1 3703 — 001
31 15 37 431 6 281 8 515 1 3705 + 001
31 30 37 581 6 281 8 511 1 3701 — 003
31 45 38 131 6 281 8 507 1 3697 — 007
36 15 42 422 6 272 8 432 1 3712 + 008
36 30 42 574 6" 274 8 428 1 3688 T~ 016
86 45 43 123 6 278 8 424 1 3694 — 010
37 15 43 4211 6 271 8 416 1 3706 + 002
87, 30 43 5711 6 271 8 412 1 3702 — 002
37 45 44 1271 61 - 20708 8 408 1 3698 — 006
38 15 44 421 6 271 8 399 1 3689 —015
38 30 44 570 6 270 8 395 1 3695 — 009
38 45 45 120 6 270 8 891 1 3691 — 013
39 15 45 418 6 268 8 383 1 3708 — 001
39 30 45 567 6 267 8 379 1 3709 + 005
6 0 5 12 2235 6 225 7 5942 1 3692 — 012
6 15 1285372 6 222 7 59'38 1 38718 + 014
6 30 12 523 6 223 7 5934 1 3704 0:00
6 .38 . 13 71 6 221 7 5930 1 3720 + 016
7 15 13 3711 6 221 7 59:21 188672101 + 007
7530 13 521 6 221 7 5917 1 3707 + 003
8 15 14 870 6 220 7 5903 1 38703 + 001
8 30 | 14 520 6 220 7 59:01 1 3701 — 003
8 45 15 70 6 220 7 5897 1 3697 — 007
9 15 15 366 6 216 7 5888 1 3728 + 024
9 30 15 517 6 217 7 5884 1 3714 .+ 010
9 45 5 16 67 6 217 7 5880 1 38710 + 006
48 1300 4 54 3831 6 2531 8 235 1 3704 0079

11
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Madras and Colombo Time Corrections, 1872, January 4.

At 3h. 18m. by the Madras Transit Clock, it was 4329 seconds fast of Sideréal Time, with an adopted daily
rate of 0-91 second gaining.

At 3h. 54m. by Captain Tupman’s Chronometer, Muston 610, it was 5h. 12m. 40°57s. slow of Colombo Mean
Time, with an adopted daily rate of 0'85 second losing.

Hence at 4h. 1m. by the Madras Transit Clock, the relative correction was 7m. 40' 7s. and its
change -+ 0°16505 second per minute.

Telegraphic Signals from Colombo to Madras, 1872, January 4.

Madras Colombo Difference. Relative Colombo Residual
Records. Signals. Col.—Mad. Correction. West. Errors.
h. m. s. h. m. s, m. s o= 8. 1 m. 8. 88
3 &1 3138 3 42 15 9 163 7 3871 1 38759 . =016 °
51 462 42 30 9 162 7 3875 1 3745 — 030
52 12 42 45 9 162 7 3879 1 8741 — 034"
52 316 43 15 9 166 7 8887 1 37738 - 002
52 466 43 30 9 166 7 38891 1 3769 - 006
53 19 43 45 9 169 7 3895 1 3795 + 020
53 320 44 15 9 170 7 3904 1 3796 + 021
53 470 44 30 9 170 7 3908 1 3792 + 017
54 20 44 45 9 170 7 3912 1 3788 + 013
54 320 45 15 9 170 7 3920 1 3780 -+ 005
54 471 45 30 9 171 7 8924 1 3786 + 011
55 20 45 45 9 170 7 3928 1 3772 — 003
55 321 . 46 15 9 171 7 3937 1 3773 - 002
55 472 | 46 30 9872 7 3941 1 8779 + 004
56 21 46 45 9.171 7 3945 1 3765 - 010
56 323 47 15. 9 173 7 3953 1 8777 + 002
56 472 47 30 9 172 7 38957. 1 3763 - 012
67 24 47 45 9 174 7 3962 1 38778 -+ 003
57 324 48 15 9 174 7 3970 1 38770 - 005
T BT 474 48 30 9 174 73974 1 3766 — 009
58 25 48 45 9 175 7 3978 1 3772 — 003
58 326 49 15 9 176 7 38986 1 3774 — 001
58 477 49 30 9 177 7 38991 1 3779 + 004
59 2% 49 45 9 1756 7 39:95 1 37565 — 020
59 330 50 15 9 180 7 4003 1 3797 + 022
59 479 50 30 9 179 7 4007 1 3783 + 008
4 0 30 50 45 9 180 7 4011 1 3789 + 0’14
0 330 51 15 9 180 7 4020 1 3780 -+ 005
0 4380 51 30 9 180 7 4024 1 3776 + 001
4 1 31 3 51 45 95 W8 7 4028 1 3782 + 007
3 56 1724 3 47 000 9 1724 7 38949 1 377 0103
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TELEGRAPHIC SIGNALS.
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Madras Colombo Difference. Relative Colombo Residual

Signals. Records. Col.—Mad. Correction. West. Errors.
h. m. s m. 8. m., 8. m. s: m. 8. £

4 4 0 54 418 9 182 7 4077 1 3743 — 009

4 15 54 567 9 183 7 4081 1 3749 — 0038

4 30 55 117 9 183 7 4085 1 3745 — 007

4 45 55 266 9 184 7 4089 1 3751 — 001

5 15 55 566 9 184 7 4097 1 3743 - 009

5 30 56 115 9 185 7 4101 1 3749 - 003

5 45 56 26'5 9 185 7 4105 1 3745 — 007

6 15 56 56'4 9 186 7 4114 1 3746 - 006

6 30 57012 9 188 7 4118 1 3762 + 010

6 45 57 262 9 188 7 4122 1 3758 +4- 006

7 15 57 561 9 189 7 4130 1 3760 -+ 008

7 30 58 111 9 189 7 4134 1 3756 + 004

7 45 58 260 9 190 7 41-38 1 3762 -+ 010

8 15 58 56°0 9F=51 910/ 7 4147 1 3753 <+ 001

8 30 59 110 9 190 7 4151 1 3749 - 003

8 45 89 260 9 190 7 41555 1 3745 — 007

9 15 59 559 92 w1931k 7 4163 1 3747 — 005

9 30 0 108 9 192 7 4167 1 38753 + 001

9 45 -0 259 9 1938 7 4171 1 3759 + 007

10 15 0 556 9 194 7 4180 1 3760 + 008

10 30 1 106 9 194 7 4184 1 3756 -+ 0°04

10 45 1 256 9 194 7 4188 1 3752 000

JIES1S 1 555 9 195 7 4196 1 3754 - 002

315 /30 2 105 9 195 7 4200 1 3750 — 002

11 45 2 235 9 195 7 4204 1 3746 — 006

12 15 2 554 9 196 7 4213 1 3747 - 005

12 30 3 104 9 196 7 4217 1 3743 — 009

12 45 3 252 9 198 7 4221 188750 + 007

SER 15 3 551 | 9 199 7 4229 1 3761 <+ 009

13 30 4 101 9 199 7 4283 1 3757 -+ 005

13 45 4 251 9 199 7 4237 1 3753 + 001

8 5032 59 3124 9 1908 7 4156 1 3752 0053
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Madras and Colombo Time. Corrections, 1872, January 5.

At 5h. 15m. by the Madras Transit Clock, it was 4435 seconds fast of Sidereal T'ime, with an adopted
daily rate of 0°95 seconds gaining.

At 4h. 14m. by Captain Tupman’s Chronometer, Muston 610, it was 5h. 12m. 41'43s. slow of Colombo. Mean
Time, with an adopted daily rate of 0:84 second losing.

Hence at 4h. 45m. by the Madras Transit Clock, the relative correction was 1lm. 43°27s.and its
’ change 4 016507 second per minute.

Telegraphic Signals from Colombo to Madras, 1872, Jan. 5.

Madras Colombo Difference. Relative Colombo Residual
Records. Signals. Col.—Mad. Correction. West. Errors.
h. m. 8. h. m. s. m. 8. m. 8. m. 8. s.
3 50 140 3 37 0 13 140 11 3623 1 8777 + 005
50 290 ‘ 37 15 13 1470 11 3627 1 8778 + 001
50 44°0 37 30 13 140 11 3631 1 3769 — 0'03s,
50 591 37 43 13 141 11 3635 1 38775 +003
51 292 38 15 13 142 11 3644 1 3776 + 004
51 441 38 30 13 141 11 3648 1 38762 — 010
51 593 38 45 18 143 11 3652 1 3778 + 006
52 294 39 15 13 144 11 3660 ©1 8780 4 008
52 . 44°6 39 30 13 146 11 3665 1 3795 + 023
52 594 39 45 13 144 11 3669 18771 — 001
53 295 40 15 13 145 11 3677 1 3773 + 001
53 445 40 30 © 13 145 11 3681 1 3769 — 003
53 596 40 45 13 146 11 3685 INNE7E75 + 003
54 445 41 30 13 145 11 3697 1 3753 - 019
54 59'5 41 45 13 145 11 3702 1 8748 — 024
55 300 42 15 13 150 11 3710 1 3790 + 018
55 449 42 30 13 149 11 3714 1 87776 + 004
56 00 42 45 13 150 11 3718 1 3782 + 010
56 300 43 15 13 150 11 87:26 1 3774 =+ 0°02
‘56 450 43 30 13 150 11 38730 1 37770 — 002
57 00 43 45 13 150 11 3735 1 3765 — 007
57 302 4 15 13 152 11 3743 1 3777 + 005
.57 451 44 30 13 151 11 38747 1 3763 — 009
58 02 .. 4 45 13 152 11 38751 1 3769 — 003
58 30'4 45 15 13 154 11 3759 1 3781 + 009
58 453 45 30 13 153 11 3764 1 3766 — 006
59 03 45 45 13 153 11 3768 1 3762 — 010
59 305 46 15 13 155 11 8776 1 3774 + 0-02
59 455 46 30 13 155 11 38780 1 3770 — 002
4 0 05 3 46 45 13 155 11 8784 1 3766 — 0°06
3 55 625 3 41 51'50 13 1475 11 3703 18R 0070
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TELEGRAPHIC SIGNALS.

Madras Colombo Difference. Relative Colombo Residual
Signals, Records. Col,—MMad. Correction. West. Errors.
h. m. s h. m. s m. % . 85 mn. % sl s.
4 - 3 48 445 13 155 11:%8 38;15 1 3733 - 001
2 15 48 595 13 155 11 38821 1 38729 — 005
2 80 49 145 13 155 11 3826 XT84 — 010
2 43 49 294 13 156 11 3830 1 3730 — 004
8 15 49 592 13 158 11 3838 1 3742 <+ 008
3 30 50 141 18 159 11 3842 1 3748 + 014
3 45 50 2¢'1 18 159 11 . 3846 1 3744 4+ 010
4 15 50 591 181 159 11 3854 1 3736 + 002
4 30 51 141 13 159 11 3858 1. 37:32 - 002
4 45 51 290 13 160 11 3863 1. 8737 -+ 003
5 15 51 590 13 160 11 3871 1 3729 — 005
5 30 52 140 18 160 11 3875 1 3725 — 009
5 45 52 289 13 .16°1 11 3879 1 387381 — 003
6 15 52 588 18 162 11 3887 1 37388 — 001
6 30 53 137 13 163 11 3891 1 3739 + 005
6 45 53 286 13 164 11 3896 1 3744 + 010
7 15 53 586 13 164 11 3904 1 3736 + 002 -
7 45 54 2835 13 165 11 3912 1 3738 + 004
8 15 54 585 18 71675 11 3920 - 1 3730 - 004
8 30 568135 13 165 11 3924 1 3726 — 008
8 45 55 284 13 166 11 3929 1 3731 — 003
9 15 55 583 13 167 11" 30787 1 3733 — 001
9 80 56 132 13 168 11 3941 1 3739 + 005
9 45 56 282 13 168 11 3945 1 3785 -4 001
10 15 56 581 13 169 11 3953 1 38737 -4 003
10 30 57° 187 13 169 . 11 39:57 1 3733 — 001
10 45 57 280 13 170 11 3962 1 3738 -+ 004
11 15 57 580 13 170 11 3970 1% 87°30 — 004
11 30 58 130 13 170 11 8974 1 3726 — 008
11 45 58 279 13 171 11 3978 1 3732 ‘=002
4 12 0 3 58 428 1848 1752 11 3982 1 3738 + 0'04
4 6 5903 3 53 4270 13 1633 11 3899 1 3734 0047
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Summary-of Telegraphic Results.

5 Colombo Probable Compound
15ns2. W piber, of Sigaols: West. Errors. Retardation.
m. 8. S. 3.
December 31 ... | By 26 from Colombo 1 3727 + 0015
0115
> 7] By 30 from Madras 1 3704 + 0012
January 4 By 30 from Colombo 1 3775 =+ 0016
0115
X o By 31 from Madras 1 38752 =+ 0°008
] By 30 from Colombo L W37:72 + 0:011
0190
>
o ¥ By 31 from Madras 1 38734 =+ 0°007
Final Results.
e, S,
Madras Observatory East of Greenwich .., 5 20 5940
Colombo Flagstaff West of Madras. 1 3744
Colombo Flagstaff East of Greenwich. ... 6 19 21°96
Probable Error of Signals and Madras Transits... + 0020
Retardation. (Current and Instruments.) 0-140
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KARACHI.

The telegraphic determination of the difference of longitude between
Madras Observatory and Karachi was of two-fold importance and interest,
from its being one of the Indian stations at which observations of the
Transit of Venus, on 1874 December 8th, were arranged to be made; and
still more as a means of comparison between Madras and Greenwich,
in conjunction with the similar operations by Drs. Becker and Fritsch,
members of the German Transit of Venus Expedition to Ispahan. A
severe test of the accuracy of both determinations is furnished by the
consideration, that the resulting longitude of Madras, as found, vid
Karachi, Ispahan and Berlin, is only one-tenth of a second less than that
now adopted from the far more elaborate processes employed by Lieut.-Col.
Campbell and Major Heaviside, R. E., Officers of the Great Trigonometrical
Survey of India, between Madras, Bombay, Aden and Suez, in 1877;
combined with those between Suez, Mokattam and Greenwich, by Lord
Lindsay’s ¢ Transit of Venus” party in 1874.

The observer and operator at Karachi was General T. Addison, c.s.,
then in command of the Poona Division. His observatory was connect-
ed by triangulation with that of the Great Trigonometrical Survey, on
Bath Island, and the latter was found to be 0:60 second further West of
Madras. Not being aware whether any permanent mark of the site of
General Addison’s temporary station was made, I have thought it better
to refer the final result to the G. T. S. Observatory; the locality of
which is necessarily a definite geographical position in the Survey.

Telegraphic exchanges, of one hundred signals each way, were made on
December 15th, without a single mistake throughout on either side. Both
star transits and telegraphic signals were recorded on the chronograph at
Karachi, and the tape fillets, as well as their tabulated records, were all
in my possession before the end of the month; mine to General Addison
following early in January. Prompt completion of such works greatly
adds to the interest felt in them by the operators, but is rarely possible in
India. It is surprising, that with only three clock stars at Karachi such
accuracy should have been attained; but limited time and unfavorable
weather prevented General Addison from getting more. As usual, the most
willing aid was rendered at each end by the officers of the Government
Telegraph Department; Mr. W. Williams at Karachi, and Mr. W. F.
Melhuish at Madras, '



48

TELEGRAPHIC LONGITUDE DETERMINATIONS IN INDIA.

TLocal Sidereal Time Determinations, 1874, December 13.

MADRAS. KARACHI.
S Transit Sidereal " Residual
Lo Clock. | Correction. FErrors.
h. m. 525 ok s,
0/Cebi " -4l JLNELS — 1007 — 006 | Sidercal Time détermined by three stars only, wiz.,
E a Andromedz, u Geminorum and & Leonis; using a
7 Piscium.....| 1 25 — 999 + 002 portable Transit Instrument, an electrical clock, and
5 a tape recording chronograph. No details were
v Piscium ..... 1 35 — 1024 — 022 furnished except the interpolated corrections to
oc- clock times of signals, the first and last being :
B Arietis...... 1 48 — 1007 — 005 B e, L
« Arietis......]| 2 0 — 991 4 012 At 4 30 59.........Correction......... + 9500
G7. OBt 52 2 11 | -~ 994 + 0-10 ‘At 5 19 50.........Correction......... + 9584 o
52 Ceti.. 2 37 — 1007 — 002
a Ceti 2 56 — 10138 — 007
a Persei........ 3 16 — 1008 — 001
4! Eridani....] 3 52 - 990 . +019
|
Means.........] 2 18 — 10°04% 0-086
Probable error of mean correction ... + 0-024 ‘
Adopted daily change ... — 083 i

Comparisons of Madras Clocks and Chronometer.

Transit Sidereal Chronometer Mean Time Shepherd’s Mean Time
Clock, Correction. Dent 1668. Correction. |ElectricalClock.| Correction.

h. m. s s. 1874. h. m. s m. 8 [ i .s.

0 49 16 |° —999 |Dec.13.. 7 22 295 | —1 4360 -
..... ¢ * s sy .. 11 24 430 —1 4388 . 11 23 0 — 088

8 59 17 —~ 1027 » o» 15 81 105 —1 4416 ot B S S 9.
............ w s e 32 40 435 | —1 4466 22 39 0 - 116
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Madras and Karachi Time Corrections, 1874, December 13.

At 11h. 25m. by Shepherd’s Electrical Clock, it was 088 second fast of Madras Mean Time, with an
adopted daily rate of 0'60 second gaining.

At 4h. 31m. by General Addison’s Transit Clock, it was 950 seconds slow of Karachi Sidereal Time
with an adopted daily rate of 2:47 seconds losing.

Hence at 12h. 18m. by Shepherd’s Electrical Clock, the relative correction was 6h. 3lm. 2:31s. and its
change — 0°16215 second per minute. : :

Telegraphic Signals from Madras to Karachi, 1874, December 13.

Madras Karachi Difference. Relative Karachi . Residual

Signals. Records. Kar.—Mad. Correction. West. Errors.
h., m. s. h. m, 8. h. m. s. h. m. s. m. 8. 8.

11 55 10 4 30 5904 7 24 1096 6 31 520 53 576 4 002

55 20 31 908 24 1092 31 517 53 5775 + 001

55 380 31 1919 24. 1081 31 515 53 5'66 — 008

55 40 31 2919 |- 24 1081 31 512 53 569 — 005

55 50 31 3930 24 1070 31 509 53 561 — 013

56 10 31 5918 24 1082 31 504 53 578 4 004

56 20 82 933 24 1067 31 501 83 566 — 008

56 30 32 1931 24 1069 31 498 53 571 — 003

56 40 32 2934 24 1066 31 496 53 5770 — 004

56 50 32 3938 24 1062 31 493 53 569 — 005

57 10 82 5944 24 1056 31 488 53 568 — 006

57 20 33 948 24 1052 31 485 53 567 — 007

57 380 33 1948 24 1052 31 482 53 570 — 004

57 40 - 83 2945 24 1055 31 479 58 576 + 002

67 50 33 3940 24 1060 31 477 53 583 + 009

58 10 33 5951 2f11 1049 31 471 53 578 + 004

58 20 34 951 24 1049 31 469 53 580 . + 006

58 30 34 1958 24 1042 31 468 53 5776 + 002

58 40 34 2961 24 1039 31 463 63- 576 4 002

58 50 34 38967 24 1033 31 461 53 572 — 002

59 10 34 5971 24 1029 31 455 53 574 000

69 20 35 976 24 1024 31 452 53 572 T =002

59 30 35 1971 24 1029 31 450 53 579 + 005

59 40 35 2976 24 1024 31 447 63 577 4003

59 50 35 3978 24 1022 31 444 63 578 + 004

12 0 10 35 5987 24 1013 31 439 53 574 000

0 20 36 986 24 1014 31 436 63 578 + 004

0 30 36 1989 24 1011 31 433 53 578 4 004

12 0 40 4 36 2996 7 24 1004 6 31 431 53 573 — 001

13



TELEGRAPHIC LONGITUDE DETERMINATIONS IN INDIA.

Telegraphic Signals from Madras to Karachi, 1874, December 13.

Madras Karachi Difference. Relative Karachi Residual
Signals. Records. Kar.—Mad. Correction. West. Errors.
hisl o s h. m. s. he et e, h, m. s. m. s. s.
12 0 50 4 36 3996 7 24 10004 6 31 428 53 576 =+ 002
1 10 87 001 24 999 31 423 63 576 + 002
1 20 87 1006 24 99% 31 420 53 574 000
1 30 37 2008 24 992 31 417 53 575 <+ 001
1 40 37 38011 24 989 31 415 53 574 000
1 50 37 4037 24 963 31 412 53 551 — 023
2 10 38 026 24 974 31 407 53 567 - 007
2 20 38 1025 24 975 31 404 53 571 - 003
2 30 38 2017 24 983 31 401 53 6582 =+ 008
2 40 38 3023 24 977 31 398 53 579 + 005
2 50 38 4023 24 977 31 396 53 6581 + 007
3 10 39 038 24 962 31 390 53 572 — 002
3 20 39 1033 24 967 31 388 53 579 + 005
3 30 39 2040 24 960 31 385 53 575 4+ 001
3 40 39 38046 24 954 31 382 53 572 - 002
3 50 39 4043 24 957 31 3879 53 578 4 004
4 10 40 046 24 954 31 3874 53 580 =+ 006
4 20 40 1054 24 946 31 371 53 575 <+ 001
4 30 40 2053 24 947 31 ‘369 53 578 4 004
4 40 40 3052 24 948 31 366 53 582 <+ 008
4 50 40 4053 24 947 31 363 53 584 + 010
5 10 41 066 24 935 31 358 53 57 +003
5 20 41 1084 24 916 31 355 53 561 — 013
5 30 41 2072 24 928 31 352 53 576 ° <+ 002
5 40 41 3081 24 919 31 350 53 569 — 005
5 50 41 4085 24 915 31 347 53 568 — 006
6 10 42 086 24 914 31 342 63 572 — 002
6 20 42 1088 24 912 31 839 53 573 — 001
6 30 42 2091 24 909 31 336 53 573 — 001
‘8 40 42 3093 24 907 31 334 53 573 - 001
6 50 42 4100 24 900 31 331 53 569 — 005
7 10 43 102 24 898 31 325 53 573 - 001
7 20 43 11:04 24 896 31 323 63 573 - 001
7 30 43 2100 24 900 31 320 53 580 + 006
7 40 43 3118 24 882 31 817 53 565 — 009
7 50 43 41'34 24 866 31 315 53 551 —~ 023
8 10 44 118 24 882 31 309 53 573 - 001
12 8 20 4 44 1123 877 6 31 306 53 571 - 003

7 24
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TELEGRAPHIC SIGNALS.
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Madras Karachi Difference. Relative Karachi Residual
Signals. Records. Kar.—Mad. Correction. West. Errors.
h. m. 's. m. 8. h. m. s. h. m. s. m. s 8.
12 8 30 44 2126 7 24 874 6 31 304 53 570 — 004
8 40 44, 3124 .24 876 31 301 53 575 + 001
8 50 44 4131 24 869 31 298 53 571 — 003
9 10 45 133 24 867 31 293 53 574 000
9 20 45 11-38 24 862 31 290 53 572 — 002
9 30 45 21-38 24 862 31 288 53 574 000
9 40 45 3141 24 859 31 285 53 574 000
9 50 45 4142 24 858 31 282 88576 -+ 002
10 10 46 146 24, 854 31 277 53 577 -+ 003
10 20 46 1148 24 852 31 274 53 578 + 004
10 30 46 2160 24 840 31 271 53 569 - 005
10 40 46 3156 24 844 31 269 53 5775 + 001
10 50 46 4136 24 844 31 266 53 578 + 004
11 10 47 158 24 842 31 261 53 581 -+ 007
11 20 47 11173 2¢ 827 31 258 53 569 - 005
11 go 47 2167 24 833 81 255 53 58 + 0:04
11 40 47 3175 24 825 8112752 B3NS — 001
11 50 47 4174 24 826 31 250 53 5776 + 002
12 10 48 181 24 819 31 244 53 575 + 001
12 20 48 1182 24 818 31 242 53 576 + 002
12 30 48 2184 24 816 31 239 53 57 + 003
12 40 48 3189 24 811 31 236 53 575 + 001
12 50 48 4187 24 813 31 234 53 5%79 + 005
13 10 49 196 24 804 31 228 53 576 + 002
13 20 49 1200 24 800 31 225 53 5%5° 4 001
13 30 49 2200 24 800 31 223 53 547 + 003
13 40 49 3203 24 797 31 220 53057 + 003
13 50 49 4203 24 797 1217 53 580 + 006
14 10 50 212 24 788 31 212 53 546 + 002
14 20 50 1216 24 784 31 209 53 575 -+ 001
14 30 50 2223 24 77 31 206 83 571 ° — 003
14 40 50 3221 2 779 31 204 53 55 + 001
12 14 50 50 4224 7 24 %476 6 31 201 53 575 + 001
12 5 000 40 5066 7 24 934 6 31 360 53 5774 0039
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Telegraphic Signals from Karachi to Madras, 1874, December 13.

Madras Karachi Difference. Relative Karachi Residual
Records. Signals. Kar.—Mad. Correction. West. Errors.

h, m. s h. m. s. h. m. s. h. m. s. m. 8 8.

12 24 170 5 0 1043 7 24 657 6 31 048 53 609 4 013
24 270 0 20142 24 658 31 045 53 613 4017
24 368 0 3034 24 646 31 043 53 603 + 007
24 464 0 4017 24 623 31 040 53 583 — 013
24 570 0 5043 24 657 31 037 53 620 + 024
25 169 1 1042 24 648 31 032 53 616 -+ 020
25 265 1 2034 24 616 31 029 53 587 — 009
25 365 1 3019 24 631 31 o027 53 604 -+ 008
25 465 1 4036 24 614 31 024 53 590 — 006
25 564 1 5033 24 607 31 021 53 586 — 010
26 168 2 1056 24 624 31 016 53 608 +012%
26 263 2 2033 24 597 31 013 53 584 — 012
26 362 2 3028 24 592 31 010 53 582 — 014
26 461 2 4005 24 605 31 008 53 597 + 001
26 562 2 5024 24 596 31 005 53 591 — 005
27 161 3 1025 24 585 31 000 53 5485 — 011
27 2611 3 2025 24 585 30 5997 53 588 *— 008
27 361 3 3032 24 578 30 5994 53 584 — 012
27 460 3 4014 24 586 30 5992 53 594 — 002
27 560 3 5018 24 582 30 5989 53 593 — 003
28 161 4 1030 24 580 80 5983 53 597 -+ 001
28 260 4 2029 24 571 30 5981 53 590 — 006
28 360 4 3022 24 58 30 5978 53 600 + 004
28 461 4 4032 24 578 . 80 5975 53 603 =+ 007
28 560 4 5029 24 571 30 5973 53 598 + 002
29 160 5 1029 24 571 30 5967 53 604 + 008
29 260 5 2034 24 566 30 5965 53 €01 + 005
29 360 5 3036 24 564 30 5962 53 602 4- 006
29 459 5 4018 24 572 30 5959 58 613 + 017
29 559 5 5030 24 560 30 5956 53 604 4 008
30 160 6 1036 24 564 30 5951 53 613 + 017
30 260 6 2041 24 559 30 5948 53 611 + 015
30 358 6 3034 24 546 30 5946 53 600 + 0'04
30 458 6 40'38 24 542 30 5943 53 599 4 003
30 560 6 5046 24 554 30 5940 53 614 + 018
31 156 7 1028 24 532 30 5935 53 597 4 001
31 256 7 2028 24 532 30 5932 53 6°00 + 004

12 31 355 5 7 8024 7 24526 6 30 5929 53 597 ~+ 001




Telegraphic Signals from Karachi to Madras 1874, December 13.

TELEGRAPHIC SIGNALS.

—

Madras Karachi Difference. Relative Karachi Residual
Records. Signals. Kar.—Mad. Correction. West. Errors.
h. m. s. h. m. s. h. m. s. h. m. s, m. 8. s,
12 31 455 5 47 4028 ¥ 24 522 6 30 5927 53 595 — 001
31 555 7 5032 24 518 30 -59-24 53 594 — 002
32 153 8 1039 24 491 30 5919 53 5772 — 024
32 255 8 2058 24 492 30 5916 53 576 — 020
32 354 8 3030 24 510 30 5913 53 597 -4 001
32 453 8 4022 24 508 30 5911 53 597 + 001
32 554 8 5029 24 511 30 5908 53 603 + 007
33 154 "9 1040 24 500 30 59:02 53 598 + 002
33 253 9 2046 24 484 30 5900 53 584 — 012
33 352 9 3026 24 4'94 30 5897 53 597 + 001
33 452 9 4044 24 476 30 5894 53 582 — 014
83 552 9 5033 24 487 30 5892 53 595 — 001
84 151 10 1028 24 482 30 5886 53 596 000
34 251 10 2037 24 473 30 5884 53 589 — 007
34 350 10 3027 24 473 30 5881 53 592 — 004
34 450 10 4026 24 474 30 5878 53 596 000
34 550 10 50'38 24 462 30 5876 53 586 - 010
35 150 11 10'31 24 469 30 5870 53 599 4003
35 250 11 2030 24 470 30 5867 53 603 + 007
85 350 11 30118 24 482 30 5865 53 617 4021
85 448 11 4020 24 460 39 5862 53 598 + 002
35 550 11 5025 24 475 30 5859 53 616 + 020
86 150 12 1042 24 458 30 5854 53 604 + 008
36 245 12 2021 24 429 30 5851 53 578 — 018
36 348 12 3030 24 450 30 5349 53 601 + 005
86 447 12 4023 24, 4°47 30 5846 53 601 + 005
36 548 12 5016 24 464 30 5843 53 621 + 025
387 146 13 1031 24 429 30 5838 53 591 - 005
37 245 13 20116 24 434 30 5835 53 599 + 003
37 344 13 3021 24 419 30 5832 53 587 — 009
37 445 13 4023 24 427 30 5830 53 597 + 001
37 545 13 5038 24 412 30 5827 53 585 — 011
38 144 14 1040 24 400 30 5322 53 578 — 018
38 242 14 2025 24 395 30 5819 53 576 — 020
38 342 14 3025 24 395 30 5816 53 579 - 017
38  44°4 14 40'44 24 396 30 5814 53 582 - 014
38 544 14 5048 24 392 30 5811 53 581 - 015
© 39 142 15 1026 24 394 30 5806 53 588 — 008
39 242 15 2029 24 391 30 5803 53 588 — 008
12 39 342 5 15 3034 7 %1 386 6 30 5800 53 586 — 010

14
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Telegraphic Signals from Karachi to Madras, 1874, December 13,

Madras Karachi Diﬁferex;ce. Relative . Karachi Residual
Records. Signals. Kar.——Mad. Correction. West. Errors.
h. m. s. h. m. s h, m. s. h.' um. s m. S. s.
12 39 442 5 15 4034 7 24 386 | 6 30 5797 53 §5'89 - 007
39 541 15 5016 24 394 30 5795 53 599 + 003
40 141 16 1027 24 383 30 5789 53 594 — 002
40 241 .16 2010 24 400 30 5787 53 613 + 017
40 340 16 3025 24 875 30 5784 53 591 — 005
40 440 16 4027 24 373 -30 5781 53 592 <004
40 540 16 5023 24 3777 30 5779 53 598 + 002
41 140 17 1033 24 367 30 5773 53 594 — 002
41 241 17 2035 24 875 30 57770 58 605 + 009
41 340 17 3032 24 368 30 5768 53 600 + 004
41 439 17 4027 24 363 30 5765 53 598 + 002 .
41 540 17 5024 24 376 30 5762 ° 83 614 + 018
42 139 18 1029 24 361 30 5757 53 604 -+ 008
42 238 18 2021 24 359 30 5754 53 605 + 009
42 338 18 30-26 24 354 30 5752 53 6°02 -+ 0°06
42 436 18 4022 24 338 30 5749 53 589 — 007
42 536 18 5020 24 340 30 5746 53 594 — 002
43 134 19 1029 24 311 30 5741 53 570 — 026
43 235 19 2027 24 323 30 5738 53 585 — 011
43 336 19 3032 24 338 30 5735 53 593 — 003
43 435 19 4035 24 315 30 5733 53 582 — 014
12 43 535 5 19 5019 7 24 331 6 380 57:30 53 601 -+ 005
12 34 515 5 10 030 7 24 485 6 30 5389 53 596 0086

Hence by 100 Telegraphic Signals from Madras, Karachi was West, 53m. 574s. & 0°003s. and by 100 more
Signals the reverse way, 53m. 596s. = 0:007s.

Final Results.

h. m. s

Madras Observatory East of Greenwich .................. 5 20 5940

General Addison’s Station West of Madras ................ 0 53 585
G. T. Survey Observatory West of General Addison’s... 060
G. T. Survey Observatory East of Greenwich............. 4 27 5295
Probable Error of Signals and Madras Transits............ + 0018

Retardation (Current and Instruments.) .................. 0110
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MUDDAPUR.

MUDDAPUR.

The determination of the longitude of Muddapur was made at the
request of Professor P. Tacchini, Director of the Observatory of Palermo,
and also of the ¢ Societa degli Spettroscopisti Italiana”, in connection with
his observations of the Transit of Venus on December 8th, 1874. Professor
Tacchini, being appointed by the Italian Government to superintend an
expedition to India, to secure observations, chiefly by the newly discovered
spectroscopic method of recording such phenomena, had previously
addressed me in regard to the selection of a suitable and conveniently
accessible station for the purpose, on the eastern coast, between Madras
and Calcutta, at which there would be a probability of fine weather upon
the important occasion; but unfortunately I .could afford him very little
hope of experiencing such in December anywhere near Madras; whereupon
he wisely decided upon trying a more northern and inland spot, and
selected Muddapur, a station on the East Indian Railway, 183 miles north-

west of Calcutta.

A telegram from the Professor, two days after the Transif, announced
his more than partial success, although the weather was even there far
from favorable. A letter of the same date also reached me from Calcutta,
on December 17th, from the Consul General for Italy, the late Monsr.
I'. Lamouroux; urging co-operation with Professor Tacchini in an early
telegraphic longitude determination between Madras and Muddapur. Pro-
fessor Tacchini’s definite proposals and conditional arrangements for carry-
ing out the project followed, under date, Muddapur, December 13th,
arriving on the 20th. I replied by telegraph on the 21st, and on Sunday,
December 27th, when the telegraph lines could be spared with least
inconvenience to the daily traffic on the Government line from Madras to
Calcutta, and on the East Indian Railway Company’s line from Calcutta to
Muddapur, which had to be temporarily joined through for the purpose,
the signals were successfully exchanged as detailed in the following pages.

Professor Tacchini’s notes of his local time corrections and telegraphic
signals were forwarded to me from Calcutta, under date, 1875, January
5th; but I could have wished more details of the former, such as would
have enabled me to give the final probable error of the complete operations,
instead of having to leave the local time errors indeterminate for Muddapur.

Professor Tacchini, accompanied by Professor Vogel, Dr. Antonio
Abetti, and two other gentlemen of the Italian expedition, kindly favored
me with a hurried visit on January 23rd, when passing Madrasin the French
Steamer ¢ Meinam.” Preliminary results were duly forwarded to’ the
Professor on May 15th following ; differing only from those now given by
the slight change, subsequently deduced, in the personal equation of the
assistant who observed the star transits at the Madras Observatory.
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Madras Sidereal Time Determinations.

Name of Transit Sidereal Residual Name of Transit Sidercal Residual
Star. Clock. Correction. Errors. Star. Clock. Corrections. Errors.
1874, December 26. 1874, December 28.
h. m. s. 3 h, m. s. s.
Aldebaran..... 4 29 - 21'08 - 014 a Arietis....... 2 8l — 2244 000
¢ Aurigm ...... 4 49 | —2093 +002 |67 Cetivvn| 2 11 | — 2244 + 001
¢ Leporis..... Seial — 2108 — 012 £ Cetivevrnenee| 2 22 — 2287 -+ 009
Rigel. ...... . 5 9 — 2098 —0:02 v Ceti ......... 2 87 — 22:62 — 016
B Tauri...,.... 5 19 — 2090 + 007 a Ceti «eoverenn 2 66 — 2241 + 0°06
8 Orionis ......| 5 26 — 2100 — 0-03 3 Arietis....... 8 5 — 2246 + 002
€ Orioni.s ...... 5 30 — 2099 — 002
« Colombee.... 5 36 — 20-84 + 014 K
Betelgeux.....| 5 49 — 21-03 — 004 v
p Geminorum! 6 16 — 2090 + 0-10
Means..........| 5 20 — 2097 0070 ]\TIeans.... Maeill 20182 — 22:46 0055
| s. s:- B
Mean Sidereal Correction.............covveen 1874, December 26, 22h. 17m............ Sorai3 — 21'563 4+ 0°014
Adopted daily chamgeilie. i\ . .. .. oovo aBl ool diess oo o osor oo o en oo o n ot PRI ) 4710)

Muddapur Mean Time Determinations.

No information afforded as to the way in which the local time was found on by what kind of instrament.

Two mean time chronometers were employed, and their corrections being given for noon of cach day
at Muddapur, it is most probable that solar altitudes were observed.

The following are the corrections communicated by Professor Tacchini.
Chronometer, Whiffin 843. Chronometer, Dent 1937.
h

. m. s h. m. s,
December 25 ...........ceeeevevene. + 4 B0 52°07 December 26....c.e0vaeneevievnnees + 5 13 46759

ks 26.. 0l . ok o AR 56 s 10 L2 At R S E %118 2 e
o0 4 27 A L 5 et el ol

Comparisons of Madras Clocks and Chronometer.

Transit Sidereal Chronometer Mean Time Shepherd’s Mean Time
Clock. Correction. Carter 337. Correction. ‘|Electrical Clock| Correction.
h. m. s. 8. 1874. -2, A8, m. s. ot TPk 8% s.
18 ‘8 55 — 21-39 Dec. 26......| 23 47 350 —1 1867 IORERE ! S
...... s gy homay 2857 46 —1 1867 23 56 30 =17

23 43 20 — 21'58 oM A sl e GE v I G -1 1864
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Madras and- Muddapur Time Corrections, 1874, December 27.

At Oh. Om. by Shepherd’s Electrical Cleck, it was 117 second fast of Madras Mean Time, with an
adopted daily rate of 060 second gaining.

At 19k, 9m. by Professor Tacchini’s Chronometer, Whiffin 343, it was 4h. 50m. 44-94s. slow of Muddapur
Mean Time, with an adopted daily rate of 3'62 seconds gaining.

Hence at 1h. 58m. by Shepherd’s Electrical Clock, the relative correction was 4h. 50m. 45'80s. and its
, change — 000210 second per minute.

Telegraphic Signals from Muddapur to Madras, 1874, December 27,

Madras Mnuddapur Difference. Relative Muddapur Residual
Records. Signals. Mad.—Mnd. Correction. East. Errors.
i By mad 8 h. m. 8 R om s m. 8. s.
455 "28:9, - 21 28 O 4 25 239 4 50 4581 25 2191 -+ 009
53 338 28 10 25 238 50 4581 25 2201 -+ 019
53 440 28 20 25 240 50 4581 |° 25 2181 — 001
53 539 *28 30 25 239 50 4581 25 2191 -+ 009
54 38 28 40 25 238 50 4581 25 2201 + 019
54 140 28 50 25 240 50 4581 25 2181 — 001
54 2470 29 O 25 240 50 4581 25 2181 -~ 001
54 440 29 20 25 240 50 45'81 25 2181 —0°01
54 539 29 30 25 239 50 4581 25 2191 -+ 0°09
o e LY U 36 10 25 240 50 4579 25 2179 ~ 003
1 440 36 20 25 240 50 4579 25 2179 — 003
1 539 36 30 25 239 50 4579 25 21'89 4 007
2 40 36 40 25 240 50 4579 25 2179 — 003
2 140 36 50 25 240 50 4579 25 2179 - 003
2 240 37 O 25 240 50 4579 |. 25 2179 - 003
2 340 37 10 25 240 50 4579 25 2179 - 003
2 440 37 20 25 240 50 4579 25 2179 — 008
2 540 37 30 25 240 50 4579 | 25 2179 - 003
3 40 37 40 , 25 240 50 4579 25 2179 - 003
3 140 37 50 25 240 50 4579 25 2179 - 003
3 240 38 0 25 240 50 4579 25 2179 =003
3 339 38 10 25 239 50 4579 25 21'89 + 007
3 439 38 20 25 239 50 4579 25 2189 + 007
3 540 38 30 25 240 50 4579 25 2179 - 003
4 40 : 38 40 25 240 SQ 4579 25 2179 ‘ - 003
4 140 38 50 25 240 50 4579 25 2179 — 003
4 240 39 0 25 240 50 4579 25 2179 — 003
2 4 339 21 39 10 4 25 239 4 50 4579 25 2189 -+ 007

15
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Telegraphic Signals from Muddapur to Madras, 1874, December 27.

Madras

' Muddapur Difference. Relative Muddapur Residual
Records. Signals. Mad.—Mud. Correction. East. Errors.

h. m. s. h. m. s. h. m. s. (IR A m. s. s.

2 4 438 IAES GOm0, 4 25 238 4 50 4579 25 2199 + 017
4 540 39 30 25 240 50 4579 25 2179 - 003
5 40 39 40 25 240 50 4579 25 2179 — 008
5 140 39 50 25 240 50 4578 25 2178 ° — 004
5 238 40 0 25 238 50 4578 25 21'98 + 016
5 340 40 10 25 240 50 4578 25 2178 — 004
5 439 40 20 25 123:9 50 4578 25 21'88 ~+ 006
6 38 40 40 25 238 50 4578 25 2198 =+ 016
6 140 40 50 25 240 50 4578 25 2178 — 004
6 240 41 O 25 240 50 4578 25 2178 — 004
6 340 41 10 25 240 50 4578 25 2178 — 004,
6 440 41 20 25 240 50 4578 25 2178 — 004
6 539 41 30 55 239 50 4578 25 21'88 -+ 006
78939 41 40 25 239 50 4578 25 21'88 + 0:06
7 140 41 50 25 240 50 4578 25 2178 — 004
7 240 42 0 25 240 50 4578 25 2178 — 004
7 340 42 10 25 240 50 4578 25 2178 - 004
7 440 42 20 25 240 50 4578 25 2178 — 004
7 540 42 30 25 240 50 4578 25 2178 — 004

‘8 39 42 40 25 239 50 4578 25 21'88 4 006
8 139 42 50 25 239 50 4578 25 21:88 -+ 006
8 240 43 0 25 240 50 4578 25 2178 — 004
8 340 43 10 25 24°0 50 4578 25 2178 — 004
8 44°0 43 20 25 240 50 4578 25 2178 — 004
9 38 43 40 25 238 50 4578 25 21:98 + 016
9 140 43 50 25 240 50 4578 25 2178 — 004
9 240 4 0 25 240 50 4578 25 2178 — 004
9 341 44 10 25 241 50 4578 25 21-68 — 014
9 440 44 20 25 240 50 4578 25 2178 ~ 004
9 540 30 25 240 50 4578 25 2178 — 004

10 38 44 40 25 238 50 4577 25 2197 »+ 015

10 140 44 50 25 240 50 4577 25 2177 — 005

10 340 45 10 25 240 50 4577 25, 1215707, — 005

10 440 45 20 25 240 50 4577 25 2177 — 005

10 541 45 30 25 241 50 4577 25 2167 - 015

11 40 45 40 25 240 50 4577 25, 221E 77 — 005

11 140 45 50 25 240 50 4577 25 2177 — 005

11 440 46 20 25 240 50 4577 25 2177 — 005

11 540 46 30 25 240 50 4577 25 2177 — 005

212 21 46 40 4 25 240 4 50 4577 25 2177 - 005

40
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Telegraphic Signals from Muddapur to Madras, 1874, December 27.

Madras Muddapur Difference. Relative Muddapur Residual
Records. Signals. Mad.——Mud. Correction. East. Errors.
h. m. s. h. m. s. h. m. s. h. m. s, m. 8. LR
2 12 140 21 46 50 4 25 240 4 50 4577 25 2177 — 005
12 240 47 0 25 240 50 4577 25 2177 — 005
2 5 825 21 39 4429 4 25 2396 4 50 4578 25 21:82 0°058

Telegraphic Signals from Madras to Muddapur,

1874, December 27.

Madras Muddapur Difference. Relative Muddapur Residual
Signals. Records. Mad.—Mad. Correction. East. Errors.

k. “m. s h. m. s. ket nid st b nin e m, s s.

2 20 0 21 54 3863 4 25 237 4 50, 45'75 25 2205 + 013
20 10 54 462 25 238 50 4575 25 21°95 + 003
20 20 54 5G4 25 236 50 4575 25 2215 +023
20 30 55 62 25 238 50 4575 25 2195 + 003
20 40 55 162 25 238 50 455 25 2193 + 003
20 50 55 261 25 239 50 4575 25 21'85 - 007
21 30 55 3862 25 238 50 4675 25 2195 + 003
21 19 55 461 25 239 50 4575 25 21'85 — 007
21 20 55 561 25 239 50 4575 25 2185 — 007
21 30° 56 62 25 238 50 4575 25 2195 + 003
21 40 56 160 25 240 50 4575 25 ,21'75 - 017
21 50 56 263 26 237 50 4575 25 2205 + 013
22 0 56 363 25 237 50 4575 ‘25 2203 + 013
22 10 56 461 25 239 50 4575 25 21'85 -~ 007
22 20 -56 561 25 239 50 4575 25 2185 — 007
22 30 57 64 25 239 50 4575 25 2215 + 028
22 40 57 161 25 239 50 4575 25 2185 - 007
22 50 57 260 25 240 50 4575 25 2175 - 017
23 0 57 363 25 23 50 4575 25 2205 + 013
23 10 57 463 25 237 50 4575 25 2205 + 013
23 20 57 562 25 238 50 4575 25 2195 + 003
23 30 58 64 25 236 50 4575 25 22:15 + 023
23 40 58 161 25 239 50 4575 25 2185 — 007
23 50 58 263 ° 25 237 50 4575 25 2205 + 013

2 24 O 21 58 361 4 25 239 4 50 4575 25 21'85 — 007
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1874, December 27.

Madras Muddapur Difference. Relative Muddapur Residual
Signals. Records. Mad.—Mud. Correction. East. Errors.
h. m. s. h. m. 8. h. m. s, h. m. s. m. 8. s.
2 24 10 21 58 462 4 25 238 4 50 4575 25 2195 + 003
24 20 58 564 25 236 50 4574 25 2214 + 022
24 30 59 62 25 238 50 4574 25 21'94 -+ 0:02
24 40 59 160 25 240 50 4574 25 2174 — 018
24 50 59 262 25 238 50 4574 25 2194 -+ 002
25 O 59 361 ‘25 239 50 4574 25 2184 — 008
25 10 59 461 25 239 50 4574 25 21'84 — 008
25 20 59 562 25 238 50 4574 25 21'94 <+ 0:02
25 30 22 0 61 25 239 50 4574 25 21'84 — 008
25 40 0 162 25 238 50 4574 25 21'94 + 002
25 50 0 260 25 240 50 4574 25 2174 —ofs
26 10 0 361 25 239 50 4574 25 2184 — 008
26 10 0 462 25 238 50 4574 25 21-94 + 002
26 20 0 563 25 237 50 4574 25 2204 + 012
26 30 1 63 25 237 50 4574 25 2204 +4 012
26 40 1 163 25 237 50 4574 25 2204 + 012
26 50 1 262 25 238 50 4574 25 2194 + 002
27 O 1 361 25 239 50 4574 25 2184 — 008
27 10 1 462 25 238 50 4574 25 21°94 + 002
27 20 1 562 25 238 50 4574 25 21°94 + 002
27 80 2 61 25 239 50 4574 25 2184 — 008
27 40 2 161 25 239 50 4574 25 2184 — 008
28 O 2 3861 25 239 50 4574 25 2184 — 008
28 10 2 462 25 238 50 4574 25 2194 . + 002
28 20 2 562 25 238 50 4574 25 2194 4 002
28 30 3 638 25 237 50 4574 25 2204 + 012
28 40 3 163 25 287 50 4574 25 2204 + 012
28 50 3 260 25 240 50 4574 25 2174 — 018
29 O 8 361 25 239 50 4573 25 . 2183 — 009
29 10 3 462 25 238 50 4573 25 2193 + 001
29 20 3 563 25 237 50 4573 25 2203 + 011
29 30 4 63 25 237 50 4573 25 2203 ‘4011
29 40 4 161 25 239 50 4573 25 21'83 — 009
29 50 4 260 25 240 50 4573 25 2178 - 019
2 38 O 22 4 361 4 25 239 4 50 4573 25 2183 — 009
2 24 5717 21 59 33385 4 25 2382 4 30 4574 25 2192 0091
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Madras and Muddapur Time Correctons, 1874, December 27.

At Oh. Om. by Shepherd’s Electrical Clock it was 1°17 second fast of Madras Mean Time, with ‘an adopted

daily rate of 0'60 second gaining.

At 18h. 461 by Professor Tacchini’s Chronometer Dent 1937, it was 5h. 13m. 42'85s. slow of Muddapur
Mean Time, with an adopted daily rate of 374 seconds gaining.

Hence at 2k, 48m. by Shephertl’s Blectrical Clock, tho Relative Correction was 5h. 13m. 43'59s. and its
change — 000218 sccond per minute.

Telegraphic Signals from Muddapur to Madras, 1874, December 27:

Madras Muddapur Difference. Relative Muddapur Residual
Records. Signals. Mad.—Mud. Correction. East, * Errors.
he m. s. h. m., 8. RS ol Ys. h. m. & m. 8. s.
2 37 311 21 49 10 4 48 211 5 13 4361 25 2251 + 033
37 412 49 20 48 212 13 4361 25 2241 + 023
37 514 49 30 48 214 13 4361 25 2221 + 0:03
38 14 49 40 48 214 13 4361 25 2221 -+ 003
38 213 50 0 48 21-3 13 4361 25 2231 + 013
38 315 50 10 48 21'5 13 4361 25 2211 - 007
38 613 50 30 48 21'5 13 4361 25 2211 — 007
43 212 65 0 48 21-2 13 4360 25 2240 4 022
43 312 55 10 48 212 13 4860 25 2240 + 022
43 413 55 20 48 21-3 13 4360 25 22:30 + 012
43 512 : 55 80 . 48 212 13 4360 25 2240 + 022
4 14 56 40 48 214 13 4360 25 2220 + 002
44 112 55 50 48 212 13 4360 . 25 2240 + 022
44 215 56 0 48 216 13 43'60 25 2210 — 008
44 315 56 10 48 215 13 4360 25 2210 — 008
44 412 56 20 48 212 13 4360 25 2240 - 022
44 513 56 30 48 21'3 13 4360 25 2230 + 012
45 12 56 40 48 212 13 4360 25 2240 + 022
45 111 56 50 48 211 13 4860 25 2250 + 032
45 211 57 0 48 2141 13 43'60 25 2250 + 0-32
45 313 57 10 48 213 13 43'60 25 22:30 + 012
45 413 57 20 -~ 48 213 13 4860 25 2230 + 012
45 514 57 30 48 214 13 4339 25 2219 + 001
46 12 57 40 48 212 13 4359 25 2239 4021
2 46 112 21 57 50 4 48 212 5 13 4359 25 2239 + 021

16
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Telegraphic Signals from Muddapur to Madras, 1874, December 27.

Madras Muddlapur Difference. Relative Muddapur Residunal
Records. Signals. Mad.—Mud. Correction. East. Errors.
m. S 0 TR s h. \m. s, h, B s m. 8. s.

2 46 214 21" 968 s 0 4 48 214 5 13 4359 25 22-19 + 001
46 314 58 10 48 21-4 13 4359 25 22°19 + 001
46 416 58 20 48 216 |, 13 43'59 25 21-99 - 019
46 516 58 30 48 216 13 4359 25 2199 — 019
47 12 58 40 48 212 13" 4359 25 22-39 + 021
47 112 58 50 48 212 13 4359 25 2239 + 021
47 214 589 0 48 214 13 4359 25 2219 + 001
47- 315 59 10 48 215 13 4359 25 2209 — 009
47 417 59 20 48 217 13 4359 25 21-89 — 029
47 516 59 30 48 216 13 4359 . 25 2199 — 019
48 16 59 40 48 216 13 4359 25 21-99 — 019
48 216 22 0 O 48 216 13 4359 25 21°99 — 019
48 316 0 10 48 216 13 4359 25 21-99 - 019
48 416 0 20 48 216 13 4859 25 2199 = L)
48 517 0 30 48 217 13 43:59 25 2189 | —029
49 18 0 40 48 21-8 13 4359 25 2179 — 039
49 116 0 50 48 216 13 4859 22N g9 | = — 019
49 214 1 0 48 214 13 4359 25 22°19 4 001
49 315 1 10 48 215 13 4359 25 2209 — 009
49 416 1 20 48 216 18 4359 25 21°99 — 019
49 516 30 48 216 13 43'59 25 2199 - 019
50 Lol 1 40 48 217 13 4359 25 2189 - 029
50 11'5 1 50 48 215 13 4359 25 2209 - 009
50 214 2 0 48 214 13 4358 25 2218 000
50 315 2 10 48 215 13 4358 25 2208 - — 010
50 413 2 20 48 21-3 13 4358 25 22-28 + 010
50 515 2 30 48 215 13 4358 25 2208 — 010
51 15 2 40 48 215 13 4358 25 2208 - 010
51 114 2 50 48 21'4 13 4358 25 2218 000
51 212 3 0 48 212 13 4358 25 2238 + 020
51 314 3 10 48 214 13 4338 25 22-18 0'00
51 412 3 20 48 212 13 4358 25 2238 + 020
52 12 3 40 48 21-2 13 4358 25 2238 + 020
52 116 3 50 48 216 13 4358 25 2198 — 020
52 212 4 0 48 212 13 4358 25 2238 + 0-20
52 315 4 10 48 215 13 4358 25 2208 - 0’10
52 414 4 20 48 214 13 4358 25 22-18 000
52 515 4 30 48 215 13 4358 25 2208 — 010

2 63 15 22 4 40 4 48 215 5 13 4358 25 2208 - 010
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Telegraphic Stgnals from Muddapur to Madras, 1874, December 27.

Madras Muddapur Difference. Relative Muddapvr Residual
Records. Signals., Mad.—Mud. Correction. East. sIES S Einronas
m. s he m.' s h. m. s h. m. s. m., s. 61
53 115 22 4 50 4 48 215 5 13 4338 25 2208 -— 0’10
53 21'5 5 0 48 215 13 4358 25 2208 - 0’10
47 1323 21 58 5182 4 48 2141 5 13 4359 25 22'18 0148

Telegraphic Stgnals from Madras to Muddapur, 1874, December 27.
Madras Muddapar Difference. Relative Muddapur Residual
Signals. Records. Mad.— Mnd. Correction. East. Errors.
]
h. m. s. hse m. s. AR b o & m. 8, s.

S OREL0 22 11 488 4 48 212 5 13 4356 25 22:36 ~ 005
0 20 11 588 48 21-2 13 4356 25 2236 — 005

0 30 12 89 48 211 13 4356 25 2246 + 005

0 40 12 188 43 21:2 13 43'56 25 2236 — 005

0 50 12 291 48 209 13 43'56 25 22:66 + 025
10 12 388 48 212 13 4356 25 2238 - 005
1L 2l 12 490 48 210 13 4356 25 22-56 + 015

1 20 12 591 48 209 13 4356 25 2266 + 025

1 30 13 89 48 2171 13 4356 25 2246 4 005

1 40 13 190 48 210 13 4356 25 2256 + 015

1 50 13 289 48 211 13 43'56 25 2246 + 005

2 0 13 390 48 210 13 4356 25 2256 © 4015

2 10 13 490 48 210 13 4356 25 2256 -+ 015

2 20 13 589 48 211 13 4356 25 2246 + 005

2 30 14' ¥ 92 48 208 13 4356 25 2276 + 035

2 40 14 188 48 212 13 43'56 25 22:36 — 005

2 50 14 289 48 211 13 4356 25 2246 + 005

3 0 14 390 48 210 13 4356 25 2256 + 015

3 10 14 489 48 211 13 43:56 25 2246 -+ 005

3 20 14 589 48 211 13 4356 25 2246 -+ 005

3 30 15 88 48 21-2 13 4356 25 2236 — 005

3 40 15 188 48 212 13 4356 25 2236 — 005

3 50 ‘15 288 48 212 13 4356 25 2236 — 005

4 0 15 391 48 209 13 4356 25 22-66 + 025

4 10 15 491 48 209 13 4355 25 2265 + 0-24.

3 4 20 22 15 591 4 48 209 5 13 4355 25 2265 + 024
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Telegraphic Signals from Madras to Muddapur, 1874, December 27,

Muddapur

Madras Difference. Relative Muddapur Residual
Signals. Records. Mad.—Mud. Correction. West. Errors.
h. m. s, h., m. s, h. m. s. h. m. s. m. s, 8.
3 4 30 22 16 90 4 48 210 5 13 4355 25 2255 + 014
4 40 h 16 191 48 209 13 4355 25 2265 + 024
4 50 16 290 48 210 13 4355 25 2255 4 014
5 0 16 389 48 21'1 13 4355 25 2245 + 004
5 10 16 489 1 43 211 13 4355 25 2245 4 0°04
5 20 16 591 48 209 13 4355 25 2265 + 024
5 30 17 87 48 213 13 4355 25 2225 — 016
5 40 1791 48 209 13 4355 25 2265 -+ 0°24
5 50 i7" “88:9 48 2141 18 43:55 25 2245 + 004
6 O 17 3889 48 211 13 4355 25 22'4% + 004
6 10 17 488 48 212 13 4355 25 2235 — 008
6 20 17 588 48 212 13 43'55 25 2285 — 006
6 30 18 87 48 213 13 4355 25 2225 — 016
6 40 18 188 48 212 13 4355 25 2235 - 006
6 50 18 286 48 214 13 4355 25 2215 - 026
7% 10 18 3886 48 214 13 4355 25 2215 — 026
7 10 18 487 48 213 13 4355 25 2225 — 016
7 20 18 5847 48 213 13 4355 25 2225 — 016
7 30 19 86 45 214 13 4355 25 2215 — 026
7 40 19 187 48 21'3 13 4355 25 2225 — 016
7 50 19 287 48 21'3 13 4355 25 2225 - 016
8 O 19 387 48 213 13 4355 25 2225 - 016
8 10 19 487 48 213 13 4355 256 2225 - 016
8 20 19 589 48 211 13 4355 25 2245 4+ 004
8 30 20 89 48 2111 13 4355 25 22'45 4 004
8 40 20 188 48 21:2 13 4354 25 2234 ~ 007
8 50 20 288 48 212 13 4354 25 2234 - 007
9 0 20 387 48 213 13 4354 25 2224 - 017
9 10 20 487 48 213 13 4354 25 2224 - 017
9 20 20 589 48 21'1 13 4354 25 2244 <4003
9 30 21 88 48 212 13 4354 25 22°34 - 007
9 40 21 18% 48 213 13 4354 25 2224 - 017
9 50 21 287 48 213 13 4354 25 2224 - 017
3 10 O 220221 S8, 4 48 213 5 13 4354 25 2224 — 017
3 5 500 22 16 4386 4 48 21'14 5 13 4355 25 2241 0127
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ROORKEE.

The last telegraphic determination called for was also required in
connection with the Transit of Venus, in December, 1874. Lieut. Col.
J. F. Tennant, R. E., having secured successful observations of the Transit
at Roorkee, desired my co-operation in settling his longitude by means of
telegraphic signals soon after the event as tisual, and was promised all needful
aid therein. To my surprise and regret however, as the time for carrying
out the work approached, T discovered that Col. Tennant’s idea of co-opera-
tion differed so widely from mine that there seémed little chance of the
work being accomplished at all. After much needless delay, a better
understanding was. arrived at through the mediation of our esteemed
mutual friend, Captain W. M. Campbell, R. E., and the necessary telegraphic
signals were satisfactorily exchanged on three nights, viz., on May 31st,
June 2nd and Sth. ) »

The signals and records at Madras were given and made by me, as on
the last two occasions, by Shepherd’s Electrical Clock, the standard of mean
time for all India; and by Colonel Tennant, at Roorkee, with his Sidereal
Transit Clock. A further check upon the work was however independently
obtained on the first two evenings, by Captain Campbell making separate
notes of my first series of taps to Roorkee and of Colonel Tennant’s first
series therefrom. A third check was also secured on all three nights, by
the record of Col. Tennant’s second series of signals from Roorkee upon
the Madras Chronograph,. thanks to Captain Campbell’s valuable and oblig-
ing assistance in the working of the instrument while I was otherwise
engaged.

As Captain Campbell, when reading the times of my taps to Roorkee,
only differed 0-1 second from me in one out of the thirty-six signals
he recorded, and as the fifty-seven Madras signals compared with the
fifty-four from Roorkee, marked on the Madras Chronograph, have been
given in detail, T have not thought it necessary to print the times of each
separate signal in the two checks, but have shewn the mean results of
each series, given and received, for comparison with the similar results
of my own records, which were made by eye and ear throughout. It
will be seen that Captain Campbell’s independent records, by eye and ear,
gave a final longitude of Roorkee only 003 second greater than iny own,
while the chronographic process yielded a result 0:05 second less.
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Advantage was taken of Captain Campbell’s presence, to compare his
personal equation for star transits, relatively to my own and those of the
native assistants who made most of the transit observations for finding
From these comparisons it followed, that,
had his time observations been used instead of mine, the resulting longi-
tude would have been 0°35 second less than that I have adopted.

the Madras time corrections.

Sidereal Tvme Determinations.

+ 019

MADRAS. ROORKEE.
1875, May 31. 1875, May 31.
S Transit Sidereal Residual
- Clock. | Correction. Errors.
h. m. 8. 58
0Virginis......| 13 3 +17:23 - — 003
3 Virginis..... 13 28 +17:25 — 002
n Bootis.......| 13 48 + 17:24 — 003
7 Virginig.....| 13 55 + 17116 - 011 Roorkee sidereal time was determined by Lieut.-Col.
: Tennant, by means of a transit instrument, an
p Bootis........| 14 26 +17:36 -+ 0:09 electrical clock and a chronograph. No details were
however furnished, not even as to the number of
é Ophiuchi....| 16 8 + 1727 - 002 star8 upon which the result depended.
Antares........ 16 21 4+ 17:28 - 001 At 15k, 27m. by the transit clock its correction was
stated to be +4 6:83 seconds and its daily change
3 Herculis.....] 16 36 + 17-43 + 014 — .240 seconds.
« Ophiuchi....] 16 51 | + 1727 — 002 '
a Herculis..... 17 9 +17:33 + 003
Means ......... 15 11 + 1728 0:050
Probable error of mean corrgetion ..,... 0014
Adopted daily change..........ceccoeeewurnns
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Sidereal Time Determinations.

MADRAS.

ROORKEE.

1875, June 2.

1875, June 2.

"\

At 15h, 88'6m. by Roorkee transit clock its correc-
tion was stated to be + 387 seconds and its daily
change + 0°60 second.

1875, June §.

.........

14 39 + 1825

Star. Transit Sidereal Residual
Clock. | Correction. Errors.
h, m. 8. s.
BlConyvataeres 12 28 + 1732 - 014
6 Virginis......; 13 3 + 17°43 — 002
Spica.ieweee 13 18 + 1747 + 002
3 Virginis.....| 13 28 -+ 17-47 + 6'02
7 Bootis ....... 13 48 + 1742 — 004
7 Virginis...... 13 55 + 1746 000
.Arctums S pAED +17:54 -+ 008
p Bootis........| 14 26 + 17:56 + 010
3 Herculis..... 16 36 41758 + 010
6 Ophiuchi.....| 17 14 -+ 17-33 — 016
Means .........;] 14 15 +17:46 0068
Probable error of mean correction...... &+ 0019
Adopted daily change................eceeeee. + 023
1875, June 5.
B Corvi.........; 12 28 + 1810 - 001
Spica...........| 13 18 -+ 1805 — 006
7 Bootis........| 13 48 -4 1801 - 011
1 Virginis...... 13 55 -+ 1810 — 002
Arcturus..,....| 14 10 + 1813 + 001
p Bootis........ 14 26 + 1821 + 009
€ Bootis

+ 013
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MADRAS. ROORKEE.
1875, June 5—continued. : 1875, June 5—continued.
St Transit Sidereal Residual
By Clock. Correction. Errors.
h, m. s. s,
a® Libree...... 14 44 4 18'10 =002
¥ Bootis.......] 14 &9 + 1821 + 009
B* Scorpii..... 15 58 — 1805 — 008 || At 15h. 49-2m. by Roorkee transit clock, its correction
3 was stated to have been 4 518 seconds and its
daily change -+ 100 second.
Means........$ 14 15 -+ 1812 0062
Probable error of mean correction ... + 0017
Adopted daily change ... ... .. 4014

G’ompm.'isons of Madras Clocks and Chronometer.

Transit Sidereal Chronometer Mean Time Shepherd’s Mean Time
Clock. Correction. Carter 703. Correction. |ElectricalClock. Correction.

h. m. s s. 1874. h. m: s sl h. m. s s

16 54 : 53 + 1729 May 31... 12 20 100 = 36 TIENNRIRT - R
............ . 12" " 3802625 — 26'85 12 33 0 - 035

] e sl nke. 16 10 2{5'0 — 25°94 16 10 O + 006
20 53 6 +17-32 s ees (X651 7430 — 2501 b B R
16 47 12 + 1748 June 2... 12 4 270 SRISAOMNNE N o). I M S

...... i a2 LOS455 — 1526 12 10 0 - 076
............ 3 e 14 18 140 — 14:70 14 18 0 — 070

YOI + 17°51 s re K265 T53i0 — 1466 [ ...

16 23 49 + 1813 sp ows IS - 2988, 370 =14 25N [ S el s
........... 2 s, 109 ¥ kil ¢ 38/ I5615! + 247 11 34 0 - 103.
............ » e 16 54 555 + 342 15 55 0 || =108

21 4 37 | +1816 if I | R + 847

18
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Madras and Roorkee Time Corrections, 1875, May 31.

At 12h. 33m. by Shepherd’s Electrical Clock, it was 085 second fast of Madras Mean Time, with an
adopted daily rate of 2'72 seconds losing.

. At 15h. 27m. by Lieut. Col. Tennant’s Transit Clock, it was 683 seconds slow of Roorkee Sidereal

Time, with an adopted daily rate of 2-40 seconds gaining.

Hence at 12h. 47m. by Shepherd’s Electrical Clock, the Relative Correction was 4h. 35m. 24-72s. and its

change - 0-16788 second per minute.

Telegraphic Signals from Madras to Roorkee, 1875, May 81.

Madras Roorkee Difference. Relative Roorkee Residunal
Signals. Records. Roor.—Mad. Correction. West. Errors.
h. m. s h. m. s. h. m. s. h. m. s. m. Lye. s,
12 47 O 17 12 5838 4 25 5838 4 35 2472 9 2634 + 004
47 10 18 844 25 5844 35 2475 9 2631 4 001

47 20 13 1843 25 5843 35 2478 9 2635 -+ 004

47 80 13 2850 25 5850 35 2480 9 2630 000

47 40 13 3851 25 65851 35 24-83 9 2632 + 002

47 50 13 4850 25 5850 35 2486 9 2636 -+ 0°06

48 0 ~ 18 5853 25 5853 35 2489 9 2636 <+ 006

48 10 14 855 25 5855 35 2492 9 2637 + 007

48 20 14 1858 25 5858 35 2494 9 2636 + 006

48 30 14 2873 25 5878 35 2497 9 2624 — 006

48 40 14 3872 25 5872 35 2500 9 2628 — 002

48 50 14 4870 25 5870 35 2503 9 2633 + 003

49 0 14 5876 25 5876 35 2506 9° 2630 0:00

49 20 15 1888 25 5888 35 2511 9 2623 — 007

49 30 15 2884 25 5884 35 2514 9 2630 000

49 40 15 38'86 25 5886 35 2517 9 2631 4+ 001

49 50 15 4890 25 5890 35 2519 9 2629 - 001

50 0 15 5890 25 5890 35 2522 9 2632 + 002

13 12 0 38 270 26 270 85 2892 9 2622 — 008
12 10 38 1264 26 264 35 2894 9 2630 000

12 20 38 2264 26 264 35 2897 9 2633 + 008

12 30 38 3270 26 270 ° 35 2900 9 20630 . 0:00

12 40 38 4276 26 276 35 2903 9 2627 — 003

12 50 38 52:80 26 280 35 2906 9 2626 — 004

13 13 0 178308 2576 4 26 276 4 35 2908 9 2632 + 002
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Telegraphic Stgnals from Mudras to Roorkee,

1875, May 31.
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Madras Roorkee Difference. Relative Roorkee Residual

Signals. Records. Roor.—Mad. Correction. West. Errors.
h. m. s. h. m. s. h. m. s h. m. s. m., § 3.

13 13 10 17 39 12'82 4 26 282 4 35 2911 9 2629 — 001

13 20 39 2286 26 2'86 35 2914 9 2628 — 002

13 30 39 3290 26 290 2917 9 126:27 — 003

13 40 39 4295 26 295 85 2920 9 2625 — 005

13 50 39 52:87 26 287 85 2922 9 2635 + 005

4 0 40 294 26 294 35 2925 9 2631 4001

14 10 40 1298 26 298 35 2928 9 2630 0:00

14 20 40 2302 26 302 35 25_)'31 9 2629 — 001

14 .30 40 3301 26 301 35 29:34 9 2638 <+ 003

14 40 40 43.06 26 306 35 2936 9 2630 000

14 50 40 5309 26 309 35 2939 9 2630 000

1T G ) 17 41 3.07 4 26 307 4 35 2942 9 2635 + 005

ISR IR 919" ) 17 27 20:01 4 26 082 4 35 2712 9 2630 0028

Telegraphic Signals from Roorkee to Madras, 1875, May 31.

Madras Roorkee Difference. Relative Roorkee Residual

Records. Signals. Roor.—Mad. Correction. West. Errors.
o s, 8% Rz st SN h. m. s. m. 8. s.

253 . 12 17 19 0 4 25 588 4 35 2573 9 2693 + 001

53 111 19 10 25 589 35 2576 9 26'86 —~ 006

53 212 19 20 25 588 35 2579 9 2699 + 007

53 31'4 19 380 25 586 35 " 25'81 9 2721 4+ 029

53 414 19 40 25 586 35 2584 9 2724 -+ 032

53 511 19 50 25 589 35 2587 9 2697 +005

54 10 20 O 25 590 35 2590 9 2690 — 002

54 110 20 10 25 590 35 2593 9 2693 + 001

54 210 20 20 25 590 85 2595 9 2695 + 003

54 310 " 20 30 25 590 35 2598 9 2698 + 006

54 410 20 40 25 590 35 2601 9 2701 + 009

54 509 20 50 25 591 35 2604 9 2694 + 002

55 10 o5l () 25 590 35 26:07 QI I27-Q7 4+ 015

55 109 21 10 25 591 35 2609 9 2699 + 007

12 55 209 17 21 20 4 25 591 4 35 2612 9 2702 4+ 010
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Madras Roorkee Difference, Relative Roorkee Residual
Records. Signals. Roor.—Mad. Correction. West. Errors.
h. m. s. h. m. s. bt s bS8 ds. M. -8 s.
12 55 310 17 21 230 4 25 590 4 33 2615 9 2715 + 023
55 408 21 40 25 592 35 2618 9 2698 + 006
55 507 21 50 *+ 25 593 385 2620 9 26:90 — 002
56 07 22 0 25 598 35 2623 9 2693 + 001
13 17 570 4 0 26 30 35 2991 9 2691 — 001
18 70 44 10 26 30 35 2994 9 2694 + 002
18 170 44 20 26 30 85 2997 9" 126:97 + 0:05
18 270 44 30 26 30 35 3000 9N w2700 + 008
18 369 44 40 26 381 35 3003 9 2693 + 001
18 470 44 50 26 30 35 3005 9 2705 + 013
18 567 45 0 2 33 35 3008 9 26778 — 014
19. 66 45 10 26 34 35 38011 9 2671 — 021
19 166 45 20 26 34 35 38014 9 2674 — 018
19 266 45 30 26 34 35 3016 9 2676 — 016
19 %365 45 40 26 385 35 3019 9 2669 — 023
19 466 45 50 26 34 35 3022 9 2682 — 010
19 565 46 0 26 35 35 38025 9 2675 — 017
20 66 .46 10 26 34 35 3028 9 2688 — 004
20 165 46 20 26 3% 35 3030 9 2680 — 012
20 265 46 30 26 35 35 3033 9 2683 — 009
20 464 46 50 26 36 35 3039 9 2679 — 013
13 20 564 17 47 0 4 26 36 4 35 8042 9 2682 — 010
18 6 3675 17 32 3784 4 26 109 4 35 2801 9 2692 0098
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Madras and Roorkee Time Corrections, 1875, June 2.

At 12h. 10m. by Shepherd’s Electrical Clock, it was 076 second fast of Madras Mean Time, with an
adopted daily rate of 068 second losing.

At 15k. 39m. by Lieut. Col. Tennant’s Transit Clock, it was 3-87 seconds slow of Roorkee Sidereal Time,
with an adopted daily rate of 0:60 second losing.

Hence at 12k, 19m. by Shepherd’s Electrical Clock, the Relative Correction was 4h. 43m, 15'55s. and its
change + 0°16433 second per minute.

Telegraphic Signals from Roorkee to Madras 1875, June 2.

Madras Roorkee Difference. Relative Roorkee Residual
Records. Signals. Roor.—Mad. Correction. West. Errors.
Roim, s h. m. s. h. m. s. h. m. s. m. .8 s
12 13 121 16 47 O 4 33 479 4 43 1460 9 2670 0'00
13 222 47 10 33 478 43 14:62 9 2682 + 012
13 320 47 20 33 480 - 43 1465 9 2665 - 005
13 421 47 30 33 479 43 1468 9 2678 + 008
13 522 47 40 33 478 43 1471 9 2691 4021
14 21 47 50 33 479 43 1473 9 2683 4+ 013
14 120 48 0 33 480 43 14'76 9 2676 -+ 006
14 220 48 10 33 480 43 1479 9 2679 + 009
14 320 48 20 33 480 43 14:82 9 26:82 + 012
14 420 48 30 33 480 43 14-84 9 2684 + 014
14 520 48 40 33 480 43 14-87 9 2687 + 017
15, 19 48 50 33 481 43 1490 9 2680 + 010
15 120 49 0 33 480 43 14'93 9 2693 <+ 023
15 217 . 49 10 33 483 43 1495 9 2665 — 005
15 316 49 20 33 484 43 1498 9 2658 . - 012
16\ - 41°5" 43 30 33 485 43 1501 9 2651 - 019
15 516 49 40 33 484 43 1503 9 2663 - 007
265 16 49 50 33 484 43 1506 9 2666 — 004
186 115 50 0 33 485 43 1509 9 2659 - 011
43 72 1 E7E850 33 528 43 1951 9 2671 + 001
43 171 17 10 33 529 43 1954 9 2664 - 008
43 270 17 20 ( 33 530 43 1957 9 2657 - 013
43 370 17 30 33 530 43 1959 9 2659 - 011
43 470 17 40 33 530 43 1962 9 2662 - 008
12 43 570 17 17 50 4 33 530 4 43 1965 9 2665 — 005

19
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Madras Roorkee Difference. Relative Roorkee Residual
Records. Signals, Roor.—Mad. Correction. West. Errors.
h, m. s. h. m. s, h. m. s. h. m., s m, S, s.

12 44 70 17 18 © 4 33 530 4 43 1968 9 26'68 - 002
44 170 18 10 33 530 43 19°70 9 2670 000
44 270 18 20 33 530 43 1973 9 2678 <+ 003
4 370 18 30 33 530 43 1976 9 2676 + 0:06
44 470 18 40 33 530 43 1979 9 2679 <+ 009
44 568 19 50 33 532 43 1981 9 2661 — 009
45 68 19 0 38 63:2 43 1984 9 2664 — 006
45 168 19 10 33 532 43 1987 9 26'67 — 003
45 265 19 20 33 535 43 19'89 9 2639 — 031
45 366 19 30 33 534 43 1992 9 26'52 - 018
45 468 19 40 33 6532 43 1995 9 2675 + 005
45 567 19 &0 33 533 43 19°98 9 2668 — 002

12 46 67 17 20 0O 4 33 5338 4 43 20000 - 9 2670 000

12 29 3940 17 38 3000 4 33 5060 4 43 1730 9 2670 0091

Telegraphic Signals from Madras to Roorkee, 1875, June 2.
Madras Roorkee Difference. Relative Roorkee Residual
Signals, Records. Roor.—Mad. Correction. West. Errors.
h., m. . h. m. s. h. m. s. h, m. s, m. s, s.
12 20 10 16 53 59'56 4 33 4956 4 43 1574 9 2618 000
20 20 54 957 33 4957 43 1577 9 2620 4+ 002
20 30 54 1965 38 4965 43 1580 9 2615 - 003
20 40 54 2957 83 4957 43 1582 9 2625 + 007
20 50 54 3960 33 4960 43 1585 9 2625 + 007
21 0 54 4966 33 4966 43 1588 9 2622 + 004
21 10 54 5968 338 4968 43 1591 9 2623 + 005
21 20 55 976 33 4976 43 1593 9 2617 -~ 001
21 30 55 1976 33 4976 43 1596 9 2620 . - 0°02
21 40 55 2980 33 4980 43 1599 9 2619 + 001
21 80 55 3983 33 4983 43 16:02 9 2619 + 001
22 0 55 4981 33 4981 43 1604 9 2623 + 005
22 10 55 5987 33 4987 . 43 1607 9 2620 + 002
22 20 56 996 33 4996 43 1610 9 26'14 — 004
12 22 30 16 56 1999 | 4 33 4999 4 43 1612 9 2613 - 005
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Telegraphic Stgnals from Madras to Roorkee, 1875, June 2.

Madras Roorkee Difference. Relative Roorkee Residual

Signals. Records. Roor,—Mad. Correction. West. Errors.
h. m. s. h. m. s W g g h. m. s. m. 8. s

12 22 40 16 656 2996 4 33 4996 4 43 1615 9 2619 + 001

22 50 56 3995 33 4995 43 1618 9 2623 + 005

23 0 56 5004 33 5004 43 1621 9 2617 - 001

52 0 17 25 5478 33 5478 43 2097 9 2619 + 001

52 10 26 478 33 5478 43 2100 9 2622 + 004

52 20 26 14:93 33 65493 43 2103 9 2610 - 008

52 30 26 2494 33 5494 43 2105 9 2611 — 007

52 40 26 34:96 33 5496 43 2108 9 2612 — 006

52 50 26  44:96 33 54:96 43 21-11 9 2615 - 003

53 0 f 26 54°96 33 5496 43 2114 9 2618 000

53 10 27 500 33 5500 43 2116 9 2616 ~ 002

63 20 27 1507 33 5507 43 21'19 9 2612 — 006

53 30 27 2506 33 5506 43 21-22 9 2616 — 002

53 40 27 3513 33 5513 43 2125 9 2612 — 006

53 &0 27 4508 33 5508 43 2127 9 2619 -+ 001

54 0 27 5510 33 5510 43 21-30 9 2620 + 002

54 10 28 511 33 5511 43 21°33 9 2622 + 004

54 20 28 1528 33 5528 43 21°36 9 2608 - 010

54 30 28 2523 33 5523 43 21:38 9 2615 — 003

12 54 40 17 28 3527 4 33 5527 4 43 2141 9 2614 — 004

12 37 029 17 10 5262 4 33 5233 4 43 1851 9 2618 0036
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Madras and Roorkee Time Corrections, 1875, June 5.

At 11h. 34m. by Shepherd’s Electrical Clock, it was 103 seconds fast of Madras Mean Time, with an
adopted daily rate of 0"28 second gaining.

At 15k, 49m. by Lieut. Col. Tennant’s Transit Clock, it was 5'18 seconds slow of Roorkee Sidereal Time,
with an adopted daily rate of 1°00 second losing.

Hence at 11k, 51m. by Shepherd’s Electrical Clock, the Relative Correction was 4h. 54m. 59-0ds. and its
change -+ 0°16339 second per minute. ,

Telegraphic Signals from Madras to Roorkee, 1875, June 5.

Madras Roorkee Difference. Relative Roorkee | Residnal
Signals. Records. Roor.—Mad. Correction. West. Errors.

o

h. m. s. h. m. 8. h. m. s. e ulR. . 8. m. 8. s.

11 49 0 16 34 3226 4 45 3226 4 b4 5871 9 2645 -~ 005
T 49 10 34 4236 45 3236 54 5874 9 2638 - 012
49 20 34 5229 45 3229 54 5877 9 2648 — 002

49 30 35 233 45 32:83 54 - 5879 9 2646 — 004

49 40 35 12:36 45 3236 54 5882 9 2646 — 004

49 50 35 2237 45 32:37 54 5885 9 2648 — 002

5 O 35 3226 45 3226 54 5888 9 2662 + 012

50 10 35 4284 45 32:34 54 5890 9 2656 + 006

50 20 35 5248 45 3248 54 5893 9 2645 - 005

50 30 36 259 45 3259 54 5896 9 2637 - 013

50 40 36 12'51 45 3251 54 5899 9 2648 — 002

50 50 36 2254 45 3254 54 5901 9 2647 - 003

51 O 36 3257 45 3257 54 5904 9 2647 — 003

51 10 . 36 4259 45 3259 54 5907 9 2648 — 002

51 20 36 5258 45 3258 54 5909 9 2651 4 001

51 30 37 263 45 3263 54 5912 9 2649 - 001

51 40 37 1264 45 3264 54 5915 9 2651 + 001

51 50 37 2263 45 38263 54 5918 9 2655 . .+ 005

52 0 87 32470 45 3270 54 5920 9 26'50 000

M2% 1 =10 46 3416 45 3416 55 067 9 2651 + 001
1 10 46 44°17 45 8417 55 070 9 2653 <+ 003

1 20 46 5423 45 34:23 55 073 9 2650 000

1 30 47 427 45 8427 55 076 9 2649 - 001

1 40 47 1430 45 384:30 55 078 9 2648 - 002

12 1 50 16 47 2432 4 45 3432 4 55 081 9 2649 - 001
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Telegraphic Signals from Madras to Roorkee,

1875, June 5.
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Madras Roorkee Difference. Relative Rodrkee Residual

Signals. Records. Roor..—Mad. Correction. West. Errors.
h. m. s (% e N h. m. s. h. m. s. m. s s.

T2 T 280 16 47 8430 4 45 38430 4 55 084 9 2654 <+ 004

2 10 47 4438 45 " 34:38 55 086 9 2648 — 002

2 20 47 5432 45 3432 55 089 9 2657 + 007

2 30 48 440 45 3440 55 092 9 2652 -+ 002

2 40 -48 1446 45 3446 55 095 9 2649 - 001

2 50 1_18 24-58 45 3458 55 097 9 2639 — 011

S O 48 34°46 45 3446 55 100 9 26'54 + 004

3 10 48 44°47 45 34747 55 108 9 2656 + 006

3 20 48 54'54 45 8454 55 105 9 2651 + 001

3 380 49 456 45 34°56 55 108 9 26'52 + 002

3 40 49 14::64 45 3464 55 111 9 2647 — 003

3 50 49 24°69 45 34°69 55 114 9 2645 — 005

12 4 O 16 49 3458 4 45 3458 4 55 116 9 26'58 + 008

11 56 3000 | 16 42 344 4 45 3344 4 54 3994 9 26'50 0039

Telegraphic Signals from Roorkee to Madras, 1875, June 5.

Madras Roorkee Difference. Relative Roorkee Residual

Records. Signals. Roor.—Mad. Correction. West. Errors.
h. m. s h. m. s. h. m. s. h. m. s. m. 8 s,

11 55 270 16 41 O 4 45 3830 4 54 5977 9 2677 — 012

55 372 41 10 45 328 54 5979 9 2699 000

55 471 41 20 45 329 54 59'82 9 2692 - 007

55 571 41 30 45 829 54 5985 9 2895 — 004

56 70 41 40 45 330 54 5988 9 2688 - 011

56 170 41 50 45 3830 54 5990 9 26°90 — 009

56 271 442 0 45 329 54 5993 9 2703 -+ 004

56 370 42 10 45 330 54 5996 9 2696 - 003

56 470 42 20 45 330 54 5998 9 2698 - 001

56 570 42 30 45 330 55 001 9 2701 <+ 002

57 70 42 40 45 330 55 004 9 2704 + 005

57 170 42 50 45 330 55 007 9 2707 4- 008

57 269 43 0 45 331 55 009 9 26'99 000

87 . 870 43 10 45 330 55 012 9 2712 + 013

1 57 470 16. 43 20 4 45 330 4 55 015 9 2715 + 016

20
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Telegraphic Signals from Roorkee to Madras, 1875, June 5.

Madras Roorkee Difference. Relative Roorkee Residual
Records. Signals. Roor.~—Mad. Correction. West. Errors.
h. m. s. h. m. s. h. m. s. h. m. s. m. 8. 5
11 57 570 16 43 30 4 45 330 4 55 O17 Ly PPl + 018
58 68 43 40 45 332 55 020 9 2700 + 001
58 166 43 50 45 334 55 023 9 2683 - 016
58 268 4 0 45 332 55 026 9 2706 + 007
12 15 240 . 17451 %10 45 360 55 303 9 2703 + 004
15 340 T A lQ) 45 360 55 3805 9 2705 + 006
15 440 1 20 45 360 55 308 9 2708 -+ 009
15 540 1 30 45 360 55 3811 ©) Ikl + 012
16 40 1 40 45 360 S BRI 9 27138 + 014
16 139 1 50 45 36°1 55 316 9 2706 4+ 007
16 239 294D 45 361 55 319 97 '27:09 +01p
16 339 2 10 45 361 55 322 9 2712 + 0’13
16 439 2 20 45 361 55 324 9 2714 4015
16 538 2 30 45 362 55 327 N 07 + 008
1729316 2 40 45 364 55 330 9 2690 - 009
17 135 2 50 45 365 55 332 9 26'82 — 017
17 235 3 0 45 365 55 335 9 2685 —~ 014
17 335 3 10 45 365 55 338 .9 2688 - 011
17 434 3 20 45 366 55 341 9 2681 — 018
17 536 3 30 45 364 55 343 9 2703 + 004
18 34 3 40 45 366 55 346 9 2686 — 013
18 133 3 50 45 367 . 55 349 9 2679 — 020
12 18 234 37 e (] 4 45 366 4 55 351 9 2691 — 008
12 6 5585 16 52 3000 4 45 3465 4 55 164 9 2699 0092
Summary of Telegraphic Results. (Campbell and Tennant.)
. . Roorkee Probable Compound
1875. Number of Signals. West. Error. Retardation.
m. 8§ = s.
May 31 By 18 from Madras 9 2631 + 0007
0-340
b5t By 19 from Roorkee 9 2699 + 0017
June 2 By 18 from Roorkee 9 2678 + 0019 .
0290
5y 0 By 18 from Madras 9 2620 + 0°006
Mean ... | By 78 Signals e 9 2657 0315

+ 0022
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Summary of Telegraphic Results. (Chronographic Records.)

= 8 Roorkee Probable Compound
1875. Sussber‘of ignala. West. Errors. Retardation.
m. s 58 s
May 31 ... ... | By 19 from Madras 9 2630 =+ 0'005
0335
Iy s ... | By 18 from Roorkee 9 2697 =+ 0°009
June 2 ... | By 19 from Roorkee 9 2678 - £ 0008
0315
o X ... | By 17 from Madras 9 2615 =+ 0°009
LS ... | By 19 from Madras 9 2651 = 0-007 Celd
o R ... | By 19 from Roorkee 9 2717 =+ 0:008
Mean s ... | By 111 Signals ... 9 26:65 + 0019 0327

Adopted Telegraphic Results. (Pogson and Tennant.)

w575, Number o Sigass s SR i
m. 8 8. $

May 31 ... ... | By 87 from Madras 9 2630 + 07004 o
R . ... | By 87 from Roorkee 9 2692 + 0:014
June 2 ... | By 35 from Madras 9 2618 « =+ 0-005

s ... | By 38 from Roorkee 9 2670 + 0013 o
by D ... | By 38*from Madras 9 2650 « £ 0005

0245
4 ... | By 38 from Roorkee 9 2699 + 0013

Final Results.

. h. m. s.
Madras Observatory East of Greenwich. ... e 520 5940
Roorkee West of Madras. 9 2660
Roorkee East of Greenwich. ... 5 11 3280
Probable Error of Signals and Madras Transits ... + 0020

Compound Retardation. (Current and Instruments.) ... L
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Summary of Final Results.

; ) East Prob.
Place. Station. Longitude. BError.
b sy =5 ]

Karachi  ...[Observatory of the G. T. Survey. (4 27 52:957)| +0-024

Muddapur ...[Professor Tacchini’s Transit Pillar 46 2148 +0-018

55 2296 | +0:090

Avanashi ...|N. R. Pogson’s Transit Pillar .| 5 9 20'35 | +0-113
Roorkee  ...|Lt.-Col. Tennant’s Transit Pillar.! 5 11 32:80 | +0-020
Pondicherry ..|Light House |5 19 2069 | +0-020
Colombo ...Government Flagstaff L[5 19 2196 | +0-021
Jaffna ...|Captain Tupman’s Transit Pillar| 5 20 2:00 +0:020
b)
| 6

Singapore .../Government Flagstaff

Concluding Remarks.

Probable Errors.—It is much to be regretted that for Karachi,
Roorkee, Muddapur and Singapore, no details of the local time determina-
tions were furnished me by the observers at those stations. In the cases
of Coiombo and Jaffna also, although the most complete details were
supplied to me by Captain Tupman; his' solar altitudes being grouped,
instead of separately worked out, prevented me from deducing the probable
errors of his local time corrections, withont making fresh calculations which
I did not care to undertake. The consequence of these omissions is, that
the probable errors for these six places shew the uncertainty due to the
Madras Time determinations and the telegraphic signals only ; about 0:02
of a second ‘and nearly the same in each case. The relative personal
equations of the observers being unknown, except in one instance, viz.,
Avanashi, the final probable errors given are no guide to the actual
certainty of the results, but serve merely to indicate the .approximate
precision attainable, had the proper and necessary precautions of comparing
the habits of observation, or better still of interchanging the observers,
been possible. Some trifling mistakes were inadvertently made in combin-
ing the  probable errors of the time determinations with those of the
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telegraphic signals; amounting to 0:014 second in the case of Jaffna;
- 0006 in Karachi and Singapore, and 0'001 in Avanashi and Colombo.

2. Preservation of Stations.—At four of the stations the temporary
pillar used for the Transit or other instrument employed is the sole
reference for the longitude deduced. It is to be hoped that these will
be carefully preserved, as otherwise, all the labor and expense incurred in
the determinations will be lost.

8. Karachi.—The longitude of the Great Trigonometrical Survey
Station at Karachi, as determined by Lieut.-Col. Campbell and Major

Heaviside with their incomparably superior arrangements, carried from
Madras through Bellary and Bombay to Karachi, give the latter station
4h. 28m. 3:62s. Bast of Greenwich. An error of exactly ten seconds in
Ceneral Addison’s time determination is the only possible explanation
of this most unexpected difference ; and supposing such to have been made,
it would have a precisely reverse effect upon his determinations of the
difference of longitude between Karachi and Ispahan, and would therefore
be eliminated in the final difference between Greenwich and Madras,
referred to on page 47. When communicating his longitude results to the
Royal Astronomical Society (Monthly Notices Vol. XXXVIIT page 83)
General Addison remarked as follows :—*¢ That for Karachi, has an element
“of doubt in it, inasmuch as I neglected to obtain the pivot error of my
¢ Transit Instrument. But to whatever extent the pivot error affected the
“ regult as regards Karachi, the difference between Ispahan and Madras

¢ pemains unaffected, the errors on the East and West sides of Karachi
¢ correcting each other.”

No conceivable ¢ pivot correction,” nor any other kind of instrumental
error could account for so large a difference as exactly ten seconds of time ;
s0 1t seems pretty certain that the clock corrections furnished by General
Addison should have been 19-50 seconds instead of 9:50 seconds, as adopted
on page 49, for finding the relative correction of the signals. This would
give the following numbers to be substituted for those in the “Final
Results,” on pages 54 and 80 ; bringing our value of the longitude within 067
second of that found by the Officers of the G. T. Survey.

R e S
General Addigon’s Station West of Madras T O DRSS E5YR Y

G. T. Survey Observatory East of Greenwich ... 4 28 295
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4., Roorkee—The longitude of this station, deduced trigonometrically,
was kindly communicated to me by General J. T. Walker R. E., then
Surveyor General of India, in November ‘1880, as 5h. 11m. 33:23s., which
is 0°43 second greater than the telegraphic determination.

Colonel Tennant, in his “ Report on the Transit of Venus,” page 5,
remarks, for reasons there stated ;—* The geodesical position of Roorkee,
therefore, is not likely to agree with the astronomical determination.”

5.  Pondicherry.—General J. T. Walker at the same time favored me
with the trigonometrically determined difference of longitude between
Madras and Pondicherry. Applied to the now adopted longitude of
Madras, this gives Pondicherry, 5k. 19m. 20°66s. East of Greenwich;
which is only 0-03 second less than was found by Messrs. Fleuriais and
myself in 1870. »

6. Colombo and Jaffna.—A valuable check upon these determinations
was afforded by.a direct telegraphic comparison between Captain Tupman
at Jaffna and Captain Donnan at Colombo. Their difference was 3936
seconds, while that resulting from the independent determination of each
station with Madras was 40°04 seconds ; as close as could be reasonably
cxpected from solar altitude time determinations and three unknown
personal equations involved in the operatlons

7. Singapore.—It has already been mentioned, on page 12, that the
result of the American Expedition in January 1882 shewed an excess of
054 second over that found by Prof. Oudemans and myself in 1871. The
agreement is however sufficiently satisfactory for all present requirements.

In scientific undertakings dependent upon an individual, perfect free-
dom from all restraint is most calculated to secure the best attainable
results; but when co-operation is necessary a programme is indispensable,
and can neither be too definitely laid down and studied beforehand, mnor
too rigidly adhered to in its execution.
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