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The present volume-the ninth--of the Account of the Operations of the Great Trigoslometrical Survey of India, 
describes the Electro-Telegraphic Operations for the determination of Differential-Longitudes which have been completed by 
this Survey, up to the end of the field season of 1880-81, in various parts of India, and on the linm of sub-marine cable 
which connect India telegraphically with Europe, vid Aden and Suez. 

The Government of India--under the d i n g  Viceroy and Governor General, the Court of Diredors of the 
Hon'ble East India Company, and the Secretary of State for India-have always taken a very liberal view of the 
relation of the Great Trigonometrical Survey to purely scientific ends, as well as to the geographical ends for which 
the Survey was primarily constituted. Operating within parallels of latitude which are situated much nearer the 
equator than those within which any geodetic operations of importance have as yet been undertaken in other partr 
of the globe, this Survey has, almost from its commencement by Major ~ a m b t o h  in 1800, furnished data which have 
been of very great value in all investigations of the Figure of the Earth. I ts  earliest contributions .to the Science of 
Geodesy were determinations of the lengths and amplitudea of Meridional A r c ~ t h e  lengths being deduced &om the 
triangulation and base-lines, the amplitudea from astronomical observations of the latitude at the stations at the 
extremities of the arcs-aa described in Colo~~el Everest's Accounts of the Meamrement of Sectiom, of the Meridional Arc8 
of India, published in 1830 and 1847. Then came the seriCa of Pendulum Operations for the purpose of determining the 
variations of the force of gravity at slindry stations of the &mey--situated on mountains, table-lands, the interior of the 
continent and the coast lines-which was commenced in the year 1865, and ie described in the fifth of the present series of 
volumes. Also when the electric telegraph had been introduced into India, and all the principal cities and towns had be- 
come or were being connected by lines of wires, advantage was taken thereof to commence the measurement of differential 
longitudes between certain stations of the Survey, co-ordinating with the differential latitude measurements, and thus to 
contribute to the science of geodesy determinations of a number of Longitudinal Arcs, which were to supplement and be 
combined with the time-honoured Meridional Arcs. The present volume givea fd details of this work, so far aa completed 
up to 1880-81. A few prefatory remarks are however necessary in this place. 

, In 1862, shortly after I succeeded to the superintendence of the Great Trigonometrical Survey, I moved the Secretary 
of State for India to sanction the necessary expenditure for procuring a complete apparatw-including astronomical 
clocks, transit inatnunenta, chronographs and electric appliances-for the determination of differential longitudes in India 
with the aid of the system of electro-telegraphic lines. My proposals were duly sanctioned. Colonel Strange, an officer of 
the Great Trigonometrical Survey who had recently retired and was then residing in London, was entrusted with the, to 
him, congenial task of designing and superintending the construction of the several instruments ; because he had already 
acquired in India a high reputation for skill in mechanism generally, and more particularly as regards the great theodolites 
and all the more delicate instruments which are employed in geodetic operations. He was given carte blavwhe as to  
expenses w d  the selection of instrument makers; and he eventually employed Mesars. Frodsham of London for the 
clocks, Messrs. Cooke and Sons of York for the transit instruments, and Measrs. Eichens and Hardy of Paris for the 
chronographs and the electric apparatus. Before being sent out to this country the instruments were examined at the 
observatory attached to the India Office Stores Department at Lambeth, by Colonel Strange, assisted by Captain-now 
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Lieut.-Colonel-W. M. Campbell, R.E., who subsequently took a prominent share in the operations carried out with the 
same instruments, and by whom the descriptive chapters in the present volume have beeu written, and the subsequent nu- 
merical details arranged for publication. 

The general procedure of operation for the determination of differences of lo~~gi tude  by the electric telegraph, may 
be briefly stated as follows. Two observers are employed, one for each of two stations connected by the telegraph lines. 

Each observer, furnished with a complete set of instruments, takes up his position and makes the most accurate determina- 
tion possible of the error of his own clock; and at certain times, both observers working in concert determine, by means of 
electric s ig~~als  transmitted betweell the stations, the absolute difference between the clocks at a given instant; with these 
data the difference of longitude between the stations-or as it is here generally termed the " arc of longitude "-becomes 
known. There are other methods of procedure; for iusta~rce, the one which was commonly practised in these operations, 
whereby dependency 011 starsJ places is avoided in determining the difference of local times. hlodifications of system had 

to be introduced for varying circumstances. Full explanations of the precise methods followed from time to time will be 

found in the present volume, where i t  will be seen with what constirnt care and atteutiou, and ilrcessaut vigilance in 
guarding against all sources of even minute error, the operatiois were conducted. 

The instruments were received in India in 1872 and were immediately placed in the hands of Captain J. Herschel, 
R.E., and Captain W. M. Campbell, R.E., with a view to the early commencement of the longitude operations. These 
Officers were then residing at Bangalore, which place being connected both by railway and telegrapllically with Madras, was 
a convenient locality for commencing operations by a series of experiments to ascertain the most suitable procedure for 
adoption, which would be followed by practical application in the measurement of Madras-Bangalore as the first arc. This arc, 
which connects the east coast with the centre of the Peuiusula, haviug beer1 completed, the sister arc counecting Bangalore 
with Mangalore, on the west coast-also easily accessible by rail aud steamer-was measured. The operations were carried 

on under the immediate charge of Captain Herschel, the senior Officer. The observations were reduced in the summer of 
1878. 

Here i t  may be observed that the arc of parallel which was selected, because most convenient, as the first for mea- 
surement by the electro-telegraphic method, was also of peculiar interest, iu that i t  was situated much nearer to the equator 
than any similar an: which had yet been measured in any part of the globe, or was likely to be measured for many years 
to come; for such operations, when executed for geodesy, must necessarily be restricted to regions which have been or are 
about to be covered with a first class triangulation. The arc was a short one, and, terminating at  both euds on the ocean, 
i t  was obviously incapable of extension; yet its length-5' 24' 12" in amplitude and lineally a b o ~ ~ t  364 miles-was by no 
means insignificant, thougl~ small in comparisou with the arcs to be subsequently measured higher up across the Peninsula, 
and iu Northern India, such as the arc of over 21' in amplitude and 1350 miles in length which w i l l  shortly connect Kur- 

rachee with Calcutta. Moreover i t  was on this very arc of parallel that Color~el Lambton had endeavoured, in the years 
1802-5, to determine the length of a ' degree of longitude ', by the method of observing the astronomical latitudes and 
azimuths at a series of mutually visil~le and reciprocating s t a t io~~s  of the principal triangulation, stretching across from coast 
to coast. !i?hus circumstances led to the selection of the same parallel of latitude for the commencenlent of longitudinal 
determinations by modern methods as had been cllosen by Colonel Larnbtou for determinations by ancient methods. 

The results of the first field season's operations were far from satisfactory ; one of the transit instruments, NO. 2, 
showed discordances in the determination of the constant for collimation ' which were very perplexing at the time, and 
after long aud anxious scrutiny were eveutually traced to a fault at the joint of the object end tube of the telescope with 

the flange for attachment to the cube of the transit axis. The joint llad been originally etfeded by soldering a l o ~ ~ e  and 
had become infirm and shaky. This fault has so greatly detracted from the worth of the two arcs which were measured 
with the aid of the defective instrument, that they must be rejected, and the measurements repeated hereafter. 

Operations were resumed during the field season of 1876-76, Captain Campbell being placed in charge as senior 
Officer, with Captain W. J. Heaviside, R.E., as his colleague. ?'he fault in transit instrument No. 2 had meanwhile been 
remedied by Mr. Doderet, Mathematical Instrument Maker to the Madras Government ; and from that time forwards, 
during the entire period embracing the observations which are coutained in  the present volume, Loth this and the sister 
instrument were in a very efficieut coudition. 
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The experience already gained showed that it was essentially necessary to introduce a system of check and control 
over the results, in order to guard against the influence of auy defects-either in the instrumental the telegraph lines, or 
the electric conuections-which miglrt introduce errors entering as constanta throughout the whole of the observations for 
determining an arc, thus escaping detection while vitiating the work, and causing the results to show only small errors 
while larger onea remained latent and undetected. There are various methods of check by independent processes of 
operation ; aa for instance repetition after a reversal of the positions of the observer8 and the instruments ; or measuring 
a double arc, the sum of two single arcs, aa Madras-Mangalore = Madras-Bangalore + Bangalore-Mangalore. But 
the method which I decided on adopting, as most suitable for combination with the great triangulation of India, and 
also as advantageous in that i t  fur~~ishes the greatest number of arcs from the same number of operations, was to select 
three trigonometricd stations, as A, B and C, situated-near the telegraph lines-at such distances apart aa to form a fairly 
symmetrical triangle; and, after having measured the longitudiual arcs corresponding to A B and B C, to measure A C 
independently as a check on the two h t  arca; and so on. Thia is the principle which has governed the selection8 of the 
longitude statious ill India, up to the present time; stations have been cl~osen in such a maliner as to throw a net-work of 
fairly symmetrical longitude-triatlgles over the face of the country. Whenever practicable the stations are aelected on 
telegraph lines forming a circuit, as then the operations on the three arcs are in all respects independent ; the disposition 
of the lines however does not always permit of this beiug done. Thus there may be no direct telegraphic connection be- 
tween A aud C, but only the connection vid B; but eveu here the triaugular arraugement is advantageous ; for while it 
furnishes the greatest number of localities with longitude stations, it gives as much independency of local time observation 

any other method, and this ia of much more importance thau indepeudency of telegraph line. 
For some time I felt much misgiving as to whether the errors to which operatious of this kind were liable were 

due in greater measure to the astronomical observations or to the electrical condections. At tirat there was a natural 
feeling of incertitude as to what might be happening on telegraph lines, possibly several hundred miles in length, passing 
through a number of offices, iu which the wires had to be joined up, and where the electric currents might be transmitted 
through relays, owing to mistakes being made in the connections. But experience has shown that the aggregate of the 
errors in the telegraphic signalling between the stations is immaterial and insignificant as compared with the aggregate of 
the errors in the local time observatiom. If auy mistake is made at a telegraph station, it usually has the effect sf stop- 
ping the interchange of siguals altogether, rather thau of introducing error. Thus the large errors in the two arcs first 
measured were traced eventually to a fault in one of the transit telescopea and not to any faults in the telegraph lines; 
and I may here state that in the field season of 1881-82-the first after the completio~~ of tlle operatious which are exhibited 
with full numerical detail in the present volume-it so happened that large errors were again met with, and again the errors 
were traced to the same source, namely to a recurrence of the fault in the originally defective transit telescope. 

During the field season of 1875-76 the following arcs were measured by Captains Campbell and Heavieide :- 
H yderabad (Bolarum)-Bombay. 
Bellary-Bombay. 
Hyderabad (Bolarum)-Bella ry. 
Madras-H yderabad (Bolarum). 
Madm-Bellary. 
Bangalore-Bellary. 

I n  the next field season the followi~~g arcs were measured by the same Officers :- 
Vizagapatam-Madras. 
Vizagnpatam-Bellary. 
MangaloreBombay . 

While the preceding operations were in progreaa I wae asked by Sir (3. B. Airy, K.C.B., Astronomer Royal, to move 
the Government of India to aauctiou the determillation of the differences of longitude betwee11 Bombay, Aden and Suez, with 
the aid of the &an telegraphic cables connecting these placea; this determination was required in order to complete the 
knnection between England aud Iudia, of which the section between Greenwich and Suez had already been executed--on the 
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occasiou of the 'Pransit of Venna in 1874 -under the superintendence of the Astronomer Royal. Sanction was duly obtained. 
And now it became necessary to modify very materially the procedure which had hitherto bee11 adopted, in order to meet 
the transition from the land-lines of telegraph and their signalling apparatus to the sub-marine cables and the syphon re- 
corders of Sir William Thomson which were then used in the offices of the Eaatern Telegraph Company at Bombay, Aden 
and Suez. Captain Campbell devised a method of comparing the clocks through the cables which may be called automatic, 
inasmuch as no personal errors of observing or repeating signals could enter; it is believed that this is the first instance of 
such perfection of method having been attained in signalling through cables, as the method would not have been practicable 
in signalling before the introduction of the syphon recorder. The operations were carried out with complete success, and 
thus the Observatories at Greenwich and Bombay were telegraphically connected for the first t h e ;  moreover the. Madras 
Observatory-the primary origiu of longitr~des for the Survey of India-became connected at the same time, with the aid 
of the arc measures already accomplished on the land lines. 

I 

The longitude operations remained in abeyance during the years 1877-80, at first because Captains Campbell and 
Hesviside obtained leave of absence on furlough, and secorldly because on the return of those officers to duty'theiq presence 
was required for some time with the British Armies in Afghanistan. It was not until the year 1880 that their services 
became again available for departmental employment. 

I n  the field season of 1880-81 the operations were resumed by Lieutenant-Colonel Campbell and Major Heaviside- 
both officers having meanwhile obtaiued brevet promotion for their services in Afghanistan-and the following arcs were 
measured. 

Bombay-Deesa. 
Deesa-Kurrachee. 
Bombay-Kurrachee. 
Jubbulpore-Bombay. 
Jubbulpore-Hy derabad ( Bolarum). 
Jubbulpore-Agra. 
Jubbulpore-Deesa. 
Agra-Deesa. 

The present volnme gives, in Part I, an account of the instrumental equipment as originally rcceived from England, 
and as subsequently modified for adaptation to actual requireme~~ts in India ; a description o'f the observatory arrangements 
and preparations at each station; au account of the several operations carried out in the course of the measuremelit of the 
six arcs of 1875-76, the three arcs of 1876-77, and the eight arcs of 1880-81 ; a separate chapter on the determination of 
personal equation, with a description of an Idiometer specially designed by Lieutenant-Colonel Campbell in order to 
facilitate and control the investigations of personal equation ; a detailed description of the methods of observation and 
reduction, with full explanatio~~s of the tables in which the observations and their reductions have been arranged for publica- 
tion ; and finally the corresponding tabular matter in full detail. The details of the operations during 1872-73, when one 
of the transit telescopes was in an unsound condition, have been purposely omitted, as the results must be rejected 
altogether and revised hereafter. 

An appendix to Part I contains the details of the subsidiary triangulation executed wherever necessary to conned 
the longitude stations with the prilrcipal stations of the great triangulation. With the aid. of these data the geodetic 
vnlues of the latitude and longitude of the longitude stations were computed, by the formulae and tables of constants which 

are employed in all calculatiol~s of geodetic elements in the Survey of India; the results are given in Table C. A comparison 
between the geodetic a i~d  the electro-telegraphic values of the several arcs of longitude is given in Table D. This is 
followed by a table of the values of the errurs exhibited at the close of the several triangular circuits formed by the 

electro-telegraphic determinations. Another table gives the several valnee of the personal equations, obtained both from 
star observatiol~s and from observations taken with the Idiometer. 

Part I1 gives the details of the operations for determining the differences of longitude between Bombay, Aden and 

Suez by means of the sub-marine cables. It is followed by an appendix containing the details of the triangulation which 
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was e~ecuted at Aden, with a view to connecting the Longitude station with Captain HeavieideJs Pendulum station, Lord 
Liudsay's chronometric-longitude station, the light-house and the most prominent surrounding land-marke. It ends with 
a table of the right ascensions of the clock stars which were used in the Bombay-Suez-Aden observations. 

No attempt has yet been made in this Survey to eolve the equations of condition by the several arcs 
-of longitade, with a view to obtaining the most probable value of each arc, because thia cannot be done finally until the 

arcs remaining for determination are completed. A primary combination of the eleven arce first measured has however 
been made by Colonel Clarke, C.B., late of the Ordnance Survey of Great Britain, who when preparing the valuable work 
on Geodesy which he published in 1880, applied to me for as much as I could furnish him with of the recent, or as yet un- 
published, data of the meridional and longitudinal arcs of the Indian Survey, with a view to employing those data in a new 
determination of the figure of the earth. The method which he adopted for the treatment of the longitudinal arce is given 
in Chapter VI I I  of his Geodesy (Clarendon Prem Series, Oxford 1880); and when all the arcs in India are completed they 
must be subjected simultaneously to somewhat similar treatment. 

Up to the present time, the number of instances in which the geodetic value of a longitudinal arc is in exceea of the 
electm-telegraphic value greatly preponderates over the number of iustances in which the geodetic value is in defect. This 
tends to show that the values of the elemente of the earth's figure which are employed aa constante in all the geodetic cal- 
culations of thia Survey-and which were calculated by Colonel Everest, who published them in 1830-will probably have 
t o  give place eventually to values closely approximating to those subsequently deduced by Colonel Clarke ; for on substituting 
Colonel Clarke's constants, the geodetic values of the arcs are brought iuto much closer accordance with the electro- 
telegraphic values. Still, after this is done, the geodetic values of the arcs stretching from coast to coast of the Peninsula 
continue to be materially in excess of the electro-telegraphic values, the average excess, which is about 10" with Colonel 
Everent's constants, being still as much as 6" with Colonel Clarke's constants." This is believed to be due to deflections of 
the plumb line, towards the sea and away from the continent, at the stations on the coasts ; and it is in accordance wit11 the 
results of the pendulum observations by the late Cgptain Basevi, which indicate a probably greater density in the strata 
of the earth's crust under oceane than in the strata under continents,? for that would diminish the amplitudes of all 
astronomically determined arcs between stations on the coast aud in the interior, and still more diminish the amplitudee 
of arcs between statious situated ou opposite coasts. 

* The values in feet of Everest's, Clarke's, Airy's and Beasel's wnatante are as followq the earth being aaaumed to be spheroidal. 

Formulm.for the doulation of changes in the geodetia latitudes nnd longitudes of the Survoy arising from changes in the elemente of the earth's 
-re are given at pnge 131 of Volume I1 ; and on the following page a table of the numerid changee in arm of lo in length ia given for the change to 
Clarke's collrtants of 1866. - f See pagea ur i i i  to d v  of prefaoe to Volume V. 

a - b  - 
a 

so 
& 
i& 

I 

294.98 
I 

29296 

5-6 

698557 

69,903 

69*944 

70,941 

71,307 

Inveetigetion. 

Everent 1880 ... ... 
Airy ... ... ,.. 
Bessel ... ... ... 
Clarke 1866 ... . 

,, 1880 ... 

Major axis 
a 

20,922,932 

zo,ga3.713 

zo,ga3,600 

zo,ga6,06a 

20,926,20~ 

Minor sxis 
b 

201853i375 

20,853,810 

20,853,656 

20,855,r 21 

20,8549895 



XVIII P R E F A C E .  

The present determinations of the differences in longitude between Bombay, Aden and Suez combine with those 
of the Merences betwekn Suez, Mokattam and Greenwich which were derived from the observations taken in connection 
with the Transit of Venus in 1874, to give the following reeults ;- 

Longitudes, East of Royal Observatory, Greenwich. 

h m  s 0 8 W 

Mokattarn ... ... ... 2 5 6 -24  = 31 16 33-60 

Suez ... ... ... 2 10  1 3 . 1 7  = 32 33 17-55 

... Aden ... ... 2 59 55'832 = 44 58 57'48 
Bombay ... . . .  ... 4 51 15'80,j = 72 48 57-08 
Madras Observatory ... ... 5 20 59'335 = 80 I4 50'03 

The last value is subject to slight modification hereafter, when the whole of the longitudiual arcs in India have 
been measured and finally adjusted, which may cause a small alteratiou in the difference of longitude between Bombay 
and Madras. 

Here it may be observed that whereas the difference between the longitude stations at Madras and Bombay ie 
7' 25' 52"-95, as determined electr'o-telegraphically, tlie geodetic difference resulting from the principal triangulation, 
now finally reduced, is 7' 26' 5". 24; the excess of I 2". 29 in the latter value is probably due, partly to the values of the 
constatits for the figure of the earth which were employed in the calculations tending to make the geodetic arcs too 
long, and partly to local attractions on the coast liues tending to diminish the astronomical amplitudes. 

A few remarks are here desirable regarding the adopted value of the Origin of Longitudes of the Great Trigono- 
- metrical Survey, and the effect thereon of the recent connection with Greenwicii, by the electro-telegraphic operations 

between Bombay and Suez, which are described in Part I1 of the present volume, and those between Suez and Greenwich 
which were performed in connection with the observatiotis of the Transit of Venus in 1874. 

The primary station of origin was the Astronomical Observatory at Madras, the meridian circle of which was aseumed 
to be in long. 80' I 7' 21" east of Greenwicll, as determined by observations taken in the year 1815. But about the year 
1M0, Colonel Everest adopted a point i u  his Observatory at Kalitinpur in Central India aa a second origin of longitudes, 
placing i t  in long. 77' 41' 44"'75J by calculation through the then existing triangulation from Madras westwards to 
Bangalore, aud from Bangalore northwards a l o ~ ~ g  the Great Arc to Kaliinpur. Much of the triangulation employed had 
been executed with inferior instruments and was based on the primary chain-measured base-lines of this Survey; all this 
has now been revised, and also computed in terms of the modern base-lines which were me&ured with the Colby apparatus 
of compensation bars and microscopes. And now the whole of the triangulation between Madras and Kaliiupur has been 
finally disposed of, in the course of the fiual reductions of the South-East Quadrilateral and the Southern Trigon, two of 
the great sections into which the general triangulation of India was divided with a view to the executiou of the successive 
simultaneous reductions of the chains of triaugles included in each section, as se tk r th  in Section 7 of Chapter I of 
Volume 11. This has led to the retention of Colonel Everest's adopted origin at Kali&npur aa the origin of longitudes ; for 
the final reductions were necessarily commenced with the triangulations emanating from Kalifinpur, because the longitu- 
dinal aeries to Madras and the southern sections of the Great Arc had not then been revised. The final reductions for the 
Southern Trigon are complete iu all respecta, though they have not yet been published; they place the Madras Observatory 
in longitude 80' 17' 2 1 ~ ~ 5 1  relatively to,the value which was adopted by Colonel Everest and has hitherto been maintained 
for Kaliinpur; vide pages 135 and 136 of Volume 11. Subtracting from this the value, 80' 14' 5oU*03, furnished by the 
electro-telegraphic operations, we obtain -2' 31"'48 as the value of the constant correction to reduce all the longitudes of 
the Great Trigonometrical Survey to Greenwich. The value actually employed at the present time, pending the completion 
and final reduction of the longitudinal arcs for all India, is -a' 3oU. 
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It would have bee11 impossible to carry out electro-telegraphic longitude operations in India without the hearty 
co-operation and assistance of the Government Telegraph Department. The late Director Geheral of Telegraphs, Colonel 
D. Robinson, R.E., and his successor Colonel Murray, have always responded most cordially to my applications for the 
me  of the lines when required for observation, and Lieut.-Colonel Campbell records, in the body of this volume, his 
appreciation of the unvarying courtesy and attention which he alwap met with from the numerous officers of the Telegraph 
Department with whom he had ally business relations. Similarly, when the operations between Bombay, Aden and Suer 
were undertaken, application was made to the Director of the Eastern Telegraph Company for the use of the cablea ; and 
the application was most liberally responded to by the loan of the cables without any charge. This waa a most valuable 
concession; for on these cables the night hours--during which they were required for our observations-were always the 
busiest of the twenty-four; and at the commencement of the operations-while the method of exchanging longitude 
signals was comparatively experimental-the cables were employed for considerable periods. Here again C6lonel Campbell 
expressee his gratitude to all the officials of the Company with whom he came in coutact. 

It only remains for me to repeat that the whole of the observations recorded in this volume were taken conjointly 
by Lieut.-Colonel Campbell, and Major Heaviside; and to add that the reductions of the observations, and the determina- 
tions of the several arcs of longitude were also effected conjointly by those officers. The descriptive chapters in the present 
volume, and the tabular arrangement of the numerical details of the observations and reductions, are due to Lieut.-Colonel 
Campbell. The volume w e  printed at the office of the Great Trigonometrical Survey in Dehra Dlin, under the supervi- 
sion of J. B. N. Henneseey, Eaq., M.A., F.R.S., who has rendered material and valuable assistance to Lieut.-Colonel 
Campbell in preparing the volume for publication and passing it through the press. 

J. T. WALKER, LIEUT.-GENE~L,  R.E., 

Surveyor General of India, and 

Superintendent of the Trigonomtrical Sum y. 
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PART I. 

PAGE 
6 line 14 fmm bottom for y read Z 

29 ,, 9fi-b~ ,, The line wire ie attaohed ,, The line wire is attached to the bind- 
to L ing screw marked 1 on the talking 

key D D, whence connection is made with the plate L of the commutator through the relay F, and the switch 
M, by means of the pege numbered 22 and 23, or with the sounder S S by pegs 23 and 28. 

54 line 17 from top. The formulae for the calculation of collimation, level and asimuth corrections are given at 
page 43 ; for conveuience of reference they are alao given ib another form at the end of the addenda. 

6 to 16 in heading of Tabk II for ERROR read CORRECTION 

7 col. 2, latitude of Bellary 8, 1 7 ~  30~ r, 15O 9* 

9 ,, 18, line 8 from bottom 3, + 15'4 8, - 15'4 
1 I , ,, (13 28 20~41) (13 28 zos41)* 

" 13 41 59-21 " 13 41 59-21, and add footnote to 
page as follows :-* The observed time for q Uraae Majoris, which is entered in brackets, is the time by 
W Clock, and the quantity below it is the corresponding time by E Clock. 

15 col. 10, line 6 from bottom for 7 46 53-86 read 7 46 55.86 

nq to 26 in headings of Tabk I V  ,, ERROR ,, CORRECTION 

50 col. 7, line 12 from bottom ,, 2% 31'697 a, 13 31.697 

I8 33 7 ,, 4 ,, ,, 3% 31'750 

58 ,, 6 ,, 10 from top ,, 24 60.65 

60 n 6 ,, 12 from bottom u 8 120'74 #I 8 3 20.74 
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PART I.-(Continued) . 
PAGE 
61 col. 10, line 5 from top for Q + 1-67 8 

read Q - 1-67 
7 8 in heading of table, line 1 ,, BELLARY Lat. (W) 15' 9 ,, BELLARY (W), Lat. lP 9 

104 col. 7, line 2 from top ,, - 1-89 ,, -0.89 

I99 ,, 18, in heading of column ,, 6 L N +  P 3, a L N - P  

PART 11. 

(20) line 5 from top for From A Li 

(3) to (8) in headinga of Tables I I t o  IVand ,, ERROR 
in note to Table III 

(4) col. 10, line 4 from bottom J 16 21 55-31 
I 

(52) last line in table ,, Mean 16 41 26 = tE 

(69) col. 11, line 1 from top ,, D = I 51 56.988 

9 ,  ,, 9 8 ,  2 ,J ,, 14' 22 

98 >> JJ  3, ,, 52 12.86 

$8 , 9 ,, 7 ,1 ,, 10.82 

1) ,, 9 ,, 3 from bottom ,, 1-16 

(85) ,J 5, May 2 ,, for first three stars 

JJ ,, for first four stars 

~1 ,, 7, line 3 from top 2, 16 8 17-59 

J ,  ,> 3, 1J ,, 15-52 

(86) ,r 5, May 4 , for first three stars 

(89) to (92) ,, 6, tliroughout table ,J Mean, tE 

(91) ,, 10, line 12 from bottom ,, 21-38 

read From 6LN 

,, CORRECTION 

,, 16 20 55-31 

,, Mean 16 41 29 = tE 

,, D = 1 51 55-988 

,, T, = '5 53 40 

JJ 16 7 72-67 

I ,  74-22 

,, 5' 72'85 

,, 70'8% 

,, 61-16 

,, for first two stars 

,, for first three etare 

,, 16 7 77'59 

JJ 75'S2 

,, for first two etare 

,, Mean, tw 

,, 81-38 

(94 a, 10 ,, 4 from top J 2r'37 

)J ,, 10 ,, 8 from bottom ,, 21-37 ,J 81-37 

(93) J 7 J, 8 ,, ,J 15 5-52 ,, 14 65'52 

(94) ,, 7 ,, 1 from top $, 16 8 0 -g ;  ,J 16 7 60'75 



Paole 
(94) col. 9, line 1 from top 

JJ ,, 7 ,, 9 from bottom 

(99) to (101) ,, 6, throughout table 

E R R A T A  E T  A D D E N D A .  

PART 11.-(Continued) . 

read 62 ' 53 

I, 14 66'74 

I, 65-14 

,, 19 2 61.21 

I, 62'70 

JJ Mean, tw 

Fornrulce for the Calculation of Collimation, Level and Azimuth Corrections, in time, to Star IFansit8. 

I 
Collimation correction = - c' sec 6 

'5 
I 

Level )I - b'aecScosC - '5 
I 

Azimuth J l  = - a' sec 6 sin 
'5 

in which 6 is the declination, + when north, and - when south ; I 

cis the zenith distance, - when north, and + when soutli ; 

and cPJ b', a' are the irlstrumental constants--expressed in seconds of arc-for collimation, level and azimuth. 

I n  the present volume the instrumental conetants are c, b and a, expressed in divisions of the micrometer; thus the 
I 

several corrections, in time, have been obtained throughout by employing the numerical factor o-0225 instead of - for 
'5 

all observations, the value of the micrometer divisions being the same for both instruments. 

I N D E X  C H A R T .  - 
Of the Longitude Arcs shown on the Index Chart facing the Title page, those to the east of the arc Jubbulpore- 

Agra, seven in number - viz : Fyzabad-Jubbulpore, Fyzabad-Agra, Hazhrib4gh-Jubbulpore, HazBribBgh-Fyzabad, 
Calcutta-HazBrib&gh, Calcutta-Jalpiiguri, and JalpBiguri-HazBrib4gh-were observed subsequently to the operations in- 
cluded in this volume. 
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CHAPTER I. 

DESCRIPTION OF THE INSTRUMENTAL EQUIPMENT. 

The Instrumental Equipment will now be described, as originally received from England. It con- 
sists of two complete sets of instruments, each set comprising ; a Transit Telescope, a Chronograph with 
accompanying Electrical Apparatus, and an Astronomical Clock. 

The Transit Teleecopee. 

The Transit Telescopee are by Messrs. T. Cooke and Sons, of Pork, sister instruments of nearly 
identical dimensions ; they are marked No. 1, and No. 2. One of these is shown in Plate I, in position 
for the observation of the reflection of the wires in the mercury trough. The focal length is slightly over 
5 feet, and diameter of object glass 5 inches, the whole of which is effective. There are two wire diaphragms, 
one of which carries a single vertical, and a pair of horizontal wires-about 1' apart-crossing the centre 
of the field ; and the other a set of 25 vertical wires, m n g e d  in groups of 5 each, for the observation of 
transite. The latter diaphragm is worked by a micrometer screw, and the former may be called fixed 
although there is provision for adjusting its position as required. The 25 vertical wires were conveniently 
named A, B, &o. to Y, the central one being M ;  their mean distance apart is about 36".6 = 2-44 equatorial 
seconds, and the groups are separated by double intervals. The miorometer head (which is hidden in 
Plate I by the lamp stand) is comprised of two plates, one graduated to show revolutions, and the other 
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to indicate divisions, of which there are one hundred in the revolution ; the two plates are connected by a 
set of toothed wheels. The value of a revolution was found to be almost identical in the two instru- 
ments, viz: lB = 33".75. The micrometer head i~ protected by a cap, which, being screwed on after 
setting to a particular reading, insures i t  against being accidentally moved, and there is a small window 
of talc through which tlle setting can be inspected, lest it should have been disturbed in applying the 
cap, which is not an unlikely contingency. This setting is of great importance, aa upon it the collimation 
of the telescope depends. A screw (which is also hidden in Plate I )  is provided for moving the eye-piece 
rapidly across the vertical wires during observations, so that the star may be kept close to the centre of 
the field. The set of eye-pieces comprises direct eye-pieces of various powers, with prisms for oblique 
use, and a Bohnenberger eye-piece, A, Plate I, for use with the mercury trough. The latter eye-piece 
bas been invariably used for all work, including star transits, its shape being convenient for the observa- 
tion, in a sitting posture, of stars close to t l ~ e  zenith. An unfortunate difference originally existed 
between the two instruments with regard to these Bolinenberger eye-pieces, that of No. 1 instrurrient 

' being much superior to that of No. 2, both in construction and magnifying power, which was about 160 
in the one, and not more than 80 in the other. 

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

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

. 

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

The frame of the telescope consists of three principal pieces, viz. ; the axis, C, the object-half, D, 
and the eye-half, E, which pack separately for trave1lir.g. The shape of the axis is a central cube of 9* 
inches side, supported by conic frusta of 99 inches axial length, and B+ inches in diameter at tl~eir junction 
with the cube, tapering to 3 inches diameter, and terminated by enlarged cylindrical shoulders, 32 inches 
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diameter and 2+ inches wide, into which the steel pivota are fixed, the axis having been shrunk on to 
them. The pivots are 1.9 inches diamete~*, perforated by au opening 0.9 inch diameter, and they pro- 
ject 1.9 inches from tlie axis shoulders. The total length of axis is thus 87.3 inches, while its length 
between tile slloulders is 33.5 inches ; the thickness of the metal is about 0.37 inch throughout tlie cube 
and cones, wl~ich were cast in one piece, the cube being strengthened by internal ribs. The conical parts 
were turned both inside and out to ensure as perfect symmetry as possible. The weight of the axis is 
about 65 fbs. Of the four faces of the cube parallel to tlie axis, one pair are perforated by openings of 
Q inches diameter, to allow of inter-collimator observations while the transit telescope is in position. 
These openine can be closed with caps, F, Plate I ,  and they are crossed by spokes which support the 
illuminating plate already described. I n  the other pair of faces openings of 6.8 inches diameter are cut 
for the attachment of the telescope half tubes. 

The two halves of the telescope are each attached to the axis by 1 2  powerful steel bolts, 
which pass through a flange at  tile base of each tube, inch thick and projecting 0.7 inch, 0, G, Plate I, 
and screw into the metal of the cube. Each tube is further steadied by its flange fitting into a sunkell 
annulus cut in the face of the cube. The two half tubes are quite plain, except that about 14 inches from 
the base of each, brackets, H, H, Plate I, are cast upon them to support levels, which will be described 
below. The object-half is about 2 feet €34 inches long from its base to the outer surface of the object 
glass, and weighs (with dew cap but without levels) 32 Bs. The dew cap, K, is 6 inches long, increas- 
ing tile length of the ol~ject-half of the telescope to 3 feet 29 inches, or 3 feet 7% inches from the (transit) 
axis of rotation to the end of the dew cap. 

The eye-half tube is only 1 foot 102 inches long from its base to where it is cut off for the attach- 
ment of the " eye-end ", &, by four brass screws. The eye-end is composed of two concentric tubes to 
allow of the focussing adjustment, which is performed by two opposing screws acting on a stud, M; it 
is 6 inches long, measured to tlie plane of the wires, 39 inches diameter, and weighs 6 ibs. T l ~ e  weight 
of the eye-half altogether (without levels) is 40 ibs. The total weight of the telescope proper is thus 
66+32+40=137 tbs. 

Tfie pivots rest on nearly semi-cylindrical bearings, N, of gun-metal, of the same length and 
diameter as themselves, but cut away in the lower part so that there is contact only on two arcs of about 60" 
each. The under surface of these bearings is spherical, fitting exactly the upper surface of the beds, P, P', 
on which they rest, and to which they are loosely attached by a bolt passing through a slotted hole, so 
that tlie whole forms a universal joint, which allows the bearings to adjust themselves under the weight 
of the telescope, and insures tlie equal bearing of the pivots throughout their length. Again, each of 
these beds rests on a lower or foundation plate of iron, Q, Q, which lastly are placed on the masonry piers, 
22, B. Each foundation plate, Q, rests on three feet, projecting very slightly below its lower surface. 
One pivot bed, P, has three foot-screws by which the level of the transit axis is adjusted, and the other, 
P', has a provision, S, for the adjustment in azimuth. The pivots are protected from dust by well fitting 
caps, T, T. The weight of each pivot bed with foundation plate is about 40 ibs., thus bringing up the 
total weight of the telescope complete, to 137 + 80=217 Bs. 

Each telescope was intended to  have a set of four l~anging levels, but No. 2 was sent out to India 
before they were ready, and the level bubbles provided wit11 No. 1 were of very inferior quality. When 
horizontal* collimators, and the mercury trough (or vertical collimator) are used togetl~er, levels are 
not necessary, and thus it happens that these levels have never been required during the observations 
wit11 either instrument. No detailed description of them therefore seems called for, but as the system, 
though not quite novel, is certainly very uncommon, a few particulars will not be out of place. Each 
pair of brackets, E, H, carry four arms at right angles to the optical axis of the telescope, and in planes 
parallel to that of its rotation, to which the levels are suspended on spindles, the arms being long enough 
to allow the levels to revolve freely on their spindles as the telescope is rotated, always maintaining a 
position, if in adjustment, at right angles to the plane of revolution of tlie telescope. The arms are not 

* Thin h merely term of didmotion, for them colliuratorr sre not neoerearily horizontal, althougl~ always ~~e iu ly  so. 
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sliowi~ in Plate I, because, as they were never used and offered inconvenient projections, tliey were 
removed, but tlie apertures from which they would project are seen at h, h, it, it. The system has 
certainly advantages over the usual hanging or striding level : lst, there are four levels in place of one ; 
grad, tliey can be read in all positions of the telescope ; and 3rd, they are affected in the same degree as 
the telescope by its axial flexure, and by irregularities of its pivots. But on the other hand they have objec- 
tionable features, the principal of which are : lst, irregularities of figure of the spindle bearings, on which 
t l ~ e  levels hang, will affect tlie levels in the same way as similar irregularities of the telescope pivots, 
but in a much greater degree, because these spindles are only 10Q inches long, whereaa the length of the 
axis is above 33 inches ; 2nd, the adjustments are very numerous and troublesome, and the effects of refiidual 
errors on the level readings vary with the position of the instrument ; for these adjustments are of two 
kinds, in planes at rigl~t angles to each other, and their effects vary respectively as the sine and cosine of 
the altitude at which the instrument is set. Considerable experience of the system (furnished with better 
level bubbles than those supplied) is required, before an opiniou of its value can be arrived at. 

A djusting Telescope and Collimator8. 

Each transit telescope is provided wit11 a small, light telescope of 9 or 10 inches focal length, sup- 
ported by an axis of the same length as that of the large telescope, the object of which is to facilitate 
the adjustment of the collimators to their proper places, before tlle tmnsit telescope is put in position. 
This small telescope has a level attached, so that the bearings of the transit telescope can also be approxi- 
mately levelled before placing the large telescope upon them. 

With each transit telescope is an excellent pair of collimators, each having an object glass of 2+ 
inches diameter, and 24 inches focal length. One of each pair is furnislied with a po\~erful micrometer 
in the eye-piece for measuring horizontal displacements ; the other rests on circular bearings on which it 
can be turned round its optical axis, and it has a good striding level, by applying which during such 
rotation, the line of collimation can be levelled, and thus tlie exact horizon of the transit telescope may 
be determined. This is a matter of some convenience, as it allows of the setting circles being exactly 
adjusted for the latitude of a new station without delay. A peculiar feature about the collimators is the 
following arrangement, designed to prevent lateral disturbance owing to change of temperature. The 
instrument is really supported on only two legs under its axis, while it is merely steadied by a third Ieg 
projecting to one side, and attached to the instrument by a hinge allowing of motion in a horizontal 
plane. Of the two legs under the axis, one rests on its bed in a fixed position, while the other is allowed 
to move freely in the line of the axis; the foot of the third leg is allowed play on its bed in any 
direction. Tlius when a movement of the feet is rendered necessary, by a change of the dimensions 
of the instrument relatively to its supporting pillar, owing to a change of temperature, it is assumed 
that it will take place in the line of t l ~ e  axis. If the instrument rested as usual on three feet equally, 
the direction of such a, movement would altogether depend on tlie friction between the feet and the 
pillar. The idea is an ingenious one, but a large amount of observation would be required to determine 
certainly, whether the desired object is sufficiently effected to render the collimators trustworthy meridi- 
onal referring marks, so far as regards the effects of temperature variations. 

The chronographs were made by Messrs. Eichens and Hardy of Paris, the latter taking charge 
of the electrical arrangements ; they are exactly alike, (marked by the makers A and B), and one is shown 
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in perspective in Plate 11, to which all the references in the following description apply. 
The instrument may be said to consist of three parts, all supported by a rectangular foundation 

plate of iron, furnished with tllree foot screws for levelling :- 
1st. Tile clock work, A, for driving and regulating. 
2rtd. The revolving drum, 6,  carrying the paper on which the record is impressed. 
3rd. The table, and carriage, C ,  carryi~lg the recording styles. 

T11e regulator is of a novel construction designed by M. Poucault. It consists of a pair of go- 
vernor balls, D, D, connected by a train of toothed wheels with a small fan revolving on a vertical spindle 
(at tlie rate of about 30 revolutions per second) inside a fixed cylinder, in the circumference of which 
little windows are cut for the passage of air. An outer cylinder, 3, wit11 a corresponding set of windows, 
fits closely over the fixed one, and is connected wit11 tohe governor balls in such a way by a rod, P F, 
that, as the latter rise owing to an increase of speed, tlie outer windows come into coincidence with the 
inner and allow the air to pass througll, whereby the resiotance offered to the fan is increased, and the rate of 
the machine checked. The two i~~strume~lts  present a cusious difference in the action of this regulator 
which hm always existed, nor could its cause be traced by the maker himself. I n  one (B) the outer fan- 
cylinder never rests for an instant, but mailltains a constant state of oscillation, while in the other (A) it 
preserves one position pretty steadily for a while, and then stlifts to another. 

The goverrlor balls revolve on a vertical spindle which rests on a lower cup-bearing just below 
Q-hidden in Plate IT by the drivil~g wl~eels-and works in an upper bearing in the bar W, where a cup, 
with covering cap, is provided for oil. Tlie bar W screws on to the upright pillars X, X. 

The connection of the governor wit11 the outer fan-cylinder is effected by the light rod P i n  the 
following manner. An upright arm, O, is mounted on pivots, wl~ich are hidden in Plate I1 by t l ~ e  drum 
of the driving weight, and carries counterpoises-also hidden-which press its upper end towards the 
governor. Tlle upper end is forked, and between the members of the fork the rod P is pivoted. 
Another rod, E, is similarly pivoted, and extends to the upright spindle of the governor, where i t  carries 
a round headed adjustable pin I ,  which works in a collar fitting round the spindle, and attached to the 
governor balls so tllat it revolves with them, and moves up or down the spindle according as the balls 
rise or fall, owing to increase or deoreme of speed. I n  t l ~ e  middle of E, at J, there is an adjustable pin, 
which fits into a hole in the end of a yoke, K, thus affording a movable joint at  J. K is itself pivoted 
on the fixed frame-work Jf at its other end, and affords a tie to the rod E, of such a nature, that so long 
as the joint at  J does not rise or fall, the arm Q must maintain a constant position. 

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

The rod E is continued beyond 0, and carries a t  its extremity a counterpoise, N, which can be 
screwed along E-through a small range-and clamped wherever desired, thus affording a means of 
regulating the rate of the instrument; that is to say, its paean rate as distinguished from the uniformity 
of rate, the regulation of which is effected by the goveruor and fan. The mean rate will increase as tho 
position of N is shifted towards the governor, and vice versd, for the nearer Ni s  to the pin I, the less will 
be the pressure of the 1:~tter upwards against the collar, aud therefore the greater will be the rate of revolu- 
tion of the governor, which is necessary to cause tlle balls to rise. The collar is fixed to the lower end of 
a cylinder, which fits round the spindle and runs over it on two sets of friction rollers, 0 ,  0, betureen 
whicli the jointed arms, Y, Y, are at taclled whicll connect the cylinder with t l ~ e  balls D. On the spindle 
are clamped two stops, P, P, which limit the range of the cylinder-and therefore of tlie balls and collar- 
and when the instrument is going properly, the cylinder must always oscillate betu eeu thest: stops with- 
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out touching either. This condition is ensured by varying the amount of the driving weight-which is 
composed of separate discs of lead-while the consequent rate of revolution is regulated by the 
counterpoise N. 

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

The lower bearing P of the fan-spindle requires careful adjustment, which, however, when once 
obtained may be looked upon as permanent, unless intentionally disturbed. It consists of a conical cup- 
l)c*aring, with a relieving capstan-headed screw under the point of the spindle, which can be raised or 
Ion-ered with reference to V, while the whole bearing can also be raised, or lowered, and clamped by screw 
nuts. Its position should be such, that vertical shake of the spindle is just perceptible to the toucli ; the 
least jam, preventing such shake, will stop the instrument instantly. When proper adjustment of all 
the parts has been secured, tlie great secret to ensure a good rate is oil-plenty of oil on all the bearing 
~urfaccs where t l~ere is friction under rapid motion. Tlie lower bearings of all tlie vertical spindles 
should be plentifully supplied, and as they are all cup-sl~aped, the supply remains pretty constant. 
Their upper bearings also require occasional touching. But the most important point is the contact 
between tlie pin I and its collar, where from its situation tlie oil will not remain long. In  nineteen 
cases out of twenty, when the rate of tlie instrument decreases, a drop of oil between tlie pin and tlic: 
collar is sufficient to set it right again. Occasionally the fan makes a screecl~ing noise, when the rate will 
a t  once fall off; t l~ i s  is a sign that a toucl~ of oil is wanted on the upper bearing of the fan-spindle. 

When packing the iustrument for travelling, the system of arms F, Gr,  H, are removed in one piece, 
1)y loosenirig one of the pivots on which G works; the yoke K, and the fan-cylinder E, are also taken off. 
T l ~ e  bar W is then taken off the upright pillars X, X, which allows of the removal of the governor in 
one piece, after which W is replaced. Tile driving weight is of course taken off and tlle cord wound up. 
'l'he whole of the clock-work is enclosed, when the instrument is at  work, in a light iron-framed cover to 
keep out dust, which is not shown in Plate 11. It is fitted with a glass roof, and glass windows at  the 
sides, which latter draw out and dlow the hands to be inserted for putting the clock-work together, or 
taking it to pieces, or for necessary adjustments, and tllus the removal of the cover is never necessary. 
Tlle winding arbor Yprotrudes through a hole in the cover to admit of the weight being wound up. On 
the other side-not visible in Plate 11-a llandle also passes through the cover, and acts by a screw 
on a clamp fitted round the axis of the wheel R, by wllich the instrument can be stopped. When sup- 
ported on its usual wooden stand, without any hole in tlie ground for the descent of the driving weight, 
the instrumerlt will go for about 60 minutes without being wound up ; but the cord is long enough to 
mlmit of continuous motion for about 3 hours,.if the weight is allowed to descend. 

The drum is 11: inches wide, 3 feet 1.6 incl~es in circumference, and weighs abont 45 Bs. Each 
instrument has three spare drums. The paper used is 11: inclles wide, and about 3 feet 2+ inches long; 
i t  is put on with cornmon paste. The direction of revolution is shown by an arrow. 

Tlie connection of the drum with the driving clock-work is carried out as follows. The axis of the 
l a g t  driving wlleel R which gears with the goveruor at Q, and is therefore direct l~ controlled by it-is pro- 
longed (through tlle protecting cover) at a, to an outer bearing which is not seen in Plate 11, being hidden 
by the supports of the drum. On a tlicre is an enlat-ged fixed nut, /3, with teeth along the edge of its verti- 
cal surface, and there is also a movable nut, y, with similar teeth, which can be made to gear with /3, or not, 
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a t  plaqure, by means of a lever (invisible in Plate 11) mhich works on .the pin 8. Rigidly attached to y 
is a toothed wheel which gears with the teeth round the edge r, r, of the drum. When /3 and y are dis- 
connected by the lever the &wm is cut off from the clock-work, and can be turned as desired by hand. 
The clamp to stop the clock-work, which was referred to above, acts on the axis a. 

The axis, I ,  of the drum is very strongly *attached to the ;jlindrical portion by an interior dia- 
phragm, and is supported on bearings carried by stout uprights, one of which is seen in Plate I1 a t  7. 
The other end of tile axis 5 terminates in a toothed wheel (invisible in Plate 11) exactly similar to the 
toothed wheel 8, with which it is connected by a third similar wheel, K, so that the drum and 6 revolve in 
the same period. The wheel K can be drawn out on its axis to disconnect 8 at pleasure from the drum. 8 is 
fixed on the end of a long screw-spindle wl~icll runs through the table, A, A, and is seen projecting at  p. 

The carriage c rests on the table A, A, and is furnished with a clip projecting downwards, and 
grasping the screw-spindle p, so that as 8 and p revolve, the carriage travels along the table from left to 
right. The clip can be released by the handle v, when the carriage may be moved by hand, and placed 
where desired. The: carriage rests on three wl~eels, ~ r ,  p, p, and is steadied by three others acting upwards 
against the sloped under surfaces of the table A; only one of the latter is visible at  u, the other two being 
behind the table. Of these wheels the position of T only is adjustable, its axis being carried by an arm 
with a hinge at one end, and a raising or lowering screw at the other, by means of which T can be pressed 
down with more or less force against the table. Such pressure should be employed as to bring the lower 
wheels, u, into close contact with the table, so that there may be no perceptible shake of the carriage 
when tested by hand. All these wheels have adjustable bearings for their own axes, and if ever the 
carriage is taken to pieces for cleaning, it is particularly necessary to put i t  together again carefully, 
without changing the position of similar pieces, or a proper fit will not be obtained. 

The carriage carries the recording apparatus, which has been altered since tlle instruments were 
sont to India, and Plate I1 shows the new arraligement, which will be described hereafter. I n  the 
original design two styles were carried by arms which projected over the drum, so that the styles rested 
upon the paper, and traced a spiral thereon, progressing (in the direction parallel to the axis of the drum) at 
the rate of sligl~tly more than + inch per revolution. The drum is intended to revolve once in 2 minutes ; 
hence the whole of it was traversed by the styles in about 3 hours, and a second of time corresponded to 
0.313 inch linear space. There was a third arm mhich could also be furnished with a style if required, 
but it usually carried a small sharp-edged roller, pressing on the paper and tracing a line thereon useful 
as a guide to the eye. 'l'he styles terminated in rounded platillurn points which were made to rest as 
ligl~tly as possible on the paper, and they were insulated from the metal of the carriage by a block of 
ebonite. The points of the styles could not be brought nearer to one another than about Q inch, but 
they were adj~st~able at a convenient distance apart, to trace parallel lines just so far separtited as to 
prevent possible coincidence of the marks electrically recorded through each, as will be presently ex- 
plained. A screw was supplied for raising the styles off the paper when desired. 

The details of these chronographs are beautifully worked out, a degree of care and attention, which 
is not often met with in like matters, having been given to the most insignificant parts. The behaviour 
of both may be considered nearly perfect, the one called B being perhaps a little superior to A. 

The Cloch.  

The clocks are ordinary astronomical eight-day clocks by Frodsllam with mercurial pendulums, 
almost exactly alike. They are furnished with the usual arrangement for breaking an electric circuit 
every second, &., by a 60-toothed wheel revolving once in a minute. One tooth is cut off so that one 
second signal is missed, which is made to agree with O" on the dial, and thus the commencement of each 
minute call be traced. 
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The Electrical Arrangement8 of the Chro~cographs. 

The record on the chronograph was originally 'ol~tained by electricity in the following manner. 
One style was always in connection witli the clock, and the other generally a t  the disposal of tlie olwer- 
ver, lience they will be spoken of as t l ~ e  " Clock Style" and "Observatory Style." Each had an elec- 
trical apparatus cornposed as under. 1st. A metallic circuit, includini a voltaic battery of any sort, 
passed through the circuit-breaker of the clock, ant1 tlie coils of a relay, the armature of which was 
acted upon by a spring, so as to be drawn away from the "contact stud" whenever the current mas 
broken. This circuit was called the "relay circuit". 2nd. A Bunsen battery was placed in a metallic 
circuit which passing tlirough the primary wire of a Ruhmkorff, or induction, coil, was complete wliile 
the armature of the relay toacl~ed the contact stud. The outer, or small, wire of the Rul~mkorff coil 
was carried to the chronograph, one end being attached to the foundation plate and the other to a style, 
so that this metallic circuit was only interrupted by the paper, which intervened between the point of 
the style and the metal of tlie barrel. 

The relay circuit being broken by tlie clock, tlie relay coils became demagnetized, and the arma- 
ture was drawn away from tlie coritact stud by the spring, thereby breaking the Bunsen circuit, and 
causing tlie demagnetization of the core of the Rulimkorff coil. Tlie consequence of tlie last effect was, 
that the induced electricity in the outer wire of the coil, of considerable tension owing to the lengtli and 
fineness of that wire, was discharged through the paper, leaving thereon an indelible rnark always spoken 
of as a "dot ". This process was gone through at  each beat of the clock, and second dots were recorded 
on the paper, only omitting the first of each minute. 

An exactly similar arrangement was provided for the observatory style, the relay circuit in thh 
case being broken by the observer at pleasure, by means of a key, or tappet, which lie held in his hand. 
I t  should be noted that all signals were made by break of circuit, a method undoubtedly superior, as 
regards instantaneity, to the opposite plan of signals by making circuit. 

The Chronograph Paper. 

The chronograph paper was prepared by dipping, first in a soli~tion of ferro-cyanide of potassium, 
and then in one of cloride of calcium. The latter was intended to keep the paper at such a degree of 
dampness, that i t  should not offer too great a resistance to the electric current, which then passed through 
it in the form of - a  spark. The presence of the ferro-cyanide of potassium caused the spark to discolour 
the paper, tliereby leaving a visible permanent record of its passage. If the paper were too damp tile 
direction of tlie spark was liable to be uncertain, and as the dampness increased the resistance to the 
ourrent became so slight that it passed through the paper in a, diffused form, leaving no definite record. 



CHAPTER 11. 

DEFECT8 FOUND I N  THE INSTRUMENTAL EQUIPMENT AND CONSEQUENT ALTERATTONS. 

1. 
The Transit Telescopes. 

The first season's work in 1872-73, with the equipment in its original condition as described in 
Chapter I, thoroughly tested its efficiency, and brought to light many faults, wliicll will now be described. 

Of the Transit Telescopes, No. 1 gave great satisfaction, while the behaviour of No. 2 caused 
quite the reverse, as already mentioned. The readings of a collimator by No. 1 were remarkably steady, 
and not appreciably affected by any alhration in the manner of taking them, while those by No. 2 varied 
to an extraordinary degree, according to the last motion of the telescope. This fault in No. 2 gave 
extreme trouble and anxiety throughout the season of 1872-73, and the observations then taken must be 
considered to a great extent vitiated by the uncertainty of the telescope's performance. In 1876, while 
preparations were being made for a renewal of the operations during the ens~iing cold season, No. 2 
Telescope was thoroughly examined with the light of former experience, and the cause of its faulty 
bellaviour wm found in a badly executed splice near the base of the object-end tube. The instrument 
was placed in the hands of Mr. Doderet, Mathematical Instrument Maker to the Madras Government, 
by wlmm the splice was made thoroughly good, wit11 most satisfactory results, for all ecoentricities in its 
performa~lce diuappemed, and it became as trustworthy as the sister instrument. 

Di@ltk?8 &a securing the Chronographic Record. 

Both the Officers, Captains Herschel, R.E., and Campbell, R.E., who used the apparatus in its 
original state in 1872-73, complained bitterly of the electrical arrangements in conuectiou with the chro- 
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nographs. The preparation of the paper was troublesome, and one of the ingredients used, viz., chloride 
of calcium, was difficult to obtain in India ; and tlle state of the prepared paper was terribly at  the mercy 
of hygrometric changes of the atmosphere, varying from hour to hour in a way tbat defied prevision, 
and frequently made a successful record an impossibility. Again, the Bunsen batteries employed to 
genemte electricity of sufficient tension, were found to bo exceedingly t.roublesome. They are known to 
be very inconstant at best, and there are numerous points requiring close attention, a fault in any one of 
which impairs, or may altogether stop, their action. The uncertainties of these batteries, and of the 
prepared paper combined-to my nothing of possible faults in the intermediate chain of relays and induc- 
tion coils-made it impossible to reckon safely on procuring a good record of any observations made, and 
when a fault did occur, an hour might easily be wasted in searching for its cause. The apparatus had 
numerous other inconveniences ; for instance it mas exceedingly cumbersome and heavy; the materials 
for the Bunsen batteries, nitric and sulpliuric acids, are expensive, unpleasant or even dangerous to 
handle, and procurable in India on1 y at a few places, while they cannot be carried about (by rail or steam- 
boat) except under restrictions which cause serious inconveniences. It is to be noted that when the 
success of observations, as in this case, depends on the combined action of two independent observers, 
110th labouring under similar causes leading to uncertainty of results, tlie chances of failure in the corn- 
bined results will be nearly as 3 : 2, in comparison with tliose affecting each individual; hence any 
uncertainty of action must be even more anxiously avoided, tlian in the case of observations by a 
single observer. 

To obviate the faults and inconveniences above enumerated it was decided to substitute a simpler 
method of recording, which was designed by Captain Campbell in 1876, and carried out under his super- 
vision by Mr. Doderet. 

New Arra~zgeme?~ts. 

There was no special novelty in the new system introduced, which was on the well known plan of 
causing a pen to trace an ink line on common (unprepared) paper, tlie signals being recorded by jerks 
conveyed to the pen by electricity. Two pens simply took tlle plage of the original styles ; the Bunsen 
batteries, relays, induction coils, and prepared paper mere altogether dispensed with, and the .pens were 
worked by small electro-magnets with ordinary Menotti batteries (such as had before been used for the 
relays), which is the form of battery universally used by the Telegraph Department throughout India, and 
therefore always procurable at short notice. 

The new recorder is seen on Plate 11. A slab of wood, a, is attached to the metal plate, b, which 
originally carried the styles, and is connected with the carriage by hinges at c, c. A screw (invisible in 
Plate 11) below a; provides a raising or lowering adjustment, to regulate the pressure of the pens on the 
paper. On a are mounted two pairs of electro-magnets, d, d ; e, e, with adjustments for changing their 
position, and each pair has an armature, sf, carried by arms, g, g, the ranges of which are regulated by 
suitable screw-studs on the upright bar h. A spring act8 ap ins t  each armature, pressing it away from 
the core of its magnet. The armature arms are pivoted on an upright arm similar to h, (which cannot 
be seen in Plate 11, being hidden by the coils d, d) beyond which they extend over the drum, carrying 
the two pens, i, j, at their extremities. The arms are jointed, and have other means for adjusting the 
pens as desired. The pens themselves are specially made for chronographic recorders, so as to carry a 
large supply of ink. 

From tlie ends of the coils of each electro-magnet two silk covered spiral wires, k, k, k, k, are carried 
down to binding screws on tlie stand of the cllronograph at E ,  whence other wires m, na, ra, n, are led 
away to the bat.teries, $c. ; so that one pair, on, m, completes the clock circuit, and tlie other, 12, ra, that in 
which the observer's key is placed. The effect of a signal, by break of either circuit, is therefore to 
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demagnetize tlie coils in that circuit, and release the armature, which is then jerked away by the spring 
provided for that purpose, causing the pen to make an outward jerk, i.e., away from the other pen. 

The pens can be adjusted to trace parallel lines as near together as desired, or actually coincident- 
the latter being generally the best-the signal jerks being made outwards ; but they cannot follow each 
other a t  a much less distance than half an inch, representing about 1+ seconds of time. This difference- 
which also obtained when the original styles were employed-is called the "Pen Equation", and is 
always used as a correction in the reductions. When the alteration was effected it was necessary to utilize 
the electro-magnets of the old relays for the new pen magnets, though they were not well adapted for 
that purpose, being of a much higher resistance than advisable for short-circuit work*, but nevertheless 
the results of the alterations proved most satisfactory, as all uncertainty of recording was removed, and 
the observers were relieved of an immense amount of labor, care, and anxiety. 

The Commutator and Etectrical A djwnct8. 

The electrical apparatus under the new system was collected on a board, generally called the 
"commutator board", and consisted of : (1) a commutator, by means of which.the various changes in the 
connections were made as required from time to time; (2) a translating relay, which is used for the 
transmission of clook, or other si,pals through the line to the far station ; (3) a receiving relay, required 
for receiving the sign& from the distant station, and passing them on, to the chronograph if for record 
thereon, or to the sounder if for conversation; (4) a talking key, and (6) a sounder for purposes of 
conversation, and conventional signals in connection with the work. The commutator board is con- 
veniently placed close alongside of the chronograph on the same stand, and the local batteries are 
arranged on shelves below it. The exact way in which these instruments are used will be more fully 
explained in Chapter IV. 

Thir wm remedied in 1877-78, when more appropriate will, made in the chtlontb Telegmph WorLsl~ups, were mubtituted. 



CHAPTER 111. 

OBSERVATORY ARRANGEMENTS, AND PREPARATIONS FOR OBSERVING AT A STATION. 

Obsematory Accommodation. 

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

Buildhgs for Inatrzcmenk. 

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

The transit pillars (Plate I) are about 24 X 18 inches in horizontal section, from their base to  
about 3 feet 2 iuches above the ground, above which they are only 13a x 134 inches, the inner face being 
all in one plane, tllus leaving a ledge round the other three sides. The small upper portion is about 2 
feet high, making the total tleigllt of these pillars Ei feet 2 inches. They are 2 feet 4 inclies apart. They 
are always built of brick, and capped with slabs of stone, which are carried about with the apparatus ; the 
foundation plates of the instrument rest on the upper surface of these slabs, which is polished so as to 
allow the plates to be moved about in making the first rough adjustments. After tliese adjustments l~ave 
beenapproximately secured, it has been foutld advisable to put a disc of paper, soaked in beeswax, under 
each foot of the bed plates, to prevent accidental movement on the smooth snrface of the stone. No very 
great accuracy is required in the levelling of the stone caps when building, because the universal motion 
provided in the pivot beds allows them to adapt themselves to considerable variations in that respect,. 
When the soil is yielding, it may be advisable to base both pillars on one foundation, so as to distributs 
the pressure, but on firm soil the pillars may more conveniently be quite disconnected. The foundation 
pits are always connected by a narrower excavation about 18 inclies deep, which contains an insu- 
lating layer of dry sand, of at  least a foot in depth, on which the mercury trough is placed in position 
for observation. The trough requires to be carefully covered to keep out sand and dust, and is further 
protected by a wooden plat,form-on which the observer's feet rest when .observing zerlitll stars-with an 
aperture, which can be opened or closed a t  pleasure, over the trough. Even with the greatest care 
to protect the mercury, frequent filterings are necessary, which however is not of much consequence, ss 
the operation is always performed by native assistants, who seem to take considerable pleasure in it. 

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

The equipment of the observatory tent is completed with a set of steps on which the observer stands 
for mercury observations, (Plate I), two or three stools on which he sits while taking tr'ansits, and a ligll t 
wooden frame, by means of which four men can lift and reverse the telescope on its bearings whenever 
desired, with tlic! greatest ease, and generally with hardly appreciable disturbance of azimutllal adjustment. 
A table and chair for an observatory assistant, who acts as recorder, are also provided. 

The Collimator P i l ln~8 .  

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

The Clock Pillar. 

The clock pillar is founded and insulated like the others. The lower portion is generally about 
36 x 24 inches up to witliin a few inches of the ground level, when it is decreased to 24 x 24, leaving a . 

ledge 1 2  inches wide in front, and carried up at  these dimensions for about 6 feet 8 inches. The ledge 
is convenient for supporting the clock when about to be bolted to blocks of wood, whicli are built into 
the pillar for the purpose. It is very important that this pillar shoi~ld have weight, or rigidity, sufficient 
t o  \vithstand the oscillation of the pendulum without vibration, which would have an immediate effect 
on the clock rate. 

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

Chronograph Stand. 

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

Arrangement of Wiree. 

The most convenient arrangement of the numerous connecting wires required, has been found to be 
as follows. I n  the observatory tent, where only two wires are necessary, they are brought down through 
the roof to tlie outer face of one of the pillars, tben round tlie pillar to its inner face, where they are 
finally fixed, leaving suillcient free end for convenient attachment to the observer's key, or tappet, to 
carry which when not in actual use, a small slielf is affixed to the inner face of the pillar. Or as is 
sometimes more convenient, only one wire need be introduced through the roof in this way, and the 
other led back under tlie surface of tlie ground, as shown in Plate I. I n  this case neither wire need 
necessarily be covered, except the ends of one just inside the observatory and clock room, and this plan 
therefore is a good one in case of economy of covered wire being advisable. I n  the clock room, all wires- ' 

including those to the clock, to the observatory, to line and to earth-are carried over head, and collected 
i n  one bundle before they are brought down to the commutator board, through a convenient hole in 
wLich they are first passed as a bundle, and then separated and brought up to their respective binding 
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screws. Should the line wire be brought directly into the clock room, the necessity of having a lightning 
discharger must not be overlooked, and in this case an efficient earth-plate must dso be provided. When 
the observatory is close to the Telegraph Office, the line wire, and earth, connections can be made through 
the office commutator, and neither earth-plate nor lightning discharger are specially required. As a rule 
it is most convenient to make all local-observatory and clock room-circuits of metal throughout, 
avoiding the nectessity of an earth-plate for them. 

Batteries. 

The " Menotti" battery, which is the form adopted by the Indian Telegraph Department, is used 
for all purposes, and has the advantages of great constancy, while it is easily kept in order. It is not so 
compact or portable as some other forms, but this is of small consequence in India, as it can be obtained 
by giving a few days notice at  any Telegraph Office, and need not therefore be included in the portable 
equipment. The number of cells required for local purposes in each observatory may be put at about 
sixteen. A special line battery is only required when ttie observatory is some distance from the Telegraph 
Office, which can generally be avoided, and its strength depends on the length and condition of the 
line in use. Twenty cells are generally ample for 600 to 600 miles. For the observations between 
Bombay and Mangalore, the wire being about 1000 miles in length, and somewhat inferior in insulation 
near Mangalore, a battery of ninety cells at  that end gave excellent signals a t  Bombay. 



CHAPTER IV. 

PROGRAMME OF OPERATIONS AND SYSTEM OF WORKING DURING SEASONS 1875-76-77 

AND 1880-81. 

Programme. 

The programme laid out at the recommencement of operations in 1876 is shown in the diagram, 
in which the thick black l i e s  indicate the proposed measurements; the thick dotted lines, deduced 

values to check former faulty observations of 1872-73 ; and the thin dotted lines show the approximate 
course of the telegraph wires available. To this programme the measurements between Bombay, Aden, 
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and Suez by submarine cable were subsequently added. 

Of the above land memurements six were executed during the season of 1876-76, viz., Bolarum (0)- 
Bombay (H) ; Bellary (0)-Bombay (H) ; Bolarum (H)-Bellary (C) ; Madras (0)-Bolarum (H) ; Madras (C)- 
Bellary (H) ; and Bangalore (C)-Bellary (H). In  1876-77 three more measurements were added to the 
system, viz., Vizagapatam (H)-Madras (C); Vizagapatam (H)-Bellary (C); and Mangalore (H)-Bombay (C), 
thns completing the original programme with the exception of the arc Bellary-Mangalore, which had to 
be given up in order to ensure the completion of the measurements Bombay-Aden, and Aden-Suez before 
the'monsoon weather should set in. The above arcs are named in the order of their measurement, the 
position of the observer in each case being indicated by the letters (C), and (H), for Campbell, and 
Heaviside respectively. 

The diagram shows that, as regards the telegraph wires used, owing to the course of existing 
lines, the triangular arrangement of the work is more apparent than real, for the third side of a triangle 
is often only the sum of the two others. So far therefore as the nature, or length, of the mire in use 
11as any effect on the work, the introduction of a station like Bolarum, aa a check on the measurement 
MadmeBellary-Bombay (affording an apparently independent value Madras-Bolarum-Bombay) is 
fallacious. With regard to the effect of the wire employed, it must be borne in mind that no idiosyn- 
crasies of the vehicle of signals between the stations, can have any effect whatever on the results of the 
observations, so long as the transmission of the signals is equally affected in both directions, and it 
cannot therefore be supposed that the results obtained are affected in a q  appreciable degree by the nature, 
or lengtll, of the wire between the stations, provided that it be not necessary to introduce intermediate 
relays, which has never been the case on these arcs. 

Tlle multiplication of stations is valuable, as affording increased chances of eliminating such classes 
of errors, as are liable to run through the whole of a set of observations a t  a station-such for instance 
as changes of personal equation. I t  also increases the probability of detecting cases of irregular attrac- 
tion of the plumb-line. 

Conttectwn of the Zongitude Stations with the Trialzgulatwta of the Sumey. 

The positions of the transit telescopes at the several stations were fixed as follows :-at Bolarum, 
Bombay, Bellary and Vizagapatam, by special trian,&tion connecting them with the principal trian- 
gulation of the Great Trigonometrical Survey. The station at Bombay was on the premises of the Colaba 
Observatory, about 50 yards east of the meridian of its transit instrument. 

At Madras the transit telescope was placed about 65 feet due north of the meridian circle of the 
Nadras Observatory, which had formerly been connected with the triangulation of the G. T. Survey. 
At Bangalore the position was on the meridian of the S.W. End of the Base-line of the Q. T. Survey, 
and about 40 feet north therefrom. At Mangalore the transit telescope was placed a few yards due 
south of the Q. T. Station. 

All observations necessary for fixing the stations were generally made with a, 10-inch Theodolite 
by Mr. James Bond, Assistant Surveyor, whose duty it also was to precede the Observers, and prepare the 
pillars kc., a t  each new station. Whenever a station was visited a second time, the old site was resumed, 
the original pillars being generally used. 
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The System8 on which the Obsemations were taken. 

At first it was supposed that the use of the telegraph lines would only be available for short periods 
at certain intervals ; as for instance, during periods of fifteen minutes at intervals of two hours, as was 
the case during the operations of season 1872-73. Under these conditions, the only possible method of 
nleasurement is by comparing the clocks when the line is available, and taking transits locally at each 
station during the intervals, and the first measurement of 1875-76, Bolarum-Bombay, was begun in tl~is 
way. It was soon found, however, that the use of the line wire could generally be obtained for an 
unbroken period of three or four hours each night (zllthougli this could never be reckoned on 
with certainty) and all the other measurements of 1875-76-77 (including the latter part of the first, 
Bolarum-Bombay) were executed on a system modified accordingly. 

The line wire being available for long periods, two other systems of observation, besides that 
depending on clock comparisons, may be followed. (1) The observations of transits at one station (each 
alternately) may be transmitted through the line, so that those taken a t  both stations are recorded on 
the same chronograph, in terms of the same clock ; and (2), the ~ ignds  of one clock (each alternately) 
may be transmitted, so that a record of the same clock time is obtained on both chronographs, while at 
the same time transits are recorded locally at each station. Each of these methods has some points of 
superiority over that depending on clock comparisons alone, both as regards simplicity while observing, 
and economy of labor when reducing the results, and their advantages appear to be very equal, except in 
one respect, viz., the f is t  involvee the record of two sets of transits on one chronograph during the same 
time, and as only one pen is available for the double duty (the other being employed in recording clock 
time) it follows that the record would be considerably confused, and many signals would be lost by 
coincidence. It is true, that stars might be so chosen as to obviate this, but such an arrangement would 
be troublesome, and would generally greatly curtail the number of observations obtained in a certain 
time. The second method has not this objection, and it was therefore invariably followed. 

Although the clock comparisons are not necessary under this system, they were always taken, for 
two reasons. (1) I n  case of failure in transmitting the clock signals for transits at the distant station, 
if the observer there resorts to his o m  clock, the possession of clock comparisons enables the observations 
at both stations to be combined; (2) they afford a means of combining the observed rates of the two 
clocks. The following was the ordinary programme of a night's work. 

Programme of each Nightye Work .  

Comparison of Clocks. 

Transits for 40 minutes Interval = difference of longitude 
Interval = difference of longitude Transits for 40 minutea 

Comparison of Clocks. 

Transits for 40 minutes Interval = difFerence of longitude 
Interval = difference of longitude Transits for 40 minutes 

Comparison of Clocks. 



PROGRABDIE OF OPERATIONS. 

As a general rule, the f i s t  set of transits was observed at  both stations with East, and the second 
with West Clock. I n  the middle of each set of transits the chronograph pens were always made to 
exchange duties, by which means the sign of the Pen Equation is reversed. The interval, = difference 
of longitude, was introduced so that the same stars might be observed at  both strttipns. These intervals 
(and other pauses not noted) were available for taking level, and collimation observations, at least two of 
the former, and one of the latter, being taken each night. The use of the same stars for transits at both 
stations lias this advantage ; that no accurate knowledge of their places, or of clock errors, is required, 
but only a knowledge of the rate of the clock in use, in order to correct the observed interval between 
the t r m i t s  of the same star at the two stations. 

A pair of well-known circum-polar stars was observed when possible every night for azimuth, 
but in tlie low latitudes in which the h t  operations were carried on, it often happened that such stars 
were obscured--especially at their lower culminations-by low-ly ing clouds when the sky was otherwise 
clear. Consequently, work which was good in other respects, was liable to be lost unless the deterrnina- 
tion of azimuth could be made independent of circum-polar stars. This led to the introduction of what 
were called " Comparative-Azimuth Stars ", of about 10" to 12' North Polar distance, which could 
usually be observed-at their upper culminations-whenever the sky was clear enough generally for 
transit observations. The exact use of these stars, and the manner of deducing the azimuth from them, 
will be fully explained in Chapter VI. Observations of well-known north and south stars were also 
sometimes combined for azimuth determinations. 

The system finally adopted in 1876-76, was continued throughout the season of 1876-77, with but 
slight modifications of the nigl~tly programme of work. The continuance of the observation of transits 
during 40 minutes as above was considered too long, and it also afforded more stars than were found 
necessary, while the separation between the two groups-by merely changing the sign of the pen equa- 
tion in the middle of each 40 minutes-was not distinct enough. The general programme remained 
exactly the same for 1876-7'7, but each 40 minute period was divided into two of about 15 minutes each, 
with about 10 minutes interval between them, to allow the observer some slight rest. I n  each such 
period of 15 minutes, at least 10 stars could almost always be observed, which was considered an ample 
number for each group, and the change was found very beneficial in practice. 

The programme was always laid out by sidereal time, so that the same stars were observed night 
after night, a point of considerable importance both as regards convenience 'in the observatory, and 
advantage in reducing the work, especially with reference to clock rates. After the first measurement- 
which was to a great extent experimental-six fairly complete nights' work on the foregoing programme 
was considered a full complement. A systematic reversal of the transit telescopes on their bearinga 
was attended to, care being taken to have as nearly as possible equal quantities of observations in each 
position, but this mas sometimes interfered with by unmrta,i.nties of weather and other causes. With one 
or two exceptions--owing to misunderstandings-both telescopes were always reversed at the same time, 
in order that all the observation0 taken in each measurement might be divided into two principal 
groups, according to the position of the instruments. The rule was also followed of having both 
telescopes always in the same position, i.e., Illuminated Pivot East, or Illuminated Pivot West, at  
the same time. 

BZect& rSigmZ8 between the Statiorcs. 

I n  the measurement of land lines, the signals have always been passed direct between the stations, 
without the use of intermediate relays outside the observatoriea. The greatest length so measured during 
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the years 1875-76-77 was the arc Mangdore-Bombay, between which places the wire follows so circuitous 
a route, that its length is about 1000 miles. Notwithstanding this great distance, and the fact that the 
section of wire near Mangalore was inferior in insulation to the average of Indian Telegraph lines, no 
difficulty was found in exchanging signals with batteries of about ninety Menotti cells at  each end. 

The Electrical Arrangements of the Observatories. 

The electrical arrangements for securing the chronographic record, and communicating between the 
stations, are as follows. Each pen magnet is placed in a short circuit, with a weak battery, which can be 
passed at  pleasure by means of the commutator; (1) through the clock, (2) through the observer's tappet, 
and, (3) through the armature circuit of the receiving relay, which is in connection with the line wire. 
I n  the first case, the pen records the local time, and is called the " Clock Pen" ; in the second, it is used 
for transits, or other observations, and is known as the " Observer's Pen" ; and in the third, it records any 
signals transmitted from the distant station, and repeated by the receiving relay. I n  the last case the 
signals are generally those of the distant clock, to be used either for the comparison of clocks, or for the 
observation of transits. A second relay is used for the transmission of signals through the line by 
" translation"4.e. the relay coils are placed with a weak battery in a local circuit, into which the 
clock, or the observer's tappet, can be introduced as required by means of the commutator; and 
the armature of the relay is in circuit with the line battery and line, and thus passes on the signals to the 
distant station. 

Retardation of Signak. 

It is thus evident, that the retardation of a signal, passing (say) from one clock to the distant 
chronograph, is composed of three parts: (1) due to the translating relay, (2) due to the line, and, 
(3) due to the receiving relay, including the pen action, at  the distant station. A similar return signal is 
affected in the same way, by different retardations but of like nature, because the two translating relays 
are of the same pattern and similarly adjusted, while the same is true of the receiving relays, and of the 
pen actions. The line wire of course remains the same in both cases, but there are no means of deter- 
mining whether the rate of signal remains constant in both directions, which fortunately is a matter of no 
practical importance, on land lines, from the present point of view, however interesting it may be as 
connected with the science of electricity. The relays used in 1875-76-77 were all of the ordinary 
polarized pattern, those for translation being of much smaller resistance than those for receiving line 
signals. 

Posd i l i t y  of Error owing to fazclty Commutator Arrangemenk Zeaditzg to Interference 
of Currents. 

A weak point existed in the commutator arrangements of 1876-76-77, by which the clock s ipals  
were recorded locally, and at  the same time transmitted to the distant station. 



The diagram shows the arrangement by which the clock was introduced into both circuits ; that of 
the chronographic pen coils, P, and the translating relay, R-each  with its own battery B, B,--so as to 
ensure its beats being simultaneously recorded on the local chronograph by the former, and on the distant 
chronograph through the line by the latter. Here it will be seen, that when the clock breaks circuit, 
and cuts off the earth beyond it, the two circuits which branch at  M become one, and must be affected 
by a residual current, unless the two originally separate currents are exactly equal-these being of course 
always opposed to each other. The resistances of the coils of R and P were very unequal in 1875-76, 
being nearly as 4 to 1, and to obtain good aution of both when in combination as above, it mas necessary 
to uae batteries B, B,, of different strengths, in order to balance the currents. As the apparatus included 
no means of obtaining nice adjustments of current (such as galvanometers and resistance coils) such 
balancing was necessarily only approximate, and some residual current always remained effective. This 
was somewhat improved in 1876-77, when new relays, of resistances nearly equal to those of the pen 
coils, had been obtained, but the difficulty was not altogether removed. 

When taking transits, and transmitting clock signals for uae at  the distant station, the case is ex- 
actly as in the diagram above, and the clock times recorded are affected by the residual current ; but when 
comparing clocks (in 1875-76) the local time was recorded unaffected by the residual current, bemuse 
the connection a t  M, with the relay circuit, mas cut off, and only that of the pen used. Hence it appears 
that, supposing the residual current (of whose existence there is no doubt) to retard the pen action, as 
compared with that of the relay, at  both stations, the effect would be to decrease the value of the retarda- 
tion deduced from star observations. Some experiments made in January 1877 gave evidence that this 
actually did occur, and if it  occurred in one case it probably did so in the same manner, though in different 
degrees, at  all stations, the effect at  any one station remaining pretty constant. 

The faulty arrangement above described being recognised, precautions were introduced in 1876-77 
to equalize the conditionsas much as possible under all circumstances. It was laid down that : (1) During 
clock comparisons wliile receiving signals, the local clock should be made to work both pen and trans- 
lating relay, just as when taking transits and transmitting clock signals. (2) The same arrangement 
should obtain for any purely local transits, when clock signals are not necessarily transmitted. (3) When 
tm8mittin.g clock signals through the line, one local pen circuit should also be included, although not re- 
quired for local purposes. 

With regard to the first two oases just mentioned, it may be remarked, that although the tmnslating 
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relay is put in circuit by the commutator, it need not be connected with the line wire. The effect desired 
from the combined action of the local circuit batteries was quite independent of any such connection. 

The errors which are likely to arise from the above causes are of a very minute order, but neverthe- 
less it seemed worth while trying to guard against them, which mas done by Captain Campbell in 1877-78, 
by introducing new translating relays, and pen magnets, and making a complete change of commu- 
tation arrangements. The new pen magnet coils, and those of the translating relays, are all of low and 
similar power, uiz., about twenty units ; and the translating relays, instead of being of the polarized pattern 
as before, are very similar in construction to the pen magnets, thus it is hoped ensuring more nearly 
identical action. By the new commuhtor all branching of circuits is avoided, and therefore there can no 
longer be any interference of currents ; but this was obtained at  the expense of greater complication in 
the commutator. A plan of the new commutator, with the accompanying relays &c., is given in 
Plate 111, and a full description will be found in Section 24 of this Chapter. 

The Pen Equation. 

A point in the management of the chronograph which requires attention, is tlie distance between 
the pens in the line of their (apparent) motion, which cannot be conveniently made much less than half 
an inch, or about the equivalent of 1.5 seconds of time. This difference is called the " Pen Equation", 
and it has always been deduced, and applied as a correction to the readings. To guard against errors in 
the assumed value of the equation, a systematic change of pen duties has always been observed : for in- 
stance, in the middle of every set of transits the clock and observer's pens are changed, so that for one 
half of the observations the equation is positive, while for the other half i t  is negative, and similarly, 
when comparing clocks the pens are exchanged between the local and distant clocks during each compa- 
rison. When the clock comparisons are reduced, the value of pen equation is one of the results arrived 
at, and this method was followed in 1875-76, but in 1876-77 it mas not considered necessary to reduce the 
clock oomparisons for the land measurements, and therefore the pen equation mas determined as 
follows :-A run of equation was always recorded on the chronograph twice during the night, the clock 
working both pen circuits by an arrangement exactly similar to that shown in figure 2, and thus giving a 
value of the equation for each signal recorded. Here as before there was the risk of error by interfe- 
rence of currents, to guard against which the connections were changed in the middle of each run, so as 
to make the pens exchange batteries, whereby it might be fairly assumed that the sign of the effect 
mould be reversed, and therefore the effect itself would be eliminated by taking a mean of the two results. 

I t  is necessary to bear in mind that the actual pen equction is the absolute linear distance 
between the pens, which has to be converted into seconds of time before being applied as a correction to 
the observations, which conversion must therefore be dependent on the rats of the chronograph. Hence, 
when transcribing the chronographic record, that rate must be airefully watched, with a view to applying 
a special correction to the pen equation, in cases where the variations of the rate exceed certain limits. 

Clock Cmparisona taken in 1876-77 not made use of. 

The non-reduction of clock comparisons which were recorded in 1876-77 may appear to call for 



explanation. The chief reason for continuing these comparisons was, as strtted in Section 3 of this 
Chapter, to secure results in case of anythiqg interfering with the transmission of clock signals for 
transit observations at the distant station. The second object--i.e., securing a means of combining the 
locally determined clock rates, by means of their relative rate deduced from the comparisons-is of very 
slight importance in the case of arcs of such small differences of longitude as those already measured, 
when the greatest correction on account of clock rate has been that due to an interval of 23 minutes 
only, and it was not considered necessary to go through the great labor of reducing the clock comparisons, 
for the sake of probably an inappreciable improvement. In the case of long arcs nearly due East and 
West being measured in the future, it may again become advisable to use the clock comparisons for this 
purpose, but even that is doubtful. 

Programme for Seccsola 1880-81. 

The Longitude operations, which had remained in abeyance since 1877, were resumed at the end 
of 1880 by the same two officers who had last been employed ; viz., Captain (now Lieut.-Colonel) W. H. 
Campbell, R. E., and Cap& (now Major) W. J. Heaviside, R. E. The programme for the season of 
1880-81 comprised the measurement of the following eight arcs ; viz., Bombay (C)-Deesa (H) ; Deesa (H)- 
Kurrachee (C); Bombay (H)-Kurlachee (C); Jubbulpore (H)-Bombay (C); Jubbulpore (H)-Bolarum (C); 
Jubbulpore (C)-Agra (H) ; 
Jubbulpore (C)-Deem (H) ; 
and Agra (C)-Deesa (H), AQRA 

which are given in the order 
of execution, the positions of 
the two .observers being indi- 
cated as before by the letters 
(C), (H). These were all suc- 
cessfully executed bet ween 
13th December 1880, and 16th 
April 1881, the weather hav- 
ing throughout been extraor- 
dinarily favourable. The sys- 
tem of triangular circuits for 
checking purposea was adhered 
to, and the new operations were 
joined to those of former sea- 
sons by the use of the two sta- 
tions Bombay and Bolarum. 
The diagram shows the eight 
arcs mmured during 1880-81, 
added to those previously exe- 
cuted, ss already shown in the 
diagram on page 16, and thus 
the diagram here given shows 
the -whole work completed up 
to the close of the field opera- 
tiom of 1880-81. 



Connection of the Zomgitzcde Statiom, with the Triangzclatiorc of the Survey. 

The points used as stations a t  Bombay and Bolarum were the same as those occupied in previous 
years. The positions of all the newly occupied stations-viz., those a t  Deesa, Kurrachee, Jubbulpore, 
and Agra-were fixed as before by special triangulation in connection with the principal triangulation of 
the Great Trigonometrical Survey.' This work mas executed by Mr. James Bond when visiting each sta- 
tion to prepare it for the observations, except in the case of the point at  Deesa, which had been laid down 
in anticipation of these operations, by Major (then Captain) M. W. Rogers, R. E., by conneotion with 
the Principal Triangulation of the Kurrachee Longitudinal Series, in 1875-76. 

The season's work was begun by some preliminary preparations at Poona-where the instruments 
had been left in store--comprising observations on five nights for the determination of personal equation, 
and a small amount of necessary practice with those portions of the equipment which had been newly 
introduced at  Calcutta in 1878, in order to ensure a clear mutual understanding between the two observere 
as to all details of future procedure. 

The most notable changes in the instruments were ; (1) the substitution of much lighter and smaller 
coils, of very low resistance, for all the electro-magnets intended for local circuits only-&., those of the 
pens, and of the translating relay ; (2) a new commutator by means of which all combinations of circuit 
were brought into one common circuit, so as to avoid any such branching of currents as occurred under the 
old arrangement (vide page 21) ; (3) a, new Bohnenberger eye-piece for No. 2 telescope, by means of which 
the two instruments were made more nearly alike ; (4) new pendulums for the clocks, made on Airy's 
principles of compensation, in supersession of the mercurial pendulums in former use; and (6) the 
addition of an idiometer, of Lieutenant-Colonel Campbell's designing, for each observer, to enable 
him to determine his own absolute personal equation at  any time. This instrument is shown in Plate 
IV, and will be fully described in Chapter V. 

The new commutator-which was made in 1878 in the workshops of the Telegraphic Depart- 
ment at  Calcutta, from a design furnished by Lieutenant-Colonel Campbell-is shown in Plate 111, 
with the several relays, and other adjuncts with which it is connected. A description of the plate, 
and the various combinations employed in the course of observations, will be given in Section 24 of 
this Chapter. 

A certain amount of additions, and alteration of small details were required to bring everything 
into thoroughly satisfactory working order, which was accomplished without much trouble or delay, and 
no difficulty afterwards occurred throughout the season's work, except in one respect. 

Temporary Failure of one Clock. 

This exception was caused by the behaviour of Major Heaviside's clock at his f i s t  station, Deesa, 
during the first set of observations with Bombay, when it went very irregularly, and fhally stopped d- 
together. The cause of this was found to be the great weight of the new pendulum, as compared with 
the old, combined with the manner of its suspension, which left very little room between the oscillating top 
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of the rod, and the fixed framework of the clock. The suspending bracket, affixed to the wooden back 
of the clock case, seemed to give gradually under the weight; causing a forward movement, which at last 
brought the top of the rod against the frame of the clock-work. The friction which then ensued gradu- 
ally reduced the swing of the pendulum until the escapement caught, and one or more seconds were 
lost,-which occurred several times.during the measurement, and h l l y  the friction increased so much as 
to stop the olook altogether. 

Fortunately the results of the observations are not seriously affected by this failing of one of the 
clocks, because whenever a second beat was actually missed by the second hand, the fact is of -course ap- 
parent, and the loss can be allowed for; and after such allowances have been made the resulting rate of 
the clock is sufllciently good, because it fortunately so happens that Bombay and Deesa are nearly on the 
same meridian-their difference of longitude being only 2" 3@-so that even gross irregularities of the rate 
of the clock in use for star observations a t  both stations would not have an appreciable effect on the 
results. 

I 

System of Observatwlas imd Nightly Programme. 

The general system of observing remained exactly the mme as during the last season of opera- 
tions, 1876-77, but some slight changes were made in the programme for each night's work, with a view 
to increase still farther the separation of the groups of observations, which had been carried out in that 
season, aa described in 8eotion 4 of this Chapter. Each group remained of about 15 minutes duration, 
or a little more or less as might be necessary in order to secure the observation of at least 10 stars, and 
tbe in tend  between each pair was made sufficiently long-about 16 minutes-for determination of dis- 
levelment by observation of the mercury trough. 

The intervd between the two pairs of groups--i.e., between the observations taken with each 
clock-was caloulated to afford ample time for the determination by each observer of hie absolute personal 
equation by means of the idiometer, which was done every night. I 

Hegularly concerted clock comparisons were dropped out of the programme, because expe- 
rience had shown that they would hardly ever be required, and their execution complicated the work. 
As a matter of precaution however, each observer always secured a comparison at his own convenience, 
by simply causing his own clock to record its time on the chronograph, alongside of the record received 
from the distant station, an operation which could always be carried out during any interval of a few 
seconds otlierwise disengaged. 

The observation of pairs of well-known circum-polar stars for azimuth was very carefully attended 
to, and aa a general rule two pairs were obtained each night. The use of comparative-azimuth 
stars as in former seasons (see page 19) was continued as a precaution, but the reduction of the ob- 
servations taken has never been necessary, as in only one case have the circum-polar stars dto- 
gether failed, when the comparative stars were also lost. Indeed, as the field of operations is carried 
northward, the system of comparative-azimuth stars must newsarily lose its value and distinctive 
features, because such stars, if near enough the pole to be of much use as regards rate of movement, 
become nearly as liable to obscuration by clouda aa the oircum-polas stars which are observed in pairs, 
above aud below the pola 
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Clocks wed as Invariable Pendzcl2cm. 

A feature in the observations of the season which calls for remark, is the frequently excessively 
large clock rates, which were permitted to obtain for the following reason. Before the season com- 
menced, the Surveyor General, General Walker, C.B., R.E., expressed a wish that the clocks should be 
uaed as " invariable pendulums " ; that is to say, that their pendulums should be kept at the same adjust- 
ment throughout the operations, in order that the rates obtained at the different stations visited might 
become available as data for future investigations concerning the figure, and density of the earth, as in- 
dicated by the force of gravity. With a view to carrying out this idea, each observer tried to secure such 
an adjustment of his pendulum, once for all, as should give a fairly mean rate for all latitudes visited, and 
therefore the rates at the stations of extreme latitudes were necessarily abnormally high. This of course 
oauses no detriment to the work, because a large rate can be as accurately determined as a small one, but 
unless explained it would have a slovenly appearance. The results of the experiment were disappointing, 
and lead to the conclusion that clocks used as these are, cannot be expected to maintain a constant r a te -  
exclusive of the changes due to variations in the force of gravity-at successive stations of observation. 
This is not surprising when it is recollected that a change of stations necessitates the removal of the 
pendulum, land a journey of generally several hundred milea by railway. 

Progrees d2crthg Season 1876-76. 

A few words may be added regarding the progress of the observations. After the two observers 
met at Bolarum in December 1875, less than three weeks s d c e d  for all preliminary training and practice, 
including observations for the determination of their relative personal equation on four nights. The 
work was altogether new to Captain Heaviside, while the most important part of the apparatus having 
only just been introduced by Captain Campbell, was being practically tried for the first time, and the 
experience gained during the preliminary practice at Bolarum, led to the detection and removal of several 
weak points in the detrtils of the new arrangement, and in the intended method of working it. 

During the first measurement, viz., Bolarum-Bombay, changes were found desirable in a few 
more details, and after these were effected the method of working was maintained witliout further 
alteration throughout the season of 1878-76. Notwithstanding these changes-involving loss of time- 
and the loss of one or two nights from causes beyond the observers' control, the first measurement was 
satisfactorily completed in ten days. After this the three succeeding arcs were all completed in six 
nights each, except when occasionally delayed by cloudy weather, and on one or two occasions wheq 
a night was lost owing to a fault on the Telegraph line. The measurement of the two last arcs of the 
season, v t . ,  Madras-Bellary, and Bangalore-Bellary, was greatly interfered with by clouds. 

The observers met twice during the season for the purpose of determining their relative personal 
equation, and they secured a fourth value after joining company at Bangdore at the close of the operations. 

Progrese during S e w n  1876-77. 

The work of 1876-77 was continued as already remarked on nearly the same general arrangements 
were followed in 1876-76, the principal differences being in connection with the observers' personal 
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eqtiations, aa will be explained in the next ohapter. Clouds were exceedingly troublesome during the 
measurement of the first two aros, &., Vizagapatam-Madras, and Vizagapatam-Bellary, and thm arc8 
mupied fifteen, and eighteen nights, respectively, in consequence. This was much to be regretted, because 
it threw the observations so far in arrears that it became necesay  to abandon the measurement Bellary- 
Mangalore, in 'order to leave time for the contemplated observations between Bombay, Aden, and Suez 
by submarine cable. The work of the season was therefore terminated, so far as regarded Indian arcs, 
by the measurement Mangalore-Bombay, w hich even then had to be unduly curtailed-only four nights' 
observations being obtained in place of the usual complement of six-in order that Captain Heaviside 
might avail himself of a passing steamer to reach Bombay. 

The arc Bellary-Mangalore was much wanted, because its combination with two of those measured 
in the previous season, viz., Madras-Bellary, and BangaloreBellary, would have afforded direct checks on 
the two arcs (Madras-Bangalore, and Bangalore-Mangalore) measured in 1872-73, when the condition of 
telescope No. 2 was quite untrustworthy, as already described. The value of the arc Bangalore-Mangalore 
can now only be deduced by a combination of Bangalore-Bellary, Bella ry-Bombay, and Mangalore-Bombay, 
the last of which is, ae stated above, the weakest of a l l  those measured, as regards the number of 
nighta of observation. 

The operations between Bombay, Aden, and Suez, which closed the season of 1876-77, are de- 
scribed in Part 11 of this volume. 

Progreee during fleaeon 1880-81. 

The rate of progress during the operations of the field season 1880-81 was extremely good, owing 
to the exceptionally fine weather which was experienoed throughout, and the work generally progressed 
very smoothly, with the exception of the f d u r e  of a clock during the first metasurement, as already 
noticed. 

Two of the arcs measured, viz., Jubbulpore-Bolarum, and Jubbulpore-Deem, involved the use of 
a great length of wire between the stations, because in each case the wire used passed through Bombay,. 
making a total mileage of 1124 for the fist, and 1031 miles for the second. I n  both instances the portion 
of the wire between Jubbulpore and Bombay was carried on the posts used for several other wires, some of 
which were in constant use for messages between Calcutta and Bombay worked on the duplex system, 
and the result was at first great confusion in the chronographic record, owing to the oocurrence among 
the transmitted clock signals, of irregular signah arising from induced currents. This annoyance was 
afterwards obviated by tlie kindness of the Superintendent of the Telegraph Office in Bombay, who 
reduced the strength of the currents used for messages, so aa to decrease the induction to a point 
where it did not sufEce to interfere with the longitude signals. 

It ie very questionable, however, whether in the case of suoh long distances, where the wire used 
is suspended on the same poles as other wires, it would not be better to introduce a relay mid-way be- 
tween the observatories, than to attempt through signalling with batteries only at  the two ends. The cur- 
rent in the latter case must be very weak, which necessitates the adjustment of the receiving relays at  each 
station so as to be acted on by very slight changes of magnetism, the oonsequence being that weak induced 
currents, or earth currents, cause that action, and introduce irregular signals to the confusion of those used for 
longitude work. The introduction of an intermediate relay is chiefly objectionable because it cannot be 
under the control of the observers, and precautions would have to be taken against the possibility of its use in- 
troducing error and uncertainty in the work. It is believed, however, that this could be easily arranged, and 
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in case of such long lines being used in future, the use of an intermediate relay is strongly recommended, 
at least as an alternative method. 

An addition was made to the apparatus in each observatory early in the season, which proved a 
great convenience. This was the introduction of the coils of a polarized relay of low resistance into the 
line circuit, so that every signal transmitted by the translating relay through the line, was first passed 
through the coils introduced. This arrangement in no way interfered with the direct transmission of 
signals through the line-except by the slight increase of the resistance in circuit-but the armature of the 
polarized relay being placed in a local circuit with the sounder, the passage of each signal was intimated 
to the ear by the latter instrument. I t  is obvious that if anything should 'occur to interfere with the 
transmission of the signal through the line--as for instance a fault in the local connections, or a want of 
earth connection a t  the distant station-the action of the relay, and therefore that of the sounder must 
instantly cease, the cessation of the latter immediately directing attention to the fact that something had 
gone wrong. Hence the new relay was named the "Tell-tale relay." The advantage obtained was great; 
(1) because formerly the observer had no means of knowing whether his transmitted signals were success- 
fully sent or not, and (2) the Tell-tale relay gave the distant observer--i.e., the one receiving signals 
through the line-the power of calling the attention of his colleague in case of any contingency arising, 
as for instance if clouds should render the continuance of work useless for the night, or should an 
emergency arise calling for the use of the wire by the telegraph.officials. 

~e la t iona  mith the 0$2cere of the Telegraph Department. 

Throughout the operations, all the Officers of the Telegraph Department whose co-operation 
has in any way been required, have continually shown the greatest courtesy, and readiness to give every 
assistance in their power. I n  many instances the prosecution of the Longitude observations has un- 
avoidably caused considerable trouble in the several Telegraph Offices involved, but this has invariably 
been cheerfully undertaken, and the relations of the oficers of the two departments have always been 
most cordial. 

The Commutator Board. 

A simple outline plan of the commutator board is given in Plate III--on a scale of about one 
third real size-while symbols for the clock, idiometer, observer's tappet, chronograph recording pens, and 
the several batteries kc., are added, in order that the various wire circuits may be traced. On the com- 
mutator board ; C C is the commutator itself, R R the translating relay, S S the sounder, D D the 
talking key, and EE a bar which is used as an "Earth"; F, G are the receiving, and tell-tale relays 
respectively, and M, N are two supplementiwry switches. Permanent wire connections between the 
different instruments on the board are shown by double lines, and those wires which are only temporarily 
attached at each station are indicated by single lines. 

The commutator C 0, and the switches 211, N, are each composed of plates of brass, which are 
mounted on blocks of ebonite so as to be perfectly insulated from each other. These separate plates are 
shaded. The circular indentations, with numbers for reference, indicate holes between the plates which 
can be filled at  pleasure by the insertion of pegs, so as to bring two plates into connection. The letters 
on the several p l a h  indicate the parts of the appmatua with which they are connected, either pernub 
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nently, or by wires attached temporarily to binding screws provided for the purpose, all of which can be 
traced in Plate 111. Thus the plates marked Ac, Bc, and Rc are connected by wires to the copper poles 
of the batteries for A, and B pens, and the translating relay, respectively ; while A z, BZ, and R z  are simi- 
larly connected with the zinc poles of these batteries. X i s  connected with a wire which passing through 
the break-circuit apparatus of the clock is carried to the earth, E E. I is similarly connected with the 
star-frame of the idiometer, while a second wire attached to t l ~ e  wire-frame (see description of idiometer 
in Chapter V) is carried to the earth. 0 is intended for tile observer's tappet-or signalling key-and can 
be connected with the one used at  the transit telescope, or a t  the idiometer, as required, by means of the 
switch N. The line wire is attached to L. The plates sirnilarb lettered, aix., three marked Bx, and two 
mazked Ax, are connected by bars passing underneath the ebonite mounting. The plate marked Rc, 
which is inconveniently placed for the attachment of a temporary wire, is permanently connected to the 
binding screw mrked Rc. Tile two plates without any marks are simply dummies through which other 
plates can be connected. The long plate marked E' is connected with the earth BE, and the latter is 
furnished with a number of binding screws for attaching several wires. The latter plate is called the 
earth' because it p introduced as a convenient means of completing the commutator local circuits, which 
are all purely metallic. For the purpose of line signalling a real earth-plate ia required, and BE is 
connected therewith as shown. 

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

No. I. 

,, 11. 

,, 111. 

3, VI. 

,, VII. 

,, VIII. 

9, 1x0 

The clock recording time by A pen, . . . ... Pegs 6 4  8 
9 ,  3, B ,, ... . a .  I ,  2 10 

Determination of pen equation, clock time being recorded 
simultaneously by both pens on the chronograph, Pegs 2 14 8 

Observation of transits with local clock- 
Observer, pen A ; clock, pen B ... ... P e g s 2 5 2 0 1 7 8 :  2 1 0  
Observer, pen 23 ; clock, pen A . . . . . . ,, 25 15 10 : 6  4  8 

Observation with tlie idiometer- 
Observer, pen A ; clock, pen B . . . . . . Pegs 26 20 17 8 : 2 10 
Observer, pen B ; clock, pen A . .. ... ,, 26 1510 : 6 4  8 

Clock comparisons, both clocks recording time on tlle chronograph- 
Local clock, pen A ; distant clock, pel1 B ... Pegs 6 4 8 : 23 22 19 10 

9 ,  B ;  3, A ... a) 2 10 : 23 22 18 8 

Transmitting clock signals for use at t.he distant station, Pegs 1 9 

Observing transits, and transmitting clock signals to distant station- 
Observer, pen A ; clock, pen B . . . ... Pegs 25 20 17 8 : 1 12 10 

BS B;  Y ,  A ... . . . ,, 26 15 10 : 1 1 3  8 

Observing transits with clock time received from the distant station- 
Observer, pen A ; distant clock, pen B . . . Pegs 25 20 17 8 : 23 22 19 10 

,, B ;  ,, a ... ,, 25 15 10 : 23 22 1s 8 

For talking, or interchanging conventional signals, Pegs 23 24 



It will be noticed that in all of the combinations given above, the different circuits combined are 
brought into one simple circuit, so that a break of circuit at any point entirely stops the current in the 
whole. There is no branching of circu';ta, which should always be carefully avoided. Such branching 
would be afforded by the following combination of pegs, whioh exactly reproduces the conditions shown 
in the diagram on page 21, and is therefore faulty, viz. :- 

For pen equation, instead of combination No. 11, ,,. ..* ... Pegs 2 l O , 6 4  8 

The commutator affords the means of measuring the retctrdation due to the local instruments, by 
causing the clock time to be simultaneously recorded on the chronograph by both pens, one worked by . 

the clock direct, and the other through the translating, tell-tale, and receiving relays, which ie done thus- 

A pen direct ; B pen through relap . . . ... Pegs 1 13 8, 23 22 19 10 
9,  ; A 3 ,  . . . . . a  ,, 1 1 2  10, 23 22 18 8 

If the retardations of the receiving relays, and of the chronograph pens could be looked upon 
as respectively equal a t  the two stations, it is evident that the above experiment would give an exact 
measurement of the retardation of a transmitted signal recorded on the distant chronograph, only except- 
ing the retardation of the line wire. Unfortunately such equality cannot safely be reckoned upon, 
but the experiment should prove a useful guide in testing the. condition of the adjustments of the local 
relays, and it is to be regretted that its feasibility was not noticed until pointed out by Major Heaviside 
after the conclusion of the operations of 1880-81. 

Beductimc of the Obeervatwne. 

An abstract of the observations, and the reduction of the results for all the land measurements 
executed during the seasons 1876-76-77, and 1880-81, are given in the tables contained in Part I of this 
volume. Full explanations of these tables, and of the methods employed in carrying out the reductions 
contained therein, will be found in Chapter VI. All these reductions were made under the superinten- 
dence of Lieut.-Colonel Campbell, in co-operation with Major Heaviside. 

The object held in view in drawing up the tables, was to afford all the data necessaxy for any 
reader who might wish to examine the reductions, and re-produce the results arrived at. No attempt has 
been made to assign probable errors to the final values of difference of longitude obtained, because these 
are not required until the work of combining all the results is undertaken, and any mathematician 
who may in the future approach that task, with a view to investigations of the figure of the earth, 
and local attractions, will probably prefer to compute the theoretical errors for himself, ample data for 
doing which will be found in the tabular details. 

The geodetic elements of the ~everal stations of observation are given in the appendix, a t  the end 
of the tabular matter of Part I ; and in the case of stations connected with the Principal Triangulation 
of the Great Trigonometrical Survey of India by special minor triangulation, an abstract of the latter 
is furnished. A table is added in which the geodetic, and electro-telegraphic values of the ~everal 
differences of longitude measured are collated for ooruparison. 
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26. 
Rernarh on the Result8 Obtained. 

The results of the checks furnished by the system of *orking in triangular circuits are 
most satisfactory, going far to prove a very high degree of accuracy in ' the final mean value of each 
measurement. But the differences between the subordinate mean values of the same arc, obtained from 
the several groups of observations, sometimes attain a magnitude which is disappointing, being greater 
than the refined nature of the ' modus operandi ' appears a t  first sight to justify. 

Now on this point it may be remarked, that the sources from which errors may arise are very 
numerous, owing to the number of instruments involved, some of which are subjected from time to time 
to changes of adjustment carrying with them accidental, as well as constant, errors. Thus the work 
of each observer is liable to occasional large discrepancies owing to the accumulation of many errors, 
which though individually minute amount in the aggregate to a serious quantity, when they happen to 
occur with the same sign. As the differences noticed above result from a combination of two sets of 
observations by the two observers, each liable to such occasional accumulated errors, cases must sometimes 
occur when large errors of each set will combine, and produce unexpectedly large discrepancies. 

The fact that these observations are liable to more considerable errors than was anticipated, as 
indicated by the differences described above, leads to some regret that the system of using clock compa- 
risons to combine the observations of transits made locally by each observer, was not continued throughout 
the operations, in addition to the simpler method of comparing only the observations of transits made 
a t  both stations with the same clock, which was solely adopted, as explained at  page 18. The use of 
both systems conjointly would have afforded a, greater variety of conditions tending to eliminate error 
from the final result. 

The objection to the system of working by clock comparisons lies in the increase.of labour involved ; 
first in making the observations, and secondly-in a, much higher degree-in.carrying out the reductions. 
If this objection is not held to be insupemble, the adoption of a, combination of both methods is strongly 
recommended for the future. The only instance in which such a combination has been carried out 
hitherto ia in the case of the measurement Bolarum-Bombay, where the result was highly stttisfactory, 
the two methods giving absolutely identical values, (vide Table XIX, page 141). 

I n  errrtmilling the resultu, due allowance must be made for the unfavorable conditions, in some 
respects, under which the observations were carried out. For instance, it was sometimes impossible to 
complete the masonry pillm-on which the instruments were supported-more than a very few days before 
they were required for use, and thus settlements affecting the constancy of the level and azimuth adjust- 
ments may have occurred. Again, the telescopes and collimators were subject to excessive changei of 
temperature, being often heated to considerably over 100' during the day, and cooled down to 60°, or 60°, 
during the observations of the succeeding night. Lastly, economy of time being of great importance, 
observations were sometimes begun a t  a, station more immediately after setting up the instruments than 
was in many respects desirable. . 



CHAPTER V. 

PERSONAL EQUATION. 

Importame of the Equation. 

The personal equation of the observers in taking star transits enters directly into the deduced 
difference of longitude, and is therefore a point of the first importance. This fact was fully 'recognised 
from the beginning of the operations, but during their progress new lights have been thrown on the ques- 
tion, showing up features which were not o r i g W y  suspeoted. 

dlethod of Determination. 

The relative personal equation of the observers has always been determined by the observation of 
divided transits ', in which both observers use the same telescope, one taking the transit of a star over 

the first ten wires, and the other completing the observation of the same star over the last ten wires, 
whence, by reduction to the central wire, s value of personal equation is s t  once obtained. This method 
repeated with numerous stars-the observers alternating their order of observation-affords an excellent 
value of their relative personal equation. It was carried out as frequently as possible during the work 
of each season, being put in practice on nine nights in season 1875-76, on seven nights in 1876.77, and 
on thirteen nights in 1880-81. 
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Becognition of two Distinct Equations according to the Dit*ection of M o t h  of the Object Obeerved. 

At first the result directly obtained was accepted, and applied to all star observations, but as the 
reductions of 1875-76 were being completed, a rouoh method of observing absolute personal equation by P 
means of the chronograph was tried, which gave m e  to the suspicion that two distinct equations existed, 
according aa the motion of the object observed was from right to left, or vice v e d .   his waa s matter 
of importance because the observer sits facing north, or south, according as the star under observation 
is north, or south, of the zenith, and the construction of the eye-piece invariably wed was such, that 
the apparent motion was from east to west, and therefore from right to left for stars of north aspect, 
and left to right for those of south aspect. The term 'aspect' is introduced to indicate the direction 
of the observer's face, and therefore that of the star's motion, and it does not necessarily agree always 
with the position of the star with reference to the zenith, because evidently a star very near the zenith 
may be equally conveniently observed with either aspeot. Tile suspicion so aroused was fully verified on 
examination of the divided transit observations, a re-discussion of which, with the stars arranged in 
groups on opposite sides of the zenith, afforded two distinct equations, the figures being ohlo for 
north stars, and 0-04 for soutll stars. The application of these distinct equations to the obsei*vations, 
instead of the general equation originally adopted, improved the accordance of the final results in a 
marked degree. 

This point was not lost siglrt of in the work of following seasons, and several precautions were 
introduced to give it full effect. When observing divided transits for personal equation, care was taken 
to keep the results by north and south stars perfectly distinct. During ordinary transits for difference 
of longitude, the observers noted the aspect under which each star was observed (otlrerwise doubtful in 
the case of zenith stars) as a guide in combining the results. Certain stars close to the zenith were al- 
ways taken under both aspects, the observer recording the fist ten wires in one position, and the last ten 
in the opposite, the object being twofold : viz. (1) to determine tlre absolute equation of a c l l  observer 
for north, as compared with south, stars-known as his 'N-S equation'-whereby his observations of the 
two groups might be made comparable; and (2) to ensure the observation of every star under the same 
aspect at both stations, where tlie difference of latitude is small. I n  order fully to secure complimce 
with the latter condition i t  becomes necessary to avoid using any stars within certain limits of d e c k -  
tion, whenever the latitudes of the two stations of observation differ by more than 3" or 4 O ;  for suppodng 
the stations to be mO apart in latitude, and lb" to be the limit (which may be considered as about 2") 
d t h i n  wlrich each observer can conveniently observe a star with a false aspect-i.e. as north when it is 
really south of the zenith, and vice versd-there will be a zone of mO-2 no of declination within which 
no  stars can be used. 

Accepting the fact that two relative personal equations exist, depending on the direction of the 
stars' apparent motions, no star observations can properly be combined-for the deduction of difference 
of longitude-which are not taken by both observers under the same aspect, zl~tless the absolute N-8 
equations of the observers for their own observations of north rand south stars are known, in which case 
one, or other, of these can be applied so as to make two observations on different aspects suitable for 
such combination. 
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I*.ueme of Difelremes betweeta the two T ~ a m ' t  Telescopes. 

The system of divided transits was somewhat imperfect owing to the difference between the 
Bohnenberger eye-pieces of the two transit telescopes, which were always used for star observations-one 
of these as already mentioned (vide page 2) being much inferior to the other-which led to the deduction 
of personal equation from observations taken by one of the observers under different conditions to 
those he was accustomed to in ordinary work. This was guarded against as far as possible by using both 
telescopes equally in taking divided transits, and adopting the mean of their results. There is another 
drawback to the system in the difficulty of carrying i t  out in case of a material difference of eye-sight 
between the two observers, as there is no time to change the focus of the eye-piece during the observa- 
tion of each star. Captains Campbell and Heaviside were fortunately able to work with the same focus. 

Both these defects were partially remedied in 1877-78, in the Mathematical Instrument Depart- 
ment, Calcutta, under Captain Campbell's supervision, the first by making a second eye-piece more 
nearly equal in power to the better of the original pair; and the second by providing a series of 
spectacle lenses sliding in front of the eye-piece, to allow of observation by eyes of widely different f d  
length without changing the adjustment of the eye-piece. With these improvements the method of 
divided transits may be looked upon as perfectly trustworthy, for the determination of relative personal 
equation at  any particular time, but 'the constancy of this equation remains a question for consideration. 

Probable Incomtancy of the Eqzcatwn. 

The numerous determinations of the relative personal equations made during 1875-6-7 showed 
that it varied from time to time, and the results obtained from the reduction of the longitude observa- 
tions led to uneasiness lest its changes might sometimes be sudden and of considerable magnitude. For 
instanoe, when it was found that the subordinate mean values of the same arc, obtained on several 
nights, differed by larger quantities than had been anticipated (vide page 31) changes of personal equa- 
tion appeared to offer the most plausible explanation. An instrument for the easy determination of 
absolute personal equation seemed therefore a great desideratum, and it was hoped that the idiometers, 
which were introduced in 1880-81, and will be described in Section 9 of this Chapter, would supply this 
want. The idiometers were as a rule used nightly throughout the season by both observers, and the 
results obtained afforded the strongest evidence-if not actual proof-that the personal equations of the 
observers were not liable to variations of such magnitude as had been feared might possibly occur. 

Personat Equation its transcriJing the Chronographic Recorde. 

The chronographic record is transcribed-that is, converted into a numerical record-with the aid of 
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rs glass scale of diverging lines, by which the position of a star's transit-signal between two second-signals 
of the clock can be measured in tenths of a second, while hundredths may be readily estimated by eye. I t  
is evident that there is some 'room for the effect of a personal equation in this operation, which waa 
g w d e d  against throughout the measurements contained in Part I of this volume-with one exception- 
by the records of both stations being always transcribed by the same person, so as to eliminate any 
constant equation of reading. The single exception was the arc Vizagapatam-Madras, in which case 
each observer transcribed his own chronographic record, and an equation was subsequently applied, the 
value of which was obtained by comparing the mean results of a quantity of transcription of the same 
record by both observers. 

Deacriptwth of the Idwnwter. 

The Idiometer is shown in Plate IV. 
I t  was constructed in the Government Mathematical Instrument Department, Calcutta, under the 

supervision of Mr. Boltop, Mathematical Instrument Maker. 
The general arrangement is that of a movable frame, A, passing in front of a fixed imitation star, 

and carrying vertical threads to represent the wires of the transit telescope; with a simple clock work, E , 
to  afford the requisite motion. A small observing telescope, B, is mounted on a pivot, and attached to the 
frame A so as to follow its movements, and thus the appearance of fixed wires and moving star is satis- 
factorily obtained. The instrument is used in connection with the chronograph, and two signals are 
recorded thereon as each wire passes the star, one by the observer, and the other automatically by the 
instrument, as will be explained. 

The details are as follows :- 
A light iron foundation-frame carries,- 

(1) A vertical brass plate, C, called the ' star-frame.' 

(2) The erecting eye-piece of a terrestrial telescope, with illuminating lamp, D, behind 
the star-frame. The eye-piece cannot be seen in Plate IV, being hidden by the 
star-frame. 

(3) I n  front of the star-frame, and close to it but sunk below its level, a small driving 
clock, E; again a t  about 24 inches in front of the star-frame is the axis, F ,  on 
which the observing telescope revolves. 

The foundation-frame rests on a firm wooden trestle, which is fitted with arms and pulleys for the 
driving weights of the clock-work. 

To the front face of the star-frame three rollers, R, R, R, revolving in a vertical plane, are fixed ; 
two near the extremities of its lower edge, and one midway between these, about 6 inches above them. 
The last roller is carried on a hinged arm, and fitted with an adjustment, G, for altering its level. The 
frame, A, carrying the wires, called the ' wire-frame ', runs on the two lower rollers, and is held in posi- 
tion by the upper, under a pressure which can be regulated by G. Along the lower edge of A is a series 
of teeth, which connect i t  with the driving wheels of the clock-work. A projecting bracket joined to a 
light rod, H, (which can be disconnected if desired) connects the wire-frame with the observing telescope. 
The wires are fifteen in number, arranged in three groups of five. They are made of silk thread and let 
into shallow nicks at the back of the frame, so as slightly to project above its surface. The whole wire- 
frame is capable of being reversed end for end if desired. 

I n  the centre of the star-frame a hole is cut, and in front of it is fixed the ' star-plate', L, a thin 
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plate of whitish metal with a minute star hole in its centre. The size of L is sufficient to occupy 
the whole field of the telescope, and its face has a dull half polished surface. The parts are so ad- 
justed that, as the wire-frame passes in front of the star-frame, the wires just clear the star-plate. 

Two cylindrical plungers of steel are nicely fitted in cylindrical sockets attached to blocks of 
ebonite, and the latter are affixed to the back of the star-frame, with provision for slight lateral move- 
ment intended to allow of tlie adjustment of the plungers in the vertical line passing through the star 
hole. Holes are cut in the star-frame to allow the plungers to pass through until they come into 
contact with those portions of the wire-frame, which are crossed at  intervals by the silk wires in their 
nicks, and the plungers are lightly pressed against the surface of the metal by means of spiral springe. 
The ends of the plungers are filed so as to form an obtuse V, the apex line being vertical, and the corners 
are rounded off to obviate the chance of cutting the silk wires as these pass under the plungers. As only 
one of the plungers is intenaed for use at  the same time, each is provided with a movement by which it 
can be readily drawn back in its socket, so as to be clear of the wire-frame. 

By means of the erecting eye-pieco, the rays from the illuminating lamp, D, are focussed on the 
star hole, which is practically in the same plane as the wires, or if this is found not to be the case the 
light may readily be focussed on one of the mires. Tlie necessary adjustments are provided for this 
purpose. A level bubble is provided for levelling the instrument in tlie line of the wire-frame's motion. 

It has been mentioned above, that the observing telescope is mounted on an axis, and attached by 
the arm H to the 'wixe-frame so as to follow its movements, but a quick motion tangent-screw, N, is 
added, by which it can be turned rapidly round its axis, and directed to any part of the wire system. 
Thus, while the star is constantly passing out of the field of view owing to the clock movement, i t  can 
Be quickly l~rought back to any part of the field by the tangent-screw. This completes a very exact 
imitation of tlie details of observing a transit with one of the transit telescopes, wl~en i t  is necessary 
constantly to move the eye-piece across the transit wires-by a rapid screw motion provided for the 
purpose-in order to keep tlie star near the middle of the field. Tlle star is always at  the same distance 
from the telescope, therefore no change of focus is necessary. The telescope is provided with a prism, 
which can be placed in front of the eye-piece, or removed at  pleasure. The effect of the prism is to 
reflect the rays at  right angles, and to reverse the apparent direction of motion of the imitation star. 
When using the prism the observer must sit on one side of the telescope. It should be noted that a 
prism has been previously used in a similar manner, with an American instrument designed for the mea- 
surement of personal equation. Between the telescope and the wire-frame there is a stand for a lamp, 
which throws a subdued light through a ground-glass screen upon the wires, to imitate the illumination 
of the wires of a telescope. 

Connecting the clock-work and the wire-frame is an appliance for reversing the motion of the 
latter without interfering with that of the clock. (1) A toothed wheel, P, gears with the teeth along 
the lower edge of the wire-frame. (2) between P and the clock-work below it are two similar toothed 
wheels S, S, so mounted as to be movable bodily round a centre by means of the lever, W. Both the 
wheels S, S, always run in gear with a toothed wheel of the clock-work, but by moving the lever W 
either one of them can be put also in gear i i t h  the wheel P, while the other runs free, and it is evident 
that the wire-frame A will move in opposite directions according to which of the wheels S, S, connects 
it with the clock-work. The lever w can be so placed as to disconnect both of the wheels S, S, from 
P, when the wire-frame can be moved by hand, and placed wherever desired. The rate of motion given 
to the wire-frame is capable of considerable alteration by varying the weights, of wliich there are two, 
aiz., Q, the driving weight, and T, a small weight to keep the cord stretched by which Q can be drawn 
up after running down. 

Lastly, the instrument is connected with the chronograph by two wires (with a battery in circuit) 
one of which is attached to the star-frame, and the other to the plunger in use, mhich is insulated 
from the star-frame by the block of ebonite on which it is mounted, and thus there is no complete 
metallic circuit unless the plunger touches the metal of the wire-frame, rtnd as the latter travels along, 
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the wires suooessively paw under the 'plunger, each cauaing a break ~f circuit, and a correbponding signal 
on the chronograph. The observer at the same time record0 on the ohronograph with the other pen the 
apparent transit of each wire across the star, by a key held in his hand. The value of the observer's equa- 
tion is then arrived at by comparing the distance on the chronographic sheet between the two signals 
thus recorded, with the known distance between the two pens, and combining the diffeimm found with 
the linear value of a second of time on the sheet. A switch, V, is provided for changing the connection 
from one plunger to the other. The wires for effecting the connections with the chronograph are not 
shown in Plate IV. 

The chief instrumental error to be guarded a&nat is that which would arise from the apex of the 
plunger in use not being placed vertically over the star-the wires being supposed to be vertical- 
and this error is amcelled by revereing the motion of the wire-frame. Let N and 8 be an observer's 
absolute equation8 for stara of north and south aspect, or in other words, for stars traversing the field with 
apparent motions from right to left, and from left to right, respectively; then the instrument affords 
the means of meaeuring theee for the artificial star in the following ways :- 

(1) N-with plain eye-piece with right to left motion of wire- 

8-with prism ,, frame, and therefore subject to 
the e m  instrumental error8. 

(2) N-with prism eye-piece 

, 

wit11 left to right motion of wire- 

8-with plain ,, - frame, and therefore subject to 
the eanae inatrwnenta2 m a .  

and by combining (1) and (2), N rand 8 can each be obtained cancelling instrumental errors. A11 the above 
can be obtained in four different ways-for there are two plungers, only one of which is used at a time, 
and the wire-frame can be reversed end for end-and thus the facilities for eliminating instrumental 
errors are very great. 

The idiometers worked generally very smoothly and satisfactorily during the season 1880-81-e~- 
cept in the case of the one with Colonel Campbell, the driving clock of which broke down on 21st March 
entailing its despatch for repairs to Calcutta, whence it was not received again until after the close of 
the observations, at Agra-but the experience gained indicated some weak points in their design, steps 
for the correction of which were taken immediately after the close of the season's observations. 

The chief of these was the use of the silk wires under the plungers, in order to break the electrio 
circuit, and generate a eignal on the chronograph. Several objections showed themselves : (1) the silk was 
liable to wear out; (2) its position, though sunk in a, nick in the brass wireframe, was not stable enough 
to prevent slight movement under the plunger; (3) the plunger collected dust in travelling across the 
surface of the wire-frame, which was deposited in front of the silk threads, where it gradually accumulated, 
and formed a non-conducting substance which sufficed to break the metallic circuit, musing the signal to 
be made before the arrival of the plunger at the thread itself, i.e., before the transit of the star across 
the wire ; (4) the projection of the threads above the surface of the wire-frame, and their instability, made 
it very difficult to clean the plate when desired without disturbing the threads, and this waa a great de- 
fect, because the cleanness of the plate is a most essential point, for if the eligh test speck of dust comes 
under the plunger, it may d c e  to break the circuit and record a false signal. 

I n  order to remove these objections, Colonel Campbell substituted thin bars of ebonite, as circuit- 
breakers, instead of the silk threads. The latter are still used as before to represent the transit 
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wires, but they are not extended across the plates of the wire-frame in nicks m was formerly the case, 
their place being taken by the ebonite bars in prolongation of the Lines of the silk threads. The 
advantages gained by the use of ebonite bars are several : (1) they are firmly fixed and flush with the 
surface of the brass plate, so that there is no difficulty in cleaning the surface of both ; (2) they will 
not wear out ;. (3) a different form of plunger is used, terminating in a h e  point, just blunt enough 
to avoid scratching the metal, or ebonite. This greatly facilitates the adjustment of the plunger ver- 
tically over the star, because the position of a point only has to be attended to, instead of the verti- 
cality-as well as position-of a line, as was the case with the apex line of the V-shaped plunger used with 
the silk threads ; (4) the silk threads are fastened at  the edges of the frame, and their renewal in case 
of accidental breakage will be much easier than before; (6) with the ebonite the breaks of circuit 
are considerably shorter than with the silk threads ; (6) these breaks should be also more uniform 
in duration, because of the absence of the dust accumulation referred to above; and because of the 
lasting powers of the ebonite as compared with the silk, for when it became neceaaary to renew a 
silk thread, it was impossible to calculate on getting one of exactly the same thickness as the old one, 
a point which directly affected the duration of the break, and therefore the instant of its beginning, 
which affords the signal to be read off the chronograph; and (7) when the plungers pass over a con- 
tinuous smooth surface, the rate of the instrument must be more constant than was the case when 
each silk thread presented a slight obstacle to be overcome. 

It must, however be borne in mind that no degree of perfection in the idiometer itself will certainly 
ensure the desired end, because, from the way in which it is used in oombination with the chronograph, 
the results obtained depend on the constancy of the rate of the latter instrument. It may be added, that 
the degree of accuracy aimed at  is a very high one, for the one hundredth part of a second of time is an 
appreciable quantity, when compared with the magnitude of the equations which it is desired to mea- 
sure, and i t  need hardly be remarked that great rehement is required to deal certainly with such small 
quantities. 

Final Bemark8. 

During the season of 1880-81, three determinations of the relative personal equations between 
the two observers were obtained from star observations (vide Tables XXVI, and XXVI'I, pages 165-168) 
and therefore the absolute equations arrived at  by means of the idiometers were not necessary, and could 
be dispensed with when reducing the longitude observations. But both sets of equations-ztiz., those 
depending on star, and idiometer observations, respectively-being available, the question arose as to 
their employment. 

The idiometers having been in use for only one season, it was oonsidered that some further expe- 
rience was required, before the results obtained from them could be looked upon with tho same confi- 
dence as tliose depending on actual star observations, and the latter have therefore been solely used in 
reducing tlre observations of 1880-81. 

The idiometer results are, however, given in the Appendix at the end of the tabular matter of 
Part I, in order that the reader may form his own opinion as to the reliance that may be placed upon 
them, and the prudence of using such instruments either in combination with, or in supersession of, star - observations for the determimtion of personal equation. 



CHAPTER VI. 

DETAILED DEEICRIPTION OF THE METHODS OF OBSERVING AND REDUCING THE 
, RESULTS, WI!l!H FULL EXPLANATIONS OF THE TABLES. 

Introductory. 
1 

The methods employed in reducing the observations will now be explained in detail, with particu- 
lars regarding the system of observing, whenever these seem called for, and full explanations of the 
tables containing the results of the observations, and their reductions. 

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

Teleecope Micrometer. The determination of c o l h t i o n  and level errors being made by means 
of the telescope micrometer, the value of its screw was required, and this was obtained from the known 
intervals between the wires, in two ways: (1) by bringing the movable wires successively into coinci- 
dence with the single vertical wire, which is fixed independently of the micrometer slide ; and (2) by 
using the mercury trough, and observing the coincidence of a certain wire, first with its own reflection, 
and then with that of other wires. Under both these methods, the known intervals being observed in 
terms of the micrometer head afforded the value of its revolution, which was practically identical in the 
two instruments. 

Collimator Mk~*ontete~*. Owing to the system of observing for collimation error, which will 
be described below, tlre value of the micrometer screw of the collimator was required in terms of the 
telescope micrometer, and this was readily obtained by directing the transit telescope on the collima- 
tor, and measuring with the collimator micrometer the known intervals bet\veen the wires of the 
telescope; or by measuring the distance between the two vertical wires of the collimator, first by means 
of its own micrometer, and then by that of the telescope. 

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

The collimation of the telescope was always tested in the usual way, by reference to a pair of colli- 
mators approximately horizontal, but as some of the details practised may possess a certain amount of 
novelty they will be here described. 

It was considered a great object to make all observations entering into the process of a similar 
nature ; viz., the intersection of ct pair of crossed wires by a vertical wire, and the means of doing this were 
afforded by the construction of the collimators. One collimator, (N), always placed to the north of the 
transit telescope, is provided with a fixed pair of crossed mires, while the other, (a), placed to the south, 
possesses s similar fixed cross, and also two vertical wires movable by a micrometer. The cross of (N) was 
always placed as nearly as possible in the meridian, and that of (S) slightly to one side, so that the observer 
looking through (8) should see the two crosses separated by a convenient distance, (A), which he measured by 
the micrometer of (8). Proceeding to the transit telescope he then observed the cross wires of (N) and (Sf 
on the central transit wire, obtaining a mean micrometer reading of each. The reading of (8) so found, 
corrected by (A) converted in terms of the telescope micrometer, affords the wading of a supposititious 
point exactly opposite the cross of (N) collimator, which latter reading being combined with the observed 
reading of (N), the mean of the two gives the reading of the telescope micrometer when the central transit 
wire is exactly collimated. This last reading was named 0,. No attempt was ever made to observe star 
transits with the micrometer set a t  O,, in order to avoid the necessity of a collimation correction, but a 



EXPLANATION OF THE TABLES. 41 

oonvenient mnnd number--called Cs-was always adopted, and generally used throughout the observa- 
tions at  a station. It is thus evident that the collimation error of the central transit wire at  any time 
was the difference between C, and CB, which difference is called c,, the sign given being plus, or 
minus, according as the position Cg caused the transit of a star earlier, or later, than would have been the 
oase if the position had been Coy so that c, becomes a correction as regards the effect on star transits. 
Tlie motion of the miorometer icrew of each transit telescope is such, that when the telescope is I.P.B. 
the micrometer readings increase or decrease, as the wires are moved eastward or westward, respectively, 
and the reverse obtains when the telescope is I.P. W. Now considering that if a wire is too far west, 
the image of a star will transit over i t  too soon, it is apparent that the formulaj for the positions I.P.E. 
and I.P. W. must be c1 = C, - C,, and c, = 0,- Coy respectively. 

At least one determination of collimation error was made every night, and the value of c, obtained 
is the correction-constant for collimation for the night, by which the collimation correction for each star 
observed must be computed. I n  making these observations several readings of the collimators were 
taken by the telescope, and tlie precaution was followed of causing the telescope to oscillate-or 
wholly revolve-after each reading, varying the direction of its rotation. 

Diummt Aberration. 

The effect of the d i d  aberration on the time of a star's transit was not lost sight of, although 
for all the arcs measured--or indeed for any ever likely to be measured-that effect is inappreciable when 
the observations taken a t  both stations are combined. The correction for diurnal aberration is a con- 
stant quantity for each station, which, like that for collimation, must be multiplied by the secant of each 
star's declination to obtain the correction in time for that star's observed transit, hence the two correc- 
tions may be combined. The correction used for aberration was - oho2o7 x the cosine of the latitude, 
and this, converted into terms of the micrometer and applied to c,, gave c, which was used as the correc- 
tion-constant for collimation and aberration combined for each night. 

During season 1875-76, the quantity c, was used as resulting from each night's observrrtions, but 
in 1876-77 it was considered that the change of the line of collimation, while the telescope remained 
in one position, was probably less than the error of observation of one night, and therefore the plan was 
adopted of deducing c, from the mean of all values of C, observed in each position. This method 
was also followed in reducing the observations of 1880-81. The use of a mean value of c, involved the 
necessity of using the same value of Cs during the corresponding observations, and in the rare cases 
when C, was altered by mistake, a special correction-constant for collimation became necessary. These 
points will be found clearly indicated in Fable I. 

Determination of Zevet Error. 

The dislevelment of the instrument was always obtained by tho use of a mercury trough. Sup- 
posing the telescope to be perfectly levelled, then if the central wire be collimated, it will exactly coincide 
with its reflection from the mercury when the telescope is directed towards the nadir; and if the level- 
ling be disturbed by a certain angular quantity, the wire must be moved by the micrometer through a 
apace representing the same angle, in order to regain coincidence with its reflection. This coincidence 
~ 8 9  always observed several times, and the mean micrometer reading being called M, it is evident that 
the dislevelment is the difference between M and C, (the reading of no oollimation error) which difference 



is called b, and is the level correction-constant, for combination with the constant for each etar to 
correct the time of t d t  for dislevelment. The sign of b is governed by the same considerations as 
those which apply to c, as already explained, so that the formulae are ; b = 0,-M, and b = M-C,, 
for the positions I.P.E., and I.P. W., respectively. As a rule two determinations of dislevelment were 
made each night, and their mean used to obtain b for all the star observations of the same night; but 
occasionally three values of b were obtained, in which case the means of the f i s t  and second, and second 
and third, were used for the stars observed during the corresponding intervals. This fact is pointed out 
in Table I by a remark, specl$ing the group of transits taken with east, or west, clock. It may be re- 

' marked, that no reading of the mercury trough for determination of dislevelment is of any value 
without a corresponding determination of collimation error, unless the line of collimation may be 
looked upon as practically constant-4.e. constant within the limits of observation error. It has already 
been noted that the assumption of such constancy was considered justifiable, and therefore it was not 
deemed necessary to determine the collimation and level errors very closely at the same time. 

An abstract of all collimation and level determinations for seasons 1875-76-77 is given in Tdte I, 
the arrangement of which will be readily followed with the help of the foregoing explanation, while to 
facilitate reference, a recapitulatory explanation of the symbols employed is given immediately preceding 
the table. 

Detmiaatiolt of Dmdath ,  or Error in Azimuth. - 

I n  order to determine the azimuthal error of the transit telescope, or its 'deviation ', two well- 
known circum-polar stars were always observed when possible, one at  its upper, and the other at  its lower 
culmination. I n  the low latitudes of Southern India, however, such observations were often lost owing 
to clouds near the horizon when the rest of the sky was clear, and on these occasions the best alternative 
method of obtaining the deviation error, was by combining the observed times of transits of two stars of 
large north and south declination respective1 y. But well-known stars sufficiently far south to have a 
rate of movement suitable for the purpose, besides being comparatively rare, were unfortunately nearly as 
liable to be obscured by clouds as the polar stars, which led to the introduction of a system of observing 
what were called ' comparative-azimuth stars '. 

Certain stars of from 8" to 15" North Polar Distance were selected for observation every night, 
merely with reference to the convenience of their times of transit-as fitting in with other observations- 
without regard to any special knowledge of their places in right ascension, or declination. These stars 
were named ' comparative-azimuth stars ', and observations of them were combined with those of well 
fixed circum-polar (or other) stan, in a way which will now be described. Although no special knowledge 
was required of their places, these were always known with sufficient accuracy to admit of their daily change 
in right ascension being computed by Bessel's Independent Quantities. When the observed times of 
transit of such a star on consecutive nights, are corrected for change in right ascension, and also for 
clock-rate-being of course also reduced for collimation and level errors-a comparison of the differ- 
ences of the reduced times interee will afford excellent indications of the changes in azimuthal adjustment 
from night to night, although giving no clue to the absolute deviation error. If therefore such nightly 
variations can be determined for a aet of observations, while the absolute deviation is obtained on any one 
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night, it ia evident that the deviation may be deduced for each night. This system was introduced during 
the middle of the second measurement (Bellary-Bombay) of 1876-76, and regularly continued afterwards. 
The observation of standard circum-polar stars in pairs was by no means neglected, being continued 
nightly whenever possible, but the comparative-azimuth stars were found a great comfort whenever the 
weather was at  all cloudy, and sometimes saved the observations of a night which mould otherwise have been 
lost owing to the want of a deviation correction. During the season of 1880-81, the field of operations 
being in a generally higher latitude than in former seasons, it was more easy to observe circum-polar stars, 
and two pairs of these were usually obtained. 

The method of oombining the observations of comparative-azimuth stars, with those made to well 
fixed stars, will be best followed if given with the explanation of the several tables in which the results 
are abstracted and reduced. 

Explanation of Table II-" Deduction of Deviation Correction,* from Star Obeervatwne." 

Thie table contains only the determinations of absolute deviation correction from observations of 
circum-polar, and other well fixed stars. When a star is entered as a number, with the letters R.P.L., the 
reference is to the Radcliffe Polar List. The first eight c o l h n s  require no explanation, beyond a remark 
that the same clock was always used for both stars of a pair, except on rare occasions when one of them 
being obsened in the middle of a set of transits in the course of being recorded with the time transmitted 
from the distant clock, it was most convenient to use that clock for the azimuth staJl also, although 
its companion star had Been observed with the local clock. The clock used is noted by the letter in the 
column headed "Clock in use", and when both clocks are used for one pair of stars, the observed time by the 
distant clock is entered in braokets, in column 10, with the corresponding local time below it, the latter 
being deduced by means of the clock comparisons which were always made. This occurred at  Madras 
on 1st April 1876 (vide page I I) and on other occasions. When both stars of a pair are observed with the 
distant clock no such conversion is required. The quantity A, in the ninth column, is the azimuth- 
co~mtant for each star, equal to, m. sin [. sec L w h e r e  [ stands for zenith distance, positive when south 
and negative when north, 6 for declination, and m is a constant numerical factor required to convert divisions 
of the telescope micrometer into seconds of time : rn will be referred to again. This formula gives the 
sign proper to A under all circumstances, if the declination of a lower culmination is considered the 
supplement of the actual declination. 

The sc Observed Time of Transit ", in the tenth column, is the mean of the times observed on all 
wires after the reduction of each to the central wire. The "Corrections for Collimation and Lavel", 
columns 11 and 12, are those obtained by multiplying the corresponding correction-constants given in 
Table I, by the proper constants for each star; viz., m. sec 6 for collimation, and +n. cos (I. sec 6 for level, 
the symbols being as above. The stars in Table II being all well known, it was not thought necessary 
to enter their declinations, but the approximate latitudes of the stations are given in order to facilitate 
the  re-computation of the corrections if required. The factor m was introduced because the collimation 
and level corrections were originally obtained in terms of the micrometer, and it was more convenient to 
retain that denomination-and employ it for the deviation correction dso-than to convert into seconds 
directly. The values of the telescope micrometers, as determined by observation from time to time, varied 
so slightly that the mean value, I div. = 0 ~ 0 2 2 ~  (equatorial) has always been used for both instruments, 
therefore m = 0-0225. Column 13 contains the correction for pen equation, Q, required to reduoe the 
observer's record on the chronograph to that made by the clock ; it was daily obtained by observation 
- - 

* In the heading of TrdL II the word Error" wan Psed by an orenight hutbad of " Oorreotion ". 



as explained elsewhere, (Chapter IVY Section 11). The "Correction for Clock Rate ", column 14, 
is required for the interval between the transits of the two stars forming a pair; it was always applied 
to the later observation, and the intsrvd was so small that a very accurate knowledge of the rate was 
not necessary. The %teenth column, headed " Seconds of Corrected Time of Transit ", contains merely 
the sum of the five preceding quantities, the seconds only being entered. The " Right Ascension", in 
column 16, was computed from the Nautical Almanac in the case of stars taken from there, and by 
Bessel's Independent Quantities for other stars. I n  the latter case the term involving the longitude of 
the moon was not lost sight of, but i t  was never used in the reduction of right ascension, as its effect on 
the stars employed was found to be inappreciable. When a lower culmination was observed, the com- 
puted Right Ascension a t  the time of observation, increased by twelve hours, was entered. 

The '( Apparent Clock Corrections ", in column 17-being the difference between the two preceding 
columns-afford the means of computing the deviation correction a,, as follows. Let AT be the true 
clock correction, while A t  and At, are respectively those obtained by the upper and lower culminating 
stars of a pair; then we have the two equations, AT = A t  - A a,, and AT = At, - A, a, (where A, A, 
are the values of the azimuth-constant for the two stars respectively) by combining wliich AT is elimi, 
nated, and there remains one equation from which a,--expressed in terms of micrometer divisions-is 
deduced, and entered in the next column. The sign of a, is positive, or negative, according as the plane 
of rotation of the telescope cuts the horizon to the west, or east, of the north point, and thus the quantity 
Aa, affords the correction for deviation to be applied to the time of transit of any star, for which A is 
computed by the formula given above. The last column contains the weight assigned to a, according 
to a system which will be explained hereafter. 

Explmation of Table III-" Reduction of Comparative-Azimuth Star Obeervatwne." 

The first two columns in Table 111 show the arc, and the stations of observation, with their 
approximate latitudes. I n  the third column the number of the star in the British Association Catalogue 
is given, with its approximate declination and right ascension, and its azimuth-constant, A. The next 
eight columns require no explanation in addition to what has been given for Table II. I n  column 12 
corrections are entered for clock-rate in order to reduce all subsequent observed times to that of the first 
day of observation. Column 13  contains a similar correction for change in the Right Ascension of tile 
star in use, which was computed by means of Bessel's Independent -Quantities. Thus column 14, headed 

Reduced Observation, daily ", contains reduced times-the sums of the quantities in the six preceding 
columns-which are freed from all known causes of variation excepting changes in the azimutlial 
adjustment. The mean of these last quantities for all days is next entered for each star, and in column 16, 
under head Bee, me given the differences obtained by subtracting each daily reduced observation from the 
mean of all. These last quantities when divided by A-the azimuth-constant of the star--afford a,, 
which ~epresents (in terms of the telescope micrometer) the deviation correction for one night, minus the 
mean of such corrections for all nights. The weight of %, in column 18, was assigned on a system 
which will be explained hereafter. 

I n  tlle next four columns are entered: (1) the absolute deviation correction found in Table II 
for each day on which the'star being treated was observed ; (2) the mean of these corrections for all such 
days; (3) &,, the difference of the last two columns ; and (4) the weight of h, which will be referred to 
again. The quantities Sa, are obtained by subtracting the mean, from each value, of a,, and represent 
exactly the same thing as those called a,, the former being deduced from one set of star observations, 
and the latter from another. The last operation is to combine 6a,, and a, according to their weights, 
and add the results for each day to the mean a,. Thia is carried out in the last column, where the 
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quantities therefore represent the daily value of deviation correction, deduced from the observations of 
well-known stare, combined with those of comparative-azimuth stars. It is to be noted that when there is 
no quantity a,, or value of absolute deviation correction, on a day when a comparative-azimuth star was 

. observed, the reduced observation of the latter for that day must not be used in taking out the mean in 
column 16, a fact which is always pointed out in a foot-note. If tbh were pot attended to, the mean 
position of the telescope as indicated by comparative-azimuth stara, would be compared with that de- 
duced from circum-polar stars for a different period. The clock-rates employed in this table for reducing 
the comparative-azimuth star observations to that of the first day, were obtained from the observations 
of stars near the zenith on successive days, corrected by the value of deviation correction aa deduced 
from fixed stars alone. 

February lst, 1877, was cloudy at  Vizagapatam, and 61 Cephei was the only star observed for 
azimuth, and the observation obtained wm therefore treated somewhat as that of a comparative-azimuth 
star, and compared with a similar one of the day before to obtain the change in azimuth, see Table 111 
page 22 ,  where the change of azimuth between January 31 and February 1, is computed, and entered 
under as as - 6d.4*. The operation cannot be carried out further in this Table because of the absence 
of a value of a, for that day, but it is completed and explained in a foot-note in Table I P .  

BxpZamtiott of Tabk IT-" Deduction of U the .Final Value of Deviation Correctwnt." 

I n  this table are abstracted the results obtained in Tcable 111 for each comparative-azimuth star 
observed, the mean of which, combined aocording to their weights, affords the final value of deviation 
oorrection for the day, which is called a. During the measurement of the arc Bolarum-Bombay, and 
the first part of that of Bellary-Bombay, no comparative-azimuth stars were observed, and the quan- 
tities entered for a are those obtained direotly from known stars. 

Amigrament of the w&ht8 of B z k u t h  Obeemationa ia Tables II.aad III, 

The weights used in the reduction of azimuth obsewations were assigned in the following arbi- 
trary manner. During season 1876-76 a probable error of observation (9.e.) was assumed empirically 
for each star wed for azimuth determinations, ati follows. For close ciroum-polar stars observed in 

€ 
paire, 9.e .  = -; for all comparative-azimuth stars, except B.A.O. No. 4222, p.e. = & JG 

C 
etar B.A.O. No. 4222 (of !zoo N.P.D.) p.e. = & ; for a and 8 Ursm Majoris, q and I ArgQs, 

€ 
p.e. = & = ; and for dl atam within aoO of the zenith, p.e. = & = : n being the number of wires 

d; 4% 
observed. On this hypothesis the probable error of a determination of deviation correction by a pair of 

* Thin quantity ir emmeody printed + 6d'4 in Talk IIL 
t In the h d i q  of lhbk IV, the word "Error " w u  w d  by an oversight instead of Correction ". 
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circum-polar (or other well-known) stars wlts computed. Thus for a value deduced from observations of 

8 Ursaa Minoris on three wires, and 61 Cephei on five wires, the p.e. was f 11/1+> similarly the 
3 

E 
probable error of an observation of a comparative-azimuth star on nine wires, finally reduced, was =t 

I t  may be remarked that the symbol E here used, is an adopted mean probable error of observation of a star 
over one wire, expressed in time. This error increases in proportion as the N.P.D. (and therefore the rate of 
motion) of the star decreases, but its effect on azimuth observations decreases in a more rapid ratio, and it was 
considered that the latter effect would be approximately represented by using the same quantity E for all 
stars, while varying the denominator of the fraction expressing probable error inversely as the rate of motion 
of the star. As these probable errors were only required in order to compute combination weights for the 
several observations, no value of E was necessary, and it remains therefore a mere symbol. 

From the probable errors so arrived at a weight was found for each observed value of a,, and also for 
the finally reduced observation of each comparative'-azimuth star. No attempt was made to deduce from 
these (avowedly empirical) figures the resulting theoretical weights of 6a, and a,, but these compound quan- 
tities were combined with the weights belonging to the corresponding observations for the day ; i.e. the 
weight of a, was assigned to 6a1, and the weight of the comparative-star observation to a,. Lastly, in com- 
bining the results arrived at  in Table 111 to obtain the final value of a-which is done in Z'able IP- 
'the results by the different stars were used with the weights of the corresponding values of a,. 

It  was afterwards concluded that this system had the fault of assigning too high a weight to the 
comparative-azimuth stars, which led to the endeavour to improve it during the next season's operations, 
vb.,  those of 1876.77, in the following manner. 

The actual probable error of an observation on one wire was approximately determined by experi- 
ment for each of the stars used in azimuth observations, which were arranged for the purpose in groups; then 
supposing these probable errors for two stars, observed above and below the pole, to be e, and el ; the num- 
ber of wire. observed to be n, n, ; and the azimuth-constants to be A, A, ; the value of deviation correction, 

,/- 
or a,, deduced from the pair has a probable error, E. = Ti+,, 

A - A, 

The comparative-azimuth stark were weighted on a different system. From the manner in wl~ich 
these stars are employed, the results are affected by errors in adopted clock-rate corrections, and changes 
in personal equation from day to day, which do not enter-or enter in a much smaller degree-into the 
observations of pairs of circum-polar (or other) stars as used for deducing a,, and it is therefore evident 
that probable errors deduced simply from the comparison of observations over individual wires reduced 
to the central wire, if assigned to comparative-azimuth stars, would give their results far higher weights 
than they deserve for combination with those obtained from circum-polar stars. 

The probable errors of an observation over one wire for different stars (which may be called gene- 
rally, e) may be properly used as measures of the comparative values to be given to the observations of 
stars over different numbers of wires, although no conclusion can be drawn from them as to the probable 
error of the deduced time of transit of a star-i.e., the mean time by all wires observed. Let the latter 
probable error be called E (generally). Then E includes the errors arising from inaccuracy in the colli- 
mation, level, and deviation corrections applied in the reduction of the obsewation, and also from variations 
in the personal equation of the observer, none of which it is evident affect the amount of e. The number o£ 
wires over which the star is observed must also of course affect the value of E-or in other words e is 
included in E-but in s degree insignificant in comparison with the uncertainty arising from the other 
sources mentioned. An approximate mean value of B, = f 0~x3, for all fast moving stars, ww obtained 
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from a disoussion of the results of the semon 1876-76. For the same class of stars the mean value of e 
was found to be about f oB.04, and as E waa' evaluated from transits of stars taken over an average of 

0"04 
at least twelve mires m h ,  the effect of e-say, f - 6 --on .the value of E so arrived at  may be consi- 

dered inappreciable. 
The finally reduced observations of comparative-azimuth stars, as employed, are affected by all the 

sources of error which affect the value of' E, except that due to uncertainty of deviation correction, for 
which reason an average probable error considerably smaller than E might fairly be assigned to each ; 
but on the other hand, if the probable error of the observed time of transit of a comparative-azimuth 
star were deduced directly from such' stars (which are slow moving stars) it would certainly somewhat 
exceed the value of E-viz., f obrrg-which was deduced from stars having a much faster rate of motion. 
Taking both these facts into consideration the probable error of the transit of a comparative-azimuth 
star was empirically aasumed at f 08.1z, and considered to represent the uncertainty affecting the 
observation of these stars as a class, not including the value of e peculiar to each. But as the value 
of e varies considerably among tl~ese stars, and as also the number of wires.on which they were observed 
greatly varied, i t  was thought desirable to take these facts into consideration, and therefore a compound 

ez 
probable error, E,, waa assigned to each finally reduced transit, where E, = f 2 / 0 ~ . 1 2 ~  +; , tz being the 

number of mires on which the star was observed. 
Having now an assumed value of probable error 23, (generally) for each reduced observation of a 

comparative-azimuth star, and E, (generally) for each observed deviation correction a,, theoretical 
probable errors were not computed for a, m d  &, but these were combined as before with the weights 
derived from the corresponding values of E, and E,. Lastly, in deducing the final value of a in 
Tacbte 17, the values arrived a t  in Tabte 111 were combined with the sum of the weights of a, and 
So,. By this method the weights assigned to comparative-azimuth stars are very much smaller, i n  pro- 
portion to those given to the results by circum-pdar stars, than waa the case in season 1875-76. 

An examination of tlie results of the system just explained, proves that the observations of com- 
parative-azimuth stars so treated afford excellent values of deviation correction, for there is a close 
general agreement between the values of a,, and the corresponding quantities 8a,. I t  has been already 
remarked, that the, use of such stars is a great comfort to an observer whenever the sky is not quite clear 
about the pole, because when he has obtained a good comparative-star observation he knows that his night's 
work is safe, as regards the deviation correction. For these reasons their systematio use is recommended, 
in low latitudes, whenever a referring mark is not available. On the other hand the reductions show, 
that when an absolute value of deviation correction has been obtained from a pair of well-known circum- 
polar stars, the use of comparative-azimuth star results to combine therewith is superfluous, and the 
labor of carrying out the combination is thrown away. 

The conclusion is, that while guarding against contingencies by the employment of comparative- 
azimuth stars when observing in low latitudes, the trouble of reducing the results should never be under- 
taken, except to deduce a value of deviation which cannot otherwise be satisfactorily obtained. 

Clock Cmparkons. 

The next four tables contain the results of the clock compmisons taken during 1875-76, so far as 
they are required in the subsequent reductions; a&., for the first arc Bolarum-Bombay only. These 
oomparisons were carried out on two systems, known as ' Comparison of Clocks by Longitude Signals', 
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and ' Direct Comparison of Clocks ', respectively, which will now be deicribed, the arrangement of the 
tables in which their results are embodied and reduced being at the same time expbined. 

Table 7.-" Comparison of Clock8 by -Longitude Siglzals." 

I n  the comparison of clocks by longitude signals a double key was used, which was constructed 
with a view to breaking two cirouits simultaneously, thus affording two synchronous signals. At the sta- 
tion transmitting signals for comparison the double key was connected : (1) with one of the pens of the 
local chronograph so as to record signals thereon, and (2) with the translating relay (see page 20, Section 
6) so as to transmit signals to the distant station ; while at  the same time the clock was connected to 
record local time by the other pen. The corresponding arrangement at the distant station, for receivikg 
the signals, was as follows. One pen was connected with the receiving relay, so as to record the 
signals received, while the other was in the circuit of the local clock and recorded local time. The 
observer at  the transmitting station then made a series of signals with his double key-generally twenty 
in number, at varying intervals so as to assist the recognition of individual signals in case of the failure 
of some of the series-which were recorded on both chronographs, and could therefore be read off in 
terms of each clock. gupposing the action of the double key to be perfectly synchronous, and the 
record of the two signals on the local and distant chronographs also to be simultaneous, each double sig- 
nal so recorded would afford an exact difference between the clock times at  a particular instant. The effect 
of any want of synchronism in the action of the double key was guarded against by exchanging the 
duties of its two members, and that of tlie retardation of the signal in reaching the distant station- 
generally spoken of as the 'retardation ' simply-was cancelled (so far as possible) by transmitting the 
signals from the two stations in alternate sets. 

Table P contains the times of these signals as read from the two cl~ronograpllic records, each full 
comparison consisting of four sets of signals, two sent in each direction. The direction of transmission 
of signals from East to West (E to W) or vice versd, and the sign of the pen equation (Q) at both sta- 
tions, are given above the columns cont,ainjng the corresponding times of each signal by the two clocks. 
At the foot of each column the mean time * is taken out, and corrected by the proper value of Q. 
Q was obtained by direct measurement at each station (vide page 22) and i t  will be observed that 
its sign was systegatically reversed-by exchanging the duties of the two pens of each chronograph- 
with a view to eliminating any residual error in its value. 

Table VII.-" R e d u c t h  of Con~arisorcs of Clock8 by Zongitude Signals." 

The reduction of the comparisons by longitude signals is continued in Table 711, where the corrected 
mean times are abstracted from Table 7, and their differences, d, taken out. To afford epochs for reference 
the time by east clock is always used, and the mean time of each comparison by that clock is called t,, 
which it is only necessary to use to the nearest second. The direction of the signals, from which each 
value of d is obtained, is indicated, and the mean value of d is taken out for each comparison. The next 
step is to obtain a relative hourly rate correction for the clocks, from the successive mean values of d, 
and the corresponding epochs b. This correction--called R--is considered to belong to the mean of the 
two epochs from which it is derived. R, is then interpolated from R for each epoch t,, and lastly each 

& the rrpreadon I c  mean time" will be co~utautly ured, the reader ir .mamod onoe for all, thst mean rokir time M never referred to. The term 
'man time' dwsp indicah the mean of several valuer of time. 
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value of R, is employed to correct the values d of the group to which it belongs, so as to clear them from 
the effect of relative clock-rate. Tile sign of R-or Rl-is always such, that if applied to correct the 
rate of the west clock, it would cause it to keep time with the east clock. The reduced values of d are 
entered as d,, and temporaril~ named a, /3, y, 8, in each group ; a and y being always obtained from 
signals tmnsrnitted from emt to west, while /3 and 8 are derived from those in the reverse direction. 

Now as the differences d are obtained by subtracting the time of west clock from that of the 
east clock, it follows that the retardation of a signal througll the line will cause d to appear too gieeat1, 
or too small, according as the direction of transmission is from west to east, or east to west; and tlle 
difference between two values of d obtained from signals in opposite directions, will represent the sum of 
the two retardations, wliich must be con~idered equal to each other, as there is no possibility of separat- 
ing them. The difference between two values of dl  will g i ~ e  tlie same quantity cleared of the effect of 
relative clock-rate. 

Hence the formula is arrived at, which is given at  the head of the next column- 

r S + S  a + y  Retardation = - - -- 
4 4 

Again, on the supposition of equal retardation in the two directions, it follows tliat its effect must be 
eliminated from the mean of a set of differences derived equally from signals in eacli direction, which 
mean therefor0 represents an exact difference between the two clock times. The last column contains 
clock differences, D, interpolated from tlie means of d for certain epochs, TE, a t  which they will be 
required in the course of subsequent reductions. 

It is evident that for this purpose the means of d, might equally well be used, as they are in fact 
identical with the means of d, but tlie latter are mentioned, because, for the purpose of computing D, the 
use of R, and d, is superfluous, these quantities being merely introduced in order to determine 
the retardation. The values of retardation are not as a rule req~~ired for purposes of reduction, but they 
are of interest, and their accordance inter se affords some test of tlie accuracy of tlie process of compar- 
ing clocks. 

Table PI. -" Direct Cmparieolz of Clocks." 

For tho direct comparison of clocks no hand signals were employed, and the method was as 
follows. The clock a t  the east station-generally known as E clock-was put in circuit with the 
translating relay, so that it8 beats were transmitted to the distant (or west) station for about I" 155 during 
which time these signals were received at the west statiou by the receiving relay, and recorded on the 
chronograph by one pen, while the local (or W) clock time was recorded alongside by the other pen. 
The procedure was then reversed, a similar set of signals being sent from west to east, and it is evident 
that a clock difference obtained from the double process must be cleared of the effect of retardation, 
cousiderecl equal in both directions. I n  order to eliminate tlie pen equations, a second exchange of signals 
was repeated exactly as above, except that the pens of the receiving station were made to exchange 
duties, thus reversing the sign of tlle equation. Such a set of four simple comparisons mas considered 
a ' full comparison ', which was always secured-by repetition if necessary. Tlie comparison was traus- 
cribed from the chronographic record at  the receiving station, by reading the integral second-signals 
of the distant clock, in terms of those recorded by the local clock, read to the nearest hundreth part of 
a second, a r~d  the results are given in Tuble PI. 

The Ileadings show the station-E, east, or W, west-at which the comparison mas made, and at  
the head of each column the sign of the pen equation, Q, is entered. I n  the columns are given the 
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decimal parts which must be added to each second recorded by the local clock, in order to obtain its time 
corresponding to the next later second received from the distant clock, and at  the foot of each column the 
full corresponding mean time of the signals transcribed is given for each clock. The mean time of the 
transmitting clock-i.e., the time by E clock for a comparison made at  W, and vice ver8d-is always 
entered to an integral second, being the mean of the integral seconds transcribed. The corresponding 
mean time of the clock at the comparing station, is composed of the corresponding time to the next 
earlier integral second, plzlrr the mean of a,ll the decimal portions read off the record, and entered in the 
upper part of the column. The difference between these mean times is taken out at the foot of the 
table, and affords an approximate clock difference from which the effects of pen equation and retardation 
have still to be eliminated, which is doue in Table PIII. It will be noticed that the number of clock 
signals read off for comparison is always twenty, while their mean is entered as an integral second, 
which is manifestly impossible as the exact mean must in every such case comprise a half second. 
This departure from rigorous procedure was permissible for the convenience of con~puting, because the 
relative change of clock times during half a second-the difference between the epoch used and the true 
epoch-is quite inappreciable. Although each comparison extended over about I" I 5" it was considered 
amply sufficient to use only twenty of tlie recorded signals, but the possession of the larger number waa 
an advantage in affording a choice of the portion of the minute, and the part of the chronographic 
revolution-which occupies a period of two minutes-to be selected for the comparison, with 'a view to 
cancelling the effects of any imperfection in the toothed-wheels of tile clocks which generate tlie signals, 
or any recurring irregularity in the rate of tlie cl~ronograph. I n  the decimd readings of each second a 
regular alternate change of amount is sometimes apparent, which is due to one, or both, of the clocks 
having been slightly out of beat. Tlie pen equation Q is always the quantity which should be applied to 
the time of the distant clock, in order to reduce it to that of the local clock, on the chronographic record. 

Table 7III.-" Redtcctw.n of Direct Comparisons of Clocb." 

The reduction of the results obtained from the direct comparisons of clocks is carried out in 
Table PIII. 

The observed differences are abstracted from Table PI under the head d, with the direction of 
signals from which each is derived, while the corresponding times by east clock are entered to the 
nearest second in the preceding column, and the mean of the latter-called t,-is taken out for each 
comparison. The remaining columns correspond exactly to the similar columns of Table 711, and re- 
quire no further explanation except as regards the deduction of the pen equations. 

I t  is evident that the quantities dl marked a and differ by double the pen equation at  W station, 
while /I and 8 differ by double that at E station, whence the value of each pen equation is deduced. The 
pen equation is a very constant quantity only liable to minut% accidental variations, except when some- 
times altered on purpose. 

17. 
Bemarka on the Comparative Merits of the two Sy8tem of Comparing Clock8. 

A few remarks may be here made on the comparative merits of the two systems of comparing 
clocks which have just been explained. The method by longitude signals was introduced at the begin- 
ning of season 1875-76 for three chief reasons, viz., (1). At that time no translating relay was used, 
and oonsequently, in order to transmit a clock signal to the distant station, the current of the powerful 
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line battery had to be passed through the break-circuit appamtus of the clock, which was held to be 
objectionable, and the necessity for it was obviated by the adoption of the double key for making longi- 
tude signals. (2). With a view to the observations by means of eub-marine cables, which were a t  that 
time in prospect, it was thought advisable to practise a method of comparison which did not require m y  
connection of the clocks with the line wire. (3). The transcription of a comparison by the direct 
method is apt to be the repetition of nearly the same fraction of a second over and over again-unless the 
relative clock-rate is abnormally large, or the apparatus is working irregularly-which seemed to render 
posaible the occurrence of a constant error of reading. . 

The use of longitude signals was found more difficult to carry out in practice, and the transcrip- 
tion and reduction of comparisons effected by such signals are more laborious, than in the case of the 
alternative system of direct comparison, and the chief objection to the latter having been removed at  the 
very outset of the operations, by the introduction of the translating relay, i t  was adopted for regular use. 

Table IX.-" Abstract of Obserued Palues of Persmal Equation between Cuptairu, 
Canlpbell uud Heaviside." 

Table TX contains an abstract of the individual values of personal equation observed during 
1875-76-77, by the method of ,divided transits with the same telescope, as described in Chapter V, Section 2. 
The heading of the table shows which transit telescope was in use, and the results are entered in two 
groups acoording as the stars observed were of north or south aspect, while lastly, the observations are 
entered under the dates on wliich they were made, in three columns : the h t  giving the number of the 
star in the British Assmiation Catalogue ; the second, its declination ; and the third, the difference in seconds 
of time between the reduced transits by the two observers, the time by Captain ~&vis ide  b i n g  always 
subtracted from that by Captain Campbell. This difference is the observed personal equation, and is 
called C, - H,, or C, - Hs, according as it is derived from stars of north, or south aspect. The mean of 
each group, with its probable error, is taken out. 

Table X.-" Dedzlctbn of the Pinal Palues of the Relative Perstmal Equatwrt between 
Caplaha Campbe21 and Hemiside." 

In Table X the mean results given in Table IX are abstracted in two divisions, according to the 
aspect of the stars observed; the dates, telescope used, and mean values of the equation with their 
weights being given. The general means arrived at  by using combination weights are entered, and the final 
values of the equation adopted for use in the reduction of the observations are added in notes. 

Table XI.-" Abstract of Observed Values of the Absokte ( N  - 8) Equatwna." 

During the season 1876-77, as explained in Chapter V, each observer made a point of observing a 
few zenith stars every night under both north and south aspects, in order to obtain a value of the absolute 
equation-whioh is called the ' N - S ' equation-peculiar to himself, depending on the aspect of the star 
observedJToi., in other words, on the direction of its apparent motion. The results of such observatioxu 
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are given in Table XI, which is arranged in groups for each station, showing the British Association 
Catalogue number of the star used, and the difference between the two observed times, that obtained 
under south aspect being always subtracted from the other. The mean of all these differences at  each 
station is taken out, and adopted as the N- S equation for that set of observations, the use of wlrich will be 
explained hereafter. The general symbol, N- 5, indicates a correction to be added to tlie times of transit of 
stars observed under south aspect, before they are compared with those derived from stars of north mpect. 

Redzcctim of Star Observations-Explanatwn of Terms M, A L - p, and A L + p. 

I n  TabZes XII, XIII and XIP ,  the star 01)servations are given in abstract, and their reduction 
is carried out'to the determination of the quantities M, AL - p, and AL + p, the meanings of which will 
now be explained. 

The quantity M only occurs in the case of measurements made on the system of  transit.^ taken 
with local clocks and combined by clook comparisons, and is tllerefore only used for a portion of the fit-st 
arc, Bolarum-Bombay, measured in 1876, the reduction of whicli is contained in Tccble XII .  The same 
stars were always observed a t  both stations, and the difference of the times of transit reduced for all in- 
strumental errors is taken out, subtracting the time observed at  tile east, from that at  the west, station. 
The mean of such differences for a, group of observations, corrected for clock-rate and the observers' 
relative personal equation, is called M. If both clocks were exactly correct, and there were no errors of 
observation, i t  is evident that M would disappear. 

The quantities AL-p, and A L  + p, are the results deduced in Tables XIII, and XIPfrom obser- 
vations on the system adopted for all the land measurements of 1875-76-except a portioxl of the first as 
above mentioned-when the transits were taken at  both stations with the same clock, tlre same stars being 
observed at  both stations as before. AL p (generally) is the difference betweell the corrected times of 
transit of the same star observed at the two stations, the time at east, being always subtracted .from that 
at  west, station. Here it is evident, that if the clock in use were perfectly rated to keep true time, and if 
its beats were recorded at  both stations synchronously-and if also there were no errors of observation, 
including personal equations-then the difference between the times of transit of the same star at  the 
two stations, would be exactly equal to the difference of longitude, called AL.  But the result actually 
obtained is affected-in addition to errors of observations-(1) by the rate of the clock used, during the 
interval between the transits at the two stations, and (2) by the retardation of the beats of the clock 
transmitted through the wire to the distant station. A correction for clock-rate is applied in these tables, 
but the retardation-which is called p-remains for elimination at n later period. 

Tablee X 7  and X7I-containing an abstract of tlle observations of season 1876-77-correspond 
to TabZes XIII and XIV, with slight differences which will be hereafter explained, and tlie above 
remarks apply equally to them. 

The Sign of p. 

The correction for p changes its sign according to the clock in use. The retardation almays causes 
the times of observations made at  the far station-i. e. the station receiving the clock beat.s through the 
line--to appear slow as compared with those obtained from the clock locally, i.e., at its own station, be- 
cause the time at  the far station is recorded by beats of the clock, which are generated an instant earlier 
than they are received, the interval being p. Therefore whichever clock is in use, the correction p must 
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be applied to increase the time observed at  the distant station, and as the difference between the observed 
times of transit is always obtained, in Tables XI11 to XPI, by subtracting east, from west, time, the cor- 
rection i t  requires is + p when east clock, and - p when west clock, is used. I t  should be noted that 
the quantity p includes all sources of retardation, those arising from the instruments employed in the ob- 
servatories-to generate the signals transmitted, or to record those received-as well as the simple time 
of transmission of a signal through the line wire between the stations, and there can be no -doubt that 
the latter portion is not only a minute fraction of the whole, but also very constant in amount. 

There is no way in which p can be determined separately for each clock, i. e. for tile transmission 
of signals in opposite directions through the line, and i t  is therefore necessary to consider it the same for 
both. Any variation from such equality is probably very small in proportion to the whole quantity, and as it 
arises chiefly from irregularities in the action of relays and chronograph pens in the observatories, it must be 
itself irregular, and liable to elimination in a course of observations. As the largest value of z p, found 
throughout the operations of 1875-76-77, only amounted to 0~08, it may be safely assumed that any 
variation to which it was liable cannot have had an appreciable effect on the results of the observations. 
The arrangement of ZTabZes XI1 to XPI inclusive, is so nearly the same, that one explanation will 
s d c e  for the greater portion of all. 

Explanation of Tables XII, XIII, XI P, X P and XPI. 

These tables are arranged in groups, each containing the results of the measurement of one Arc. 
The £ k t  group, containing the reduction of the arc Bolarum-Bombay, comprises Table8 X I I ,  XI11 
and ZIP, of which Table XI1 is devoted to the " Observations of Transits with Local Clocks, and Deduc- 
tion of the Corrected Difference of Observed Times, M." This table does not occur again, as the system 
of observation by local clocks was not again employed. Tables XIII and X I 7  contain respectively the 
reduction of the observations taken with East, or West, clock in use at both stations, and these tables 
recur in pairs for all the arcs measured in 1876. I n  1877 it slight change having been introduced in 
the application of personal equation, a corresponding alteration was required in the tables containing 
the results, and Tables X P and XPI were substituted for XI11 and XI P. 

At the head of each table the stations, with their approximate latitudes and longitudes, are entered, 
and below this, tlie central part of the body of the table is divided into two halves-the left hand, and 
right hand portions being assigned to the observations at  the east, and west station, respectively-outside 
which both to the left and right are some columns common to both stations. 

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

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

Columns 4 and 9, contain the aspect under which the star was observed at  each station ; N. and 5. 
meaning that the observer sat facing the north, or the soutt~, respectively. 

,, 6 and 10, contain the position of the instrument, and tlie correction-constants for each group 
of observations. The letters I.P.E., or I.P. W., mean that the illuminated pivot of the 
transit telescope was east, or west, respectively, a position that was never altered during the 
work of one night. c and b are the correction-constants for collimation (including diurnal 
aberration) and level, abstracted from Table I. a is the deviation correction abstracted 
from Table 17. c, b, and a are expressed in divisions of the micrometer. Q is the cor- 
rection for pen equation, 'in seconds of time, the sign of which occasionally changes during 
a group of transits, in which cases it is marked f, and a foot-note is added to indicate when 
the alteration occurred. This occasional change of sign arose from a misconception on the 
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part of one of the observers as to the grouping of the stars observed, combined with the 
systematic change of the sign of Q, by both observers, between two groups. It was 
thought better to retain an observation disagreeing with the rest of its group in the sign 
of Q, than to lose it altogether, which was the only alternative. 

Columns 6 and 11, contain the "Mean Observed Time" of transit at  each station. The transit of a 
star was generally observed over fifteen wires, the individual observations were reduced to 
the central wire, and the mean of all is here given. These reductions are effected by 
multiplying the known equatorial wice-intervals by the secant of the declination of the 
star observed, and applying the produck to the observed times of individual wires, by 
addition or subtraction as the case may be. 

,, 7 and 12. I n  these columns, under the head of "Total Correction ", the sum of the instru- 
mental corrections at  each station is entered. The total correction includes the corrections 
for collimation, level, deviation, and pen equation, or Q. With the data aff orded--~iz., the 
latitude of the station, the declination of the star, the value of the telescope micrometer 
(i.e., = 08'0225, as noted at -the foot of each page of these tables) and the constants c, b, a 
and Q, the separate corrections can be computed, and the quantities in columns 7 and 12 
checked. 

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

Column 14, contains the difference between the corrected times at the two stations, east being always 
subtracted from west, time. 

,, 15, contains the mean of each group in the preceding column. 
,, 16, contains a correction required on account of clock-rate, as follows :-The quantity M ar- 

rived a t  in Table XII will afterwards be combined with an absolute clock-difference, D, 
deduced from clock comparisons for an epoch, TE,  by east clock time. The difference 
of corrected times entered in column 14, is a difference between the time shown by east clock 
at a certain moment, and that by west clock at  an instant later than the former by the 
exact difference of longitude between the two stations, or the interval between the transits 
of the same star at the two stations. It is thus evidently affected by the rate of the west 
clock during that interval, for which it must be corrected before it can be combined with 
D. The quantity in column 16 of Z'ables XrIr,  XIP, X P  and XPI, requires a similar 
correction for the rate of the clock in use, because this qugntity is a direct difference 
between two observed times by the same clock, and is therefore affected by the rate of that 
clock during the interval between the observations. T l~e  corrections for rate used in these 
tables are deduced in Tables X V I I  and XPIII. After the sixteenth column the arrange- 
ment of the ta5les under notice, uiz., Table8 XI1 to XPI, becomes different, .and the 
remaining columns must be separately explained. 

Explanation of Table8 XII  to X PI.-(Continued) . 
I n  Table8 XIZ XI I I  and XIP, the seventeenth column contains a final correction for the ob- 

servers' relative personal equations. Sepemte equations are used for stars of north and south aspect, 
the values of which are abstracted from Table X, and entered at the head of column 17. These two equa- 
tions are then combined in proportion to the numbers of stars of each aspect observed in a group, and a 
correction is computed for application to the mean result of the group, and entered in column 17. The 
sign of this correction must of course depend on the relative positions of the observers. It will be no- 
ticed that all the stars used in these tables are observed under the same aspect by both observers. 

I n  I'able X I I  the last column contains the sum of the three preceding columns, and this q u w  
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tity, which is called N, is the h l l y  corrected mean difference of t l ~ e  two clock times, of the transits of 
a group of stars o5served at  both stations. The epoch to which M is considered to belong is the mean 
time of transit of the stare observed, which is taken out for each group by the east clock, and entered in 
column 6, as T.. The reduction carried on in I'able XII is continued in TabZe XIX, where the differ- 
ence of longitude is amived at. 

I n  Tabtes XIII, and XIP the last column contains as above the sum of the three preceding 
columns, which is now d l e d  AL - p, or AL + p, according as it is deduced from observations by the east, 
or west clock, and represents the difference of longitude under observation, corrected for everything 
except the retardation of the clock signals between the stations. The combination of the several values of 
AL - p, and AL + p, obtained on different nights of observation, is carried out in Table XX, where 
the final values of the difference of longitude AL, and of retardation p are deduced. 

Tacbles XP and XPI-Deduction of SL, - p, and Sl& + p, d ~ r i n g  Season 1876-77. 

Owing to the recognition of a distinct personal equation for each observer, between his own 
observations of stars of north and south aspect, and the determination of its value by special observa- 
tions for use in the reductions of the season 1876-77, slight changes in the method of executing these 
were introduced. 

I n  Tables XP and XVI-which otherwise correspond exactly to Tables XI11 and X I P  of the 
preceding season-no correction is applied for the relative personal equation of the observers, which remains 
to be done at  a later period, but each observer's absolute, N - 8, equation-as given in Table XI-is 
entered at the head of column 17, and used to compute a correction, which, when applied to the mean dif- 
ference of corrected times deduced from stars of both aspects combined, affords that difference as it weuld 
have stood if all the stars of south aspect had been observed as north stars, by both observers. Tllis 
correction is entered in column 17, with a sign depending on the relative position of the observers. 

Tlie last column of each table contains the sum of the three preceding columns, entered under 
the head of SL, - p, or SL, + p, according as i t  is deduced from observations with east, or west clock, 
respectively, and each such quantity is a supposititious apparent difference of longitude, aa deduced from 
the observation of all stars, when considered to have been observed on north aspect only. Corrections 
are still required for the relative personal equation of the observers, and for the retardation of the clock 
signals between the stations, which are applied in Table XXI, where the final values of the difference of 
longitude AL, and of retardation p, are deduced. 

Bxpkanatwn of Tables X PII and XPIII-Dedzcctwn of Clock-Rate Corrections. 

The clock-rate corrections used in Tables XI1 to XPI, are deduced in Tables XPII and 
X V I I I ,  as explained below. 

Clock-rate corrections for the intervals between nights of observation were found by comparing the 
corrected transits of the same stars on successive days, and entered in Table XPII under the head a. ' In  
doing this the effect of changesin the right ascensions of the stars observed was not lost sight of, but this 
effect-as computed by Bessel's Independent Quantities-was found in al l  cases to be quite inappreciable. 
For all the arcs measured on the system of using the same clock at  both stations--i.e., all except 
Bolarum-Bombay-two values of the rate-corrections, a, were available for each clock, and from the means 
of these quantities, hourly rate-corrections, p, were interpolated for each night of observation. The 
correction to be applied to the difference of observed times of transits, is simply the quantity p for the 
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night, multiplied by the difference of longitude in decimals of ah hour, and these products are shewn in 
Table X PII. 

For the arc Bellary-Bombay, Table XPrI  is not quite complete, owing to an alternation in the 
duties of the two clocks, which was at first practised. I n  the case of the arc Madras-Bellary, the uni- 
formity of the table is marred by the fact that no observations with the west clock were obtained on 29th 
March, and none with the eaat clock on 1st April. Explanatory notes are entered under the head of remarks 
where they seem necessary. 

For the arc Bolarum-Bombay there is only one set of rate-corrections deduced from star observa- 
tions for each clock, but the clock comparisons can be used for combining them by the process carried out 
in Table XPIII, where the hourly rate-corrections computed in Table XPII under the head, p, are 
entered under the heads of r, and r,. Next, the clock comparisons, Tables 71.2- and T I I I ,  afford R, 
which is the hourly correction required to be applied to the rate of west clock, to make it keep time with 
east clock. I t  is therefore evident that the equation R = rw - re should hold good if these t h e e  quantities 
were quite correct, and this affords a second value for each of the rate-corrections obtained from star 
observations, viz., rw - R, and R + r,, corresponding to re, and rw, respectively. I n  Table XPIII 
these corresponding values of the same rate-corrections are combined, and the means, called rE, rw,  in 
columns 5 and 6, are adopted as the final rate-corrections to be used for computing the corrections entered 
in column 16, of Tables XII, XIII and ZIP, which is carried out in the last two columnsof Table 
X V I I I ,  where these corrections are given. 

Table X1X.-" Deduction of the Difereqzce of Zongitzcde, AL, from Observatwns of Traw'ts with 
Local Clocks, combined by Clock Comparisons." 

I n  Table X l X  the reduction is completed for the first portion of the measurement of the arc 
Bolarum-Bombay, viz., those observations made with the clocks used locally, for combination by means 
of the clock comparisons. I n  the first three columns the dates, and the positions of the two instruments 
are noted. The fourth contains the mean, T E ,  of d l  the observed times of transit at east station for each 
group of stars, and the fifth column contains the corresponding values of M;  both TE and M are abstracted 
from Table X I %  The sixth column contains the value of D, corresponding to  Tg, abstracted from Table 
P I I o r  PIII. D is the absolute difference between the clocks at the instant Tg, as deduced from the clock 
comparisons, the time by the west clock being subtracted from that sliomn by the east clock. If the 
clocks were both errorless, D would be equal to the difference of longitude, AL, and as it stands it is equal 
to AL, plus the error of the east clock, minus that of the west clock. Again, M is the difference between 
the means of the times of transit of the same group of stars observed at both stations-the time observed 
at  east being subtracted from the time at west station-reduced to tlie above epoch T, by the necessary 
corrections for clock-rate. If both clocks were errorless M would vanish, and as it stands it represents the 
error of the west clock, minus that of the east clock, at the instant T, . Hence it follows that AL = D + M, 
and the values of AL so obtained are given in the seventh column. Lastly, the means of these are taken 
out in two groups, according to the position of the telescopes, and the mean of the two values so arrived 
a t  is the final value of AL obtained from this portion of the measurement. 

Table XX.-" Deduction of the Di$ere?~ce of longitude, AL, and the Retardation of Signals, p ,  from 
the Observations of Transits at  both Statw?ur with the same Clock, Xeason 1875-76." 

The final deduction of AL from tlie observations of season 1875-76, in mhich the same clock was 
used at  both stations-vb., for all the measurements except the portion of Bolarum-Bombay treated in 
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Tabk XIX-is carried out in TdEe XX. The first three columns of this table give the dates and instru- 
mental positions ; the fourth and fifth contain the mean values of AL - p , and AL + p, abstracted fmm 
Tables XI11 and XIP, respectively. Lastly, AL and p are deduced by combining the quantities AL -p, 
and AL + p,  in two groups according to the position of the instruments, and a final mean value of each 
is obtained. In one instance, &., the measurement of the arc Madras-Belbry, the positions of the in- 
struments were not changed simultaneously a t  the two stations, and accordingly the results cannot be 
treated in two groups, but all are reduced together. I n  tlie case of Bolanun-Bombay, the difference of 
longitude is h i l l y  arrived at  by taking the mean of the two values of AL deduced in Tables XIX and 
XX, and the result is entered a t  the foot of the form-er table. 

Tabk xXI.-" Deduction of the Dafirence of Xongitude, AL, and the Retardation of Signah, p ,from 
the Ob8ervations of Tramits at both Stations with the same Clock, Season 1876-77." 

In Table XXI the reduction of the observations of Season 1876-77 is continued from Tables X P  
and XPI, in which the quantities SL, - p , and SL, + p remained uncleared of the effects of relative per- 
sonal equation. The first two columns give the dates and instrumental positions. I n  the third and 
fourth the mean values of SL,  - p , and 8 LN + p are abstracted from Tablee XP, and XPI. 

The general means of the quantities SLN-p, and SL, + p are found by taking their values in two 
groups according to the position of the instruments, and from these means SL, and p are deduced. The 
quantity SL, is now corrected by the relative personal equation for stars of north aspect, with its proper 
sign, viz., CN-H, , or HN-C, according to the position of the observers, and the result is called AL, , being 
the ikd value of the difference of longitude obtained from the observation of all stars, reduced as if 
they had been all observed with a north mpect. 

Again, from SL, a corresponding quantity SL, is obtained by applying to SL, the difference of 
the two observers' absolute, N-8, equations, taken from Table XI, with the proper sign required by 
their positions during the measurement. SLg corrected by the relative personal equation, Cs-Hs, or 
Hs-C, aa the case may be, affords AL,, which corresponds exactly to ALN, only substituting south, for 
north, aspect. Lastly, having now obtained two values of the difference of longitude-viz., ALN and 
AL,-which are oonsidered to be equally reliable, their arithmetic mean is adopted as the final value, AL. 
The value of p is obtained by taking half the difference between the general mean values of SIQ - p , and 
SL, + p. 

Reduction of the Obeematwm of Seaaon 1880-81. 

The observations of Season.1880-81 were carried out on almost exactly the same system as those of 
1876-77, and the results are contained in Tables XXII to XXXII inclusive, which will now be noticed. 

Tabk XXII-" Abstract of Determinations of Collimation and Level Correction-Constants."- 
corresponds exactly to Table I, and requires no further explanation. 

T d k  XXIII-" Deduction of Deviation Correction, ar, , from Star Observations."--correspon ds 
with Table II in every respect except that no weights are assigned to the results arrived at, and whenever 
more than one value of deviation correction was obtained on the same night, the simple arithmetic mean 
was adopted. This change of procedure was partly due to the fact, that although comparative-azimuth 
stars were observed as in former seasons, it was not found necessary to use these observations for the 
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reduction of the work, and therefore the values of absolute deviation required no weights for combina- 
tion with the results by comparative-azimuth stars. Also, as regarded any discrepancy bet ween values 
of deviation correction deduced on the same night from different pairs of stars ; it was considered so 
doubtful whether such discrepancy arose from an actual change of instrumental position, or was due 
to errors in the accepted places of the stars observed, that, bearing in mind the difficulty of assigning 
weights to these places, it was held best to adopt the simple arithmetic mean of all values obtained. 
During the season it frequently happened that three circum-polar stars were observed for azimuth, one at 
one culmination and two at the opposite, in which case the first was always taken out with each of the 
others. On a few occasions an observation of one star at its lower culmination was similarly combined 
with those of three stars above the pole. Again on several days two stars close together in right ascen- 
sion were observed at  one culmination, for combination with two others at the opposite culmination at a, 

considerable interval of time apart. As for instance on April 14th, see page 161-when star R. P. L. 98 
was reduced with both R. P. L. 12, and Polaris, the mean of the two results being entered against No. 98 ; 
and the same course was followed with R. P. L. 99, on the same night. 

Table XXIP-"Deductionof the Deviation Correction, a,, at Jubbulpore on 10th and 13th February 
1881." On 10th and 13th February all observations for azimuth were lost at Jubbulpore owing to clouds, 
except those to R. P. L. No. 60 on loth, and 13th, and toft. P. L. No. 70 on lQth, and it became necessary 
to treat these somewhat as comparative-azimuth star observations in order to deduce the deviation 
corrections for the two nights, which was carried out in Table XXIP. Both of the above stars were 
observed on 9th and 14th February--on each of which nights a value of deviation correction was 
obtained in the usual way-and these observations were abstracted from Table XXIII, and entered in 
Table X X I P f o r  comparison with those made on the 10th and 13th. The method followed in the latter 
table was exactly the same m that already explained as regards Table III, so far as the twelfth column, 
headed " Reduced Observation" in which the reduced observation for each day is entered, and the means 
of tilose for February 9th, and 14th are taken out. I n  the last column of the table are entered the final values 
of deviation correction obtained on February 9th, and 14th, with their mean, which represents the mean 
azimuthal position of the instrument, corresponding to the mean of the reduced observations of these two 
days which has been already obtained in column 12. I n  column 13, under head A x 8 al, each of the 
reduced observations on lOtb, and 13th February is subtracted from the mean of those on 9th, and 14th ; 
the result is the correction in time required to be applied to the observations of the two former days, in 
order to correct them for the change in azimuthal adjustment on these days as compared with the mean 
azimuthal position on Qth, and 14th. A x 8 a,, divided by A, the azimuth-constant for the star, gives 6 a, 
(in column 14) the corrections to be applied to the mean deviation correction found on 9th, and 14th, in 
order to give those for the 1 0 t h  and 13th, which is carried out in the last column. I n  this way a value 
of deviation correction is deduced for the 10th February from stars Nos. 60 and 70, the mean of which is 
adopted for that night ; while for the 13th February only one value, deduced from star No. 60, is available. 

Table XXT-" Values of Deviation Correction, a ,  Finally Adopted."--contains simply an ab- 
stract of the results arrived at in Tables XXIII, and XXIP for easy reference, the mean of the values 
of a, found on each night being adopted as a, the h l  deviation correction for that night. 

There are no tables in the reductions for Season 1880-81 corresponding to Table8 7, PI, 711 and 
TIII, because no clock comparisons were reduced. 

Table8 XXPI, XXP17 and X X  PIII, containing the results of all star observations for the 
determination of personal equations, correspond exactly with Table8 IX, X and XI, 'and require no 
further explanation. 
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I n  Table XXPIII no probable errors were computed for the mean results, as in Fable Z, and 
these are now given, to d o w  of a oomparison with the former table if desired. 

I I I I 

Arc Bombay-Deem, CN-CB = + 0.041 & 0'004, H,-H, = + 0.01 8 & 0.006, 
,, Deesa,-Kurrachee, ,, = + 0.026 & 0.006, 99 = + 0.013 & 0.006, 
,, Bombay-Kurrachee, 99 = + 0.056 & 0.005, 9, = + 0.026 & 0.008, 
,, Jubbulpor+Bombay, ,, = + 0.041 =t 0.005, $9 = + 0.033 & 0.007, 
,, Jubbulpore-Bolanrm, ,, = + 0.055 & 0.006, 9, = + 0.048 & 0.006, 
,, Jubbulpor~rigra,  ,, = + 0.055 & 0.005, ,, = + 0.060 & 0.007, 
,, Jubbulpore-Deesa, 33 = + 0.071 & 0.006, 9) = + 0.059 & 0.005, 

,, Agra-Deesa, ,, = + 0.076 & 0-009, ,, = + 0-65 I & 0.006. 

There are no tables for Season 1880-81 oorresponding to Tables XII, XI11 and XIP, because 
no observations were made with local clocks for combination by clock comparisons, as reduced in 
Table XII, and the method of reduction followed in Tables XI11 and XI V was not again used. 

Tables XXIX and XXX--contrtining "Observations of Transits with E (or W) Clock, and Deduc- 
tion of tbe Apparent Difference of Longitudes, 8l& - p (or' 6LN + p)."--correspond exactly with Tdlee 
X V  and XFI and require no further explanation. 

Table XXXI-"Deduction of Clock-Rate Corrections from the Observations of Transits."-oom . 
sponds exactly with Table XPII. 

Tables XFIII, XIX and XX have no corresponding tables in the reductions of 1880-81. 

Table XXXII-" Deduction of the Difference of Longitude, AL , and the Retardation of Si,ds, 
p, Seaeon 1880-81."-corresponds exactly with Table XXI. 

Remark8 on the Method Adopted in applykg  the Correctitma for Pereoml Equcctiolte 
in Seaeons 1876-77 and 1880-81. 

The system followed of dealing with supposititious results, in the work of Scsaons 1876-77, and 
1880-81, obtained by reducing observations of stars taken under one aspect, as if they had been taken 
under the other, seems to call for some remark, and perhaps justacation. The most obvious advantage 
gained was the possibility of combining the observations of a star, made under different aspects by the two 
observers, which would not otherwise have been available for use (see Section 4, Chapter V). Such cases 
have but seldom occurred throughout the operations, and then only by accident, because it waa always 
considered an object to select only such stars as could be observed at  both stations under the same aspect, 
and the small differences of latitude between the stations made this possible. The loss of results would 
therefore have been but slight if all observations disagreeing in aspect had been rejected, in which case the 
method of reduction followed in Season 1876-76 (I1&les X I I I ,  X I P )  would have been continued in 
1876-77, and 1880-81. It was considered, however, that the method adopted offered increased chances of 
eliminating the effects of relative personal equation, a point on which serious doubt must always be felt, 
owing to the fact that values of that equation can only be determined by star observations, on the rare 
oocasiona when it is convenient for the two observers to meet for the purpose, while the equation is cer- 
tainly liable to variation during the intervals between such determinations. The N-8 equation for each 
observer is a bond Jide quantity well determined for each arc-as indicated by the small probable errors 
obtained in Table XI, and those given abovo for the values contained in Table X X P I I h n d  is 
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worthy of quite as much confidence as the determinations of the relative equation between the two 
observem while it is moreover obtained pari pa8821 with the star observations to which it is applied in 
the process of reduction. It is also to-be noted, that although these N-S equations are deduced from 
the observations of strtrs very close to the zenith, they may with confidence be applied to all stars ob- 
served for difference of longitude, as these were almost invariably selected within 16" of zenith distance, 
and the attitude of the observer-which may be supposed to have an effect on his habit of observing- 
practiaally varies but slightly within these limits. 
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EXPLANAmON OF TABLE I. 

" A betract of D e t e r m i n a t w m  of Collirnatwn and Level Correction- Constmte. " 

The method followed in making the observations to determine Collimation and Level correction-con- 
stants is fully explained iu Chapter VI preceding. 

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

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

All the transit wires are movable by the telescope micro mete^; on the reading of which, therefore, the 
collimation of the tekcope depends. 

Column 1 contains the astronomical date, which is common to both sides of the table. 

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

, 8 & 12 show the position of the telescopes on each day. I.P.E. (or W) meaning, Illuminated Pivot 
East (or West). 

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

, 6 & 14. Headed C,. This is the reading of the telescope micrometer as set during the observa- 
tion of star transits. I t  is simply s matter of conveuience and is geuerally constant for 
each station. 

,, 6 k 15. Headed c,. This is the collimation correction-constant. . I t  is equal to Co-C,, or C,-C,, 
when the position of the telescope is I.P.E., or I.P. W., respectively. 

,, 7 & 16. Headed c. This is simply c, altered to include the correction-constant for diurnal aber- 
ration. c is used in combination with each star's constant for compnting t l ~ e  correction for 
collimation, which therefore includes the correction for diurnal aberration. 

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

,, 9 & 18. Headed b. This is the level correction-constant. I t  is equal to Co-Ml or M-C, when 
the telescope is I.P.E., or I.P. W., respectively. 

All theee quantities are expressed in divisions of the telescope micrometer head, the values of which 
are aa below 

I 

I n  1876. Telescope No. 1, 1 division = o:ozz45 : Telescope No. 2, 1 division = 0-02261 
,, 1877. ), ,, = 0'02239: JJ ,, = 0'02259 

The quantities c and b are generally constant for the ohsenations of each night, but it sometimes 
happens that two values of b are given on the same date. In  the latter case the note, "For observations 
with E. (or W.) clock", indicates which value of b should be used for the group of transits taken with the 
clock at East (or West) station. w 

During 1876 the values of c and b were deduced from the observations of each day. 1x1 1877 it 
found better to use the mean value of C, for each group of observations taken I.P.E. and I.P. W.1 and tllese 
mean8 accordingly shown in the columns for remarks. 
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6 4 2  7.29 

4 

5 

5 

5 

5 

+ o a o l  

-2'39 

-0-80 

+omof, 

-0-1.3 

-0.47 

+0.57 

+oS371 

-0.443 

+o'37r 

-0.443 

+o ' j71  

5 

5 

5 

+ 1.87 17.7; 

+ I .87 57'47 

+1.87 3.40 

+ 1.88 7 

- 0 . 4 3  

+ 0.371 

-0.443 

L +1.168 

-0 443 
I 

13.72 -1'88 

1 
L 

+o.o.q 

+ 1'88 

+ 1.88 h - 0 . ~ 3  

3 1.36.71 

+ o a o r '  9.99 

+oa37 I 



8 FABLE I1 DEDUCTION OF DEVIATION ERBOR FItOM STAR OBSERVATIONS. 

-0 

Correctiona for z 3 2 a 8 Devia- 
.2 .ka a e  : a 

.S; ; tion ObseWed 
Pen Star .- 'Time of 6 $ Conatant Colli- 

Level c z;4d0 Tnrnait 
4 n mation 

Q 
03 

n ----- 

1876 h m  8 6 8 8 8 a h m 6  n r  d 
8 Urm Minorie L 5 +0.367 6 12  30.63 -0.19 -0.04 +1.64 32.04 6 1 1  59.20 - o 32'84 

Jan. 28 I.P.B. W + 6 . 1  9 
61 Cephei U 4 -0.435 64251.51 +0 .23+0 '08  + l a64  -0.06 53.40 64215.70 - 37.70 

8 Umm Minoria L 5 +0'367 6 1a 34'78 +o'14 -0.4.3 - 1-68 32.81 6 11  59.39 - 33.42 ,, 29 LP .  TP. ,, + 12'3 8 
51 Cephei U 3 -0.4.35 6 42 59.98 -0.17 +oa7.3 - 1'68 - 0 . d  58.80 6 42 15.53 - 43.17 

8 U r n  Minoris L 6 +0.367 6 1 2  33'81 +O.OI - 0 . 0 2  + 1.64 35-44 6 11 59.60 - 35'84 E r, 80 ,, IS + 16.4 6 
A 61 Cephoi Li 2 -0'435 6 43 2 - 7 0  -0.01 +0.0.& + 1.64 -0.06 4.31 6 42 15'3.1 - 48.98 C *s 
% 8 U~BB Minoris L 5 +0.367 6 12  40.42 + o - ~ o  -0.34 -1.62 3R.86 6 11 59'8a 

0 - 39.04 
m 3 ,, 81 I.P.E. ,, + 9'4 9 

51 Cephei U 4 -0'435 6 43 3-30 -0.49 +oa58  -1.62 -0.06 1 -71  6 42 15.1 I - 46.60 
2 .3 
4 g 
h 8 Urem Milloris L 5 +oe367 6 12 4 . 3 6  +o.rjo -0.45 -1.61 qa.80 6 12 0.05 - 42-75 
M Feb. 1 $8 +10"1 10 ,, - 4 

B 61 Cephei U 5 -0'435 6 43 7.37 -0.61 +0576  -1.61 -0.06 5-85 6 42 14.88 - 50.91 

d 0 
A m 
A 51 Cepl~ei U 4 -0.435 6 42 31-49 -0.27 -0.26 -1.57 29'39 6 42 13.71 - 15.68 
W 8 ,  8 ,, ,I 
m ~Ursee Mlnoria L 3 + re156  7 4649.75 +oa69  +0.56 +1'57 +o -o r  52.58 7 46 49.19 - + 7 ' 7  7 

3-39 

8 Ursse Minoris L 5 +oa367 6 12 7.68 -0.15 + o a o 9  9-21 6 12  1.67 - 7-54 + 1-59 
8 ,  9 ,, I, + 10.1 8 

61 Cephei U 3 -0.435 6 4 2  27.50 +oa19  -0'15 + 1'59 + o m o l  29.14 6 42 13-49 - 15.65 

8 U m  Minoris L 5 +o'367 6 1 2  8.49 +omqr  -0.23 -1.57 7-10 6 12 1.92 - 5-18 
,, 10 1P.W.  ,, +14'6 9 

61 Cephei U 4 -0'435 6 4 2  31-81 -0.50 +oe39  -1'57 +oao r  30.14 6 42 13-23 - 16.91 

1876 
I 

. 
9 Ar& U 9 +o.oja7 l o  33 58'75 -0'27 -0.05 + 1-63 60.06 10 40 17.03 + 6 16.97 

Feb. 19 6P. W. W -28.9 1 

1 Leanis U 15 + o.0025 ro 36 26.63 -0.14 - 0 . 1 2  + 1.63 28'00 104246.13 t 6 18'13 

E a U r w  bfajoris U ro -O'Oj,+g lo  qg 50.76 -0.30 -0.19 -1.63 48.64 ro 56 8.05 + 6 19.41 
SI )9 9, I ,  -31'9 1 .- x h o n k  U 12 +o.0038 lo 52 22.68 -0.14 -0.12 -1.63 20.79 ro 58 38'98 + 6 18.19 g 2, 

4 O  19th,Mea11 -30'4 4 
4 :  -- 
A r ArgQs U 15 +oao4z3 9 13 15.07 -0.29 -0.07 -1.61 1.3'ro 9 13 48.05 + 6 34'95 

n E 2 2  4 
0 Urea Majoris U 15 -o.oaro 9 23 61-94 -0.24 -0.22 -1.61 + o e z l  60.08 9 2 4 3 6 ' 4  + 6 36.36 

* 
q h @ J  U 5 +o.o427 lo  33 1.00 -0.29 -0.07 -1.61 59-03 1040 11.04 + 6 18-01 E $  ,, n ,, w I - 2 0 ' 1  2 

a 1 Leonia U 15 +o'ooarj 10 36 29.26 -0'15 -0.17 -1.61 21-33 10 42 46.15 + 6 18-82 z a 
1 a Ursm Majaris U 9 - 0 ' 0 . ~ 5  10 49 47.10 -0.32 -0.25 + 1-61 48-14 10 56 8-08 + 6 19-94 
0 81 n r, 19 -28-5 1 
m x Leonis U 11 +o-0038 ro 51 18.84 -0.15 -0.16 + 1-61 20.14 10 58 38.99 + 6 18.85 

20tl1,Mean - 23'3 8 -- 
r Argda U 15 +o.oqag 9 ~a 43.97 -0.30 -oaoa  +1 '62  45'27 9 13 4 . 0 4  + 6 62.77 

" 8 1  " E -21.3 4 
0 U r n  Majoris U 15 - 0 . ~ 2 ~ ~  ag 3 0 . 7 ~  -0'26 -0'04 + 1.62 + O . Z I  32.32 9 24 3 6 . 4  + 6 64.12 

. 



FABLE 11. DEDUCTION OF DEVIATION ERROR FROM STAR OBSERVATIONS. 



* The lettera B.P.L. indicate " BedclSe Polar List." 



TABLE II. DEDUCTION OF DEVIATION ERROR FROM SCAR OBSEEVATIONS. 

I I 
Corrections for Dens- 

Star Time of 

B Q  
n 

.- --- 
1876 8  8 8  m e  d 

R.P.L. 99 r- 37-08 ra 48 31.~8 - o 5.80 
YU. 7 I.P.W. w -10.5 1 0  

Polaria 30'56 13 12 1a.93 - 17.63 

R.P.L. 99 
" 

38-09 12 48 31.38 - 6.71 - 1-3 8 
3 

9 

4 

3 

3 

4 a 
Et ki 

,I 

E 

2 
a 

+o.9a1 

-oSaol 

+o-921 

-0.~06 

+0.936 

C 
f 

,, 

81  

Polarb 

R.P.L. 99 

Polaris 

B.P.L. 99 

P O W  

s9 

L 

U 

L 

U 

L 

13 la  24.68 

ra 48 38.56 

13 12 27.82 

fa47 45'98 

13 ra 51.35 

n 

11 86 

R.P.L. OQ 

8 Virginia 

B.P.L. 99 

Polaris 

R.P.L. 99 

81 

,, 

1876 

Mar. Z% 

Polaris L 3 

f R.P.L. OQ I 

Polaris a 

W U / 3 
I n 81 n 

+o-936 

-0.106 

+o.936 

-oea06 

-1'78 

-o'er 

+oe04 

+O.II 

-0.44 
I.P. W. 

9 Polaris 
L 1 3 

13 1 1  50.a~ 

la 47 44-37 

,13 1 1  5a.20 

12 47 43'44 

13 11 50.48 

4 

14 

-0.206 

+o.w5 

-0.206 

+oa936 

-0.206 

13 a8 ao.41 
13 41 59.21 

13 1 1  51.35 

1 2  47 38-81 

13 1 1  5a.51 

-0.15 

+o 46 

+0'30 -1.60 

U 

L 

U 

( 
-o.oal 

+om936 

2 - 
3 

4 

4 

5 

'la 47 41.99 

12 13 6.36 

124738'77 

13 12 55.13 

la 47 46.65 

+ 1-61 
+r'61 

~1.60 

,r 2 

A P ~ .  1 

56.86 

ag.00 

10.47 

39.40 

2a-45 

a1-87 

55.44 

57-77 

45'25 

50.43 

+O'II 

+oa16 

l+o.r3 

-0.93 

+4'05 

+0'18 

-0.19 

? a 

Y) - 
3 

+0'19 

+oSo2 

+O.II 

-0.47 

-0.85 

4-01 

'29'93 

58.0~ 

50.3a 

qo.ga 

53-08 

13 11 1a.35 

-o'~r 

+ 1.38 

+ 1.~38 
+I-38 

+1'38 

+r.38. 

+3.ii9'+os~a 

-0.04 

+onrr 

+oaa5 

-0.67 

) 
+0.06 

-1.58 

+0305 
IS 

,, 

47'37 

53-63 

- 9-15 

la 48 32-31 

13 12 7'57 

13 1% 7-00 

13 qa 42.q 

ra483a-38 

13 ra 6.61 

13 11 6-51 

~"1812483a.45 

rj 1% 6.51 

12 48 31-47 
13 11 6.51 

+oa30 

+0'03 

+o.oj 

+0.03 

-1'36 

+ 1.36 

+ 1-31 

+on11 

-0.77 

+oa23 

. 

1876 

hfar.22 

la 48 31.74 

13 1% lo'# 

13 42 4a.42 

13 1% 6.46 

la& 3,-51 

13 1 2  6.37 

-0.04 

- 0 . ~ 2  -0.61 +1'37 

I 

19 

W 

E 

13 48 32-31 

13 la 7-57 

i + 11.07 

+ 47'67 

+ 8-75 

+ 47.22 

+ 16.08 

+oaoq 

+o.ol 

+omoa 

-0.06 

-0.05 

+oe03 

+ 1.39 

I.P.E. 

U / 5 -oaa06 

Polaris L 5 +0'936 

k 

'i 
A 

s9 

43-61 

4'97 

40.S 

56-01 

47'13 

- 8.27 

- 19.44 

+ e(.qo 

+ 16-14 

+ 51.991 

3 

3 

+oa03 

,, 

,, 

I 

- a4.55 

+ 42'57 

- 3.47 

+ a.89 

+ 

+ 44'94 

- 46.06 

-30.0 

4 

-27'3 

+ 1-39 
-1.39 

+I-38 

+ 1-38 

+ 1'38 

W 

8 Dram Mvjoris 

Polarin 

B.P.L. 99 

+59'0 

- 6.7 

,, 26 

1.2 48 31-35 

la 13 35.64 

12 48 32.38 

13 1% 6.62 

12 48 31-44 
8 

3 

6 

-10.0 

-29.5 

-0'03 

+oa03 

H.P.L. OQ 

Polaris 

U 1 7 
I 

L 3 

+ 

Polaris 

q Unss Majoris 

B.P.L. 98 

Polaris 
I.P.W. 

11 

3 

I -33'9 
+ 13.29 

-79'7 

+ 48'74 

+ 30.65 

+ 5a.10 

- 49'39 

+ 45-31 

1 0  

6 

L 

U 

-85.6 

-88.9 

3 

8 

+o.Sa 

-3.54 

3 i+o.93a l 3  12 5.32 +4'a9 

-0: 16 10 

+o-45 

-1.32 

-oeoao 113 ,+a 40.93 
1 
! 

+ 1.62 
+1.62 

I 

-0'77 

+O.IO 

+ 1.63 
- 1.63 



,' 

P ! L E  n. DEDUCTION OF DEVIATION ERROR PROM STAR OBS15RVATIONB. 

$ 
8 
3 
a, 

Z .- 
g r  e n  
4 

I 
.- 
$ 
B 

.- 

a 
.$ 

3 . j  
G P I  
n 

'a C 

Corrections for Y 

Obprved - 
Devia- 

Btar Time of 

mstion 

m n -- 

W 

" 

II 

E 

,I 

II 

,, 

11 

W 

,, 

,, 

,, 

I.P.V. 

I, 

I.P.E. 

,, 

I.P.E. 

I, 

I, 

1 P . K  

" 

I.P.E. 

,, 

fl 

I . .  . 

,, 

E - 
g 
3 
I4 

- 
h 

9 

Polarin 

q Ursre M~joria 

R.P.L. 99 

polaris 

R.P.L. 99 

Pokrin 

R.P.L. 99 

Yolsria 

R.P.L. 99 

Polaris 

q Virginis 

R.P.L. 99 

B.P.L. 99 

Polaria 

R.P.L. 99 

Polarin 

R.P.L. 99 

Polaris 

R.P.L. 99 

Polaris 

R.P.L. 99 

Polaria 

R.P.L. 99 

Polarin 

R.P.L. 99 

Polarin 

R.P.L. 99 

Polaria 

1876 

Mar. 80 

9, 81 

Apr. 1 

,, 2 

1876 

Apr. 11 

,, 12 

,, 18 

,, 17 

I, 18 

1876 

Apr.11 

8, IZ 

,, 18 

, 14 

le 

L 

U 

U 

L 

U 

L 

U 

L 

U 

L 

U 

U 

U 

L 

U 

L 

U 

L 

U 

L 

U 

L 

U 

L 

U 

L 

U 

L 

W 
2 

8 

3 "  a 

% 
4 
I4 
I4 
W 
P1 
C1 
z 
4 

B 
pS 
0 
I 4  

2 
3 
PI 

5 

15 

7 

6 

10 

7 

5 

7 

5 

3 

15 

5 

5 

3 

5 

z 

5 

3 

8 

5 

7 

4 

7 

4 

5 

4 

6 

3 

4 :: 

A 

m V) 

"2 
0 

2 
&, .- Y 

8 
W fx 
0 
I4 
q 

4 m 

A 

-a 

o2 

4 
Y 

9 
V 

PC 
4 
14 

PI 

+0'93a 

-o.ozo 

-osaoS 

+oS932 

-0.205 

+om93a 

-0.205 

+oa93a 

-0.206 

+om933 

+0.005 

-0.206 

-0.206 

+o'g33 

-omad 

+0'933 

-0.206 

+0'933 

-0.205 

+o.932 

-0.205 

+om932 

-omzog 

+o.g3z 

-0.205 

+oa932 

-0.~05 

+oa932 

h m  s 
13 9 58.59 

13 41 51-96 

1aqf54.72 

13 928.69 

la 47 32.33 

13 10 41-97 

12 47 ~5.73 

13 10 9.98 

1 2  48 53.77 

13 12 30-93 

rz 14 1-58 

la  48 58.27 

la 49 3-39 

13 12 37.21 

rz 49 14.73 

13 12 58.34 

1 2  49 18.39 

13 13 1.87 

12 48 52-ga 

13 12 13.86 

1 2  48 57-45 

13 ra 5-11 

1248 55.23 

13 1 1  56.89 

12 q8 61-72 

13 11 39-26 

ra 4846.65 

13 12 17-73 

s 
-3.48 

+0'13 

-1.07 

+4.66 

- 1-08 
+4'71 

-0.64 

+2'78 

-0.05 

-0.52 

-0.2' 

+0'98 

-0.16 

+oa68 

-0.20 

+om86 

+o.46 

-1.99 

+o-37 

-1.64 

+o.z.q 

-1.00 

+oSa5 

-1.11 

+o.a~ 

-0.93 

+o 68 

-0.- 

+0.88-0-a5 

-3'83+0'73 

+om57 

-1.66 

+0.60 

-1.73 

0.00 

-0.01 

+omoz 

+omo5 

+0.15 

-0'42 

-0'05 

+0'13 

-0.05 

+o.13 

0.00 

+O-OI 

-0.02 

+o.o5 

-0.08 

+o'az 

-0-43 

+ 1.25 

+oaor 

-0.03 

-1.63 

+ 1-63 

+1'62 

+1.62 

-1.63 

-1.63 

+ I  62 

-1.62 

+1'4r 

+ 1.41 

+1'4o 

+ 1'40 

-1'41 

+1'41 

+ 1.41 
+I'~I 

+ 1-41 
+ I - ~ I  

+I-60 

+ 1-60 

-1.63 

- 1-63 

+1'62 

+1'62 

-1.61 

-1.62 

+ 1-58 
+1.58 

6 

+oalg 

+o.12 

+oSlz 

+O.I,Z 

-0.06 

-0.- 

-0.06 

-0.06 

-0.06 

+o-01 

+oSor 

+omol 

+oSol 

+omol 

s 
54-16 

53'80 

56-91 

21.33 

30.20 

43.46 

26.87 

14-71 

54'54 

35'05 

1-95 

59-11 

1.91 

39'18 

15'93 

60.50 

19.55 

4.21 

54.98 

13.49 

56-17 

1-90 

57-00 

57-74 

59'92 

37-79 

48-45 

18.36 

h m 6  
1.3 la 6.5-2 

13 42 41-39 

12 48 32-47 

13 12 6.51 

12 48 31-49 

13 12 6-46 

13 48 32-51 

13 12 6.37 

12 48 3a.29 

13 12 6-59 

12 13 35-70 

12 48 32-24 

ra 48 32-18 

13 12 7-04 

12 48 31-97 

13 12 7.76 

12 48 31-92 

13 la 7-89 

12 48 32.29 

13 la 6.59 

12 48 32-24 

13 1 2  6-81 

12 48 3%' 18 

13 I2 1-04 

12 48 32-13 

1.3 12 7-25 

12 q8 32'0s 

13 12 7-61 

12.36 

+ 48'59 

+ 35'50 

+a 39.18 

+ I  1-29 

+ I  23.00 

+ I  5.64 

+ I  51.66 

- 22-25 

- 28-46 

- 21-25 

- 26.87 

- 29.73 

- p.14 

- 43'96 

- 52.74 

- 47-63 

- 56.3a 

- '22.69 

- 6.90 

- 23.93 

+ 4-91 

- 24'82 

+ 9'30 

- 17'79 

+ 29.46 

- 16-43 

- 10'75 

d 

+ 88.0 

+108:8 

+ 18.2 

+ 40.5 

- 5'5 

-1.8 

- 1.1 

- 7 7  

- 7.6 

+13'9 

+25'4 

+30'0 

+50a4 

+ S.O 

5 

13 

16 

12 

8 

3 

8 

6 

8 

12 

10 

10 

9 

8 



Z ? . X E  n. DEDUCTION OF DEVIATION ERROR FROM STAR OBSERVATIONS. 1 3 

r 
;P 

'i '.. 

U 

L 

U 

4 n 

7 --- 

Apr.17 I.P.W. W 

8t.m 

E.P.L. 99 

Polarir 

R.P.L. 99 

g 
. k z  
$ t 

Devia- 

tion Obrerved 

Time of 

Transit 

b n ,  8 

12 48 49-01 

13 1 2  5-61 

12 48 54-53 

Polarim 

8UmmMinorir 

61 Cephei 

I *rgds 

0 Ursse,Mqjoris 

8UmmMi11orh 

61 Cephei 

8UlaceMinoris 

61 Cepl~ei 

8UmmMinoria 

61 Cephei 

I Ar@ 

0 Urea bfqorb 

1877 

Jnn.21 

n  22 

n B  

s u  

C 
Corredions for 

'i; 5 Constant 

--- g o /  A 

5 

8 

27 

7 

4 

7 

I.P.E. 

,, 

m 

n  

4 

8UrsseMinorir 

n n  

1877 

Colli. 
mat ion 

8 
+o-01 

-omoz 

+ 0.07 

-0'19 

-0'105 

+o'932 

-0.205 

E 

W 

E 

,, 

+oe9.3a 13 I r  53'95 I 
L 

U 

u 
U 

L 

U 

L 

U 

L 

U 

U 

U 

L 

U 

U 

U 

U 

, U 

U 

2 
4 *  

3 
2 

Level 

8 

-0.14 

+0.41 

-0.06, 

+oa17 

Pen 

Q 

-1'54 

,I 

W 

+0.360 

-0.435 

+O'O42 

-o.oal 

+om360 

-0.435 

+om360 

-0.435 

+oS360 

-0.435 

+omoqz 

-o.oar 

+0.360 

-0.435 

+o.oqz 

-o.oar 

+o.oqz 

-o.oar 

-0.435 

3 

3 

7 

lo  

lo  

11 

4 

4 

5 

6 

lo  

15 

4 

5 

9 

14 

7 

14 

4 

9 
g 

n 

+1.66 

-0.19 

-0.16 

+1.66 

-2.04 

-2.04 

+rm66 

-2.04 

-0.19 

-0.16 

+1*67 

+o.16 

+o . r3  

+o'16 

+ o a r f  

+1'67 

----- 
8 

+ 1'54 

+1'54 

- I -54 

6 11 46-70 

642 51'04 

9 1 44'29 

9 12 33'93 

6 11 57-14 

6 42 56.92 

612 4 . 9  

6 qz 58-72 

6 12 10.29 

6 43 1-19 

9 I 51.03 

9 12 39-90 

61225.53 

6 43 2-34 
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9 12 40.08 
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9 12 41-44 

643 18-78 
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O z  

4 

Y 
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" 2 6  

W 

8 
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n n  
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+o.& 50.50 

-174.1 
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61 Cephei 

z 
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53.00 
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9 13 49-80 
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n  
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-- 

-41.7 

r Ar* 

0 Umm Mqjorir 

13 12 7-89 

L 

U 

h m 8  
124831.97 

13 12 7-76 

ra 48 31.92 

- 13-66 

- 0'25 

+ I 2  4'05 

-0.14 

+oS6r 

-0.86 

+1.66-0.26 

+oe37 

-0.09 

+ o . r j  

+om02 

t 0.05 

-1'.36-0.13 

+oer8  

+o.ol 

+oaog 

0.00 

+omor 

+o.15 

+ 1'70 

W 

I t  

IC 

U 

U 

+ 12 5.10 

- 23-96 

- 6.13 

- 29-90 

- 9'25 

- 36-13 

- 11-55 

+ 12 0.67 

+ l a  2-51 

- 48-08 

- 16.60 

+ 11 59.69 

+ 1.2 2-09 

27th,MeanI 

+ 15'59 

49'99 

45.75 

1 A* 

0 t J e W o r h  

1 Ar& 

0UmmMsjorir 

61 Cephei 

4 

5 

- o 18.45 

+ 0.15 

- 21'08 

-16.9 

+ 1.70 

+ I - 7 0  

+ 1-70 

+ I " / o  

+ 1-70 

+1.69 

+ 1-69 

-1.69 

-1.69 

+ I ' ~ o  

+ 1.70 

-1.70 

-1.70 

-1.69 

-1.69 

+ ~ ' f o  

7 

13 

24 

8 

-21.4 

-26.0 

-30'9 

-29'2 

-39'6 

-38.1 

-39'3 -- 

+31'3 

+oS374 

-0.449 

5 

83 

31 

43 

8 

34 

7 

41 

10 

d 

+16-4 

-0 .q  

-0.09 

-0.9 

-0.09 

+0.041 

-o'ozl 

6 

3 

10 

+ 11 58.24' 

+ 12 0.78 

- 33-66 

6 11 40'58 

6 41 35-97 

35-33 

61-11 

55'63 

7-19 

58.66 

13-55 

0-88 

49-11 

38-10 

25.74 

5-80 

50.16 

38'54 

51.63 

39.89 

22-30 

-40.3 

-41.6 

9 I 54'55 

9 12 42-66 

I 
9 2440'5a 

6 11 37.15 

6 4a 49.50 

6 11 31-29 

6 42 49.41 

6 11 37-42 

6 qa 49'33 

9 13 49'84 

9 24 40.61 

6 1 1 3 . 6 6  

6 42 49-20 

9 1.3 49-85 

9 Y 40'6.3 

9 13 49-87 

9 a4 40.67 

6 42 48'64 

+ I . &  

-1.96 

+0'16 

+o.13 

+oa64 

- 1 . 2 7  

+omor 

+o'o3 

+ 1-45 

+ 1.45 

-1.70 

-1.70 

-O'OI 

53-02 

41-12 

44-17 

34-18 

9 13 49'89 

9 24 40.72 

+ 11 56-81 

+ rr 59-60 

Bls t ,  Mean 

6 11 36.68 

6 4a 49'87 

- I 1-59 

+ I 15.69 





PABLB II. DEDUCTION OF DEVIATION ERROR FROM 8TAB OBSERVATIONS. 15 

Btsr 

~UromMinoria 

B.P.L. 49 

1- 

B U m  Mqjoria 

AUrsceMinoria 

R.P.L. 49 

1 A* 

B Ursm Mnjorir 

AUmmMinorL 

U.L. 49 

a* 
0 Umm Mqjoris 

AUraaeMinoria 

B.P.L. 40 

A U m e  Minoris 

R.P.L. 49 

~UrsleMinoria 

B.P.L. 49 

~ U m m  Minoria 

R.P.L. 49 

AUraelinorir 

B.P.L. 49 

AUmmMinorL 

R.P.L. 49 

AUrae Mit~orjs 

B.P.L. 49 

AUlaa,&oria 

B.P.L. 49 

h 

B - 
* 
c4 
-? 
cl 
a 
Y m 
n 
z 
4 
h 

!3 

H 

4 

. 

.2 
-3 - 
6 

L 

U 

U 

U 

L 

U 

u 
U 

L 

U 

u 
U 

L 

U 

L 

U 

L 

U 

Devia- 

tion 

const*t 

A 

+ I ' I ~ I  

-0-a11 

+oao42 

-0.021 

+ I . I ~ I  

-0.~11 

+o.o4a 

-0.021 

+I'I~I 

-0.211 

+0'042 

-oeoa1 

+1*151 

-0.211 

+ I ' I ~ I  

-0.216 

+la171 

1-o.al6 

8 
.2? 

% 3 
do 
F.5 

--- 

a 

7 

8 

1 1  

4 

5 

3 

lo 

5 

1 2  

4 

lo 

4 

8 

4 

9 

4 

lo 

-- 

? - 
t 
h 

O, 

4 
Y .- 
Y 

d 
Zi 
4 

2 
sl 
2 

6 
2 
0 
'G 

Observed 
Time 

A m  8 

74614'35 

7 47 48.60 

9 14 11-58 

9 a5 2-15 

746 18.50 

7 47 47-16 

9 14 11-07 

9 a5 2.01 

74621'86 

7 47 47'14 

9 14 11'27 

9 a5 1.97 

7 46 10.82 

7 47 49-03 

7 45 15-86 

7 47 7-95 

7 45 24.08 

7 47 0.57 

L 

U 

L 

U 

L 

L- 

L 

U 

L 

U 

1877 

Feb. ZB 

n n  

, 2a 

n n  

n W  

n n  

26 

1877 

Fob. 17 

19 

n 90 
7 45 19'73 

7 46 58.72 

745 14.15 

7 46 67'50 

745 9.09 

7 46 53-86 

7 44 55'38 

7 46 54.64 

7 45 2.64 

7 46 51-50 

8 

- 

1 9 . 3 .  

I) 

LP.W. 

n 

,, 

n  

I.P.E. 

LP. W. 

1.P.E. 

,, 
5 

9 

4 

8 

3 

8 

3 

z 

4 

7 

''? 
loat~on 

8 

-0.87 

-0.16 

-0.14 

+o-30 

to-& 

+o.o5 

+0.30 

4-0.06 

+o'o5 

-1.68 

+0'32 

+a.oj 

-0.39 

+1'81 

-0.35 

E 

n  

" 

99 

n 

n  

,, 

W 

,, 

9, 

+ I . I ~ I  

-0.116 

tr.171 

-0.216 

+ I * I ~ I  

-0.216 

+ I'll# 

-0.216 

+I'I~I 

-0.216 

24 

,, %S 

&~T~&oM 

Level 

8 
+4'57-1'oo 

+o.26 

+oao3 

+oS08 

-1'56-1-52 

+0.40 

+omoq 

+o'13 

-1'56-1-34 

+oS36 

+0'04 

+oS1a 

-2-27 

+oS60 

co.94 

-oaa6 

+o.ar 

-0.06 

+1*81 

-0.35 

+I-81 

-0.35 

+I-81 

-0'35 

+a-05 

-0'39 

+1'81 

-0.35 

I 
LI 

far 

Pen 

+0'29 

-0.08 

+oa38 

-0'" 

+0'74 

-0'21 

+om56 

-0.16 

+2'09 

-0.58 

Equa- 

Q m 

8 
+1.69 

+ 1.69 

-1.69 

-1.69 

+1'7o 

+1'7o 

-1'7o 

-1.70 

+rS7o 

+ 1-70 

-1.70 

-1.70 

+I'~o 

+ 1-70 

+1'40 

+1'4o 

+1.39 

+ 1.39 

+1'4o 

+ 1.40 

+ I . ~ I  

+ I ' ~ I  

+1'41 

+ 1-41 

+1'41 

+r'41 

+1'40 

+ 1-40 

I.P.W. 

I.P.E. 

,, 

,, 

Clock 

8 

23'23 

59-69 

17'75 

58.45 

13-05 

54'71 

59'40 

55.50 

7'94 

51'97 

O Ld 

8 
19-61 

49.68 

9'76 

0-40 

17-12 

49'56 

9'47 

0.50 

20.66 

49'50 

9.67 

0.44 

8'57 

51.65 

20. a5 

8-70 

27'49 

1-55 

74548.35 

7 47 32'35 

7 45 48'94 

7 47 32' 24 

7 45 49'49 

7 47 32'14 

7 45 50'53 

7 47 31-92 

7 45 51'08 

7 47 31'81 

h r  8 

7 45 49'49 

7 47 32-14 

9 13 49.84 

9 a4 40.92 

7q550'0a 

7 47 32.03 

9 '3 49.82 

g 24 40 91 

7 45 50.53 

7 47 31'92 

9 13 49.81 

9 a4 40.91 

7 45 51.08 

f 47 31'81 

7 45 46.39 

7 47 32.68 

7 45 47-72 

7 47 31-46 

+ 25'12 

+ 32-66 

+ 31-19 

+ 33'79 

+ 36'44 

+ 37-43 

+ 51'13 

+ 36'43 

+ 43.14 

+ 39'84 

Ul 8 - o 30.12 
- 17-51 

' 19.92 

- 19'48 

22nd, Mean 
- 27.10 

- 17-53 

- 19.65 

- 19-59 
23rd,Meun 

- 5'4 

- 1 9  

+0.7 

+ 10.6 

+ 2'4 

9 

8 

6 

5 

8 

n 

d 

9 ' 2  

- 7.0 
- 7.9 -- 
- 7'0 

-1 . 0  

4 

6 

1 ro 

7 

3 

- 30'13 

- 17-58 

- 19'86 

- 19'53 

- 17-49 
+ - 19-84 

- 50.2 I lo 

+ 26.14 

+ 13'98 

+ ao'2.3 

+ 30'9' 

+1.6 

- 7 7  

8 

8 



I 6 PABLE II. DEDUCTION OF DEVIATION ERROR FROM STAR OBSERVATIONS. 

P 
Corrections for 

Observed 

Time of Pen 
Colli- Transit 

Q 
m --- 

g 
57 
%; 
g o  

--- 

5 

3 

5 

r 

5 

4 

5 

q 

6 

4 

5 

3 

6 

3 

6 

3 

2 - 
.g - 
6 

U 

L 

U 

L 

U 

L 

U 

L 

U 

L 

U 

L 

U 

L 

U 

L 

h m  8 
r z  47 20.36 

13 15 28'37 

12 48 I '86 

13 12 6.80 

1 2 4 8  0.58 

13 1% 4'83 

12 47 56.66 

13 12 18.60 

1248 29-03 

13 12 40'66 

12 48 16-77 

13 12 52'28 

12 48 26-09 

13 1259.33 

la  48 25'53 

13 13 6.09 

Devia- 

tion 
Conrtant 

A 

-oSao5 

+o-936 

-0'205 

+o'936 

-0.205 

+om936 

-0.205 

+o.936 

-0.199 

+o.grg 

-0.199 

+om915 

-0.199 

+o.grg 

-0.199 

+o.g15 

Star 

R.P.L. 99 

Polaris 

R.P.L. 99 

Polaria 

R.p.1~. 99 

Polaris 

R.P.L. 99 

Polarin 

R.P.L. 99 

Polarin 

R.P.L. 99 

Pohuia 

E.P.L. 99 

Polarb 

R.P.L. 99 

 polar^ 

s 
-0.22 

+o.95 

-0-a2 

+oa95 

+om95 

-1.91 

+8'40 

-0.64 

+aa78 

+am78 

+ae78 

-0.20 

+om86 

--- 

C 
Y1 

0 - 
0 
'0 
1 
.% 

W 
FI; 

1877 

Mar. 22 

8 24 

$8 25 

,, zs 

1877 

Mar. 22 

5 
s9 

s9 
Q 
E 
4 
C1 

W - 
W 
pS 

3 
3 

-0.42 

+ l m 1 6  

-0.9 

+oea5 

-0.2~-0.08 

+o'ar 

-0.35 

+0'95 

-oaaa 

f0.70 

-0.64-0.33 

+1'04 

-0.64-0.38 

+ l m 1 9  

+0.04 

-0.12 

g 
4 

k 

3 a ." 

cg 

?! 
s9 

I.P.E. 

m 

m 

I.P.W. 

6 

.- 

E 

,, 

IS 

,, 

+1'78 

+ r m 7 8  

+ 1.79 

+1'79 

+ r S 7 f  

+1'77 

+ 1-76 

+ 1.76 

+1'40 

-1.40 

+I -38  

-1-38 

+ 1.39 

-1.39 

+1'38 

-1.38 
,, 

9 9 % ;  J J . , ,  

I 
I 

8 

+o.oz 

+oa02 

+o'oz 

+oeoz 

-o'ol 

-0.01 

-oSol 

-0.01 

I 

,, 26 

I.P.E. 

I.P.W. 

21-50 

32.28 

3'34 

9.81 

2-05 

7.78 

56.16 

29.13 

29.57 

42'7.3 

27-18 

54-11 

26.46 

61-90 

16-75 

5'44 

W 

s h m s  
1 ~ 4 6 3 2 . 3 7  

13 la  32'48 

12 48 32'43 

13 12 31-98 

1 2  48 32.45 

13 1231.68 

12 48 32-48 

13 ra 31-40 

12 46 32-31 

13 la 32-48 

12 48 32-45 

13 12 31'98 

12 46 32-45 

13 1231.68 

12 48 32'48 

13 1 2  31-40 

m s  
+ I 10'87 

- a 59'80 

+ 29'09 

+ Z Z ' I T  

+ 30'40 

+ 23.90 

+ 36-32 

+ 1-67 

+ 2.80 

- 10.25 

+ 5-25 

- 22-73 

+ 5-99 

- 30-22 

+ 5'73 

- 34-04 

d 

- 9 7  

- 6'1 

- 5'7 

- 30'4 

- I 

- 25'1 

- 32'5 

- 35'7 

4 

1 

5 

5 

5 

4 

4 

4 



TABLE III. REDUCTION OF COMPARATIVE-AZIMUTH STAR OBSERVATIONS. ='I 

RSDUOTXO~~ OF BACE OB~EBVATXO~~ TO TEAT 09 
Comparison 

THX FIRST DAY Computed Deviation 
' ' 

of each Reduced by Circumpolar Star 2 
B.A.C. Reduced Obwrvntion wit11 Observatio~ir g! C .- 

1lea11 of all .= c Correatio~ls 
Correctiom for 

Observation - 01 

-- 
Differ- c 

Colli- a 
mation Daily Wean en"e 

---- A% 

2648 1876 8 6 d d d d d 
+ 3'4 5 + 19.4 

3 

E 
.a 
3 

M a 
8 
4 
CI 

8 

2 
2 

d--o.119 

3116 

8-+73Oa7' 

8.A.-gL qm 

A- -0.067 

838 

8- +7904z1 

R.A.-6L a jm 

A--o.rro 

,116 

8' + 73Oa7' 

., 10 

,, 9 

,, 10 

1876 
Jnn. 28 

,, 29 

,, 80 

,, I 

Feb. 1 

,, 10 

,, 8 

,, 9 

, 10 

F9 

1876 - 16-5 4 - 28.4 

- 9.4 8 - 23'1 

7 '4 4 - 20.2 

A--o-144 ,, 22 1.P.X ,, 7 17 57-50 +oS43  -0.16 -1.61 + 83.05 + 0.05 19.16 - 1.42 + 9.9 4 - 4.9 + 9 '0  4 - 4 '4  

28 ,, ,, lo  1726.05 +0°35 -0'19 +r .61  + I I I . O I  + 0.06 18.89 - 1.15 + 8.0  5 - a 'a  + 11 .7  aa - 1.9 

-- 

, 8 

9 

, 1 

A--0.065 

2548 

8-+80°111 

I.P.W. 

I.P.E. 

I .P .X 

I.P.E 

1.P.W. 

,, 
I . .  . 
,, 

I.P.W. 

I.P.E. 

,, 
I . . .  

B.A.-7L3~m 

A--o.r16 

I . .  . 

,, 
P . .  

,, 

'U' 

,, 

W 

,, 
,, 

, 
,, 
,, 

W 

,, 
, 

E 

,, 

, 

4 

9 

7 

5 

5 

8 

8 

ro 

l o  

to 

I I 

I 

5 

8 

7 

3917 

8 47 17.59 

47 16.29 

6 25 45-33 

25 51.67 

a5 51-67 

2556.62 

a5 58.94 

a5 a3.61 

9 340.4.; 

3 43.3; 

339.8; 

75542'58 

5541.16-0'14 

2 6 - 0 . 4  

+0.10 

- 0 . 2 7  

t0 .06  

-0.04 

0.00 

-0'1.3 

-0.16 

-0.14 

-0.05 

~ 0 ' 0 . 1  

-0.09 

-0'08 

+0'07 

+omo8  

+0'05 

t 0.0.3 

+0.26 

+O.OI  

t o . 2 1  

+o'27 

+o.14 

-oSo7 

-0'04 

t o . 1 0  

-1.89 

-1'88 

-1.88 

+ 1.64 

-1.68 

+1.64 

-1.62 

- 1-61 

-1.57 

+ 1'57 

I 
-0.10 t 1-57 0.00 

~ 5 ( 5 . 1 ~ + 0 . 0 ~ - 0 ' 0 ~ - 1 ' 5 9 ~ +  0.91 

3'2 

+ 1.3 

+ 1.9 +o '14  + I . ~ ~ ' +  1-83 0.0044-5644'34- 0 .22  

0-0043-97 

0'0044'49 

0.09 

3 

4 

4 

+ I .BJ(  

0.00 

+ 0.37- 

- 0'15 

0.0016.8318.34 

15.89 

14.52 

o.ooj7.06 

47.10 

48.30 

o.oaj7-2.3 

47-03 

0'0746'9747'38 

o.ooqr.go 

4a-14 

+ 

0.00 

- 2-52 

- 5.0.3 

- 7'87 

- 10.43 

+ 24.86 

0.00 

0.~38 

+ 1.4 

+ 7'7 

t 10.1 

+ 14.6 

- 0.01 

+ o'or 

+ 0.01 

+ 
+ 0.02 

+ 

- 0.01 

15.a1 

6 

+10a8  

- 1-01 

+ 1-51 

- 0-68 

+ 0.69 

+ 0'32 

- 0.32 

- 0.92 

+ 0.15 

+ 0'35 

+ 0.41 

+ 0.16 

- 0'08 

+ 14.6 

- 3'1 

- 0.7 

+ 3.8 

+ 8.5  

- 12.7 

+ 10.1  

- 10.3 

- 1.9  

+ 2.9 

+ 8.4  

- 1.4 

- 3.2 

- 3.7 

- 2.5 

+ I..? 

+10m8  

7 

8 

9 

3 

a 

5 

4 

3 

3 

4 

4 

5 

5 

5 

6 

+ 7'7 

+ 10.8 

+ 14.0 

+ 3.8 

+ 26.3 

+ 1.6 

+ 26.3 

+ 1.6 

+ 6.1 

+ 1a.3 

+ 1 6 ' ~  

+ 9.4 

+ 10 '2  

+ 14.6 

+ 7'7 

+ 10.1 

9 

+15.7 

+ 14.0 

+11 '5  

+ 13.6 

+ 10.6 

- 14.1 

+ 11.3 

- 12-4 

- 5'4 

+ 0.8 

+ 4 - 9  

- 2.1 

- 1.3 

+ 3 - 1  

- 3.1 

- 0.7 

8 

8 

8 

8 

9 

8 

6 

9 

10 

9 

7 

8 

+ 25.7 

+ 1.9 

+ 25'5 

+ a'.? 

+ 6'7 

+ 11.9 

+ 17'8 

+ 9.6 

+ 9.6 

+ 12-a 

+ 8.0  

+ 11.0 



18 TABZE I11 REDUCTION OF COMPARATIVE-AZIMUTH STAR OBSEBVATTONS; 

r 

4 

E 
i* 
4 :: 
ra 
PI 
n 
& 
4 
h 

3 

2 
$ 
0 

5 

3 - - 
3 w~ 

P 

O,. - 
4 

3 
Y 

Sl 
P 

d 
0 
Pl 

c 
2 
4 
@ 

- 

P1 

B.A.O. 

Number of 

~tu,ud ~ . t a  

8628 

8- +81° 4' 

B . A . - I O ~ ~ I -  

A--0.130 

1)- 

8-+81~&'  

& A . - I I ~ ~ ~ ~  

A--oa143 

8190 

8- +81°5a' 

RA.-9' 18" 

A--0.146 

at3m 
8-+81° 4' 

B . A . - I O ' ~ I ~  

A-- o - r j a  

8906 

8-+81°48' 

RA.-II' 23" 

A--0'145 

.a 
t , 

r* 3 s 
s f  

3 .= YIIII.~ a .d 

BEDUCTION W EACH OllIi~ltVATl0~ lk3 THAT OF 
0 

Comparison 
TKB F m  DAY 

Computed Deviation ' ' 
OT each I<eduoed 

a 
by Circutnpolur star 3 5 

+ SS.1 15 + 59'4 

., 20 , , p 13 16.64 +oa16 +0.04 - I . ~ ~ / +  0.74 - o.o6,15.93 + - a3-8 a - 12 .8  
I 

, 1 ,, ,, 9 a3 16-60 - 0 . q  + o . q  - 9 6 + - ra.5 4 - 6 - i  

,, 2% I.P.E. ,, 8 ~317.49-omrz-0.39-  a.58 - 0.19 17-68 - 8.0 4 - 0.9 - 9.3 6  0.4 

,, t 3  ,, 7 13 16-59 -0.w +omro  - 3.6 4 + 3.7 - 4'7 5 + 4'2 

+ 
,, 24 ,, lo a3 16-05 -0.23 1.4 5 + 7.5 + 8.4 - 0'9 16 + 7.1  

& 

a 

1876 
Feb.19 

,, 80 

,, 21 

,, 2:! 

28 

,, 84 

,, 19 

,, 20 

,, 21 

,, 22 

,, 88 

,, 24 

1876 
Feb. 19 

,, 20 

, 81 

, 82 

, 23 

,, 24 

,, 19 

,, 80 

,, 41 . 22 

n 28 

~ m t m m e n ~  

Golli- 
mdion 

8 

-0.96 

a u 

I.P.W. 

,, 
,, 

I.P.B. 

,, 

I.P.W. 

,, 
, 

LP.E 

,, 

I.P.W. 

,, 
, 

I.P.E. 

,, 

I.P.W. 

1P.E 

n 

k0.39 

+033a 

+o'51 

-0'97 

-1.05 

+om35 

+oa55 

-0.03 

+0'16 

-oSaa 

-0-14 

4-0'14 

-0.11 

-0.20 

19 '96-0.9 

t 0'74 

Observation with Obsenatim 5 Red"eed 
Mew' of IIU 

.- 
Corrections for 

Obee,.vstion - a1 2 'g .- 
ti g 
Q .j = ' d c  

Clock Change Daily Meat1 elloe 3 2: 
it1 R.A. B 2 8  

Corradionn 

Level 

8 

-0.89-0'34 

-0.4; 

W 

, 
, 
,, 
, 
,, 

W 

,, 

8 
0.00 

Q 

8 

+1'63 

-1'61 

-0.13 

-0.a4- 

-0.18 

-0.11 

-0.36 

-0'50 

1653-64-1 '11-0.14-1-6a+ 

-0.26 

-0.13 

+o'oq 

+0.04 

+o.oq 

-0.39 

+omao 

+ o ' ~ I  

+0'03-0.01 

+0'04 

+ o a o j  

-0.36 

+ o . I ~  

- 

i 
Z 

8 

I 

lo 

10 

I 

ra 

14 

lo 

8 8 8  
0.0059'19 

hfn 8 

1oa458-79 

25 2'59 

-58.14-1-01 

a5 0.96 

2457*08 

2459.40 

11 1655'17 

16ga.08 

0-0360.26 

1650e36,+0.43 

1651.96 

1649.07 

9 a5 48-54 

a5 10.81 

a444'04-o'ag 

a4 17-47 

2.349-48-0.09 

13 1%-28 

103130'97 

31 21'14 

31 10.76 

31 ao-53 

31 

8 d 
+ 1-88 -14.5 

1.6a 

+1.61 

-1.61 

-1.63 

9 

- 
- 
- 
- 

+ 0.81 

d d  
4 - 30'4 

+ 1.79 

+ a.58 

+ 3.48 

+ 4.40 

0.00 

,, 
,, 

E 

,, 
,, 
,, 
,, 
,, 

, 
,, 
,, 
,, 

lo 

10 

lo 

8 

5 

5 

10 

8 

8 

5 

I 

5 

9 

6 

0.0660~34 

0.0961.98 

o.ra6a.19 

0.1562-4361.01 

0~0052.21 

- 6.2 

- 0-0652.81 

54.54 

0'2654.73 

0'3155'1853'65 

0 ~ 0 0 5 0 ~ 1 4  

o-oi40'33 

0.0340'90 

0.0541'56 

o.064ama6 

o'084a'894.qmo~ 

0'0032.58 

0.03a3.62 

0.06af-9a 

zj.05 

+1.61 

+ 0.73 

- 0.91 

- 1 - 1 2  

- 1-36 

+ 1.4 

8 

+ + 0.83 

+ 1 . 9 2  

+ 1.62 

-0'19-1.61 

+I -61  

+ 1-59 

+1.59 

+ 1-60 

+ r m 6 0  

+1.60 

+ 1-59 

+1'59 

+1'59 

+1.60 

+ 1.59 

+ 1-60 

- 5.6 

+ 7.0 

+ 8.6 

+1o.5 

-10.1 

- 23.3 

- 5.8 

- 8.5 1.f9-0 '1 .q5~.43 

+ 3'48 + 0 ' 7 7  3 

5 

5 

8 

6 

7 

- 9'4 

+ 2.58, 

+ 3-48 

+ 4.40 

o'oo 

+ 27'70 

+ 55.41 

+ 83.05 

+Ia rmor  

+ 138.97 

0.00 

+ 0.74- 

+ 1-79 

+ a.58 

- o'la 25-02 - 5.8 

5 

5 

- 0.19 

- 
- 

+ 
+ 
+ 

+ 
+ 

- 
- o-og 

I 

- 0.89 1 + 6.2 

- 1-08 + 7.6 

- 1-53 +'om7 

5 

5 

5 

4 

3 

3 

5 

4 

4 

3 

5 

3 

5 

+ 3'7 

- 21'3 

- 4.9 

- 1.1 

- 1.1 

- 30.4 

8 

- 7-13 

+ a.68 

+ a - I I  

+ 1-45 

+ 0.75 

+ 0 - 1 2  

- 6-79 

+ 2'17 

+ 1.87 

+ 1.14- 

- 23.3 

- a1.3 

- a [ - ;  

+ 48.9 

- 18.4 

- 14'5 

- 9.9 

- 5.1 

- 0.8 

+ 51.4 

- 16'4 

- 14.2 

13.2 

- 4'9 

- 1-a  

- 1.1 

+ 59'5 

- 15.4 

- 4'1 

- 0.9 

+ 3.7 

+ 7.5 

+ 59'5 

- 15.4 

- 4.1 

- 0.9 

-13.9 

- 4'7 

- 9'4 

- 7-4 

-13.9 

+ 8 - 4 -  

- 7'4 

+ 9.0 

+ 11 .7  

+ l a -8  

- 16-5 

l + 3'3 

8 

4 

+ 9'0 

+ 11.7 

+ la-8 

+ 51.1 

- a.3'8 

- 11-5 

- 9'3 

- 4'7 

0.9 

+ Sr.1 

- 23.8 

- 12.5 

- 9-3 

- 21.4 

- 21.9 

4 

4 

2s 

6 

4 

- ao'3 

- 6.0 

- 3-0  

- 2 .2  

- 16.3 

4 

la 

6  

15 

a 

4 

5 

16 

15 

1 

4 

6 

- 6.5 

- 3-0 

- 2-1 

+ 59'0 

- 11-a 

- 5.0 

6 -  1.3  

+ 3'5 

+ 7'5 

+ 59-6 

- 10.1 

- 4'8 

- 1.7 



T D Z b  IIX REDUOTION OF COMPARATIVE-AZIMUTH WAR OBBERVATIOKS. I9 

Hot iucluded in taking out mean. t It war oourenient to reduce the obwrvationa uf ~ l r i n  star to I h o  8rd blurnit, dtkuugk it w u  uut o h r r e d  on that dar. 

Ba~ucrroa OP nrca OBI~VATIOX n, TEAT OP 

THI FIMT DAY Oompnrison 
of each kleduccd 
Ohrration with 
Mean of dl 

B.A.O. 

Correotio~u for Cormationa 

Computed Deviation 
by Circumpolar Stu  

Obrvationr 

'Cr, 

Diffrr- 
enCe 
= 

A* _ _ _ - -  

+ o!o*- 

+ 1-63 

- 1 . q  

Keduced 
Obserr,rtiou 

- 

- 

4 d' 

.k 1 
6' 

" 
-2 ; .B Y 

Daily 

8 

6 

14.13 

17'45 

Meall 

8 

a, 

d 
0.3 

- 1 % - 2  

+ 8.1 

- 19.7 

- 69.1 
- 31.2 

- 44'0 

- 12.7 

- 19.7 

- 69 '2  

- 44.0 

I - l a * ,  

- 29'7 

- 11.8 

- 1.8 

+ 0.7 

- 10.5 

- 2-3 

- 10.0 

- 11.8 

- 1.8 

+ 0.7 

- 10.51 

- aa31 

. 
PP 
3 
8 

I 3 * 

8 -  4 

B A - r o ' 3 1 ~  

A--O'IS 

f; 
.% 
B 

3 

3 

3 

-31'9 

- 39'4 

-41.4 

- 6.0 

4 

; 

+ ~ ' a  

- 29.8 

+ 8.2 

- 4'6 

+ 16.7 

+ 9'7 

- 27-8 

- 2.6 

+ 18'7 

+ 11.7 

- 5'8 

+ 4'1 

+ 6.7 

- 4'5 

+ 3'7 
I - 4.0 

- 6.8 

+ 4'8 

+ 6.7 

4'5 

+ 3 ' 7 1  
4.0 

- 6.8 

+ 3.2 

+ 5-7 

+ 2 .7  

- 5-0 

cr, 

d - 31.2 

- 44.0 

- J Z ' ~  

s 
Oz 

1 a 

Clock Chmnge Mean 
a, 

---- 

d 

- 

* 
% 
k 

1876 
a .  6 

, 6 

,, 7 

d 
+ 0 '7  

- 12-I  

+ 9'1 

8 

3 

6 

7 

5 

8 

3 

7 

5 

8 

13 

14 

8 

10 

8 

11 

13 

14 

8 

10 

8 

11 

13 

14 

8 

8 

11 

- 10.0- 

- 11.8 

- 1.8 

+ 0.9 

- 1'3 

- 10.0 

IW)6 

8-+81~48' 

PA.-11~a.3- 

A--o.147 

4101 

8-+84'7' 

B d . - ~ a ~ z o ~  

A=-0.207 

- 29-1 

- 46.8 

- 69.3 

- 31.4 

- 43'9 

- aa.5 

- ag-8 

- 53'5 

- 69-0 

- 4.3.8 

- 21.9 

- 19.9 

- 13.3 

- 1'4 

+ 0.3 

- 8.0 

- 4.1 

- 8.4 

- xa.4 

- 1'3 

+ 1.0 

- 9.8 

- 3-R 

- & I  

- 1 2 . 1 '  

- 1.9 

+ 0.2 

- 2'5 

- 8.7 

6.0- 

- 5.0 

8650 

8-+81'4' 

&&-10'31' 

b--0.130 

8!KM 1 

---- 

P . .  

, 
1.P.W 

7 

5 

' $ 1  A--o'14~1 7 

1 , 8 

d 
6 -  3 1 ' ~  

- 44-0 

- 13'1 

1 / 8-+81°# . 5 
S a ' ~ A . - I  1%3' ,, 6 

i 

8 , - 0.58 + 4'3 3 

, 12 ,, ,, 
, 8 I.P.E. 1E 5 11 23 6.48 -0-44 -0-28-1'71 + 4.40- 30'0 3 

6 ., ,, 5 33 7.97 -0.20 +O.OT -1.75 + - 1.11 + 7-6 3 

,, 6 , , 5 a3 4.94 -0.63 -0.14 -1.59 k + 0.61 - 4.1 3 

7 I . .  , 5 13 5.36 +oe16 t o - 1 2  -1.60 + 0.0810.97 - aa5a + 17.1 3 

I.P.W. 

, 
n 

I.P.E. 

,, 
, 

I . .  

,, 

I 

I 

- 

,, 
, 

, 12 

8 

6 

,, 
,, 8 

1876 
Mar. 3 

,, 6 

,, 6 

1 

8 

., 12 

, 8 

, 
,, 

5 

5 

I.P.B. 

7 I . P . W . "  

,, 

Z.P.B. 

,, 
,, 

1.P.W. 

,. 

I.P.E. 

n 

,, 8 

,, 6 

,, 6 

, 8 

,, 12 

. &  

+ 0.29- 

I +  o.01 

- 0'" 

+ 1.8~1- 

P.388.11 

23-87 

4198 

8 -  +@Of'  

B d . 9 1 2 '  tP 

A--0'1oa 

h m  8 
0 I 

31 8.49 

31 8-51 

- 1*36+ 9.3 3 

E 

,, 

7-82 

8.10 

zr.oj 

aqn.36 

0.22124.1; 

24.26 

0,6614.55 

,, 

,, 

W 

,, 

., 

' I  

2.0  

- 0.1 

+ q 

9.1 

- 0.08 

- 0.10 

0 

0.00 

- 0.15 

- 
0-3; 

- 

8 
I 

-0'58 

+0.15 

4 

5 

5 

2 

,, 

,, 
sv 

W 

,, 

, 
,, 

4 

3 

a 

a 

3 

- 0.18 

3 

I 

1 

z 

lo 1038 11.81 

8-29 - 0 1  5 

8 

lo 

10 

4 

5 

r 

4 

3 

7-01 

8.86 

- 0.491+ 2'4 
I - O . ~ O I +  1'5 

8 

I 

-0.14 

+0'12 

-0.07 

-0.10 

- 1.08 

11 

I , , I 

9-19 

- 0 .04~ -0.01 30 3 1 8  

- o..z() 

- o.6R 

aa53-77 

11 1317.68-0.61 

1322.69 

13r .~*a5 

-o.ol 

+ 1.3 

38 13.50 

38 8.86 

- 0.06 

+ 1-60 + 3-17 

" I I0 

a 9 s w $ - ~ ' ~ ~ - O ' ~ 2  

+ 1'9 

+ 3'4 

8 

I 

+ 1-69 

+ 1'60 

+0'31 

- 0 . 0 1  

3 

+ 7.6 5.32 

'1.61 

-1.61 

+ 1.60 

-1.60 

- 1.61 

+ 1-61 

ra ao a3-,32 

ao za-60 

lo 25-26 

ao24.49 

~025 .09  

+ o m l a  

-0'88 

+o '13 

t0.04 

5 

+ 8 -  

0.00 

+ 0.47 

+ 0.69 

+ I - & -  

- 1-33 

------ 

+ ! 
+ 5-32 

+ 7-01 

-0.0.3 

+ 1-62 

- 1-60 

4 1 0  

- o m l o  +oa+z 

8 

+ 0 0  

+ 0.05 

+ 0.06 

-0.05 

-0.36 

-0.18 

1 . 3 a 4 . 7 5 + 0 ' 2 3 + 0 - 1 5 - 1 . 6 0 +  

+ 1'60 

38 9-90 

,, 

-0.15 

-0.01 

+0'41 

- o . o ~  

t0 .18  

9 

, 

E 

-0.01 

+omor 

-0.10 

-0.15 

- 1.58 

-1'71 

- 1-60 

+o.oa-1-59 

38 4.15 +oSz7 
I 

0-]13.67 

9 ,  38 a . 5 6 - 0 . ~ ~  

111 8 z l  -0.0; 

- 0.40 

+ I - & -  

- oma8 

15.51 

+ 3-57 + 0.03 

- 1.611+ 7.01 

+ 14.28- 

+ 0.13 

- 0.14 

+ 1-26 

- 0.75 

15-11 

15'39 

15-86 

+ 0.06 

+ 5'32 

+ 3.1 

11.1 

+ 2 ' 1  

14-98 

1 5 . ~ 5  

6-85 

+ 0-05 

0.17 

5 

5 

6 

- 1.0 

+ 1.1 

- 8.8 

+ 5'8 

+ 0.08 

+ 0.14 

o'oo 

+oa02,+ 1.601+ 8 8 6  

- O - I I  -1.61 + 14.a8 

5 

5 

3 

6 

+om.j31-1.61 

* 
6.37 

o .wrgmco 

+ 

o-oo 

+ 5-67 

+ o ' l j -  

- I - 2 1  + 1.44- 

8'45 

o'3pra-8820.67 

- 17.4 

0.8 

- 3 * 6 1 + 1 7 - +  

+ 10.7 

+ 2-08 

1 

I 

2 

- 14.1 2 



20 TABLE III. REDUCTION O F  COMPARATIVE-AZIMUTH STAR OBSERVATIONS. 

* Not inoluded m taking out mean. 

8 2 .. E R .a a 
B.A.C. Chewed  

of Transit 

-- 

~~EDUCTIOW 01 EACH OBBEBVATION TO THAT 001 
THE FIBBT I)AY 

Compariso~~ 
of eseli Redured 
Observation with 

Aleall 

1)iffer- 
ence - 
A% 

8 

+ 3-98 

+ 4-44 

+ 5.0; 

- 4.05 

- 2-98 

- 3-67 

- 2-78 

+ 3-46 

+ 3.7, 

+ 4-01 

- 2-40 

- 3.37 

- 3.07 

2.37 

- 1-94 

+ 6.87 

+ 2-75 

- 3.96 

- 8.40 

+ 0.72 

- 0.50 

+ 6.58 

- 4-06 

- 6-48 

+ 3-16 

+ 1.30 

+ 0.31 

8- +81°33' ,, 12 I, 9 ,  - 0.05 

B.A.-rlh 54"' , 17 I .  W. , 5 5443'25 -0.1' -0.04 + lo41  - 21-76 + 0'3823.13 - 0 '05 , t  

A - - O . I ~ Z  18 ,, - 0 ' 2 2  

F 
V 

!2 
4 
5 
~ i l  
P1 
R 
2 
4 - 
5 
m 
4 
Fr; 
Q 

;I 

m 

'a 
2 5 
0E 6' .- 
f '"0 - i .g a 
l . j  
Z 6  4 8  

d - 80.6 

- 85.6 

- 89-2 

- 28.8 

- 33.7 

- 27.7 

- 34-1 

- 80.9 

- 86.0 

- 89 .0  

- 33 '5  

- 26.2 

- 28-3  

- 3 3 ' 8  

+ 5 9 ' 6  

- 4 . 1  

+ 29'7 

+ 74 '5  

+108-x 

+ 4 0 . t  

+ 56.8  

- 6 . 8  

+ 8 7 - 5  

+108-7 

+ 1 9 - 4  

+ 4 0 . ~  

Instrumental 
Corrections 

Gmputed Deviation 
by Circumpolar Star 

Ohrvat ionr  

- 6- x 

- 3-8  

- 6 - 9  

- 6 - 7  

01 

-------- 

d 
- 79.7 

- 85'6 

- 88.9 

- 30'0 

- 34-1 

- 27.3 

- 33'9 

- 79'7 

- 85.6 

- 88.9 

- 34.1 

- 27.3 

- 29.5 

- 33'9 

+ 59.0 

- 6.7 

+ 30.6 

+ 108.8 

+ 40.5 

I 1  I 1  I 

$ 
0 
rr) " 
0 
a 
Y 

.: 
la 
Y 

3 
4 
H 

- 

h 

a 
"Y - 
2 .. .- 
3 
3 
c;l 
W 
P1 

of all 

42 I = 

- 2.2 

+ 0.4 

0.4 

+ 1.5 

---- 

Colli- 
nlation 

8 

3 

6 

8 

Corrections 'Or 

d - 28'1 

- 31'3 

- 35.1 

+ 28.5 

3 

4 

3 

3 

Level Clock 
R 

+ 0.2 

+ 3 '9  

- 2.0 

- 1'9 

Reduced 
Obnerrotioll 

3 

3 

- 5-5  

- 1.8 

- 7 - 7  

- 7.6-  

a 
'6 
B 

6 

3 

8 

8 

3 

6 

l o  

6 

3 

8 

3 

6 

3 

l o  

3 

3 

6 

13 

1 2  

Cllange 
in R.A. 

= al  

Mean 

01 

d 

-54.2 

-54'1 

+46'4 

I)ally 

8 

25'34 

. 

4050 

8- +81°39' 

R.A.-11' 54"' 

A- -0.142 

4669 

8' +7g036' 

R .6 .=13~  51" 

A==-o'114 

4050 

8-+8roj3' 

R.A.-llh 54" 

A - - o ' I ~ I  

4659 

1- +790361 

R.A.=llh 51"' 

Ap-0'113 

5'7 

3 

3 

5 

13 

16 

12 

a 

d 
- 25'5 

- 31'4 

- 34'7 

+ 24'2 

+ 20.1 

+ 26.9 

+ zoa.3 

- 25.6 

- 31'5 

- 34'8 

+ 20 '0  

+ 26.8 

+ 24.6 

+ 20.2 

+ 12.6 

- 53'1 

- 15.8 

+ 62.4 

- 5.9 

Alean 

+ 20.9 3 
I + 25.8 3 
I 

+ 19.6 -3 

+ 7.4 

- 58'0 

+ .16'7 

+ 57'5 

- 33.1 

- 10.8 

l87fi 
Mar.22 

,, 22 

,, 26 

,, 29 

,, SO 

,, 91 

Apr. 2 

bfw.22 

,, 24 

,, 26 

, 30 

,, 31 

Apr. 1 

,, 2 

1876 
Mar. 22 

,, 24 

,, 26 

29 

,, 81 

Apr. 2 

Mar. 22 

,, 24 

,, SO 

I, 81 

A .  1 

,, 2 

- 30'41 

- 32.5 

- 35.2 

+ 2 1 . 1  

+ 29.6 

+ 26.9 

+ 20'8 

+ 1.3'8 

- 48.7 

- 19.5 

+ 28.1 

+ 59'6 

- 5.1 

+ 4.4 

- 58.2 

+ 35-9 

+ 57.3 

- 28.0 

- 11.5 

+ 59'0 I 

2 

2 

z 

.3 

4 

3 

3 

3 

4 

2 

4 

4 

4 

6 

4 

7 

6 

5 

6 

- 6.7 

+ 88-0 

+ 108.8 

+ 18.2 

+ 40'5 

I.P.W. 

, 
,, 

I.P.E. 

,, 
,, 
,, 

I.P.W. 

,, 
,, 

I . .  . 
,, 
,, 
,, 

I.P.E. 

,, 
I.P.W. 

,, 

I.P.E. 

I.P.E. 

,, 
I.P.W. 

I, 

I . .  

,, +51.3 

8 8 

53 12.64 +0 '08  +o.oz +1'38 + 6.07 + 0-08zo'z.1 

,, 
,, 
,, 

W 

,, 
,, 
, 
,, 
,, 
,, 

E 

, 
,, 

,, 

,, 
,, 

W 

,, 
,, 
$9 

, 
,, 

53 17.66 -0.59 -0'04 + 1-38 + 10.84 + 0.14 29-39 

6 

6 

6 

4 

q 

4 

5 

7 

5 

5 

5 

7 

4 

7 

7 

7 

I I 

7 

14 

11 

0 

11 

53 14-99 

53 13.10 

53 9.05 

1.3 37 25'54 

37 9.97 

36 53.62 

36 29.54 

36 21'95 

36 13-61 

36 5'06 

-0.65 

+o. rz  

+oeo4 

+0'06 

+0'11 

+0.06 

-0.5.3 

+ O ' I I  

+ o - 2 1  

+orno.? 

-0.03 

+om20  

+0 '18  

-0.08 

+0'03 

+ O . O I  

-0'0.3 

+ o ' I ~  

+ o m 2 0  

+om16  

57.73 

0.0448.92 

0.0853.04 

59q7; 

0.1864.19 

0.2~55'0755'79 

56.57 

0.0849-49 

0'3260.13 

0'3662.55 

0.405a.91 

0.4454-7756.07 

12  o o  0'00 

+ 1-38 

+ I-381+ 

+ I '3; 

-1.39 

-1'.39 

-1.38 

-1.38 

-1'38 

-1.36 

-1'37 

+ 
+ 
+ 0.14 

+ 
+ 

0.00 

- 
- 
- 
- 
- 

+ 2.97 

+ 6-07 

648.01 

636.28 

13 50 55.85 

5036.~34 

49 55.81 

49 53'7.3 

4931.50 

4930.52 

+ 12-41 

14.03 

+ 17'26 

0.00 

+ 15.24 

+ 31.43 

+ 62-71 

+ 70.47 

+ 78.40 

+ 86-52 

+oe62 

-0.76 

-0.56 

+oa46  

+ o ' ~ o  

-0.61 

-0.62 

+ 0.16 

+ 0.18 

+ 0 . 2 2  

0.00 

- 0.08 

- 0.16 

- 0.32 

- 
- 
- 

28.32 

29.01 

28.12 

24.1j 

23.88 

23'58 

29.90 

0.36.30-96 

0.4030.66 

0'4429.9627.59- 

-0.27 

+o.46 

-0.581-0'30 

+0.18 

-0.16 

-0.17 

+oS39 

+ o m 4 r  

+ 1.62 

+ I - 6 1  

+ I .60 

-1.63 

+ 1.6.3 

- 1.62 

+ 1-63 

-1.62 

+ 10.84 

+ 14'03 

+ 17-26 

o - w  

+ 15-24 

+ 62-71 

+ 70.47 

+ 78.40 

+ 86'52 



PABLB IIX REDUCTION OF COMPARATIVE-AZIMUTH STAR OBSERVATIONS. 2 I 



22 TABLE III. REDUCTION OF COMPARATIVE-AZIMUTH STAR OBSERVATIONS. 

Not included m taking out uetuL 

3 

m 
4 
!?? - 
- 
8 

?! 
3 

2 
4 

2 
2 
b 

- 

z 
.: 

- - * 
0 
h - 
4 
B .- a 
?! 
2 
PI 
C 
Q 

' 

$ 
O 2  

0 
a 
a ." 
Y 

2 - 
S 
5 - 
4 
3 

B.A.O. 

Number of 

star, and  ate 

Comparison 
of e ~ ~ c h  Heduced 

Computed Deviation 
by Circumpolar Star 

Obnerrationr 

' 81 

Obwrvatio~i 
Mean 

DilIer- 
ence - 
A% 

# 

- 2.04 

- 1-74 

- 1-06 

- 0.75 

- 0.0.3 

- o.og 

+ 0.82 

+ 1 - 2 7  

+ 1-60 

- 1'12 

t 0.42 

+ 0.06-  

t 0.65 

- 2-51 

- 2-04 

' ' 
2 3 
E, 6. .- 
.3 % 
6 
n .s 

H E D U ~ I O N  OF BAOH OBBRBVATION TO TEAT OF 

B 8 'z THB FIIWT I)AP + .- 

+ 0 . 1 1  

+ 0.62 

+ 1.31 

t a '79+  

+ 0 . 2 0 -  

+ 1.14- 

+ .3'41 

+ 4'34 

- 5-71 

- 3'60 

- 0'75 

+ 6-30 

- 4.75 

- 2 ' 7 2  

+ 0.46 

+ 0.69 

with 
of all  

Y 

5 
.z 
iE 

d l  

------- 
8 

- .u .3 Corrections 

1877 
+ 16.9 

+ 14.4 

+ 8.8 

+ 6.2 

+ 0 . 2  

+ 0 . 7  

- 6.8 

- 10.5 

- 13.2 

+ 7'8 

- 2.9 

0.4 

- 4'5 

+ 10.8 

+ 

a1 

- -  
d 

- 16.9 

- 22.4 

- 26'0 

- 30'9 

- 29.2 

- 39.3 

- 40'3 

- 42.7 

- 29.2 

- 39.3 

- 40.3 

- 42'7 

Y 

d 
z 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

3 

Correctio~~s for 

Men11 

a1 

d 

-31.0 

-37.9 

-24.4- 

6 s 

-1- 

+ 2.0 

- 1.6 

6.5 

Clock 
Ruta 

Reduced 
Observntion 

Colli- 
mation 

2930 

8-+80°29' 

R.A.-8" 37' 

A--O.IZI 

8199 

8- +8r05z' 

8.A.-gb 19- 

A--o.143 

8496 

8- +8q05z' 

R.A.-loh 12'" 

A - - o . z j ~  

61 Cephei 

A--0.435 

- 22.4 

- 26.0 

- 30.9 

- 0.5 

- 2 .7  

- 5.6 

6 .4  

Cllange 
in R.A. 

Duilg 

8 37 36.98 

3741.05 

37 49'35 

37 53'02 

37 56.85 

37 61'47 

38 3-89 

38 12-42 

38 20.75 

9 733'7.1 

7 31.72 

7 33'52 

7 34'35 

101149.16 

11 61-26 

12 3-19 

12 

12  11'14 

643 18.78 

LBvel 

a d - 14.1 

- 16-9 

d 

+ 14'1 

83 

31 

4.3 

3 

3 

a 

Sleaii 

24 

2930 

8- + 80'29' 

R.A.=897m 

A--o.1a6 

8199 

8- +81O5aP 

R.A.-gh 19'" 

A--oa148 

Jan. 20 

I, 21 

,, 23 

,, 24 

,, 26 

,, 26 

,, 27 

,, 29 

,, 31 

,, 26 

,, 27 

,, 20 

,, 81 

,, 20 

,, 22 

,, 2.3 

,, 24 

,, 25 

,, 81 

Feb. 1 

- 2 2 ' 5  

- 26.1 

- 30'9 

- 70.9 

- 89.7 

- 93.7 

- 99.6 

- 24.8 

- 42.8 

- 62.9 

- 99'6 

- 
- 

1.6 

1 7 ' 0  

- 2 7 - I  

- 34-4 

+ 45.4 

+ 28.6 

+ 6.0 

- 42.6 

+ 32.1 

+ 18'4 

-69.2 

-0.59 

-0'59 

-0.59 

-.oa59 

-0.59 

-0.59 

+o.qg 

+oa49 

+0.49 

-0.69 

+oS57 

+o-57 

+om57 

-1.10 

- , a l e  

3.70-1.10 

-1.10 

+ 1 . 6 ~  

a 

+ 0.1 

+ 1-8  

- 8.3 

- 9.3 

- 11.; 

+ 8.7 

- 1 '441  

- 2.4, 

- 4.8 

+ 6.3 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

d 

1 A77 
Jan. 23 

,, 24 

,, 25 

,, 26 

,, 27 

, 
Feb. 1 

Jan. 26 

,, 
,, 29 

8, 3 

Feb. 

I.PE. 

,, 
,, 
,, 
,, 
,, 

I.P.W. 

,, 
,, 

I.P.E. 

I.P.W. 

,, 
,, 

I.P.E. 

,, 
,, 
,, 
,, 

I.P.W. 

,, 

- 3.1 

- 4'7 

- 1.7 

-0.18 

-0'24 

-0.33 

+ 0 3 r j  

+0'05 

+ O ' I I  

+ o . o ~  

+o-02 

+o.& 

+0"2 

+oa08 

+oe03 

-I.IO-0.28 

-0.47 

+oao7 

+0.22 

+o.o8 

+oe15 

4.3 

8 

41 

6 

8 

8 

6 

8 

5 

I 

1 

- 60. 

I.P.E. 

,, 

,, 
I.P.W. 

,, 
,, 

I.P.E. 

2 7 ' ~ ~  w.. 

, 
11 

E 

,, 
,, 
,, 
,, 
,, 

,, 
,, 
,, 

W 

,, 

,, 
,, 

E 

,, 
,, 
,, 

,, 

E 

- 30.9 

- 29'.z 

- 39'3 

- 40'5 

- 42.9 

- 29'3 

- 39'3 

- 40'0 

- 42'7 

- 13.6 

- 1 7 . 4  

8 

- 60.1 

- a4.8 

- 4 2 - 6  

+ 33'2 58 

5 

14 

4 

5 

6 

7 

9 

7 

7 

5 

7 

7 

6 

9 

4 

11 

6 

3 

4 

I 0.00 o.0034'50 

-1. 4'29 - 0.03 34'20 

- 
- 

- 70.9 

- 30.4 

+ 44'4 

+ 26.4 

+ 6.3 

- 41.6 

- 

+ 15.2 

-1.70 

-1'69 

-1.70 

- 1-69 

+0.06-1-70 

+1.71 

- 1.70 

-1 .70-  

+1.70 

-1.69 

+ 1.70 

13 

29-36 

,, 
,, 
,, 
,, 

W 

,, 

,, 

4 -100'4 
I 

- 48.43 

0.00 

- 0.67 

- 1-95 

- 3-27 

osoo 

- 8 66 

13.13 

- 17'55 

- 21.99 

0.00 

58 

13 

lo  

4 

rg 

5 

13 

8 

4 

6 

5 

5 I 1940'9.3 

I 1941'$3 

- 24.8 

- 42.6 

- 62.9 

- 99 '8  

- 0.31 

- 0.06 

- 

37 26-71 

3736.29 

37 35'48 

37 34'61 

9 19 32.91 

1943.35 

1942.69 

+on25 

+oma5  

0.0031'48 

19'94 

0.1830'30 

I 
30'8632.46 

-0.5; 

+o.22 

+omza  

+o'za 

-0.6; 

+o.25 

+o.a5 

+oS3o 

+0'35 

30'36 - 0 ~ ~ 0 2 9 ' 7 1  

I 
- 0'31 

- 
- 
- 

-0.17 

+o-z l  

+o.24 

+om32 

-0.19 

+o.24 

+om17 

-1'42 

-1'40 

0.0049'49 

49.02 

0.4646.87 

0.6146.36 

0.7745'6746'98 

o.002z.30 

+ 1.40 

+ I . ~ I  

+ 1-41 

+ 1'40 

- 1-40 

-1-41 

-1'41 

- 3-17 

- 3-98 

- 
- 

- 2 '27  

- 2-94 

- 4-22 

- 6.19 

0.00 

- 0.67 

- 1-95 

- 0.08 

- 0'" 

- 0 .17  

- 0.25 

- 
- 

25.02 

35'08 

32'96 

30'11 

0.0030'65 

0.0641.70 



TABLE ZU REDUCTION OF COMPABATIVE-AZIMUTH . STAR OBSERVATIONS. 23 

* Hot included in W g  out mean. 



24 TABLE III REDUCTION OF COMPARATIVE-AZIMUTH STAR OBSERVATIONB. 

TABLE IP. DEDUCTION OF a THE FINAL VALUE OP DEVIATlON ERROR. 
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26 PABLJ IP. DEDUCTION OF a THE FINAL VALUE OF DEVIATION ERROR, 
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TABLE 7. COMPARISON OF CLOCKS BY LONGITUDE SIGNALS. 

Arc Botarwm (E) and Bombay (W). 
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TABZJ V. COMPARISON OF CLOCKS BY LONGI!JXlDE SIGNALS. 

Arc Bolarwm (E) and Bombay (W). 
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I 

a 

3 

4 

5 

6 

7 

8 

9 

10 

t I 

I a 

13 

14 

. 15 

I 6 

17 

18 

19 

20 

Q 

OomatdM-n 

Direction of 

E ~ ~ w , Q +  

BY 
Esst Clwk 

I n  8 

6 47 15-35 

16.60 

18.18 

20.47 

21.70 

27- 22 

19.60 

31'40 

33'87 

36-55 

36-67 

40.60 

41-59 

44' 93 

4i.63 

51'9I 

53-61 

55'34 

57'39 

69.28 

6 47 37'195 

+ 1.033 

6 47 38.218 

Equation, Q, and Obaerved Timee 'Pranemieeion of Signals, Sign of Pen by each Clock. 

BY 
Weet Clock 

h f l #  8 
6 a4 11'go 

13-13 

14'77 

17'03 

19-30 

9-69 

26. 18 

27'99 

30'47 

33'16 

35-18 

37'19 

39-19 

41'53 

44-11 

48-50 

50' 19 

61-95 

53'91 

65-85 

6 Y 33'787 

+ 1'520 

6 14 35.307 

E to w, 

BY 
Eslt Clock 

h a  8 

6 53 44-05 

46' 7 I 

49'00 

51.88 

54-66 

56- 60 

58-96 

61-15 

63.80 

66.76 

70.10 

71-48 

74'77 

76.88 

79'49 

81.91 

64-67 

87'51 

90'44 

91'29 

6 54 8.113 

-1 '033 

6 54 7.180 

w ~ ~ E , Q +  

BY 
Eut Clock 

h M  8 
6 50 13-40 

14'30 

15-11 

17'35 

18.28 

21-17 

a a m  18 

25.09 

26- 04 

85-09 

86.07 

89- 10 

90'05 

93.00 

94.00 

97'28 

98' 24 

101 '10 

~oa'og 

105' 1 0  

6 sr 0.702 

+ 1 '033 

6 51 1.735 

W ~ O E , Q -  

BY 
Eut Clock 

h m  8 

6 57 39.06 

40'08 

43'07 

44.06 

47-16 

48.04 

61.06 

52.09 

55'19 

56-19 

59-10 

60.07 

63-18 

64. 19 

67-13 

68- 20 

71.23 

72.~1 

75'23 

76-20 

6 57 57'642 

- 1.033 

6 57 56.609 

Q - 

BY 
West Clock 

h n  8 
6 30 41-60 

44'30 

46'59 

49'44 

ba'% 

54' 20 

66-57 

58- 74 

61-17 

64-31 

67' 76 

70'05 

72'38 

74'50 

77'4 

79-51 

Sa'z5 

85-10 

88-03 

89.86 

6 31 5'794 

- 1'520 

6 31 4.274 

BY 
W& Clock 

h M  8 

6 a7 9.84 

10.70 

11.60 

13. 70 

14.70 

17-62 

18.58 

21'55 

12-48 

81'58 

81-54 

65-59 

86-50 

89'49 

90'47 

93' 70 

94-19 

91-60 

98.55 

101.58 

6 a7 57'153 

+ I'slO 

6 27 58.673 

BY 
Welt Clock 

h n  8 

6 34 36.50 

37'48 

40.52 

41.50 

44'60 

45'50 

48'49 

49'50 

51-70 

53'61 

56.60 

57'49 

60.60 

61'59 

64-60 

65-61 

68.68 

69-60 

71-60 

73'61 

6 34 ~6'o;o 

-1.520 

6 3 53-550 



T B L E  V. COMPARTSON OF CLOCKS BY LONGITUDE SIGNALS, 

Arc B o t a m  (E) and Bombay (W). 

m 

B 
3 
P 
8 
4 

1876 
Jan. 11 

g 
3 
.sP rn 

I 

a 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

r 8 

'9 

10 

Mean 

8 

CorrsLtedbkn 

Direction of 

EtoW,Q+ 

Equation, Q, and Observed Times 

E t o W , Q -  

8 28 17'298 

- I ,036 

8 98 16.262 

Tranamiesion of Signals, Sign of Pen 

BY 
I 

East Clock 

h n  8 
8 18 8.80 

11'47 

13.62 

. 15-96 

18-50 

~0.52 

13-03 

24-95 

a7'50 

30.80 

33.00 

34'73 

36-70 

39'03 

41-27 

43'94 

46.60 

48.80 

50-70 

52.90 

8 18 31.141 

+ 1.036 

8 18 31-177 

BY 
East Clook 

h W 8  8 
8 a3 51.00 

53.10 

55.21 

57'28 

64-62 

67-14 

69.77 

72.31 

74'79 

76'39 

78-00 

80.00 

82-10 

84-09 

86-16 

88.39 

90.50 

92'97 

8 5 14.827 

- 1.521 

8 5 13.306 

by each Clock. 

W t o E , Q  

BY 
East Clock 

h m  8 

8 20 47.20 

48.2~ 

51-26 

52.16 

55'09 

56-10 

59' '0 

60.04 

63-20 

64. ao 

67-13 

68.19 

70'97 

fz.00 

75 '07 

76-06 

79-06 

80.09 

83-04 

84-08 

BY 
Went Clook 

h m  8 

7 55 5-39 

8.04 

10.18 

la-60 

15.10 

17.15 

19-10 

21'59 

24' 10 

17.50 

29-69 

31.40 

33'35 

35-70 

37'92 

40'58 

43'22 

45'40 

41-30 

49'53 

7 55 17-777 

+ 1'521 

7 55 29.298 

8 11 5.618 7 58 2'112 8 14 15.846 

+ I -036 + 1.521 - 1.036 

8 a1 6.654 7 58 3.633 8 24 14.810 

BY 
We3 Clock 

h n  8 

8 o 48-66 

50'71 

52'88 

54'90 

62.ao 

64' 79 

67'39 

69-98 

73-41 

74.00 

15-64 

77'67 

79'70 

81-72 

83'79 

86.02 

88.13 

90.62 I 

W t o E , Q -  

BY 
Eart Clook 

P 

h m  8 

8 17 57'08 

58-06 

61-03 

65-17 

66-21 

69.01 

70'09 

73'01 

73'98 

77.00 

78'07 

80'97 

8a.00 

84.99 

86-00 

89-00 

go-or 

93-07 

94-05 

97-04 

+ 

BY 
Weat Clock 

h W I  8 

7 57 43.70 

44' 70 

47-76 

48'64 

51'59 

52.57 

55-60 

56.57 

39' 70 

60- 70 

63-60 

64- 66 

67'48 

68.50 

71-58 

72'58 

75'59 

76.60 

79'54 

80.56 

8 1 13'480 

-1.521 

8 1 IIa9j9 

BY 
West Clock 

h m  8 

8 4 54.58 

55-56 

58'57 

62-78 

63-70 

66'57 

67-58 

70.57 

71.50 

14-56 

75'59 

I 78'50 

79' 50 

8aSga 

83'53 

86.60 

87'57 

90.60 

91 '56 

~ ' 5 8  

95 '40 

97'69 

93-08 

95'30 



TABLE P. COMPARISON OF CLOCKS BY LONGITUDE SIGNALS. 

Arc Bolarum (E) and B d a y  (W). 

4 
FI 
3 
'ii 

.s 

4 

-- 

1876 
Ju. 13 

I 

- 
.- 
m 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

I a 

13 

14 

15 

I 6 

17 

I 8 

19 

20 

Mean 

Q 

CorrectedMean 

Direction of 

E t o W , Q +  

BY 
ICwt Clock 

h m  8 

5 24 31-72 

39'90 

42- aa 

44' 70 

46. 99 

49'04 

50'98 

70.98 

7"80 I 
74-82 

77-16 

79'74 

81 '80 

84-15 

85'93 

88.07 

89'88 

91'91 

93'98 

94.81 

5 25 9.890 

+ r '037 

5 as 10.927 

BY 
West Clock 

h m  s 
5 I 34-97 

37'17 

39'43 

41.92 

44' ao 

46.23 

48.18 

68- 20 

70' w 

72-02 

74'59 

76.92 

79'01 

81-37 

83-18 

85' 29 

87.11 

89-17 

91-20 

92-08 

5 a 7.112 

+rn5a5 

5 a 8.637 

I 

Transmineion of Signah, Sign of Pen Timea by each Clock. Equation, &, and Obeerved 

W t o E , Q +  

BY 
En& Clock 

h m  r 
5 26 6.56 

7'55 

10.50 

11.57 

14'52 

15-56 

18'49 

19'57 

aa. 50 

23.49 

30'42 

31-41 

34'48 

35'50 

38-50 

39'52 

41-54 

43'59 

46.54 

47'61 

-- 

5 a6 a7-ot1 

+ 1.037 

- 

5 a6 28'058 

W t o E , Q -  

BY 
l C ~ t  Clwk 

h m  r 
5 a9 19.48 

ao'ja 

1.3'50 

14-58 

27'47 

28.54 

31'49 I 
32'55 

35'47 

36'49 

39'47 

40'47 

43-60 

44' 73 

47'59 

48-57 

51'49 

55'57 

55'47 

56.49 

5 19 38'027 

-1.037 

5 19 36.990 

E t o W , Q -  

BY 
Ewt Clock 

h m  r 
5 a8 3.15 

5-03 

7' 05 

8.68 

11-09 

13'08 

15.10 

17.17 

19.10 

a1 . w  

23-64 

-25.32 

26'77 

18.80 

30.94 

32.86 

35 '00 

36.19 

37'09 

38-10 

5 28 21.758 

- 1.037 

5 28 20-721 

BY 
Weat Clock 

h m  r 
5 3 3-64 

4.66 

7.61 

8. 66 

11-61 

12.60 

1 15'58 

16.61 

19.60 

20.61 

27'50 

28.51 

31-59 

32.60 

35'60 

36.67 

39'63 

40'70 

43'61 

44-71 

5 3 a4.117 

+ I '525 

5 3 25-642 

BY 
West Clock 

h m  
5 6 17-63 

18.66 

21.66 

22.70 

15-60 

26.69 

29-61 

30'69 

33.6 

34' 60 

37-60 

38.60 

41-73 

42'81 

45'69 

46.68 

49'60 

50'67 

53'54 

54'60 

5 6 36'148 

-I -525 

5 6 34-61.? 

BY 
Went Clock 

h m  8 

5 5 1.40 

3'32 

5-30 

6 .  96 

9-40 

11.36 

13'40 

15-43 

I 7'38 

19'30 

21.91 

23'66 

15.03 

17-11 

29' 23 

31-12 

33-30 

34'44 

35 '40 

36-40 

5 5 10-043 

-1.525 

5 6 18.518 



TABLZ 'P. COMPARISON OF CLOCKS BY LONGITUDE SIGNALS. 

Arc Bolarum ( E )  aad Bombay (W). 

4 - - - 
-- g 
E 
54 e 
t 
1 

1856 
Jru~ 12 

1 

6 z 
I 
E m 
Z 

1 

2 

3 

4 

5 

6 

f - 

8 

10 

I I 

12 

13 

14 

'5 

I 6 
I 

17 

18 

19 

20 

Mean 

Q 

c v m d d  

by each Clock. Equation, Q, and Observed Times 

W t o E , Q -  

BY 
h t  Clock 

m a  
6 56 38'63 

39'60 

42-46 

43'50 

46'50 

47'40 

5O.47 

51.4 

54'48 

55'49 

58-40 

63.31 

66-40 

67'45 

70.4% 

71.38 

74-46 

15-40 

78.50 

79-40 

6 56 58.753 

i 
1 

Direction of 

E t o W , Q  + 

BY 
E-t Clock 

h m  8 

6 55 6-74 

7'63 

8-99 

10.48 

12-30 

'4'09 

15'9~ 

18-10 

20.30 

a7.02 

19-98 

34.63 

36.17 

43-92 

46-69 

48.63 

50.28 

52-80 

54'84 

56-92 

6 55 29'825 

- 1'039 

6 55 28,786 , 
I 

BY 
Weat Clock 

A m  8 

6 33 36-80 

37'77 

40.60 

41.69 

44'69 

45 '58 

48-58 

49'54 

52.61 

53'60 a 

56'54 

61 '49 

64.60 

65.61 

68.60 

69-51 

72.60 

73'53 

16-69 

17-58 

6 33 56.911 

-1'540 

BY 
 EM^ Clock 

A m  8 
6 51 18.18 

20.17 

21.28 

24-58 

16-90 

29.18 

31'10 

33-06 

35.16 

36'41 

38'71 

40.48 

42-05 

43'97 

41-30 

48.86 

50'68 

51-90 

54'91 

57'14 

6 sa jf'7oa 

+ I .a39 

6 51 38.741 

Transmission of Sign&, Sign of Yen 

W ~ ~ E , Q  + E t o W , Q -  

B? 
West Clock 

h m  8 

6 32 5.10 

5'93 

7'35 

8-79 

10.60 

12-40 

14-29 

16.42 

18-61 

25-40 

28.28 

32-98 

34'49 

42-20 

45'- 

46'97 

48-58 

51'13 

63-19 

55.22 

6 32 28.147 

- 1'540 

6 32 26.607 6 56 57.714 ' 6  33 55.371 

I 

BY 
I 
West Clock 

A m  8 
6 29 15-41 

17-47 

19'56 

21-80 

14-17 

26.44 

28-40 

30'32 

32-44 

13-70 

35'99 

37-71 

39 '30 

41-21 

44'57 

46-14 

47-89 

50'17 

52'19 

54-40 

6 19 34'965 

+ 1'540 

6 29 36.505 

BY 
h t  Clwk 

h m  8 

6 53 29'48 

30'39 

31-39 

34'41 

35'40 

43'43 

46-41 

47'37 

51'40 

55'39 

14.48 

75'42 

78'37 

79-30 

82-39 

83'39 

86.46 

87.34 

90'40 

91-32 

6 54 1.697 

+ 1'039 

6 64 2.736 

BY 
I 

Wrat Clock 

h m  8 
6 30 26.60 

27'50 

28-50 

31'54 

32'54 

40'57 

43's2 

44'49 

48.52 

52'50 

71-60 

72-60 

75-51 

76-49 

79'54 

80.60 

83-60 

84-50 

. 87-58 

88.54 

6 30 58.843 

+ 1'540 

6 31 0.383 



TABLJ P. COMPARISON OF CLOCKS BY LONUITUDE SIGNALS. 

Arc Bolarum ( E )  and Bombay (W). 

3 
n 

-4 

B 
4 

-- 

1876 
Jan 12 

2 

P 

1 

2 

3 

4 

5 

6 

f 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

Mean 

Q 

CorrectedMean 

Direction of 

E t o W , Q +  

BY 
E M ~  Clock 

h m  8 
8 23 14-60 

15'30 

16-20 

17.70 

I9.90 

22-08 

23'96 

25.87 

27 '70 

29'59 

32-14 

33-70 

35-44 

37'44 

39' 20 

41 '52 

43'76 

45'86 

4 - 3 0  

50'19 

8 23 31.023 

+ 1'044 

8 23 32.067 

Tranemission of Signals, Sign of Pen 

BY 
W e d  Clock 

h a  8 
8 o 11.97 

12-68 

13'55 

15'00 

17.20 

19'37 

21 -25 

23-20 

25'02 

26-90 

29-46 

31 .o6 

32-71 

34'69 

36-50 

38-81 

41 -08 

43-18 

45-60 

47'47 

8 o 28.336 

+ 1'537 

8 o 29.873 

W t o E , Q +  

BY 
Emt Clock 

h m  8 

8 25 7'34 

8'37 

11.40' 

12'34 

15.38 

16'34 

19'37 

20'35 

13.40 

24'34 

27.30 

28 '30 

31'38 

31-31 

35'33 

36.37 

39'33 

40'30 

43 ' 30 

44' 26 

+ 1.044 

8 25 26.885 

BY 
Went Clock 

h m  8 

8 2 4'53 

5'57 

8'58 

9'53 

12.59 

13'53 

16-58 

17'54 

a0.60 

21-56 

24'56 

15'50 

28.54 

19-50 

31-56 

33'56 

36-63 

37 'So 

40.50 

41-49 

-1.044 

8 8 14.834 

Equation, Q, and Observed Times 

8 26 25'841 

- 1.537 

8 5 12.544 

by each Clock. 

E t o W , Q -  

BY 
East Clock 

h m  8 
8 35 10.90 

11-70 

12.67 

14.06 

15-81 

17 '91 

20.28 

50'56 

52-40 

53'97 

55'57 

58-08 

60.10 

61 -89 

64-35 

66-60 

69-09 

70.90 

71'85 

72-80 

+ 1'537 ' 1'537 

8 2 23.043 8 12 4 3.9228 

W t o E , Q -  

BY 
East Clock 

h m  8 

8 27 49.53 

50'48 

51-49 

54'57 

55'51 

58'50 

59'54 

74'52 

75'50 

78.48 

i9'59 

82-50 

86.48 

87'50 

90.48 

91-40 

94'31 

95-31 

99-48 

102.38 

8 15.878 

BY 
Test Clock 

h m  8 
8 12 9.26 

10'04 

11-00 

11-40 

14'17 

16.26 

18.6r I 
48.91 

50.77 

52-28 

53'96 

56'47 

58-47 

60.21 

61'59 

65-00 

67'44 

69-21 

70.20 

71-18 

8 2 24.580 

BY 
West Clock 

h a  8 

8 4 47-71 

48'68 

49'68 

52-72 

53'f2 

56-70 

57'73 

72-11 

73'70 

76.66 

77'76 

80.71 

84.69 

85'70 

88.66 

'39.63 

92'58 

93-62 

97'69 

roo 56 

8 5 14.081 

8 35 44.526 8 12 42.385 



Z%BLE I? COMPARISON OF CLOCKS BY LONGITUDE SIGNALS. 

Arc Bo2am.m (E) and Bombay (W). 
- 

S 
6 - 
2 ." 
B 
g 
L S 

4 

-- 

1876 
Jan. 18 

> 

Q + 1.694 + 1,527 + 1-694 +1'5af -1'694 -1.527 -1.694 - 1.527 

1 

- 
5 

2 

I 

a 

3 

4 

5 

6 

7 

8 

9 

to 

I I 

12 

13 

14 

15 

I 6 

17 

18 

19 

20 

Direotion of Trsnamisaion of Signale, Sign of Pen Equation, Q, and Observed Times by each Clock. 

E t o W , Q +  W to E, Q - 

BY 
 EM^ Cloak 

A m  r 
5 a6 19.09 

21-39 

23'41 

25'47 

27-08 

28' 73 

30'40 

32'33 

34' 39 

36. 50 

38'46 

40'20 

41' 29 

44. 16 

46.36 

48' 33 

50'40 

59-80 

64-40 

56-36 

BY 
Enst Clook 

h n ,  8 

5 30 32.51 

33-50 

34'50 

31-50 

38.59 

41-41 

42-47 

45'38 

46'45 

49'39 

50.40 

53'37 

54'37 

57'49 

58'40 

66'55 

67-50 

70. 37 

11-30 

74'46 

W t o E , Q +  

BY 
West Clook 

A n  8 

5 3 17.76 

20-01 

aa.08 

qmao 

25' 72 

17-40 

29-05 

30'99 

33'09 

35-18 

37' lo 

38.81 

40' 90 

42.79 

44' 99 

46.98 

49'04 

51-44 

53'02 

55-00 

BY 
W e n t  Clock 

- 

h m  r 
5 7 30.74 

31-io 

32'73 

35'73 

36.80 

39'64 

40'69 

43'60 

44'65 

47 '60 

48.62 

51'59 

51-59 

55-70 

56-63 

64' 74 

65-70 

68-58 

69' 50 

72'68 

h t  Cloak 

A m  a 
5 a7 30.15 

31'03 

32'10 

35.08 

36.10 

39-02 

40' 09 

43' 1 0  

44.10 

41-00 

48.05 

51.14 

62'09 

55-14 

66. 10 

63'07 

64. og 

67-39 

68.08 

71'09 

EtoW, Q- 

BY 
Weat C l d  

h a  8 
6 4 18.68 

29- 60 

30- 60 

33-60 

34-66 

31-60 

38.60 

41-61 

41'63 

45'55 

46-51 

49'66 

SO'S7 

53'60 

64.60 

61-60 

62-59 

65.60 

66.60 

69. 59 

BY 
E a a L  Clook 

A m  8 
5 29 8.60 

10.33 

12.49 

14-60 

16-70 

18.80 

20.68 

22.55 

14-53 

26- 30 

28. a6 

30- a8 

32-51 

34' 28 

36-85 

31-70 

39'55 

41.70 

43'30 

45'30 

BY 
West Clook 

h a  8 

5 6 6.93 

8.70 

10.80 

13'00 

15'9 

11-14 

19.06 

20.89 

22.87 

24-65 

26.64 

28' 60 

30.90 

32-64 

34' 24 

36.12 

37'93 

40' 08 

41-64 

43'66 



T O L E  V. COMPARISON OF CLOCKS BY LONGITUDE SIGNALB. 

Arc Bolarm (E) and Bombay (W). 

3 
1 
a 
B 
4 

-- 

1876 
Jan. 18 

ti 
fi  
a 
.!+ rn 

I 

a 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

I a 

13 

14 

15 

I 6 

17 

18 

19 

10 

a 1 

Mean 

i 

Q 

C o m M M e a n  

Direction of 

E t o W , Q +  

BY 
East Clock 

h m  8 
6 56 30.66 

32'86 

35-60 

31-40 

39-05 

40.70 

42.4 

44' 36 

46-50 

48'46 

50.41 

51'87 

53'90 

... 
57'29 

63-20 

64-60 

66-19 

67-70 

69-30 

71.09 

6 56 50.68~ 

+1.696 

6 56 52.378 

Equation, Q, and Observed Times Tranamiseion of Signals, Sign of Pen 

BY 
West Clock 

- 

A m  8 

6 33 29-33 

31-54 

34- a6 

36-10 

37'77 

39'40 

41.14 

43.01 

45'16 

47.10 

49'10 

50'54 

Sa.57 

... 
55'92 

61.82 

63.28 

64-80 

66.36 

67 '91 

. 69'74 

6 33 49.343 

+ 1.517 

6 33 50.860 

E to W, 

BY 
 EM^ Clock 

h I  6 

6 59 35'aa 

37'07 

38.79 

40' 30 

41'90 

43'67 

45'57 

47'51 

49'64 

, 51-68 

53'57 

58-68 

57' 70 

63.69 

65-61 

67 '49 

69-80 

71'49 

73-60 

75'71 

..a 

6 59 54.288 

- 1.696 

6 59 52-592 

by each Clock. 

W t o E , Q  

BY 
East Clock 

h m  6 

6 57 53-09 

54'09 

55' 10 

58.01 

59'07 

63.12 

66-08 

67-05 

70'09 

7 1 - 1 1  

74'08 

15-04 

78.00 

79'00 

8a.10 

83'09 

86-02 

86-98 

90.08 

91 '00 

..a 

6 58 Ia.Ilo 

+ra696 

P 

6 58 13.806 

Q - 

3 
West Clock 

h m  8 

6 36 33'60 

35'44 

31-18 

38-67 

40.27 

4a.q 

43'90 

45'90 

47'98 

60-or 

51-90 

54'00 

56.03 

62-04 

64-00 

65.88 

68-16 

69.86 

71.94 

74' 1 0  

a,. 

6 36 52.645 

-1.517 

6 36 51.128 

W t o E , Q -  

BY 
EM& Clock 

h m  6 

7 o 57-48 

58'40 

63-41 

66. 40 

67-16 

70'37 

7 1-42 

74'45 

75'38 

78-30 

19-30 

82-41 

83-30 

86'37 

87'25 

90'40 

94'40 

95 '30 

98 -40 

99'36 

. *a 

7 x 18'980 

- I -696 

7 I 17.184 

+ 

BY 
We& C l o d  

h m  6 

6 34 51-67 

52'64 

53. 70 

56-59 

57'63 

61.70 

64.61 

65-60 

68.63 

69' 70 

7a.61 

73-62 

76'55 

77 '59 

80.66 

81 -69 

84-56 

05-56 

88.62 

89-58 

..a 

6 35 10.676 

+ 1.517 

6 35 12'193 

BY 
Welt Clock 

A m  8 

6 37 55.67 

56-60 

61.63 

64' 63 

65.61 

68.60 

69'67 

72.68 

13-60 

16.60 

77'53 

80.70 

81 '56 

84'60 

85'51 

88.69 

91'63 

93'56 

96.66 

97'60 

... 

6 38 If'zri 

-1.517 

6 38 15'7oa 



!CABLE 'P. COJIPARISON OF CLOCKS BY LONGITUDE SIGNALS. 

Arc Bolamrn (E) d Bombay (W). 

0 - 
2 

j 
E 

S 
4 

1816 
J.n.13 

Y 
-9 " 

r 

I 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

15 

16 

17 

18 

'9 

10 

1- 

Mean 

8 

OorrsdedMea~ 

Direction of 

E t o W , Q +  

Equation, &, and Observed Trammission of Signale, Sign of Pen 

BY 

8 28 11.175 

+ 1.699 

8 28 12.874 

E t o W , Q -  

BY 
Eeat Clook 

h m  s 
8 30 31.94 

32.63 

33' 34 

35'04 

37-20 

38.86 

40 48 

43'00 

45-50 

47'78 

49' 39 

51-15 

52.90 

54-61 

56.52 

58-50 

64' 73 

66.60 

68.84 

70'57 

8 30 48.979 

-I '699 

I 

Times by each Clock. 

W t o E , Q -  W t o E , Q +  

BY 
East Clock 

i n  8 

8 a9 15-93 

18.91 

'9.97 

23'00 

23-99 

31'02 

31'93 

34 ' 90 

35'97 

38' 98 

39'89 

43-00 

43'96 

46-94 

41-98 

50'93 

51'93 

54-94 

55'94 

56'93 

8 19 38.352 

+ 1.699 

8 29 40.051 

BY 

8 5 9'866 

+ 1'522 

8 5 11.388 

BY 
Weat Clock 

A n  s 
8 7 30.30 

31-06 

31.72 

33'48 

35.60 

37-21 

38.88 

41-41 

43-09 

46' 17 

47'79 

49'55 

51.28 

52-99 

54-91 

56. 90 

63- lo 

64-98 1 
6;.21 

68.94 

8 7 47.372 

-I  '522 

BY 
Eaet Clwk 

h a  8 

8 32 I 

5-39 

8-30 

9'42 

12-38 

13.41 

16. a8 

17.25 

20.42 

21'40 

14-30 

BY 
Weat Olock 

h n  s 
8 6 14-50 

17'55 

18.54 

21-60 

. 22-57 

29-61 

30'50 

33-52 

34'55 

37'58 

38-49 

41-57 

42'52 

45'53 

46-56 

49'50 

50.49 

53-50 

54-50 

55-50 

8 6 36'933 

+ 1.522 

8 6 38.455 

I 

8 32 11'849 

-1.699 

8 31 11'150 
I 

8 go 47-280 / 8 7 45.850 

I 

BY 
W& Clook 

8 
8 g 2-64 

3-61 

6.55 

7.66 

10.63 

11-69 

14'50 

15'50 

18.70 

19-67 

22'57 

1 

8 9 21'105 

-I .52a 

8 9 19'583 

East Clock 

h n  8 

8 27 50-44 

52.40 

54' 20 

56'45 

58.32 

62'39 

64'23 

66.34 

68.47 

71-30 

73'26 

75- 16 

77.20 

19-26 

81-40 

83'39 

85-40 

87. ro 

87.98 

88-80 

I Wr C h k  

h n  8 

8 4 49.11 

51-10 

9-89 

55'11 

57'01 

61-05 

62-91 

65.01 

67-11 

70.00 

71.92 

73'90 

75'90 

77'96 

80-08 

8r.q 

84.09 

85.80 

86-70 

87'55 

25.30 

28. a9 

29'34 

31-36 

33'38 

36-40 

37-34 

40' 30 

48-31 

1 23-59 

26.51 

27-60 

30.60 

31'61 

34-67 

35.60 

38.60 

39'60 



TABLE 7. COMPARISON OF CLOCKS BY LONGIT'IJDE SIGNALS. 

Arc Bolamum (E) and Bcnd~ay (W). 

d 
Q 
3 
:: e 
Y 

4 

-- 

1876 
Jan. 18 

2 
a 
% s 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

15 

16 

17 

I 8 

19 

20 

Mean 

Direction of Tranemiseioli of Signals, Sign of Pen Equation, Q ,  and Observed Times by each Clock. 

8 

CorrsctsdMeen 

E t o W , Q +  W t o E , Q +  E t o W , Q -  W t o E , Q -  

BY 
Went Clock 

h a  s 
5 25 53'59 

54-46 

55-40 

58-51 

62.50 

63-50 

66-50 

67'49 

70.58 

71-50 

54'49 

75'45 

76-49 

79'41 

82-50 

roa.53 

103.50 

106.47 

107.48 

108-50 

5 26 17.143 

+ 1.571 

5 26 18'714 

BY 
Eut Clock 

A n ,  s 
5 48 2.28 

4' 30 

6.47 

8.27 

10. 2; 

12.22 

15-13 

17.60 

19'90 

32-33 

24-69 

27'11 

99'67 

32'16 

34'69 

37 '09 

39'59 

41-30 

44'49 

46-70 

5 48 23'863 

+ I .694 

s 48 25'557 
I 

BY 
h t  Clock 

h  rn s 
5 51 1-90 

2-84 

3'59 

5.00 

6.86 

9. 60 

11-49 

13-86 

16.15 

18.64 

20.85 

'2.73 

25.40 

28.42 

34-60 

36-29 

38-38 

40'50 

42'65 

44'89 

5 51 a1'23a 

- I '694 

5 SI 19'5.18 

BY 
Wect Cloak 

A m  r 
5 a7 30'88 

31-81 

32'53 

33'97 

35'83 

38.60 

40'42 1 
42.80 

45-10 

47 -60 

49 '80 

5"t0 

54'38 

57'40 

63'57 

65-14 

69-34 

69.50 

71.60 

73-90 

5 27 50.199 

-1.571 

5 27 48.628 

BY 
Emt Clook 

A n ,  8 

5 52 23.89 

24.8.3 

25.86 

28.80 

19-83 

32'84 

33'91 

36.75 

37'7O 

40- 70 

41.72 

44-85 

45-82 

48-79 

49-78 

52.70 

53-10 

56-76 

57'70 

61-78 

5 51 41.435 

- 1.694 

5 52 39.74' 

BY i BY BY 
Went Clook 

h m  8 
6 28 51-76 

53'70 

54' 70 

57.68 

58.69 

61.68 

62.79 

65.60 

66.58 

69-57 

70.60 

73.7O 

74' 70 

77'68 

78.62 

81 -58 

89'59 

85.60 

06-55 

9 0 ' ~  

529 10.299 

-1.571 

, 6 29 8'729 

Weat Clock 

h m  r 
5 24 31-48 

33'47 

35'62 

37'43 

39'40 

41-39 

44' 30 

46'75 

49'04 

51.50 

53'84 

56'28 

58.81 

61-30 1 
63-04 

66.24 

68.74 

11-44 

73'65 

75-08 

5 24 53.020 

1.571 

5 24 54'591 

East Clock 

h m  r 
5 49 24.51 

25-39 

26'37 

29.50 

33'45 

34' 48 

37'49 1 
38-40 

41 '50 

41.44 

45 '40 

46'40 

49'40 

50'33 

53-40 

13-40 

74'39 

77'40 

78.40 

79-39 

5 49 48.072 

+ I -694 

5 49 49.766 



TABLE V. COMPAXISON OF CLOCKS BY LONGITUDE SIGNALS. 37 

Arc Bolarum ( E )  and Bombay (W). 

1 1 Direction of Transmission of Signals, Sign of Yen Equation, Q,  and Observed l'imes by each Clock. 

I ( Eart Clmk / Weat Clock Eut Clock I We& Clock I E v t  Clook I W a t  Clock I But Cloak I Weat Clock 



38 TABLE P. COMPARISON OF CLOCKS BY LONGITUDE SIGNALS. 

Arc Bolarum (E) and Bombay (W). 

I 

S 
F1 

3 .- 

5 
Y 

4 

-- 

1876 
Jan 18 

2 
a 
U) z 

I 

a 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

I a 

13 

'4 

15 

16 

17 

I 8 

19 

20 

Yean 

8 

CorrectedMean 

Direction of 

BY 
 EM^ Clock 

h W 8  6 

8 52 55'80 

54'30 

55'O7 

56.57 

58. '7 

60. 50 

6a'70 

81-60 

84.80 

91-00 

93'30 

95'31 

97'35 

99-41 

103.26 

105 - 70 
109'44 

111'50 

113'18 

114.10 

8 53 25'103 

+ I -686 

8 53 26.789 

Transmission of Signals, Sign of Pen 

E t a W , Q +  

BY 
Weet Clock 

h + n  8 
8 29 aa.82 

13-37 

24'12 

25-60 

27-13 

19-56 

I 31-71 

51-60 

53 '80 

60.07 

62.30 

64-36 

66-37 

68-46 

72'30 

14-71 

78'47 

80'54 

82.20 

83-15 

8 29 54'137 

+ 1'577 

8 29 55-714 

BY 
East Clock 

h m  6 

8 54 23-70 

24'70 

~ 5 . ~ 3  

28.65 

19-69 

32'60 

33.60 

36-60 

37-60 

40.66 

41'59 

44'65 

45'59 

48-51 

49'57 

52'69 

53.6~ 

56'57 

57'59 

61 -61 

8 54 41*a;4 

+ 1.686 

8 54 42-960 

W t a E , Q +  

BY 
West Clock 

h m  6 
8 30 52.60 

53'60 

54'56 

57'57 

58-59 

61.50 

1 6a.50 

65'53 

66'55 

69'58 

70.50 

73'59 

14-51 

77'50 

78.50 

81 a60 

8a.58 

85-51 

86-51 

90'54 

8 31 10.196 

+1'577 

8 31 11.773 

Equation, &, and Observed 

BY 
East Clock 

h m  6 

8 56 7.89 

9. ao 

10.90 

11-69 

16'74 

19-56 

21.60 

23'83 

26-01 

27.90 

29'91 

3a.18 

34'30 

36'57 

38-80 

41.38 

43'19 

45'66 

48.10 

49-76 

8 56 28.810 

- 1-686 

8 56 a7'1a4 

Times by eaoh Clock. 

W t o E , Q -  EtoW,Q- 

BY 
Viest Clook 

h m  6 
8 32 36.67 

38.00 

39.70 

41-48 

45'54 

48. 33 

50'40 

52.60 

55.80 

56-68 

58-70 

60.97 

63'09 

65-58 

67-60 

70.18 

71-99 

74'4a 

76'89 

78-60 

8 ja 57.601 

-1.577 

8 32 56.024 

BY 

-I -686 

8 58 9'258 

BY 

- 1'577 

8 34 38.065 

I 
Emat Clock 

h n ,  6 

8 57 50.93 

52-01 

54'98 

56.00 

58.98 

62'99 

West Clock 

i n ,  6 

8 34 19-68 

20.70 

23'70 

24' 70 

27.68 

31'70 

1 63-99 1 32.6; 

66-91 

68-10 

71 '07 

72'07 

74'97 

76-00 

78'99 

80.08 

82.96 

84-10 

86.90 

87.88 

88.90 

8 58 10.944 

35 '69 

36.80 

39'77 

40'76 

43'68 

44.68 

47'70 

48'75 

51-64 

62-80 

55'60 

56.53 

57'60 

8 34 39'64% 



TABLE V. COMPARISON OF CLOCKS BY LORGITUDE SIGNALS. 

Arc Bolarum (E) and Bombay (W). 

S n - 
a .- 
! 
2 e 
4 

1 876 
J m 1 9  

2 - 
2 
& .- 

U1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

I a 

13 

14 

15 

I 6 

17 

18 

I9 

20 

Yean 

8 

C ~ ~ M M -  

Direction of 

BY 
East Clock 

h t a  8 

5 57 1-09 

3-27 

5'40 

7-72 

10.17 

13.17 

16.19 

18-07 

20.31 

22.68 

25-16 

27'39 

34'30 

36'87 

39'19 

41-60 

43'73 

45-71 

52'40 

54'59 

s 57 25.951 

+ 1-6y 

5 57 27.643 

Transmission of Signals, Sign of Pen 

E t o W , Q +  

BY 
Weat Cloak 

h m  J 

s 33 39-48 

31.62 

33-71 

36.10 

38-50 

41-59 

44-50 

46-36 

48.67 

51.00 

53'47 

55'73 

62.64 

65.22 

67-51 

69.91 

7" 1 0  

74'01 

80'77 

82.96 

5 33 54.293 

+ 1.662 

s 33 55'955 

3 
Esst Clock 

A m  s 
5 58 4.18 

43.16 

44' 17 

47-11 

48-19 

51-16 

5a.10 

65'10 

56- 18 

59.10 

64.15 

67-16 

68.19 

71.17 

72-20 

75.20 

76.13 

79'19 

80- a4 

83-15 

s 59 1.767 

+ I '692 

s 69 3.459 

W t o E , Q +  

BY 
Wwt Cloak 

h a  
5 35 10.39 

11.40 

12'38 

15'40 

16'43 

19'40 

20'37 

23'37 

24'40 

37.32 

32.40 

35 '41 

36-41 

39'42 

40'48 

43 '48 

44'47 

47 '40 

48.43 

51-38 

s 36 30.007 

+ I .66a 

s 35 31.669 

Equation, Q, and Observed Timee by each Clock. 

EtoW,  

BY 
Eaat Clook 

h m  J 

5 53 1.49 

2'44 

3-48 

5-41 

7-61 

9'99 

12.67 

14'79 

17-26 

28'64 

34-61 

37'14 

39'30 

41-36 

43'65 

45'74 

47'93 

50'58 

54'51 

56.70 

s 53 27'765 

- r .692 

5 53 26.073 

W to E, 

BY 
Enat Clock 

h m  J 

5 54 50'58 

51-54 

54'59 

55'64 

58'58 

62.63 

c 63'57 

66.56 

67-56 

70'54 

71 '53 

74-60 

75'65 

78.60 

79'60 

82-60 

83.66 

86 -68 

87'63 

88-60 

5 5s 10.544 

-I .692 

5 5s 8.852 i 
I 

Q -  

BY 
West Clock 

h m  J 

s 29 29.75 

30' 70 

31-19 

33'78 

35'90 

38' 29 

40'99 

43'07 

45'53 

56.96 

62.90 

65 '46 

67'65 

69.69 

71'95 

74-07 

76' 23 

76-86 

82.86 

85-08 

s 29 56.076 

-I -662 

s 29 54-414 

Q - 

BY 
Went Clock 

h ( 1 ,  8 
531 18-76 

19.70 

22.76 

23.80 

26'80 

30.81 

31-71 

34'74 

35'72 

38'71 

39'72 

42'78 

43'78 

46-80 

47-80 

50.81 

61-82 

54'90 

55'83 

66-80 

5 31 38.728 

- 1.662 

31 37'&6 



T ' Z E  V. COMPARISON OF CLOCKS BY JAONGITUDE SIGNALS. 

Arc Bolalwrn ( E )  and Bonday (W) .  

I 

4 
FI 
3 
fi 
2 
a 

4 

-- 

1876 
Jan. 19 

& a 
.- 
m 

1 

a 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Mean 

Q 

CorrectedYean 

Direction of 

E ~ O W , Q +  

BY 
East Clock 

h m  s 
7 22 27.63 

28.4 

29-20 

32'i7 

35'50 

40- 28 

42'39 

66.72 

68.49 I 
70.46 

72-45 

74" 78 

;8. a7 

80. go 

82.67 

84.50 

86-41 

88-22 

89-16 

90'2 I 

7 23 3'473 

+ I .691 

7 23 5.164 

Transmission of Signals, Sign of Pen 

BY 
Weat Clock 

A m  s 
6 58 55-95 

56-19 

51'56 

61-08 

63-80 

68.60 

70' 70 

95'02 

96'79 

98.81 

100'71 

103- r I 

106.60 

109.24 I 
1 1 1 - w  

112.85 

114.72 

116.51 

117.51 

118.53 

6 59 31'794 

+ I ~661 

6 59 33.435 

Equation, Q ,  and Observed Times by each Clock. 

W ~ O E , Q +  

BY 
East Clock 

A m  s 
7 24 1-32 

2-31 

9'32 

10.27 

13'28 

14-34 

7 7  I 
18-19 

21-13 

22. zo 

25'27 

26.25 

29'30 

30'22 

33 ' 20 

34' 20 

37.20 

38-19 

41 .ao 

42.21 

7 24 23,354 

+ 1.691 

- 

7 24 15'03j 

BY 
West Clock 

-- 

A m  r 
7 o 29.56 

30.56 

37'55 

38'50 

41-50 

41-56 

45-40 

46.37 

49'47 

50'40 

53'49 

54'44 

57'49 

58'41 

61-40 

62 -40 

65'47 

66.40 

69'41 

70'41 

7 o 51'560 

+ 1.661 

7 o 53'221 

Eto W, 

BY 
EWJL Clock 

A m  s 
7 25 32.40 

33'27 

34' 19 

35'79 

37'84 

40' .W 

44'89 

Q- 

BY 
West Clock 

h m  r 
7 2 0.69 

1'54 

2.41 

4-00 

6-10 

8.59 

W ~ O E ,  

BY 
East Clock 

h m  8 

7 27 8.70 

9'63 

12-70 

13. 70 

16-68 

17.68 

53'82 

55'82 

57'90 

59'94 

62-30 

64.87 

67-20 

69-71 

80.69 

86' 79 

92.80 

93'76 

94-72 

7 25 59.950 

-1.691 

7 a5 58.259 

Q- 

BY 
West Clock 

h m  r 
7 3 36-88 

37'79 

40'90 

41.87 

44'86 

45'8 1 

4.84 

49'77 

52.80 

53'81 

56.80 

57'78 

61-83 

64. jo 

65 -80 

68-73 

69'77 

72.78 

73'79 

76-70 

7 3 56-101 

- 1.661 

7 3 54-40 

I3'l8 I 
22.09 

14-09 

26- I 7 

28. 22 

30'59 

33-14 

35'49 

3fJ'oo 

48.97 

55-08 

61 -07 

62.07 

63'06 

7 a 28'228 

- 1.661 

7 a 26.567 

1 
21.62 

24.67 

25'67 

28.65 

29.62 

13-67 

36'57 

37-62 

40'57 

41.61 

44-60 

45.60 

48-50 

7 27 27'937 

- 1.691 

7 q 26.146 



TXBLB P. COMPARISON OF CLOCKS BY LONGITUDE SIGNALS. 

A7.c Bolarum (E) m d  Bombay (W). 

0 - 
6 
3 
'B z 
2 
2 : 

I876 
Jan. 19 

I 

6 
Z 

a 
C 
iii 

- 

I 

.a 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

15 

I 6 

17 

I 8 

'9 

a 0  

Mean 

Q 

CorrectedMean 

Direction of Transmission of Signals, Sign of Pen Equation, Q ,  and Observed Times by each Clock. 

E t o W , Q +  

8 a9 17'237 

+ 1.681 

8 29 18.918 

I 
BY 

East Clock 

h a  8 
8 50 59a.36 

60.20 

61-12 

63.88 

65 ' 24 

67'50 

69.90 

72'39 

8 51 19.709 

+ I .688 

8 51 21.397 

W to E, 

BY 
East Clock 

A m  8 

8 52 30.30 

31 '30 

31.30 

35'26 a 

36.24 

39'27 

40.26 

43'24 

BY 
West Clock 

h m  6 

8 27 17-66 

28.54 

29.46 

31-18 

3.3'55 

35'80 

38'17 

40.68 

8 54 44'836 

- I .688 

Q  + 

BY 
West Clock 

h  TB 6 

8 28 58.50 

59'50 

60.48 

63'43 

64'40 

67 '44 

68.44 

71'47 

8- a7 47'957 

+ 1.681 

8 27 49'638 

8 55 51'856 

- I .688 

8 55 50.168 

I 

8 31 13.1~7 

- 1.681 

E t o W , Q -  

72'43 

75'42 

76-39 

79'48 

80.44 

84-41 

87'49 

91.42 

92'40 

95 '40 

96'40 

99'4O 

74'55 

77.24 

79'64 

8.3 ' 80 

85'90 

88-20 

90'44 

94'53 

96.72 

98.79 

101.18 

103.60 

8 52 49.052 

+ I -688 

8 52 50'740 

8 3 2  ig'gg8 

-1.681 

8 -32 18.317 

I 
, 8 54 43.188 8 31 11.446 

BY 
East Clock 

h C n  8 

8 54 17.80 

20'2.4 

22-50 

29-30 

33'61 

35'18 

50.68 

53.19 

55'17 

58'74 

60.91 

6a.67 

63.60 

64'67 

.. . 

. . . 

... 

..' 

W t o E , Q -  

BY 
West Clock 

h 0 ,  6 

8 30 46.01 

48.50 

50' 70 

. 57'58 

61.88 

63'42 

78'91 

81'46 

83'43 

87-01 

89' 20 

90'91 

91'85 

92'92 

. . . 

... 

... 

... 
I 

BY 
Eaet Clook 

h t U  8 

8 55 33.60 

34'56 

35.57 

.@./I 

39'74 

42-65 

43'67 

46.68 

47 '64 

50'69 

51.70 

42.89 
I 

45'58 

47'90 

52.08 

54' 30 

56'50 

58.73 

62.83 

65.01 

67.06 

69'44 

71.88 

BY 
West Clock 

h m  8 

8 32 I.;Z 

2-70 

3'70 

6.87 

1-89 

10.80 

11.80 

14.80 

15.80 

18'84 

19.82 

44' 26 

47-21 

4 . 2 0  

51 .3o 

55.30 

56.27 

59'30 

63.20 

64.22 

67-20 

68.10 

71.19 

... 

... 

54'65 

55'68 

58.60 

62-60 

63.60 

66.62 

67-70 

70'67 

71.78 

... 

. . . 

1 22.82 

23'83 

26.77 

30'76 

31'74 

34'77 

35'81 

38.81 

39'9" 



TABLE T1: DIRECT COMPARISON OF CLOCKS. 

Arc Bolarum ( E )  and Bombay (W). 

datronomical 

Date 

1856 
January 14 

E 

h m .  

7 29 37 

(II 8 

22 63.9745 

Q Station 

Corresponding 
Mean Observed 

Times at 
h m  8 h m 8  h m 8  h m 8  A m 8  8 h m 8  

5 52 12 5 56 '5 5 53 45 5 58 22 f 23 42 7 27 30 7 25 40 
W 

At 

Q - 

8 

0.62 

-60 

-62 

-60 

-62 

.60 

-61 

-60 

-60 

-60 

-60 

~ 6 0  

~ 6 0  

'59 

.60 

.60 

.60 

-60 

-61 

-60 

h m 8  

7 48 39 

+ 0'6035 

A t  

Q -  

8 

0.28 

-26 

'29 

'29 

'30 

'a9 

'30 

' 29 

'30 

'29 

'30 

'30 

'30 

'30 

'30 

'29 

'30 

'30 

'30 

'30 

h m .  

6 15 '5 

Difference 

E 

Q + 

8 

0.97 

'97 

'97 

-96 

-96 

.98 

'97 

-96 

-96 

'97 

'98 

'97 

' 98 

-98 

' 99 

-98 

'99 

-98 

'99 

'98 

h m  8 

7 51 39 

8  

+ 0.9745 

W 

Q + 

8 

0.36 

'31 

-36 

'30 

'34 

'30 

'35 

-31 

'36 

'31 

'35 

'31 

.36 

'32 

'33 

'30 

-36 

-31 

'35 

'32 

h m  8 

6 19 15 

at which Comparison was 

At 

Q -  

8 
0.50 

'54 

'55 

-58 

-56 

-58 

'57 

'57 

-56 

.58 

'52 

'57 

,56 

'57 

'54 

-56 

'54 

'57 

'53 

'57 

h r n a  

6 16 44 

made, and Sign of Yen Equation, 

At W 

+ 0'2940 

S8 8 

22 62.5060 

E 

Q  + 

8 

0.96 

'97 

'95 

'95 

-96 

'97 

-98 

.98 

.98 

'97 

'94 

-91 

'90 

'91 

'92 

'91 

'91 

'93 

'94 

-92 

h m 8  

6 a1 24 

Q - 

8 
oea6 

'27 

'a7 

'23 

'25 

'23 

-27 

-26 

'26 

' a4 

-26 

'25 

-16 

'24 

'25 

- 2 1  

'25 

'23 

'24 

' 2.3 

A m 8  

7 46 45 

+ 0'5560 + 0.9425 

. Q +  

8 

0.3" 

'30 

. 39 
'36 

'30 

, '31 

'30 

'30 

'29 

'30 

'29 

-30 

' 30 

'30 

'30 

-30 

'30 

'30 

'30 

'30 

h m 8  

5 50 30 

+ 0.3305 

m  8 

az 59'6695 

I)) 8 

a2 59.5560 

0 8 

a2 62'9425 

+ 0'2480 

(r 8  

az 62.7520 

+ 0.3005 

II) 8 

aa 59.6995 

cR 8  

a2 59'6035 



TABLE PI. DIRECT COMPARISON OF CLOCKS. 

Arc Bolarum ( E )  amd Bombay (W). 

dstmnornid 
Drte 

1876 
January 18 

E 

+ 
Station st which Cornpariaon wae made, and Sign of Pen Equation, & 

At W 

co-pondinl? 
Mean Obserred 

Times at 
A m 8  h m  8 h a 8  h a 8  h m 8  A m 8  A n 8  8 9 8 8  
6 4 11 6 8 3 0  6 6 4 0  6 1 0 1 5  7 24 31 7 28 X I  7 26 I X  

W 
7 30 20 

DifBerenoe 

At E At E 

+ 0.3660 

.) 8 

zz 63.6340 

At W 

Q - 

8 

0'35 

'32 

'39 

'34 

'38 

'34 

'39 

-36 

'40 

'33 

'39 

-36 

'38 

' 36 

'39 

'35 

'39 

'35 

'39 

-36 

b a a  

6 27 IS 

Q  - 

8 

0'47 

'47 

'47 

'47 

-46 

'47 

'47 

-48 

.46 

'48 

'47 

'48 

'47 

'49 

'45 

'4 

.46 

'48 

-46 

'46 

b r a 8  

7 49 11 

+ 0'4575 

(O 8 

22 60.5425 

Q + 

8 
0.85 

'81 

-86 

'83 

'85 

'83 

'84 

'83 

-86 

'83 

-86 

'83 

'87 

'83 

'87 

'83 

-86 

-81 

-86 

'83 

h m a  

7 53 23 

Q -  

8 

0.40 

'39 

'40 

'39 

'40 

'39 

'39 

'39 

'40 

'39 

'40 

'38 

'40 

'39 

'40 

'39 

-40 

-38 

'40 

-38 

h n r  

7 47 35 

+ 0'4730 + 0.8565 + 0.4700 + 0'84ao 

Q + 

8 

0.42 

'45 

'41 

'45 

-42 

'47 

'43 

'47 

'45 

.46 

'43 

'48 

'45 

'47 

'44 

-46 

'46 

'48 

'44 

'47 

P 

h n 8  

7 51 12 

Q + 

I)) 8 

22 60.4730 

8 

0.47 

'44 

'47 

'44 

'48 

'45 

'46 

'45 

'46 

'45 

'47 

'44 

'47 

'45 

'47 

'45 

-46 

'45 

'47 

'45 

h a  8 

6 31 3~ 

+ 0'3930 

8 

22 63.8565 

8 

0'48 

'44 

-48 

'45 

'49 

'42 

'45 

-46 ' 

-48 

-46 

'47 

'47 

'49 

'49 

'5" 

'47 

.SO 

'48 

-50 

'48 

P 

h a 8  

6 2 9 4 0  

J 

0.84 

'87 

'83 

- 88 
'87 

-88 

'8s 

-88 

-86 

-88 

'84 

'87 

-84 

'89 

'83 

-86 

-82 

'87 

'81 

'85 

i n 8  

6 3 3 1 8  

+ 0.4505 

(I) 8 

22 60.5495 

(D 8 

22 60.4700 

m 8 

22 63.84ao 



TABLE PI. DIRECT COMPARISON O F  CLOCKS. 

Arc Bolarum ( E )  and Bombay (W). 

-. 

Astronomical 
Date 

1876 
Janus1.y 17 

+0.5335 +0.9005 + O.5959 + O.937O 
Correaponding 
\renu Obscrrcd -- 

Timee st 

W 

+ 0.3060 + 0.3930 +oaaf44 +0'3640 

m a  i m a  

I l r n r  i m  
m r  m e  m r  m r  m u  

Difference 23 31~6940'2.3 28.6070 23 28,5355 23 31.7256 23 28.6360~23 28.59591z3 31.9.37023 31.7415 23 28.6965 2.3 28.6-23 31.9895 

I 

Station at which Comparison was made, and Sign of 

A t  W At E 

Q - 

r - 
0'30 

'37 

'30 

'30 

'30 

-32  

'30 

'32 

'30 

' .70 

'30 

'32 

'3' 

'31 

'30 

'30 

'30 

'32 

' 29 

-32 

Pcu Equation Q 

A t  W 

Q - 

a 
0.54 

'5' 

'55 

'51 

'54 

-52 

-56 

'5' 

'53 

'50 

'55 

'51 

-56 

'53 

'57 

'54 

.56 

'53 

.56 

' '53 

Q + 

.s 
0.38 

'39 

-38 

'40 

'39 

.40 

.38 

'40 

'39 

'40 

'39 

'40 

'39 

'40 

-38 

'40 

'39 

'40 

'40 

. '40 

At W At E At E 

Q - 

a 
0.21 

-26 

'22 

'25 

.ar 

'27 

' 23 

'27 

'21 

'28 

'24 

'28 

' 25 

'29 

'24 

-28 

'24 

'29 

'24 

-28 

Q + 

-- 

8 

0.89 

'90 

"39 

'90 

'89 

'90 

'90 

-88 

.88 

'9' 

'90 

'94 

-88 

'91 

-88 

'92 

'90 

'90 

'89 

'95 

Q - 

r 
o"22 

' 29 

'27 

'30 

-28 

' 29 

'27 

'30 

.a6 

'29 

-26 

'29 

'24 

'29 

'24 

'30 

... 

... 

. . . 

. . . 

Q - 

6  
0.60 

-60 

'60 

.62 

'60 

.60 

.60 

-60 

.60 

.60 

-58 

.60 

-60 

a60 

'60 

.60 

.60 

-60 

.60 

.60 

Q - 

6 

0.60 

.60 

-60 

-60 

-60 

.60 

'59 

.60 

.60 

-60 

'59 

.60 

-58 

'59 

-58 

.60 

a60 

... 

... 

... 

Q + 

r 
0.30 

'30 

' 34 

'30 

'31 

'30 

'30 

'30 

'30 

'30 

'30 

'30 

-30 

'30 

'30 

' 29 

'33 

'30 

-36 

'30 

Q + 

8  
037 

' 39 

'38 

'40 

-36 

'39 

' 34 

'-37 

'34 

'55 

'35 

'34 

-36 

'35 

-36 

'34 

-38 

.38 

'35 

-38 

Q + 

r 
0.99 

-94 

I '00 

'98 

1-00 

-96 

1-00 

'97 

1.00 

-98 

1.01 

' 98 

1.00 

-98 

1 - 0 2  

-98 

1.00 

-98 

1.01 

1-00 

Q + 

6 

0.91 

' 95 

' 94 

'97 

'94 

'97 

'94 

.95 

'93 

'97 

'92 

'95 

'91 

.95 

'90 

'94 

' 90 

' 95 

' 90 

' 94 



TABLE PI. DIRECT COYPABISON OF CLOCKS. 

Arc Bolarum (E) and Bombay (W). 

A&ronomial 
h t e  

1876 
January a0 

Corresponding 
Mean Obwwed 

Times at 
h m e  h m r  A m 8  h m e  h m e  & m e  A m e  h m r  h m s  h m e  A  h m e  

5 41 37 5 44 40 5 43 11 5 47 40 7 17 1 1  7 21 14 7 19 1 1  7 aa 11 8 q 11 8 29 14 8 a7 45 8 32 11 

+oa2855 +oe5935 +o'a580 +0'5770 +o.a175 +oa5545 

m a  m a  m e  m a  

Dxerenw '3 33.7145 V 30.445 23 30.4490 23 33.8005 .. 

At 

Q- 

e  
0.30 

'a8 

-30 

,a6 

'30 

-7 

'30 

''7 

'30 

-18 

'30 

'a7 

'30 

'a7 

' 30 

-28 

'30 

-28 

'30 

'15 

h m r  

6 s II 

+omacp +o.8005 +on4785 +o-8575 + 0.4895 + 0.8580 

W 

Q + 

a 
0.63 

-58 

-60 

-58 

-60 

'59 

-6a 

'59 

-60 

-58 

.60 

-58 

-60 

-58 

-60 

-58 

.60 

'59 

'59 

-58 

h m r  

6 8 11 

Btation at which 

At E 

Comparieon waa made, and* Sign of 

At w 1 At# P 

Pen Equation, Q 

Q -  

a  
0.44 

'48 

-46 

-46 

'41 

'43 

-41 

-46 

'44 

'45 

'43 

'49 

'43 

.4a 

'41 

'48 

'46 

'49 

'45 

'48 

A m r  

6 6 41 

0- 

e  
0.~8 

'24 

'a8 

'aa 

'27 

'aa 

-a6 

'24 

'27 

'22 

'27 

-16 

'99 

'24 

-a8 

' 14 

' 29 

.a4 

'29 

,a6 

a  

7 40 45 

At 

Q- 

e  
0.46 

'50 

'4 

'50 

'47 

'50 

'48 

'49 

'49 

'50 

'49 

'50 

'49 

'50 

-49 

'50 

-48 

'50 

'47 

'50 

h m e  

8 51 15 

At 

Q -  

e  
0.14 

-20 

'22 

'10 

'14 

'ao 

'a3 

-20 

'24 

"a0 

-16 

'aa 

.a6 

'11 

'a7 

'11 

'17 

-10 

'27 

-a1 

h m e  

8 48 45 

Q  + 

r  
0'80 

'78 

-8a 

-80 

-80 

'78 

'80 

'77 

.80 

' 78 

'80 

-80 

'84 

-80 

'83 

'79 

*8a 

-80 

'81 

'78 

h m e  

6 1 1  13 

E 

8 + 

a 
0.84 

'89 

'84 

'88 

'83 

'89 

'85 

-86 

'85 

.86 

-86 

-88 

'85 

-88 

-84 

-86 

'83 

~ 8 6  

'84 

'87 

bra 

8 55 44 

W 

Q + 

e  
0.56 

'53 

-56 

'51 

-56 

'53 

'57 

'55 

'57 

'54 

'57 

'54 

'58 

-56 

'58 

'54 

-58 

'53 

-58 

'55 

h m e  

8 5% 45 

Q + 

e  
0.58 

'55 

-58 

-56 

-58 

'57 

'59 

.56 

'60 

-58 

'59 

'57 

'59 

'57 

'59 

'55 

-60 

'57 

'59 

'57 

h n e  

7 44 45 

Q- 

a  
0.48 

'50 

'47 

'49 

.46 

'49 

'49 

-4 

-46 

'48 

'49 

'49 

'47 

-48 

-46 

'50 

-46 

'48 

'46 

'48 

h m e  

7 42 41 

Q + 

l 

0.86 

.88 

'85 

-88 

'84 

-88 

-86 

-88 

'8% 

'87 

'85 

'88 

.86 

'88 

'85 

'87 

'81 

'85 

'8a 

'85 

------ 

h m a  

7 45 44 



T O L E  PI. DIRECT COMPARJSON OF CLOCKB. 

Arc Bolarum (E) arcd Bombay (W). 

7 

Station at which 

Altronomiml At E 

Corresponding 
.\bean Observed 

Timea at 

W 

4 

Q + 

8 
0'25 

'27 

'27 

'30 

-26 

'27 

'=4 

-26 

-26 

'25 

-26 

.a6 

'27 

-28 

'a8 

'28 

-26 

, -29 

'29 

'28 

h a .  

6 7 2 0  

8 

Comparison wss 

At W 

Q - 

+0-8810 +0.26g0 

Q - 

8 

0.71 

-70 

'71 

-70 

-72 

"70 

'70 

'70 

'72 

'74 

-76 

'75 

'75 

'72 

'74 

-70 

-70 

'70 

'71 

'70 

h m ~  

7 2 3 1 1  

1876 
January 81 

E 

made, and Sign of 

Q +  

8 

0.09 

-00 

-08 

'00 

-10 

'01 

-08 

-00 

'08 

' 00 

'08 

' 00 

'08 

-01 

'09 

-01 

'08 

• 00 

-06 

-00 

h m s  

f a 7 1 1  

At 

Q - 

8 

0.99 

1-03 

'99 

1-00 

'97 

t'w 

-98 

1'00 

'99 

I '01 

'98 

L'OO 

.98 

x - 0 0  

-98 

1-00 

'97 

1.01 

-98 

1-00 

h m r  

72542 

J 

J 
0.84 

-82 

'83 

'81 

'83 

'80 

'84 

'81 

'83 

-80 

-82 

'81 

'85 

'83 

'83 

-81 

-82 

'80 

'85 

'82 

h m ~  

6 2 1 1  

E 

Q + 

8 
0.40 

-40 

'40 

'40 

'40 

'40 

-38 

'40 

'39 

'40 

'39 

'39 

'40 

'39 

.38 

'39 

'38 

'40 

-38 

'39 

h m s  

72946 

8 

Pen Equation, Q 

+ 0'99.30 + 0.3930 

Ab 

Q - 

8 
0.70 

'73 

'70 

'71 

.7o 

'73 

'70 

'72 

.70 

'71 

-70 

'70 

'68 

.70 

-68 

"70 

'67 

-70 

'69 

-70 

h m a  

84720 

8 
0.11 

'19 

-11 

-18 

-11 

-18 

- 1 1  

'I9 

- 1 1  

'18 

-11 

-18 

• 11 

'I9 

-10 

'15 

'11 

'18 

'11 

'15 

h m r  

6 5 1 8  

At E W 

Q + 

8 
'O*QO 

'09 

'00 

-08 

.ox 

. 10 
-01 

'07 

'00 

'09 

- 00 
-08 

' 00 

-08 

'00 

'08 

' 00 

-06 

.OI 

-08 

h m 8  

8 4 3 1 2  

8 

0'90 

'90 

'89 

'90 

-88 

'90 

'87 

'90 

'87 

'90 

'83 

-88 

'85 

'89 

.86 

'89 

-86 

'89 

.86 

'90 

h a 8  

6 346 

8 

8 

0.98 

1.00 

-96 

1.01 

.96 

-98 

'95 

1.00 

'97 

1.00 

-96 

1'00 

-94 

1.00 

'95 

1.00 

-96 

1-00 

-96 

1.00 

h m ~  

84542 

J 

8 

0'39 

'40 

'39 

'41 

'40 

'41 

'39 

'40 

'39 

'40 

'39 

'40 

'38 

'39 

-38 

'39 

'38 

'39 

'39 

'40 

h a r  

84946 

8 

+ 0'9790 + 0.3935 



!i!ABLE VI I .  BEDUCTION OF COlKPABI80N8 OF CLOCKS BY LONGITUDE BIQNALS. 47 

Bra BoEamm (E) and Bombay (W). 

Iletardation 
= 

B + J  -- 
4 

minm 

o+y 
4 

8 
+ 0.050 

+ 0.075 

+ 0.063 

+ 0'073 

+o.o71 

+0.064 

1 
'ii 
2 4 
2 = '  
72 
4 

lb76 
Jan. I1 

n 

n 

Jan. 1% 

n 

II 

Deducd 
Clook Differenwe 

D 
at Epoohs by E Clook 

T* 

fm J 

D = 23 3.020 

h n r  r 

TE = 5 59 34 

0 J 

D =23 2- 962 

h n r  J 

Tg = 7 30 8 

m J 

D = 23 2-302 

h  m u  
TE= 6 4 1 6  

fm r 
D = 2:3 2,257 

h m r  

Tg = 7 37 50 

Reduction of d to tE 
by Relatire %te 

Correotion B, 

B e d ~ ~ e d  Clock 

Difference 

dl 

tn J 

23 3.003 

3.092 

2'980 

3'09' 

23 2'918 

3.061 

3'907 

3.061 

13 1.876 

3.020 

2.85' 

2.960 

1.3 1.189 

2.416 

1'20.3 

2.368 

1.3 2.235 

2'353 

2'179 

2'344 

r3 2'191 

2'304 

3.145 

2.290 

Corresponding Mean l'imm 

a 

B 

y 

a 

a 

8 

Y 

S 

a 

B 

y 

a 

a 

B 

Y 

8 

a 

B 

r 

8 

a 

B 

Y 

s 

Differenoe 

d 

nr J 

a3 3.006 

3 '093 

1'979 

3 - 4 9  

23 3'042 

a3 2.911 

3.061 

2. go6 

3'059 

23 2.987 

of Beta 

by 
East Clock, 

Mean - t 
A m  

5 19 16.623 

23 42'514 

27 3'877 

28 31.711 

5 24 39 

6 47 38.128 

5' 1'735 

54 7.' 180 

57 56.609 

6 51 41 

8 18 31.177 

21 6.654 

a4 14.810 

28 16.26a 

8 23 a 

5 a5 10.9~7 

a6 28.058 

18 20.721 

29 36.990 

5 27 24 

6 52 38.741 

54 2.736 

55 28.786 

56 57'7'4 

6 54 47 

8 13 31.067 

15 26.885 

35 44'516 

28 14'8.34 

8 a8 15 

of Bignnls 

by 
Went Clock 

h m  J 

4 56 13.617 

5 0 39'421 

4 0.898 

5 28.623 

Mean ... 

6 a4 35.307 

27 58.673 

31 4'174 

34 53'550 

Mean ... 

7 55 29.198 

58 3'6.33 

8 I 11.959 

5 ' 3 ' 3 4  

Mean ... 

5 2 8.637 

3 15.642 

5 18.518 

6 34'623 

Mean ... 

6 29 36.505 

31 0'38.3 

3a 26.607 

33 55.371 

Mean ... 

8 o 29'873 

a 24'580 

11 42'385 

5 11.544 

N a n  ... 1 

8ignda 
Trana- 

mitted, 

from 

E 

w 
E 

W 

Hi 

W 

E 

W 

Relative Hourly Clock 

Bate Correction at given 

a3 2'879 E 

3.oa1 I W 

a.851 E 

2'956 I 
23 rac)a7 I 

Epochs 

Dedllced 
B 

8 

-0.0375 
at 

6' 9' 

I - 0.0398 
at 

7h 38" 

I 
-0.0282 

at 
6h 11' 

8 - o- 0289 
s t  

th 42' 

a3 2.290 

2.416 

a.103 

2.367 - 
2.3 a . j19 

a3 2.a36 

2'353 

2.179 

2 '343 

2.3 a.278 

23 2.194 

2'305 

a-141 

a . t r ) o  

y 2-2-33 

by E Clod 

Interpolated 

% 

8 - 0.036 
at 

sh 24= 39' 

I - 0'0.39 
at 

6L 51' 41' 

I - 0.041 
Rt 

ah ~3~ as 

8 - 0.028 
at 

sb 2;' 24. 

B - 0.029 
at 

6h 54' 47' 

8 - 0.029 
ut 

28' 15' 

E 

W 

E 

W 

g 

Vi 

E 

W 

W 

E 

W 



48 TABLE VII. REDUCTION OF COMPARISONS OF CLOCKS BY LONGITUDE SIGNALS. 

Arc Bolarum (E) and Bombay (W). 

3 .- 

.a 

4 

1876 
Jan. 18 

n 

n 

Jan. 18 

Difference 
d 

m r 

a3 1.5a1 

I -644 

1 '470 

1.618 

23 1.563 

a3 1.518 

1.613 

1 '464 

1.5% 

23 1'545 

a3 1'486 

1'56 

1 '430 

1.567 

a3 1-510 

Corresponding Mean Timw 
of Seb of Sign& 

. by 
Emt Clock, 
Mean - 
h m  r 

5 a6 39.321 

a7 50'380 

a9 a5-5aa 

30 49.602 

5' a8 41 

6 56 52.378 

58 13.806 

59 5a.591 

7 I 17.184 

6 59 4 

8 a8 ra.874 

a9 40'ogr 

30 47'280 

32 11.150 

8 30 15 

+ 0.069 31.053 
at 

51 19'538 a7 48.628 30'910 E 5h 5 e  34' 30'909 

5% 39'741 a9 8.728 

DY 

31.011 

5 50 34 + 0'0599 
at 

E 6L 35m 13 31.034 

18 7-198 + 0.051 31'129 
at 

19 35'109 56 4'093 31.016 E 18' 46' 31.015 

20 48.777 57 17.661 31.114 

t 18 46 Maan ... a3 31 '073 

$9 8 53 A'i89 8 55'714 13 31'075 a3 31.076 

31.188 + 0.031 
56 at-124 31 56.014 31.100 E 31.100 

58 9'258 34 38.065 31-19a 

8 55 41 ~ e a n  ... 1 a3 31.139 

+Oa047 

+ 0.049 

+O.OSI 

Signal 
Tmns- 
mitted, 
from 

E 

W 

E 

W 

E 

W 

E 

W 

E 

W 

E 

W 

by 
Wwt Clock 

h m  8 

5 3 37'801 

4 48.736 

6 24'oja 

7 47'984 

Mean ... 

6 33 50.860 

35 1a.193 

36 51'1a8 

38 15.700 

Mean ... 
8 5 11'388 

6 38.455 

7 45'850 

9 19'583 

Mean ... 

B 

Y 

8 

a 

B 

Y 

8 

a 

B 

y 

8 

2330'966 E 23 30.967 

fn 8 

D = 23 31'024 
h a 8  

Tr= 6 29 37 

m 8 

D = 23 31 '097 
h m u  

TZ = 7 54 25 

5 48 25'557 5 24 54'591 a 

Eelative Hourly Clock 
Rate Comtion at given 

Epoch by E Clock 

Reductionof d to tl 
by Belatioe Rate 

Correction R, 

Reduced Clock 
Difference 

Eehdotion - 
B+) 

4 

minus 

a+? 
4 

J 

+ 0.068 

+oao54 

+omo6r 

Deduced 
R 

B - o.0119 
at 

6b  14= 

II - 0.0164 
at 

7' 45- 

dl 

m u 

a3 1'5a1 

1.644 

1'470 

1.618 

a3 1.517 

1.613 

1'464 

I '585 

13 1 - 4 5  

1.596 

1'430 

1.568 

1 

Deduced 
Clock Differenoes 

D 
at Epochs by E Clock 

T, 

m r 
D = 23 1-5-56 

h a 8  
T, = 6 3 24 

(R 8 

D =23 1.535 
h a  a 

Tg = 7 34 34 

Interpolated 

a, 

s - 0.010 
at 

gb 28' 41' 

s - 0.014 
at 
59= 4' 

s - 0.019 
at 
3om I 5' 

a 

B 

Y 

8 

a 

B 

Y 

8 

a 

B 

Y 

8 



T-LE VII. REDUCTION OF COMPARISONS OF CLOCKS BY LONGITUDE SIGNALS. 49 

Avc Bota~*zcm (E) and Bombay (W). 

2 .- 
2 

4 

1076 

Jan- 19 

a* 

,, 

si@'al 
!bane- 
mitted, 

from 

E 

F' 

E 

W 

' E 

W 

E 

W 

E 

W 

E 

W 

Difference 
d 

m 8 

23 31'688 

3l.790 

31'659 

31.786 

23 31-731 

23 31';03 

31'814 

31.691 

31.806 

2331.755 

13 31'759 

31.821 

31'742 

31.851 

2331-794 

. Cormponding Mean Tiecr 
of Beta of Bignab 

Eelatire Hourly Clock 
h t e  Oorreotion at given 

Epoolls by E Clock 

by 
Rsat Cld, 
Mean = 

h  8 

5 Sf 27'643 

59 3'459 

53 26'073 

55 8.852 

5 56 17 

7 23 5'164 

24 25.035 

15 58'259 

27 26-246 

7 25 14 

8 51 21.397 

52 50.740 

54 43'188 

55 50.168 

8 53 41 

Beduction of d to tE 

by BBktive %to 

Correotion B, 

Reduced Clock 
DXerenca 

dl 

Iletardation - 
B+6 

4 

minus 

o+Y 
4 

- 

8 

+0.057 

+omo54 

+ 0'043 

Deduced 
B 

B 
+o.o162 

at 
bh 41' 

8 
+o.oa65 

at 
sh 9m 

by 
W e 3  Clock 

h M  8 

5 33 55'955 

35 31a6% 

19 54'414 

31 37.066 

Mean ... 

6 59 33'455 

7 o 53.121 

a 26.567 

354.440 

Mean ... 
- 

8 27 49'638 

19 18.918 

31 11.46 

3a 18.317 

Mean ... 

rn 8 

a3 31-688 

31'f89 

31.660 

31.786 

a3 31.710 

31.814 

31.691 

31-805 

23 31.760 

31'821 

31'741 

31'850 

Deduoed 
Clock Differenma 

D 
at Epoch by E Clock 

M 8 

D = 23 31,741 

h m 8  
TE = 6 34 51 

m  8 

D = 23 31'770 

h m .  
TB rC 7 59 27 

Interpolated 

I(1 

8 

+ 0'011 
at 

sh 56m 17' 

a 
+ o-oar 

at 
7h asD 14' 

a 
+ 0.032 

at 
53= 41' 

y 

8 

a 

B 

a 

B 

Y 

6 

a 

B 

Y 

6 



T D L E  t?ll. REDUCTION OF DIRECT COMPARISONS OF CLOCKS. 

Arc Bolarum (E) and Bombay (W). 

Aatronomi* 

Date 

1876 

January 14 

sa 

Jsnuary 16 

18 

J n n a a y l 7  

IS 

In 

Observed 

Clwk 

d 

and Mean 

a 8 

aa 61.706 

59'556 

59'670 

6a.942 

a3 1'119 

aa 61.752 

59'604 

59'699 

62.975 

33 1.258 

a3 3.634 

0.473 

0' 543 

3'856 

a3 a. 127 

33 3'607 

0.470 

0'550 

3'842 

z j  a.117 

q 31'694 

18.607 

18.536 

31.900 

23 30'184 

a 3 j 1 . 7 2 6  

31'937 

28.636 

28.596 

23 30'224 

I a3 31.748 

~8 .600  

O b ~ r v e d  

Hour at E, 
Mean - tx 

h m s  

6 15 15 

16 44 

19 15 

P I  a4 

6 18 lo  

7 46 45 

48 39 

50 30 

51 39 

7 49 38 

6 a7 15 

a9 40 

31 31 

33 18 

6 30 a6 

7 47 35 

49 11 

51 12 

53 23 

1 5 o a o  

6 13 30 

17 40 

19 ra 

za a 

6 18 6 

7 2 1 5 8  

35 41 

26 54 

33 2 0  

7 27 14 

8 35 50 

40 13 

qa 11 

43 2' 

8 40 26 

Relative Hourly 
%dudioll of d to tE 

Clock Rate 

28.696 

31.990 

a3 30.259 

Pen Equation, Q , 
- B + t  aLE,Q=--  - 

2 

W, Q , ffLr 2 

s  
at E, Q - 1.692 

a t W ,  Q-1.519 

at E, Q = I -685 

at W, Q - 1.527 

a t E ,  Q - 1 - 6 g a  

at  W, Q - 1.546 

st El Q - 1.686 

st W, Q - 1.529 

aLE, Q==1*68a  

at W, Q =  1.545 

at E, Q - 1.673 

at W, Q - 1.546 

a t  E, Q = 

8ilPa1a 

mitted, 

from 

E 

w 
E 

W 

E 

w 
E 

w 

E 

W 

E 

W 

E 

W 

E 

w 

E 

E 

W 

w 

E 

W 

E 

W 

E 

W 

E 

W 

- 

& W, Q - 1'557 

- 

+ 0.036 

Retardation 

!?+pa 
4 

millua 

a+Y 
4 

s  
+ 0.031 

+ 0.031 

+ 0.038 

+ 0.039 

+ 0.031 

+ 0'041 

at 
8" 40' 26. 

Bed~loed 

Clock Differences 

n 
at Epocha by E Clock 

Tx 

rn 8 

D = 23 2'123 

T, = 

Oorrection 

Deduoed 

R 

I 
+ o.oa56 

at 
7h 3' 

I 
-0.0075 

at 
7' lom 

n 
+ 0'0347 

st 
53' 

B 
+ 0.0287 

nt 
8' 4' 

at given 

Interpo- 

letod 

S 

0 

+ 0.016 
nt 

6" 18' 10. 

I 
+ 0 . 0 ~ 6  

st 
5" 49- 38' 

I - 0.008 
n t  

6b 30' 16' 

I - 0.008 
at 

7" 50' 10' 

a 
+ 0.038 

at 
6" 18' 6. 

I 
+ 0.031 

at 
7h aim 14. 

0 

+ 0.026 

by Relative Hate 

Correotioa R, 

Bsduced Clock 

18.696 

31'988 

Diffttre~~ce 

dl 

m  s  
aa 62.707 

59'557 

59'669 

62.941 

a2 6a-753 

59.604 

59'699 

62'973 

23 3.634 

0.473 

0'543 

3'857 

a3 3.607 

0.470 

0.550 

3'842 

aa 31.697 

a8.607 

28.535 

31'898 

aa 31.728 

31'938 

28.636 

38'593 

za 31.750 

a8.600 

y 

8  

a . 

B  

Y 

t 

r 

B 

Y 

t 

a 

B  

Y 

8  

a 

B  

Y 

8 

a 

y 

B 

t 

a 

8 

y 

B  

a 

B  



!PdBLE V .  REDUCTION OF DIRECT COMPARISONS OF CLOCKS. 

Arc Bolarum (E) and Bombay (W). 

NOTI.-W Clook ru round up befors obmrvationr on J m u n y  17th and lort 18' in the proom, owing to a fault iu the rnaintai~lirrg power. 

htmnomd 

Date 

1876 

Jmlury 80 

ss 

n 

J . n u a y 2 1  

I¶ 

Obmrred 

Hour " E, 
Mean - tl 

h a #  
6 5 1 1  

6 41 

8 1 1  

I 1  13 

6 7 49 

7 40 45 

41 41 

U 45 

45 44 

7 43 29 

8 48 45 

51 15 

5% 45 

55 44 

8 52 7 

6 a 1 1  

3 46 

5 18 

7 l o  
L 

6 4 39 

7 2 3  1 1  

15 41 

a7 I I  

29 46 

7 16 18 1 

at 
47 8" 46' 30' 

49 46 

d 

Obwrved 
Clock 

Difference 
d 

m d  Mean 

n, 8 

0.3 33-715 

30.449 

30.406 

33'801 

1 23 32.093 

23 33.741 ' 
30'478 

30.423 

33'858 

23 3a'IaS 

23 33'772 

30'490 

30.445 

33.858 

a3 .31-141 

23 35.178 

31'881 

31-85: 

35'569 

23 33'546 

2 3 3 5 ' 2 8 3  

31.993 

31.958 

35'393 
-- -- 

33 33.657 

sign'18 

tMnr- 

mitted, 

from 

E 

w 
E 

W 

E 

W 

a 
W 

E 

w 
E 

W 

E 

W 

E 

w 

E 

W 

E 

w 

23 31'960 

31 '980 

35'198 

35.391 

&El Q-1 .706  

a t  W, Q - 1.669 

Y 

B 

a 

8 

+ 0.028 

Relative Hourly 

Clock Rate 
Correction at given 

Epochs by E Clock 

Deduced 

B 

I 
+0'0101 

at 
6' 56- 

I 

Interpo- 

lsted 

Bl 

I 
+ 0.024 

a t  
bb 7' 49' 

I 
+ 0.017 

at 
7b 43" 29' 

Reduction of d to tB 

by Belative Bste 
c o r n t i o n  R, 

Beduced Clock 
DXarence 

Pen Equation, Q,  

- B + S  
stE,Q-- 2 

,,t w, Q 
a - Y 

a 

8 
atE,  Q - 1 . 6 7 5  

a t w ,  Q - 1 . 6 5 5  

a t &  Q -  1.689 

at W, Q - I -660 

at El Q - I '684 

at W, Q - 1 '664 

a t E ,  Q = I - 6 9 1  

at w, Q - I .664 

at El Q - I '699 

at W, Q - 1.665 

dl 

(I J 

3 7 

30.449 

30'406 

33'799 

23 33'743 

30'479 

30'423 

33'857 

23 33'773 

30'490 

30.445 

33'857 

233.5'183 

31.883 

31'856 

35.164 

23 35'186 

31.993 

31'957 

35'39' 

a 

B 

Y 

8 

a 

B 

Y 

8 . 

a 

B 

Y 

8 

a 

B 

Y 

6 

a 

B 

r 
8 

+0.0140 

- Betardation 

8+) 
4 

o+r 
4 

8 
+ 0'032 

+ 0'043 

+ 0.032 

+ 0.027 

+ 0.035 

at 
18" 

8 
+0'0814 

at 
6b 46= 

I 
0.000 
at 

Deduced 
Clwk Diffemnca 

D 
at  Epoch13 by E Clock 

S S  8 

D = 2332 '122  

h m r  
TE = 7 32 26 

' 
I 

+ 0.011 
s t  
52' 7' 

I 
+ 0.123 

st 
6b 4" 39' 

I 
+ 0.040 

at 
7L 26= 286 

8' 6' 



TABLE LX. ABSTRACT OF OBSERVED VALUES OF PERSONAL EQUATION. 

Between Captain8 Campbell aad Eeavkide. 

OBEPBVED WITH TELPSCOPP NO. 1. 

C 0 

a 
m 
C 

At BANGALORE 

April 22, 1876 

' Equation 
Star D e C l  - 

G 

!i 

8 
rn 

A t  BOLARUM 

8 

+o.o83 

+ '073 
c -049 

+ .og8 

4438 

4526 

4558 

4615 

0 

+42 

+ zg 
+37 

+16 

D&mber M, 1876 

Equation 
8 /IecI. 1 - 

A t  

March 11, 1876 

Equ~~tion 
Star Decl. - I/ 

December 24, 1875 

Equatior~ 
8 Y  /DecI. - 

1520 

1530 

1540 

1551 

6 3  

1726 

1772 

3733 

3167 

3776 

3826 

MADRAS 

March 18, 1876 

Equst~on 
h r  Decl - 

December 24, 1876 

ICquatioli 
(tar l i l .  1 - 

1563 

1631 

3831 

4031 

8 
+o.116 

+ .080 

+ -162 

+ .086 

0 

+33 

+38 

+qq 

+ZI 

+a2 

1+19 

+ a9 

3671 

3735 

3757 

3776 

0 1  1620 

1680 

1540 

1551 

+ro 

+zr 

8 
+0'113 

+ '052 
+ .008 
+ '054 
+ .o4o 

+.079 

+ .056 

Mean(CN-EN) 

0 

+ 24 
+ 26 

+41 

+a1 

3824 

3831 

+a6 

+41 

+ a 1  

+ ~ 5  

a 

1 1 6  

+o'157 

f 0.014 

+0'057 

ko.ooS 

+IS 

+ Z I  

+O.III 

+ '054 
+ '067 

+ .o;9 
+ 0 2  

+.068 

1508 

1591 

1Cd1 

1611 

1624 

1678 

1737 

1886 

1816 

18% 

0 

+ 3 3  

+38 

+qq 

+ZI 

+om115 

ko'or I 

+oa070 

- .OII 
+ .o61 
+ .o39 

+ 0.040 

f O'OIZ 

+ -069 
+ '0;s 

+ -125 
+ .do 

+o.dz 

k0.005 

+o.ogf 

+ 

+ '054 
+ -060 

+ -032 
+ .&I 

+0.078 

f 0.01 I 

+ 0.067 

f o-odl 

+0'099 

+ '050 
+ *or6 
+ .oaa 
+ '042 
+ .oo4 
--.008 

+ -029 
+ '110 

- -029 
+ '062 

+ -041 
+ 'or5 

+ '016 

+OaO34 

f 0.007 

+ - 0 9 ~  4627 +35 

+ a 

+15 

+ 16 

+ 3 
+ 1 1  

- I 

+14 

+ 14 
+ 4 
+ 14 

3752 

3788 

3798 

3816 

3863 

3871 

4008 

4039 

4049 

4065 

4069 

4072 

4079 

4094 

-0.035 

- .066 

- .017 
- .006 

+ -010 
+ -038 
+ n o 8 1  

+ '036 

+ -019 
+ '057 
+ -058 
+ -080 

I 

+ .15o 
r.111 i.170 

M m ( C s  -He)  

+ I 

+ 8 

+ 3 
I 

+ 7 

+ 7 
- 5  

+ 4 
+ 4 

+ 4 
- 5 
+ 9 
+lo 

+ 3 

+16 

+ 5 
+ a 

+ 15 
+ 3 
- 8  

I 

+ 23 
121 

+23 

+a1 

+ P I  

2029 

2039 

2047 

2080 

2080 

4632 

1907 

1968 

2017 

2111 

. I 

+O'OZ~ 

f 0.008 

+o.ojo 

+ .oa7 
+ -086 

- .026 
- '016 
+ '047 
+ .o;a 
+ '007 
+ .%g 
- '024 

+ .o41 

+ -116 
+ '121 

+ .099 

8 I 
+o.laq 

+ '243 
+ -125 
+ '189 

+rg 

+rij 

+ r a  
+16 

3621 

3663 

8684 

8696 

3708 

3718 

1485 

1495 

1608 

1691 

1611 

1623 

I 

+ODO47 

k0.007 

0 

+zz 

+ a5 
+23 

+a3 

1925 

1937 

1976 

2002 

I 

3726 

8758 

3768 

3788 

3795 

3816 

3857 

I 
4446 

4492 

4496 

,4616 

4566 

4670 

+O'OZI 

*o.oog 

8 

+o.lat 

+ .048 

+ -157 
+ .la8 

+0'119 

, * 0~011 

+ 8 

I ,  

+ 3 

, +  7 
+ I I  

- 8 

+ 6 

-12 

o 

- 6 
- 8 

I +  4 

+o.o19 

c I 

+ -016 
+ .005 

+ -031 

+ -000 
+ 2 

+ I 

4fi48 1::: 
4706 +a6 

- 7 

- 9 

+ 054 4678 

+ a 

- 9 
- 9  

-10 

+ -046 4691 

4672 

4680 

4690 

4698 

+ 4 + -017 

I 

+ 8 

+ 3 
- I 

+ a 

+ '064 
+ .roz 
+ '056 

+ .094 





TABZZ IX. ABSTRACT OF OBSERVED VALUES OF PERSONAL EQUATION. 

Between Captains Cismflell and Heaviside. 

8 
3 
i2 m 
P 
PI 

% 
4 

!! 
8 

- 

# 
4 
I! 
8 

T . ~ P E  NO. 1. O B B B B ~  WITH 

At 

April 7, 1877 

8tar 1 Declination 
E~:t$ 

At 

December 16,1876 

I I EzytF 
Star Declination 

4694 

4610 

4628 

4668 

4758 

4810 

4830 

BOMBAY 

April 9, 1877 

Equation 
Star Declination i I c - H  

BANGALORE 

December 18, 1876 

8- Declination 1 7:': 

1870 

1376 

1898 

1480 

1486 

1680 

1640 

488h 

4457 

4694 

4628 

4652 

1058 

1068 

1087 

1139 

1161 

119.2 

14m 

1485 

1620 

1561 

1663 

1191 

o 

+ a6 

+ 32 

+ 35 

+ 33 

+ 39 

+ 23 

+ 3 3  

o 

+ 14 

+ I9 

+ 15 

+ 16 

+ 33 

+ 16 

+ 38 

+ 44 

8 

+0.014 

+ '074 

+ . o o 6  

+ ' o r 7  

+ '054 

+ '094 

+ ' 0 4 8  

+ 360 

+ 36 

+ 26 

+ 35 

+ 33 

6 

+om056 

+ '103 

+ '077 

+ -171 

+ -100 

+ '149 

+ -160 

+ '177 

0 

+ 20 

+ ao 

+ 13 

+ 42 

+ a4 

+ 25 

+ 16 

+ 16 

+ 33 

+ 21 

+ 20 

+ 15 

+ 0.05a 

k 0.008 

+0.048 

- ' 1 4 8  

- .q  

+ '001 

- '079 

- -051 

+ '012 

- '003 

- -051 

- 0 7  

+ '038 

-0.025 

&O.OII 

-ofo71 

+ -041 

- s o 6 7  

- -031 

- -006 

4670 

4668 

4678 

4680 

4690 

4698 

4703 

4721 

4766 

4795 

4857 

+ o . ~ a q  

f o.011 

+0'039 

+ -089 

+ '027 

+ ' 0 7 3  

+oao57 

f o.010 

6 

+0.096 

+ ' I I ~  

+ .?I 

+ ' 1 3 9  

+ ' 1 4 a  

+ .078 

+ -251 

+ -090 

+ -091 

+ 'raa 

+ '138 

+ '147 

-0.027 

f 0.014 

-0'014 

- '047 

- -062 

- -068 

- '075 

- '036 

- '011 

- -036 

- .or9 

- -041 

- '059 

- '055 

- -028 

-0.042 

ho.004 

Means (C N - H N) 

+ 4 

+ 15 

+ 2 

- 9 

- 9 

- 10 

- I I  

+ 14 

+ 9 

- 6 

- 10 

4878 

4440 

4472 

4492 

4511 

4528 

4688 

4547 

4569 

4165 

4970 

4686 

46% 

+o.125 

to .009 

+ O . O I I  

+ '093 

+ '055 

+ '032 

+ . 0 1 8  

+ -136 

+ .10,3 

+ 'Ioa 

+ 0.069 

~ O ' O I I  

1076 

111% 

1184 

1208 

1460 

1495 

1611 

1628 

1409 

1486 

1460 

1496 

- 3 

+ 10 

+ 6 

- I a 

- a 

- 
o 

- 3 

+ 1 1  

- 8 

+ 4 

- 12 

- I 

+ 1 1  

o 

- 6 

+ 6 

+ 1 1  

+ 5 

+ 3 

- 8 

o 

- 3 

+ 1 1  

+ 5 

((31 - Ha) 



TABLZ IX. ABSTBACT OF OBSERVED VALUES OF PERSONAL EQUATION 

Betweeta C q t a h  Campbell and Heavkide. 

8 
a 
8 m 
& 

S 
&! 
4 
f! 
cp z 

8 
3 
3 
m 

At BANQALOEB 

Deoember 19th, 1876. 

Equation 

O-VED WITH T~LBSOOPE NO. 8. 

8 

+ 0.157 

+ '130 

+ 
+ 'aor 

+ -119 

+ '105 

+ -215 

+ '144 

+ 'a31 

+ '21.3 

+ .lo9 

+ 0.150 

& 0.008 

+ 0.019 

+ -158 

+ 'I33 

+ .080 

+ '047 

+ -006 

+ '053 

+ '013 

+ .129 

+ 0.071 

f 0.013 

Declination 

At 

April 4 th  1877 

Equation 
Declination 1 1 c - a  

1976 

2008 

2aeS 

2039 

2080 

2097 

2111 

2149 

2163 

2239 

e n 1  

BOMBAY 

April 6th, 1877 

Equation 
Declination 1 c - a  

4107 

4286 

4364 

4384 

+ afo 

+ 13 

+ W 

+ 21 

+ 21 

+ 28 

+ 16 

+ 17 

+ 16 

+ 39 

+ 18 

4607 

4628 

4658 

+ 27 
0 

+ 40 

+ a2 

+ 36 

Meen ( CN - HN) 

o 

+ 50 

+ 35 

+ 33 

8 

+ 0.141 

+ '052 

+ moo7 

+ '140 

19dj 

1958 

1990 

2057 

2129 

2185 

8206 

2216 

8856 

8 
+ 0.005 

+ -041 

+ '022 

+ 0.085 

-+ 0.023 

- 0.056 

- ''35 

- '01 I 

+ -004 

- '034 

+ '033 

- '070 

+ '044 

- 0.028 

+Z 0'014 

4140 

4267 

4277 

4298 

4301 

4397 

4498 

4440 

+ 4 

+ 15 

+ 14 

+ 4 

+ 14 

+ 10 

+ 13 

+ 8 

+ 13 

+ 0'023 

& 0.007 

- 0.035 

- '023 

- -009 

+ a 0 0 7  

'000 

+ *o03 

- -029 

+ '616 

- '004 

+ - 0 2 1  

- '0.30 

+ -028 

- '029 

- '010 

- '027 

+ -065 

- 0.004 

& 0.005 

4428 

4152 

4440 

4472 

4498 

4499 

4611 

4528 

4538 

4647 

4659 

4565 

4570 

4686 

4678 

4680 

- 8 

- 7 
- 
+ 13 

+ 15 

- 10 

- 10 

+ 10 

M ~ ( c g - H g )  

+ Ia 

- 10 

+ 10 

+ 6 

- I Z  

+ 14 

- 
- 

o 

- 3 

+ I I  

- 8 

+ 4 

- 12 ' 

+ 2 

- 9 



56 T O L E  X DEDUCTION OF THE FINAL VALUES OF THE RELATIVE PEB90NAL EQUATION 

Between Captaine Campbell and Heaviside. 

* On these days two groups of obeervationa were taken at different houra, the mema of which are kept separate. 

A 

?i 

P1 
m 

w 
Y n r- 

4 

LC 

B 
m - 

Final Values of the Equation adopted. 

During the season 1875-76, the determinations were so fairly distributed over the whole period, that the 
means of all were accepted as the equations to be applied throughout the reductions of the observations : viz., 

8 8 

CN - HN = + o.og9, and Cs - H8 = + 0'041. 

Astronomical 
Date 

1876 
December 20 

n 21 

YS 24* 

33 24* 

8s 28 

1876 
February 6* 

IS 6* 

March 17 

88 18 

April 22 

BY 23 

1876 
December 16 

II 18 

II 19 

1877 
April 4 

SI 6 

31 7 

)I Q 

During the season 1876-77, all the land measurements were executed between the dates on which the 

Astronomid 
Date 

1876 
December 20 

II 2 1 

IY 4 

ss 24* 

st 28 

1876 
February 6* 

I) 6* 

March 17 

#I 18 

April 22 

YY 28 

1876 
December 16 

I, 18 

31 19 

1877 
April 4 

Y Y  6 

89 7 

Is 9 

equations were determined, and the arithmetical means were therefore adopted for the reductions : v k ,  

BY  TABS 

Telescope 
in use 

N o . 1  

,, $3 

,, 1 

,I 1 

I, 8 

No. 2 

IS a 

11 1 

I, 1 

IS 1 

,I 2 

No. 1 

,I 1 

8, 2 

No. 2 

n 2 

s, 1 

1 

8 a 
CN - HN = + 0.083, and Cs - HB = + 0.0 I g. 

I n  these equations the general symbol, C - H, signifies a quantity which must be added to times observed 
by Captain Heaviside, before they are compared with those observed by Captain Campbell. 

B e ~ ~ e r a l  
Mean 

C~ - =El 

8 

+ 0.041 

+ 0.064 

- 0.026 

BY STAIM 

Telescope 
in use 

No. 1 

,r 3 

,, 1 

,r 1 

,, 2 

No. 8 

,, 2 

I, 1 

,I 1 

,, 1 

s 2 

No. 1 

3, 1 

I, 8 

NO. a 

,I 2 

r, 1 

,, 1 

Gteneral 

CN - HN 

8 

+ 0.099 

+ 0'135 

+ 0.030 

OP NORTH A~PBOT 

Mean Value of 
Equlltion 

C~ - all 

8 

+ 0 ' 0 5 7  

-126 

-157 

-115 

'125 

-169 

-171 

-067 

. I  19 

-082 

-178 

+ 0.124 

'125 

' 150 

+ 0.085 

-023 

'oga 

- '027 

Combination 
Weight 

156 

69 

5' 

83 

100 

a1 

5 9 

156 

83 

400 

31 

38 

56 

64 

9 

93 

65 

33 

OF SOUTH A E P E ~  

Mean Value of 
Equation 

(43 - Ha 

8 
+ 0.013 

'059 

'078 

'040 

' 040 

'033 

-028 

' 034 

'047 

- 0 2 1  

'057 

+ 0.057 

-069 

'07 I 

- 0.028 

'004 

'ozs 

'oqa 

Combination 
Weight 

156 

204 

83 

69 

59 

204 

44 

204 

204 

123 

59 

4 

38 

a8 

23 

212 

35 

303 



IPdBLIC XI. ABSTRACT OF OBBEBVED VALUE8 OF THE AB80LUTE1 (I?-8) EQUATION8 5 7 

Of Captain8 Campbell and H e a v W ,  S e m  1876-77. 

Henvieide at 

Star 

4014 

a081 

4861 

4428 

4348 

480 1 

General Hean 

of 8outh Aspect, 

L- - .  

dtrc 

Mallgalore 

Equation 
N-IJ 

8 

-0'011 

+ -007 
+ '01% 

+ -015 
- .oa5 
+ -040 
+ '001 - '001 

- soaa 

+ '059 
- -016 
+ .069 
+ .087 
+ -081 
+ '1- 

+ -004 
+ -048 
+ '013 

+ 0.026 * o.oo6 

before they 

V~ZAGAPATAM-~%ADRAS 

Oampkll 

Bk 

~ 9 0  

8069 

8147 

General Mean 

N - 8, signiaes 
by the urme 

Heeriside at 

B t u  

2799 

2810 

U)29 

8088 

8129 

8147 

8889 

#is4 

2816 

ma 

M H w  

NOT#.-The 
for Btur of 

Heaviaide at 

Star 

9088 

8129 

8147 

5443 

8%8 

8684 

8606 

8029 

am4 

8469 

General Menn 

wh~ch must 

MAIPQAJBBB-BOMBAY 

Campbell 

Star 

8990 

4241 

4Z42 

4240 

4861 

$081 

General Mean 

a 

a n  be 

at Madm 

Equation 
N - S  

8 
+OaO33 

+ '094 
+ .026 

+ '043 
+ -127 
+ '050 
+ 'I23 
+ -099 
+ -188 
+ -080 

+ '074 
+ .08q 
+ -065 

+ '049 
+ .061 
+ -066 
+ -063 
+ '156 
+ -019 
+ '011 

+ -096 

+ 0'077 
f 0.007 

a quantity 
obmrver. 

VIZAQ~PATAM-BUUY 

Campbell 

Star 

80% 

8147 

8171 

8404 

8008 

8468 

8469 

8684 

8606 

8679 

General Mean 

the times observed 

ABO 

Viurgapstam 

Equation 
N-S 

8 

+oaoog 
- '010 

- '010 

+ ,014 

+ '055 
+ '007 
+ '018 
+ -063 
- '001 

+ ,008 

- '047 
+ .or8 
+ -109 

+ '059 
+ '103 
+ '038 
+ -048 
+ '024 

- '054 
- '053 
+ '0x5 
- '010 

+ '044 
- -042 
- '0.30 
- -029 

+ '074 
- . J I O  

+ -048 

- '055 
+ -018 
- 'oaa 

+ '037 
- '067 
+ '001 

+ ' w a  
+ . d o  
+ -064 
+ '013 
+ '054 
+ '0.39 
+ -036 
- -014 

- '033 
+ -031 
+ '051 
+ '017 

+ '034 - '014 
- '00s 
+ '072 

'000 

+ '010 

- ' 0 2 0  

+ -050 
+ .080 

+0'015 
*0'004 

symbol, 
North Aspect, 

ABC 

Vizagapatam 

Equat~on 
N - S  

8 
-0'037 
+ '038 
- '038 
+ -084 
- ' o ~ a  

+ '037 
- .061 

+ '034 
+ '040 
+ '069 

+ .074 
+ ' I I I  

+ '0.37 
+ '047 
+ -091 
+ -031 
- '015 

+ '047 
+ -058 
- '013 
- .or9 
+ a 0 7 0  

+ -096 

- '043 
- '055 
+ '030 
+ -050 

+ '074 - '008 
+ -023 
- .017 
+ '035 
+ '111 

+ -050 

+ '095 
+ '030 
+ '003 

+ '"09 
+ 123 
+ '051 
+ -003 
+ a 0 7 6  

+ '053 - '001 

+ '035 
- .065 

f + 0.00; O'O3' 

be added to 

at Bombay 

Equation 
N-8 

8 
+ 0.053 
+ '031 
+ '053 

' + -036 

+ '093 
+ '010 

+ '077 
+ -029 
+ -083 

+ '059 
+ -062 
+ '036 
+ '052 
+ -018 
+ '051 
+ -065 

+ '057 
+ '050 

- '045 

ko.003 
+ 0.046 

compared with thole 

at B e l l q  

Bquntion 
N - 9  

8 
+ 0.093 
+ .063 
+ '071 
+ .olb 
+ '090 
+ -069 

+ '033 
+ - I @  
+ .OBI 
- '008 

+ '075 
+ '078 

+ '047 
+ '014 
+ '002 

- '010 

+ 'oaa 
+ -085 
+ 'oa5 
+ '042 
+ .067 

+ -044 - '031 
+ .066 
+ -061 

+ '049 
+ '185 
+ ' 0 7 2  

+ .061 
+ . I& 

+ 'og8 
+ '032 
+ '005 
+ '017 
+ .oo6 
+ '030 
+ '064 
+ '042 
+ -060 
+ '083 
+ '01s 

+ '047 
+ '091 
+ '073 
+ '037 
+ '039 
+ ' 0 7 1  

+ '055 

+ 0'055 
-+0'003 

for Store 



TABLE XI1 OBSERVATIONS OF TRANSITS WITH LOCAL CLOCKS, AND DEDUCTION 

OF THE CORRECTED DIFFERENCE OF OBSERVED TIMES, M. 
- - 

NOTI. ld - om'oa25. Transcribing Equation mil, all records having been transcribed by the same penon. 

BOLAliUM (E), Lot. 17a 3(Y, Long. 6h 14=i6*: AND BOMBAY (W), Lat. 180 64', Long. gh 61" 25.. 

N - 
N 

0 
+a 

a" 
3 .- 
! 
.,= 

1876 

Jan.11 

TRANSITS OBSERVED AT E 

By Campbell, with Telescope No. 1 

Jnn.11 

STAR 
 TRANSIT^ OBSERVED AT W 

By Heanbide, with Telercqpe No. 2 

Differelice of ?%i 

B.A.C. 
Number 

1907 

1926 

1937 

, 

Jan.12 

Jnu.12 

I %  Corrected 'l'imer ; 

Decli- 
nation 

o r 

+a2 48 

+zz 24 

+25 27 

1946 

1990 

2017 

2444 

2478 

Z O O  
g 

+ 1-63 + 4 1 o  

+ 14 14 

+1218 

+ H  55 

+ l a  16 

58 29.50 

8 

3 

31'13 

I"++ 
I 

( W - E )  
I 

+ ' I  

c In-  
strumentd 

Position 
and 

Correction 
Constants 

8 14.21 0 
I I 

111- 

Seoonds 
of 

Correct,. 
ed lynle 

a + 9.9 
a 

Q - 1-03 

Mean, Tg 

I. P. TV. 

d 

a 

Mean 
Observed 

Time 

" 2  

: 1;: 9 

2603 

i 

a 

+ 1.64 

+1*67 

+1.68 

6 4 57.64 

9 33'13 

7 18 12.35 

21 61.oB 

Total 
Correc- 

tion 

24 60.65 

28 6-74 

30 19-85 

35 15-94 

38 5'2.3 

42 37'73 

7 30 8 

5 58 45.20 

68 44.31 

2656 

2686 

1946 

h m  a 

5 51 58'88 

54 16.66 

56 36.42 

8 

g 

8 

9 

8 

14.22 

14'22 

- 14.22 

a 

60.52 

18.g; 

38.10 

-1 .02  

-1.03 

-1.04 

-1.08 

-1.14 

-1.14 

+1'03 

59.63 

5.71 

18.81 

14'86 

4.09 

36.59 

46-27 

45'34 

+1.65 

+1*65 

-1.40 1 

1968 

1976 

1990 

PO02 

2017 

2480 

2537 

8666 

2664 

2686 

8606 

Total 
Correc- 

tion 

- 
b -  1.1 

Q +  1-03 

M-1 TI 

1. P. E. 
d 

5 

N 

N 

a 

- 14.21 

14.28 

14.33 
v r h  . X , 

59-19 

34-78 

10'95 

+28 19 

+ 28 31 

a 

19.85 N 

a 
O 2 

Q + 1.04 Q -  1'53 + I 

7 43.80 + I . o ~  / 44'83 N 7 32-19 -1.58 .31.z1 13.62 

16 6 a m A  
Mean .; 3 a 3 Mean 

Obaerved 
Time 

I. P. E. 

d - 
a b -  + 9.9 "I  

% 

$ 
.; 
p 

Ye*"dJ 
of 

Corrert- 
ed Time 

1 

0 
rC) 0 

23 14-92 

6 5 12.52 

948.00 

5 59 34 

7 18 26.24 

8 

5 

N 

N 

8 

9 

N 

N 

+I447  

+23 I 

+ 14 14 

+ za 33 

+1218 

+ 2 1 1  

+1346 

+2819 

+ I I  4 

+2831 

+1938 

Mean, Tg 

I.P.W. 
d 

. 
+ + 2 ' 6  5.4 , 

r 
Q- 1-04 

Mean, TL 

strurne~~tal  
Poaic ion 

and 
Correction 
Constnilta -- 

By each 
Star 

-1.06 

+om99 

+ 1-00 

- 1 . 0 7  

h m  r 1 8 

13.86 

13'51 

49.00 

25'17 

a 

8 

N 

8 

N 

8 

8 

8 

N 

9 

N 

h' 

5 52 13-73 

54 31.65 

56 51-48 52.43 

25 46.90 -1.42 45'48 14'15 a - 3'4 

Q  - 1-52 

I j  I + I 

+ 4 10 

9 48.89 

6 4 I 6 

726 1'58 

35 16.89 

38 6-20 

39 48'90 

4238'71 

45 6.47 

7 37 so 

+ 1.00 

+o.96 

+0'95 

8 

8 

, 5 

9 

35 2'14 

37 51.19 

42 23.64 
i 

8 

, -1.40 59-68 14.18 - o.8 
b + 6.6 

Q  + 1.52 

I. P. E. 

N b + 6.6 
a -  3.4 

I. P . 5 58 34.36 -1.56 32.80 - 13-47 

-1'40 

-1'.17 

-1.3; 

+ 1'05 9 38'07 49-94 / 8 

0'74 

49.82 

22-27 

14.12 

14.27 

14'32 

-1.57 

-1.01 

-1'03 

-1.07 

-1.03 

-1.07 

-1'04 

7 25 45.74 

35 0.93 

31 50.05 

39 33'OO 

42 22.58 

4450'41 

36.50 

I .P .  w. 
d 

b - 0 . 7  
5-13 , + 3.z  

47'87 8 

+ I . ~ I  

+1.50 

+ 1 4 8  

+1'50 

+1'48 

4-1'49 

13-44 

37.64 

5'43 

47-25 

N 

N 

- 13'32 

Q +  1'54 

2'43 i 13-43 

S I - ~ . ?  13.60 

34'50 

24-06 

51'90 

13'37 

13-58 

13-53 

' o 
L 
O 

+ 1 

-e 
0, 

2 
I I 



P D L E  gI7. OBSERVATIONS OF TRANSITS WITH LOCAL CLOCKS, AND DEDUCTION 59 

OF THE CORRECTED DIFFERENCE OF OBSERVED TIMES, M. 

N m .  l* - o"oza5. h ~ ~ n c r i b i n g  Bquntion nil,  all records having been transcribed by the mme pereon. 
* The sign of Q wan changed after the obrervstion of o b r  2330. 

BOLARUM (E), u. 17" so', Long. 6.14- 

0 .- 
6 
3 .- 
5 

1876 

Jmn.18 

16' : AND BOMBAY (W), Lat. 180 M, h u g .  

TEANEITE OBBERVED AT W 

3 

~r 

2 
I 

h ,- 
I 

m 

rS - 
I 

r 
O 

3 
& a  
k g -  

c 
.2 B 
g 
Q 

. 
0 

I 

0 

b 
I 

O 

I 

B.A.C. 
Number 

1907 

1925 

1937 

1 9 4  

1958 

1976 

1990 

mx 

4' 61m ma. 

Difference of 

-: 
J 

8 

N 

N 

8 

B 

N 

9 

N 

N 

N 

S 

8 

8 

N 

S 

;Y 

N 

S 

Y 

8 

S 

N 

a 
. 9 m -  
5 g' 3 
" 3  o 
? + +  

~ G $ ! U  
& ~ m  ,. 
{ I  I 
9 * m  
E u u s 

rn 

O 

+ 
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12.78 

- 12-84 
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-1.60 
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26.63 

11-74 

with 

Me,,n 
Observed 

'lme 

h9M 8 

5 52 2-58 

54 20.35 

5640.15 
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15 35-64 

7 2033'94 

23 4-81 
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60 TABLE XI1 OBSERVATIONS OF TRANSITS WITH LOCAL CLOCKS, AND DEDUCmON 

OF THE CORRECTED DIFFERENCE OF OBSLtRVED TIMES, M. 

XOTB. Id - d ' 0 ~ 1 5 .  Transcribing Equation nil, all records having boen trsnwribed by the same penon. 
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42.36 

42.23 

42-16 

- 42-27 
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38 46-06 

40 25-52 

Seconds 
of 

Correct- 
ed Tlrnc 

a 

-1'44 

-1'42 
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9 
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9 

9 

B 

S 

9 

$ 

I 

2029 
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T B L E  X71. OBSERVATIONS OF TRANSITS WITH LOCAL CLOCKS, AND DEDUCTION 6 I 

OF THE CORRECTED DIFFERENCE OF OBSERVED TIMES, M. 

NOT#. ld - O"oza5. Transcribing Equation nil, all recorL having been t r m r i b e d  by the same pereon. 
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-1.52 

-1.40 
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-1.56 
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62 T ' L E  Xm. OBSERVA!l!IONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

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

Nora Id - 01.022j. Transcribing Equation nil, all records having been transcribed by the same person. 
* p ia the retardation of an electric aignal between the etstions. 
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TdBLE XITI. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 63 

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

NOTE. l d  - d'oza5. Transcribing Rqllntion nil, nll records having bee11 tranaoribed by the sarne person. 
* p' b the retsrdatiou of an eleotric signal between the stationa t The sign of Q WIU chnnged at  E after the observation of star 2289. 
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64 TABL2 XTP. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL+p.* 

NOTE. Id - o*.oiag. Tmnwribing Equation nil, all records havinpy been transcribed by the snme person. 
P b the retardation of an eleutric signal between tho atetions. t Tho sign of Q aae changed at E nfter the okervation of etrrr 2869. 
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OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

NOTB. Id = o1'0225. Transcribing Equation dl, all rerord~ hnring been transcribed by the samo pereon. 
p is the wterdDtion of an electric signal betweell the strrtiom. t The sign of Q was changed mt E after the oblwrvatiou of atur 2793. 
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OF TEIE APPARENT DIFFERENCE OF LONGITUDES, AL-p.* 
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FdBLE Xn% OBSERVATIONS OF TlWNSIT9 WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p.* 
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P h the m t d u t i ~ n  of an electrio rignnl between the d m .  t The aign of Q WM changed at E d h r  the obwmation of h r  2478. 
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PABLE XIII. OBSERVATIONS OF !CRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, A L P . *  

NOTE. I d  = 0.'oaa~. Tranwribing Equation niZ, all records having been trammibed by the eame pelson. 
* p is the retardation of an eleotrio eignd between the stations. t The sign of Q was changed at E after tho obeerrstion of etcu S478. 
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T O Z E  XIIL OBSERVATIONS OF TBANSITS WITH E CLOCK, BND DEDUCTION 

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

N m .  ld - eo'.oa25. Trentwribing Equation N'1, all m r d a  having been transoriM by the same person. 
* p u the retardation of an electric signal between the stations. t This star is not given in the B. A. Catnlogue. f The sign of Q WM ahmged a t  E 

d b r  the observation of star 2478. 
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T D L X  BIP. OBSERVATIONS O F  !l!RANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

NOTE. I d  - os'oaa5. Tranccribing Equation nil, dl recoda having been trawcribed by the m e  peraon. * p is the retardation of an electric @d 
between the rt.tionr. t l'hir elar in not given in the B. A. Chtrlogw. $ The Qn of Q WM changed at  W uRer the obserrntion of ltu 8478. 
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!l!ABLE XW. OBSERVATIONS OF TRANSITS WITH W CLOCK, BND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

TBANRIT~ OBSERVED AT W . 

By Heaciaids, with Teleacaps No. B 

No=. I d  - 0.'01zj.  Tnrnscribing Equation nil, all reoorde having been traneoribed by the =me person. 
* p is Lhe returdation of .an eleotrio signal between the stations. t Thir #tar ie not given in the B. A. Catdogue. 



TABLE m. OBSERVA'I'IONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERZNCE OF LONGITUDES, AL + p.* 

BOTB. ld - 0"0225. Transcribing Equation nil, all reaorda having been trcrnsoribed by the same peraon. 
* p ia the rehrdotion of m electric rigml between the &&OM. t Thir star in not giyen in the B. A. C a t d o p .  
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! i ! ! I , E  XTF? OBISEBVATIONS OF !CRANSITS WITH W CLOCK, AND DEDUCTION 

OF TEE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

NOTE. ld  = d'ozag. Trsnrcribing Equation nil, all reoordr having been tranoaribed by the Mlne pereon. 
* p in the retardation of M eleotrio rignal between the etatione. t This e l a r  in not given in the B. A. Catalogue. 

BELLAaY (E), Lot. 1BO Y, Lay. 6 h  P 62 : AND B O m A Y  (W), Lcd. la0 84', Lag. 61m 26'. 
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T ! L E  XTII. OBSERVATIONS OF TRANBITS WITH E CLOCK, AND DEDUCTION 

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

NOTE Id - 01.0zz5. ' h e c r i b i n g  Equation nil, all records haviug been transcribed by the a w e  persou. 
* p is the retardation of sn electric a i g d  between the stations. 
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! i ! ! L B  XIII. OBSERVATIONEI OF TI1ANSITS WITH E CLOCK, AND DEDUCTION 75 

OF THE APPARXNT DIFFERENCE OF LOISGITUDES, AL -- p.* 

ld - 0"oaa5. 'RIOdbi ig  Equation ni2, all m r d r  having been transcribed by the anme penon. 
* p in the reterdbu of an electrio rignsl between the &tiom. 

- 

BOLARUM (E), k t .  110 W, Lo*g. 6' I P  la: AND BELLABY (W), I%. 16O Y, LOW. 6h rP 69'. 

4 
FI 

DXemoe of 

Comted Timen 

cw-El  

!hAN81~0  OB~EBTED AT W 

BY c c a ~ b e ~ ,  with ~ ~ ' e l a r c q p s  NO. 1 

' 
S 
&, 

B 

3 8 3 
8 3 0  
A + +  

STAB 

a 

Ossmtm~ AT E 

BY a e a ~ ~ i d s ,  coiw T S ~ P  KO. a 

Seconds 
of 

Comeat- 
ed Time 

8 

32'93 

40'34 

40'82 

17'98 

8'83 

24-62 

38'36 

19-95 

26'35 

40.98 

17.71 

54-01 

21-45 

33-40 

31-10 

18.17 

47-86 

47-69 

36.75 

8-18 

5-21 

13.06 

50'24 

41'- 

56'84 

51-23 

58.60 

21.78 

49'95 

26-25 

By eaah 
star 

(I) 8 

6 21.65 

aI.75 

31-71 

21-67 

21-66 

21'68 

21-66 

21.63 

21-70 

21'71 

21.78 

21.76 

6 21'75 

as-76 

21-81 

21-14 

21.76 

21-74 

21.78 

21-80 

6 21.76 

~1.76 

21.75 

11.71 

21'11 

21.74 

21.74 

1 3 . a ~ 1 ' 7 1  

21'77 

21'75 

21.78 

Total 
&-- 
tion 

a 

-1.56 

-1.56 

-1.51 

-1.64 

-1.65 

-1.59 

-1.57 

-1.56 

-1.58 

-1'51 

-1.43 

-1.43 

+1'61 

+1'57 

+1'58 

+1'63 

+1'63 

+ 1.61 
+1'6r 

+I-& 

-1.62 

-1.59 

-1.66 

-1.66 

-1'63 

-1.61 

-1.63 

-1.60 

-1'57 

-1.56 

-1.57 

"F 
Gmup 

h 

mF - " 
a- 

h 

* 

Sw 

* 
n 

sw 

Yean 
Ohwed 

h m  r 

946 34'49 

46 41'90 

48 42'33 

50 19.62 

52 10.48 

53 26-21 

55 39'93 

57 11-51 

59 27.93 

10 141.49 

4 19'14 

5 55.44 

9 31 ao-84 

33 33.83 

35 30.12 

37 16.54 

37 46.23 

4046'08 

41 35-14 

44 6.68 

9 46 6.83 

48 14.65 

49 51-90 

51 42.75 

52 58'47 

56 53-84 

58 60.23 

lo I 14.81 

223'35 

3 51.51 

5 17-81 

a .- ~ n -  
$! Seaon& 1 bumentnl 

B.A.C. Deeli- Position Position 

I 43 

1876 

Feb.eO 

Feb.21 

Psb-81 

a m  
8 

m 

U 5 l I  ~ r n q  

$ $om 
8 
U 

0 

+ 

" z :  
6 
+ 

+ 

8844 

88% 

8856 

8368 

8878 

8886 

8895 

8406 

8416 

W 8  

8489 

848 

8266 

8270 

8278 

8290 

m 7  

8814 

8817 

1891 

8844 

= 
8868 

8578 

8886 

8406 

1 6  

8488 

MI 

848Q 

8-w 

o t 

+la 9 

+la o 

+a1 45 

- 6 4  

- 731 
+ 5 ja 
+ 931 
+IS z 

+ 8 3 8  

+aa 33 

+35 36 

+35 51 

+28 55 

4-13 la 

+17 o 

+ 3 5 4  

+3554 

+so41 

+ p  33 

+a421 

+ 12 9 
+a145 

- 6 8 

- 7 31 
+ 532 
+13 r 

+ 8 38 
+a233 

+33 3 

+3536 

+35 51 

0 

I 

8 
o 

I 

9 
O 

I -  

- 
w 

C- a - 
w 

e 

4 
: 

8 

B 

N 

S 

8 

8 

8 

8 

8 

N 

N 

N 

N 

8 

N 

N 

N 

N 

N 

B 

B 

8 

B 

8 

S 

8 

N 

1 

N 

N 

Time 

h m  s 
9 40 10.04 

40 17-35 

42 17'80 

43 55.a1 

4546.07 

47 I 

49 15.48 

50 57.08 

53 3-44 

55 17-96 

57 54'51 

59 30.83 

9 a4 59-19 

a7 1a'a5 

29 8-47 

30 54-86 

31 14-53 

34 24-43 

35 13-45 

37 45-01 

9 39 45.32 

4 3 

43 30.60 

45 11'40 

46 36.99 

50 32-35 

52 38.75 

54 53'30 

56 1.71 

57 29'87 

59 6-15 

Oo-ion 
C o m t s  

LP. W. 
d - 6.6 

- 7'3 
a 

8 

Q + 1-61 

L P. W. 
d - 7.0 

a 
Q +  1.62 

I. P. W. 

0 ,7.0 
b - 1.6 
a -21 .o 

8 
Q-1.62 

hon 

I 

+ l a w  

+1'24 

+1'31 

+ralo 

+1'10 

I 

+ ~ * a a  

+1'a4 

+1'11 

+1'31 

+Iq42 

+ 1.42 

+ I . ~ I  

+1.;9 

+rS4a 

+ 1-57 
+I-57 

+r's2 

+1'51 

+1'47 

-1.87 

I 

-2.01 

-a'oa 

-1.92 

-1.86 

-1'89 

-1'79 

-1.70 

-1.67 

-1.68 

2 

8 

8 

N 

8 

9 

8 

8 

S 

8 

N 

N 

N 

N 

S 

N 

N 

N 

N 

N 

9 

K 

8 

8 

9 

8 

N 

N 

N 

, 
a 

11-28 

18-59 

19'11 

56.31 

I 

2.94 

16.70 

58-32 

4-65 

19-27 

55'93 

32.~5 

60.70 

13.64 

9-89 

56-43 

16-10 

25-95 

14-97 

46.4 

43.45 

51.30 

28'49 

19-38 

35.07 

30.49 

56-86 

51.51 

0.01 

a8'ao 

4-47 

~orreation 
Constants 

LP. W. 
d , + I.o 

+ 0'7 
a -11.6 

s 
& -1'59 

I.P. W. 
d , - 

b + 0.6 
" - 5'5 

8 

Q +  1.60 

I. P. W. 
d , - 

b + 0-6 
5.5 
a 

Q- 1.60 



7 6 TABLE XI11 OBSERVATIONB O F  TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AIA - p.* 

XOTY. Id - d ' o a z ~ .  Transcribing Equation d, all record8 having been tranmibed by tho ssme penon, 
* p b the retardation of an electric rignal between the ntutionr. 
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21.89 

6 21-86 

21.91 

21.85 

Mean 
Observed 

h m  8 

10  57 aa.03 

5843.50 

11 0 19.14 

o 40'95 

a 60.02 

5 19-85 

7 16.54 

7 3 7  

9 33-36 

9 35-42 

1060.73 

12 39-33 

15 10.71 

16 56.90 

1035 7-19 

j64a-74 

11 5 18-87 

7 15.56 

7 36.22 

Total 
aOrreo- 

8 

-1.6a 

-1-58 

-1.61 

-1.61 

-1-62 

'1'55 

-Is5r 

I 

-1.56 

-1.56 

-1.61 

-1.61 

-1.59 

'1'59 

+I.U 

r1.60 

-1.61 

-1-60 

-1.60 

In- 111- 

8 ~ n d 8  H -mental 

Observed Correo- 
Oorreot- < and 

~ s c ~ n l i n  
of 

Correct- 
ed Tune 

8 

20'41 

41-92 

17'53 

39-34 

58.40 

18-30 

rg-oa 

35'66 

32-40 

33-06 

59-12 

37-72 

9'12 

55-31 

9.33 

4-a 

17-26 

13-96 

34.62 

+ 
a 

? I 
n 

? - 
(. 

h 

Z 

$ -  t L I  
a U %  2 1 . 4  

Mean .z B ,. 

< 

,,: " 
au, 

,,f 

-90 
;; 

sw 

o I 

+ 040 
+ 8 o 
+ 033 
+ a 38 
- 040 
+IS 4 

+ a 0 4  

+ a r ~ a  

+131p 

+1331 

+ a 41 
+ a 20 
+ 719 
+ 716 

- I  5 

+a350 

+15 4 

+ a 0 4  

+a1 12 

1876 
Feb.20 

Feb.2l 

Feb.21 

. a  
8 
b 

+ 

" 
8 

2 P  
b 

+ 

8788 

8788 

8796 

8798 

8816 

8824 

8881 

8894 

8&L4 

8646 

8850 

8867 

8863 

8871 

8668 

8671 

88%4 

8881 

8834 

8 

8 

8 

8 

8 

8 

N 

N 

8 

8 

8 

8 

8 

8 

8 

I 

8 

B 

B 

; 
8 
I *  

p 
0 

I '  

", 
b 

I '  

Condents 

Z.P. W. 
d - 6.6 

b - 7'3 
a - 2a.o 

r 
Q + 1-61 

1P.W. ' 
o -  7.0 
b - 2.1 
a - 21.0 

r 
Q + 1.62 

I.P. W. 
d , - 7.0 

1 
8 

Q- 1-61 

h r n  8 

10 50 57-34 

52 18'85 

53 54'49 

54 16-27 

56 35'39 

58 55.20 

1 1  051.80 

I I 

3 9-16 

310.64 

4 36-08 

614'69 

84-07 

ro 32.27 

102846-18 

3021'00 

10 58 57.25 

1 1  o 53.86 

I 14-51 

tion 

8 

+ 1-16 
+I-ZO 

+Ie17 

+r.rg 

+''I5 

+laa5 

4-1'30 

I 

+qaz5 

+1'a5 

+I-17 

+1.17 

+l.ro 

+xszo 

+1.a7 

i-I.45 

-1.85 

-1.81 

-1.80 

ed Tinu 
-- 

8 

58-50 

20.05 

55'66 

17-44 

36'54 

56-45 

53-10 

I 

10.51 

11-89 

37-15 

15-86 

47.27 

33'47 

47.45 

2 . 5  

55'40 

5a.05 

12'77 

2 

8 

8 

8 

8 

8 

8 

N 

B 

8 

8 

8 

8 

8 

8 

8 

8 

N 

N 

&&ion 
aorutantu 

I. P. W. 
d 

+ I.o 
b + 0.7 
a - Il.6 

8 

Q- 

I .P.W.  

,- 
b + 0.6 
a - 5'5 

8 
Q +  1-60 

L P. W. 
d , - 

+ 0'6 
a - 5'5 

8 
Q- 1-60 



PABZE BIV. OBSERVATIONS OF !J!RANSITB WI'I'H W CLOCK, AND DEDUCTION 81 

OF TFIE APPBaENT DIFFERENCE OF LONGITUDES, AL + p.* 

Ban 1' - 0'-oaa5. !hnc.oribing Equation d, all remrds having been twsoribed by the came pemn. 
* p i s  the retudution of m elsotrio rignal between the rbtionr. 

3 
R 

3 
8 
( 
Y 

; 

1856 

Rob.= 

F e b S  

Fsbm 

B O M U M  (E), Ld. 11" 80', Lvmg. 6' fp 18 1 AND BELIuWY (W), Ld. 160 1, h g .  BL P 6P. 

TMBITB OBSEBVED AT E TRAHBIT~ OBBEBVED AT W 

- 

B.A.O. 
Number 

8668 

8671 

9884 

3708 

8718 

8188 

8188 

37% 

8798 

3816 

88% 

8831 

3884 

58G 

88% 

8860 

8857 

8868 

8871 

8688 

8671 

3684 

8708 

8718 

8728 

8786 

5749 

8768 

8767 

8788 

STU 

Decli- 
natiou 

o t 

- r 5 

+a350 

+ 3  8 

+ I I I ~  

- 8 14 

+ o 40 
+ 8 o 

+ 2 33 
+ 238 
- o 40 
+IS 4 

+ ao 48 

+ar 12 

+131f 

+1331 

+ a41 
+ a ao 

+ 7 1 9  
+ 7 16 

- I 5 
+a3 50 

+ 3 8  

+ I I I ~  

- 8 14 
+ 141 
+a6 9 

+ I lq 

+ I 6 
+41 6 

+ 4 1 7  

By Haadtidal 

4 
In- 

atmrnetlta~ 
Poririon 

wit4 

Mean 
Obwrred 

Time 

h r  8 '  

10 2848.19 

30 23.1'1 

32 r8-57 

3626.91 

37 47-14 

10 50 54-98 

52 16-46 

53 5s-20 

54 13-91 

5633.02 

58 52.88 

11 049'69 

I lo'ao 

3 6-98 

3 8.44 

433'72 

612-30 

8 43-71 

1 0  29.94 

10 28 u.06 

30 19.01 

31 24'38 

36 22-80 

37 43'08 

39 29-17 

41 36-71 

42 57'94 

43 27.18 

46 lo'ao 

47 41-65 

T.lacqps No. 

Total 
Corm- 

tion 

8 

-1.68 

-1'63 

-1.67 

-1.65 

-1.69 

+ 1-56 

+I-57 

+I-56 

+1'66 

+1'56 

+ 1'59 

+1'60 

+1'58 

+I-58 

+I-56 

+I-56 

+1'57 

+1'57 

+1'58 

+IT% 

+ 1-58 

+1'59 

+1'57 

+1'58 

+ 1-61 
+1'58 

+1*58 

+1'63 

+re58 

Comoted Timen 
2 By Campbell, with TeIcroope No. 1 

a 
+ 

Poaition 
Co- 8nd 

8 

N 

B 

8 

8 

B 

B 

8 

s 
9 

B 

N 

N 

8 

8 

8 

8 

8 

8 

8 

N 

B 

8 

8 

8 

N 

8 

8 

N 

B 

8 

46-51 

21-64 

26-90 

25.~7 

46'55 

56.54 

18-03 

53-76 

15-48 

34.58 

54-47 

61-19 

11.80 

8-56 

10.02 

35-18 

13.86 

45-28 

31'51 

45.64 

20.61 

25.96 

14-39 

44-65 

31'35 

38'32 

59-52 

28-76 

11.83 

49-23 

L P. E. 
d , + a.7 

b-3'8 
a - 5-7 

8 
Q - 1-62 

L P. IIZ. 
d 

+ ; - 3'8 - 5'7 
0 

Q +  1-62 

I.P. 33. 
d , + ,., 

8 
Q + 1.61 

B 

N 

8 

B 

0 

8 

8 

8 

8 

8 

8 

N 

N 

B 

8 

8 

8 

8 

8 

8 

N 

8 

8 

8 

N 

8 

8 

N 

S 

Constsnta 

I. P. E. 

- 
- . - 6'2 

8 

Q +  1-59 

I. P. E. 
d , , - 

a - 1.6 
8 

Q- 1-59 

L P. E. 
d - 

, b + + 3.7 3'2 

8 
Q +  1-60 

Q- 1-60 

b m  8 

1035 7-07 

36 42-11 

38 47'47 

42 45.81 

u 6-10 

lo 57 20.35 

5841'83 

II o 17-48 

0 39.24 

2 58-33 

5 8 3  

7 14-95 

7 3562 

9 32.39 

9 33'76 

ro 59-02 

I 3763 

I 9.0 

16 55.25 

10 35 6.w 

36 41-01 

38 46.34 

4244.73 

44 4-98 

45 51-69 

47 58-71 

49 19-86 

49 49-16 

52 32-30 

54 12-83 

8 

+1'42 

+I-41 

+1'42 

+ 1-42 
+1.4r 

-1-77 

-1'77 

-1.77 

-1'77 

-1.77 

I 

-1.77 

I 

-1.77 

-1'77 

-1.77 

I 

I 

"'77 

+1.68 

+1'65 

+1%8 

+I-66 

+1.68 

+I-67 

+ 1-64 
+I-67 

+1.67 

+I-6s 

-1'53 

ed Time 

a 

8-49 

43.52 

48'89 

47-23 

5 2  

18-58 

40.06 

15-71 

37'47 

56.56 

16.46 

13.18 

33-81 

30.62 

31-99 

57-25 

35.86 

7-30 

53'48 

7-62 

42.66 

48-02 

46'39 

6.66 

53-36 

60.35 

21.53 

50.83 

33-91 

11'30 

O J  

6 ~1.98 

21.98 

21'99 

"'96 

21-97 

6 22-04 

22-03 

21.95 

21-99 

21.98 

21.99 

21'99 

22-05 

22.06 

21.97 

ar-97 

aa'oo 

22'02 

21'97 

6 21-98 

aa.05 

22-06 

za.00 

22-01 

aa.01 

22.03 

22-01 

aamof 

aa'q 

22-07 

m h 

m 
L o 
n 

8 
+ I a 

- 
n O 

a *  + I 

h - b b r; 
B 2: pii. 
I 

+ I a 

d 



T ! L E  XW. OBSEBVATIONB OF TRANSITS WITH W CLOCK, AND DEDUCTION 

- 
OF THE APPARENT DIFFERENCE OF L O N G I ~ D E S ,  AL + p.* 

o 
.a 

d 
3 .g 

1876 

Feb.23 

Feb.24 

NOTE. ld - om.0225. Tranwribing Equation dl, all records having been tranwribed by the name person. 
* p in the retardation of an electric rignd between the &ation& 

I 

l3.A.C. 
Number 

3788 

3788 

3795 

3798 . 
3816 

3834 

3831 

8834 
I 

8844 

8845 

3850 

8857 

8863 

8871 

3663 

8671 

3684 

3708 

3718 

8726 

8736 

3767 

8768 

Q 

+ 

8 - 
w 

: 
L 
(1 

w 

STAR 

Decli- 
nation 

o I 

+ 040 

+ 8 o 

+ 2 3 3  

+ a 38 

- o 40 

+ I S  4 

+ 20 48 

+ar 12 

+1317 

+1331 

+ 1 4 1  

+ 1 2 0  

+ 719  

+ 716 

- I 5 

+a350 

+ 3 8 

+111a 

- 8 1 4  

+ 141 

+ 26 9 

+41 6 

+ 417 

BOLARUM (E), Lat. 17" 3U, Long. 6b 14= 

TRANSITS OBSERVED AT E 
0 

3 .  . s3 o , + + +  
- G E I R  

? cZam 

I 

fUZUm 

8 

OI s 
0 

I 

3 
b 

I 

O 

4 
9 

3 B 

g 
0 

+ 

$ 
b 

+ 

8 

seconds 
o 

Corred- 
rime 

u 

55.63 

17.16 

52-80 

14.53 

33'64 

53'59 

50.27 

1 0 . 8 ~  

7-66 

9'05 

34-40 

12-94 

44-33 

30.56 

44.70 

19-71 

25-11 

23.51 

43'75 

30'44 

37-48 

11.00 

48.43 

15': AND BELLdRY (W), Lot. 161 9', Long. 

TRANSITS OBSERVED AT W 

X 
$ 
< 
3 " 

8 

8 

8 

8 

8 

N 

N 

8 

8 

8 

8 

8 

8 

9 

N 

8 

8 

8 

8 

N 

N 

8 

a 

4 
.; 

S 

8 

8 

8 

8 

8 

N 

N 

8 

8 

8 

8 

8 

8 

8 

N 

R 

8 

9 

8 

N 

N 

8 

m'th 

Observed 
Time 

h m  J 

10 50 51-27 

52 18-79 

53 54.43 

54 16.1; 

56 35-18 

58 55-21 

11 051'88 

I 11-44 

3 9.29 

3 10.68 

4 36.04 

6 14-58 

845.96 

lo  32-19 

lo 28 46.29 

0 2128 

32 26-70 

36 25-09 

37 45'34 

39 32-03 

41 19-04 

4612.53 

47 50'01 

6" 7" 5.P. 

Difference of 

By Hsaoirids, 

~ n -  
strumetitsl 

Position 
8lld 

Oomeotion 
C!nstanta 

I.P. E. 
d 

+ 2 .a  
b - 2.8 

J 

Q- 1-61 

I. P. E. 

,, + 3 . 5  : 1 ::: 
r 

Q - 1-61 

Ttlescopa No. 

Total 
Correc- 

tion 

J 

-1.64 

-1.63 

-1-63 

-1.64 

-1.64 

-1.62 

-1.61 

-1.62 

-1.63 

-1.63 

-1.64 

-1.64 

-1.63 

-1.63 

-1.59 

- 1 5 7  

-1.59 

-1.58 

-1.59 

-1'59 

-1.56 

-1-53 

-1'58 

~orrect.ed 

( a - 3  

By each 
Star 

m s 

6 22.0.3 

12 .01  

22-or 

1 a . q  

22.08 

12'01 

2 2 - 0 1  

2 2 ' 1 2  

21-03 

22-07 

22-01  

aa-oj  

a2.08 

22-06 

6 11-95 

22.03 

21.99 

31'94 

21-98 

31.97 

21-91 

22-07 

21-95 

l'imes 

M e ~ n  
of 

Q ~ . o u p $  

- n  " 
Ew 

3 
' f 

By Campbell, 

I ~ .  
d ~ m e n t a l  

position 
and 

correotion 
Constants 

I. P. E. 
d - 0.6 

+ 3:2 
a + 3 7  

J 

Q -  1.60 

I. P. E. 

- I .5 

: : ;:; 
J 

Q + 1-60 

Q - 1.60 

Telaacqm No. 

Total 
Correo- 

tion 

' J  

-1.52 

-1'53 

-1.52 

-1.53 

-1.52 

-1-54 

-1.54 

-1'54 

-1.53 

-1.53 

-1.52 

-1'52 

-1.53 

-1.52 

+1.68 

+I -62  

+I-67 

+ I - 6 4  

+ I . ~ o  

+ 1.67 

+1.60 

+ 1.54 

-1.53 

with 

Mean 
Observed 

Time 

h m r  

10 57 19'18 

5840.70 

8 1  o 16-33 

038.15 

257.24 

5 17.14 

7 13'82 

7 34'48 

931.22 

g 32.65 

lo  57-93 

1 2  56-49 

15 7-94 

16 54-14 

10 35 4.97 

3640'12 

3845.43 

41 43-81 

a 4-03 

45 50'74 

47 57'85 

52 31.53 

54 11.90 

1 

Seconds 
of 

Correct- 
ed Time 

• 

17.66 

39'17 

14' 81 

36.62 

5.5'72 

15'60 

la .% 

32'94 

29.69 

31-12 

56-41 

34'97 

6-41 

51-62 

6.65 

41-14 

47.10 

45'45 

5'73 

51-41 

59'45 

33-07 

10.38 



PdBLJ XI?? OBIJERVATIONS OF !CR.ANIJITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

NOT.. ld = 0.-0125. Trnnwribing Equation nil, all records harinp been tranmribed by the m e  permon. 
* p M the retsrdation of on electric signal between the statiom. 

L 

BOLARUM (E), Lcd. 110 W, h y .  6h 14- 16': AND BELLARY (W), Lat. 1BO Y, h a g .  6h P 6P. 

T E ~ B I T B  OBBERVED AT E 

By Hsaoisids,  with Tslsraops No .  8 

II !I!EANBITB OBBERV~D AT W 

By Campbell, with Ts2srcops Nor 1 

Difference of 
&-bd Times 

- 1  

1 
3 3 

dt,L?'b+; 
~ n -  

Ulumentd Mem TOM 

Correct- 
tion ~ i -  

a 

{ 
= 

2 

S 

B 

8 

8 

8 

8 

N 

N 

8 

8 

8 

1876 

h b . W  

IU- 

at-mm0nW 
Position 

and 
0 0 m t i o n  
Constnttts 

I. P. E. 
d - I.5 

+ 3 3  
a + :"3 

J 

Q-1.60 

8188 

8788 

S796 

8798 

8816 

8884 

8831 

8SM 

8860 

8867 

8868 

Mean 
Obeerved 

h a  J 

10 57 18.30 

58 39.77 

I o 1 4 6  

o I 

a 56-26 

5 16.11 

7 11-98 

733'61 

1057'03 

11 35-56 

15 7'04 

0 # 

+ o w  

+ 8 o 
+ a 33 
+ 2 38 
- 040 
+IS  4 

+lo& 

+a111 

+ a 4 
+ a 20 

+ 719 

TOW 
Dorreo- 

tion 

8 

-1.51 

-1.53 

I 

I 

-1.51 

-1.55 

-1.57 

-1'57 

-1.51 

-1.51 

-1'53 

Consbnb 

L P. 6. 

0 + 3'5 

1 ::: 
J 

Q + 1-61 

rn 

8 

8 

9 

8 

8 

8 

N 

N 

8 

8 

8 

8 4 $ ,  , + 
Beconda 

Correct- Btsr I I 

Group 6 ed Time oZd 

h a  8 

10 50 53-15 

5 s  14-69 

53 50.36 

5412'08 

5631.13 

58 51-09 

1 1  047.79 

I 8.38 

431.90 

6 10.47 

8 41-94 

8 

J 

16-78 

38.w 

13.91 

35-69 

54-75 

+la63 

t1.64 

+I-63 

+I-63 

+1'63 

i 1-65 

+1.66 

+ 1-66 
+1'64 

+.1.63 

+1'6q 

10) 8 

6 al'oo 

11.91 

w.95 

21-98 

ar'gr~ 

J 

54-78 

16-33 

51-99 

I 

3a-76 

51'74 

49'45 

10.04 

33'54 

I ~ ~ I O  

43'58 

14-67 

Ir.41 

3a.05 

55'51 

34-04 

5'51 

11-93 

21.96 

11-01 

11 '97 

11-94 

11'93 

o - 
s*  + I *  



TABLE XI11 OBSERVATIONS OF TRAJYSITS WITH E CLOCK, AND DEDUCTIOX 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - P.* 

NO= Id - d.oaa5. Transcribing Equation nil, all rewrda having been tra~~scribed by the m n e  peraon. 
p b the retardation of an electric &ml between the statiom. 

L 

S 
!a 
a .3 

$ 

I876 
Mar. 8 

Mar.8 

B.A.C. 
Number 

8668 

8671 

8884 

8690 

3696 

8708 

3718 

8726 

8736 

8768 

8767 

8788 

8776 

8788 

8788 

8798 

8816 

8881 

8084 

8860 

8868 

8871 

STAB 

Decli- 
nation 

o I 

- I 5 

+a350 

+ 3 8 
7 

+ 7 o 
+ I I I ~  

- 8 1 4  

+ 1 41 

+ 26 9 

+ 1 6 

+41 6 

+ 4 17 

+a051 

+ oqo 
+ 8 o 
+ a 38 
- o qo 
+ao 49 

+rl 13 

+ 242 
+ 719 
+ 7 16 

MADRAS (E), h t .  13" 4', h a g .  5' 21- 8: AND BOLARUM (W), iht. 17O SO', l h g .  

TEUBIT~ OBBEEVED AT E 

By CaquL$l, with Tebacvpe No. 1 

6b 14- 15.. 

m 
I)i5ewnca of TWBITB OBBEEVED AT W 

By Heaaiaids, with Telsreops No. 2 

Bp each 
Star 

(I) J 

6 54-63 

54-61 

54'63 

54.64 

54.64 

14-62 

54-61 

54'63 

54'61 

54-61 

54'56 

54.61 

654.56 

54-59 

5+'55 

54'58 

14-60 

54'58 

54-49 

54'56 

54'57 

54'58 

Group 

h 

.Q 

s2 

w .> 
s: 

-m 

3 

B 

N 

8 

8 

8 

8 

8 

8 

N 

8 

N 

8 

N 

8 

8 

8 

8 

N 

N 

8 

8 

8 

To* 
Correc- 

tion 

8 

+ 1-62 

+ 1.76 

+1'64 

+ 1.67 
+1*66 

+1'69 

t1.58 

+ 1'64 

+1'7f 

+1'63 

+lV89 

+1'65 

-1'49 

-1.61 

-1-57 

-1.60 

-1.62 

-1'49 

-1'50 

-1.60 

-1.57 

-1'57 

8 

00 

8 
b 
+ 

b 
0 

+ 

Beconds 
of 

Correct- 
ed Time 

8 

60'97 

36.10 

41-40 

33.65 

47-62 

39-77 

60-00 

46'73 

53-81 

~ q - 1 7  

27'34 

4.~0 

38'15 

11-05 
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P ! L D  XIII. OBSERVATIONS O F  !l!RANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARELVT DIFFERENCE OF LONGITUDES, AL - pa* 
. 

I c v r ~ .  ld - ol.0225. Tranmibing Equation nil, all records having been tnr~~seribed by the eune perm. 
* p L the returdation of au electric e i g d  between the Itcrtiom. 
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P ' L B  XIII. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p.* 
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TABLE XIII. OBSERVATIONS OF TRAN8ITS WITH E CLOCK, AND DEDUCTION 

OF TEE APPARENT DIFFERENCE OF LONGI'JTJDES, - P.* 

~+JoTP. ld - oS'oaa5. 'Ranacribing Equation mil, a11 rewrdr haring been tnnmribed by the oame pelroa 
p L the retudation of an electria ri@ between the rtationa 
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8 8 TABLE XIIT OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

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

NOTIC. Id - o"oaa5. Transcribing Eqaation mil ,  all wwrda having been tranwribed by the -me penon. 
* p is the retardation of au electric rignal between the rtationrr. 

MADHAS (E), M at. 1 3 O  6, hmg.  6h2lm 8.: A N D  BOLABUM (W), k t .  17" M', h n g .  14- 15.. 

4 
Q 

3 .g 

4 

T a ~ n s ~ r s  OBEERVED AT W Diaerenca of 

By Heo~iride, 

In- 

i stmmental 
Position 

i and 

Tsms1~8 OBSERVED AT E 
STAB 

with Telsmps No. 8 
Q 

B.A.C. 
Number 

' 
-2 
3 

I 

0 , 
- I 5 

+a3 50 

+ 3 

+ 7 2 

+ 7 o 

+ I I  1 2  

- 8 14 

+ I 41 

+ 16 9 

+ 124  

+ I 6 

+41 6 

+ 4 1 7  

+so51  

+ 040 

+ 8 o 

+ a 33 

+ a 38 

- 040 

+20 49 

+ r l  13 

+ aqa 

+ 7 1 9  

+ 716 

1876 1 
Mean 

Observed 

Teleccops No. 

Total 
Decli- 
nation 

Mar. 8 

Mar.8 

1 

Second8 
of 

Correct- 
tion 

8 

N 

8 

8 

9 

8 

8 

N 

8 

8 

N 

8 

N 

8 

8 

8 

8 

N 

R 

S 

8 

8 

By Campbell, 

In- 
atrumental 

Position 
and 

Correction 

3663 

9671 

3684 

8690 

8696 

8708 

8718 

8726 

3'185 

8749 

3752 

8757 

8768 

8776 

8788 

8795 

3798 

3816 

3881 

8894 

3860 

3883 

8871 

tion 

J 

+ 1-46 

+ 1.76 

+ I - ~ I  

+ 1'55 

+1'55 

+ 1.60 

+1.38 

+ 1-49 

+ r e 7 9  

+1'49 

+ 1.48 

+2-04 

-1'68 

-1'48 

- l ' 7 l  

-1.64 

-1.70 

-1.70 

-1.74 

-1.48 

-1-48 

-1.70 

-1.65 

-1.65 

ed Time 

Correc- 

with 

Obmrved 

Beconds 
of By 41 

Correct- Star 

canstants 

I. P. TP. 
d 

+ 0.6 
+ "a3 

a - 1 9 . 6  

8 

Q +  1.60 

Q-1-60 

I . P . T .  
d 

+ 0.6 

: ;:g 
r 

Q -  1.60 

h n  s 

10 34 56-13 

36 31-01 

38 16-58 

39 18.79 

40 42.74 

42 34'84 

43 55-38 

45 41'91 

4748'67 

49 10.06 

49 39'37 

52 22.05 

54 3-04 

105536'33 

57 9'44 

58 30.89 

11 o 6-59 

o a8-37 

2 47'44 

7 3-87 

7 24-49 

1048.14 

14 58'14 

1644.28 

ed "me[ 
-- 

J 

51-69 

32.77 

38.09 

30'34 

44-29 

36.44 

56-16 

43-40 

50'46 

11.55 

40'85 

%.og 

1-36 

34-85 

7'la 

rg.25 

4.89 

26.67 

45'70 

1'39 

aj.01 

46.44 

56-49 

42-63 

h r n  J 

1041 50.76 

43 25-17 

4 5 3 1 . ~ 0  

46 23.41 

47 37'37 

49 ag.51 

50 49'88 

52 36.53 

5443'50 

56 4'68 

56 33'96 

59 16.97 

11 o 54'46 

11 a 31.05 

4 4.06 

5 '5'56 

6 61-25 

7 1.3'00 

g4a.06 

13 58'65 

14 19-18 

174a.80 

11 g a . 8 ~  

1339'00 

RI J 

6 51-69 

54.67 

54.74 

54.70 

54'72 

54'71 

54.74 

54-76 

54.71 

54-76 

54'74 

54.59 

54-74 

6 54-65 

54.76 

54'74 

54-18 

54'75 

54-78 

54-71 

54-72 

54-78 

54-76 

54-80 

; 

8 

N 

8 

8 

8 

S 

5 

8 

K 

8 

9 

N 

S 

N 

8 

8 

S 

8 

N 

N 

8 

S 

8 

, ~ m c t i o v l  
~~nstnntd 

I. P. TY. 
d , + 

+ 

a - 3-7 
J 

Q +  1.60 

I. P. T, 

+ I .9 
+ O a 3  

a - 3'7 
J 

Q - 1-60 

+la61 

+1'67 

+ r a 6 3  

+ 1-63 

+ 1'64 

+la64 

+la61 

+,a63 

+1'67 

+1*63 

+ 1-61 

+ I - 7 1  

+1*64 

-1.55 

-1.58 

-1'57 

-1.58 

-1.58 

-1.58 

-1.55 

-1'55 

-1.58 

-1.57 

-1'57 

5 '  

'lo 

sf' 

Slo 

51-38 

17-44 

32.83 

a 5 . q  

39'01 

31.15 

51-50 

38.16 

45-17 

6-31 

35'59 

18.68 

56-10 

19-50 

1.48 

13-99 

59.67 

21-42 

40.48 

57.10 

I 

41.11 

51-25 

37-43 

. 
O 

+ 

3 -  
b 

+ 

.O 
* 
? 
O 

+ 

Z. 

O " 
+ 

h 
v, 

!- 
3. v, 

u, 

2 
00 

ro 



T D L E  XIII OBSERVATIONS OF !J!RANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES~ AL - p.* 

HOTE ld - os'ozz5. Tranwribing Equation nil, nll rerorda having been tmnaoribed by the solno penon. 
* p ia the retardation of an electric signal between the rtslionr. 

MADRAS (E), Lat. 13'4', Long. 6' 81" 8.: AND BOLARUM (W), Lat. 1?03W, h m g .  6L 14" 16'. 

T u s ~ ~ s  OBSEBYED AT E TRAIV~T~ OB~ERVED AT W ~iffemca of 

By C o n p k l l ,  mith Telueops No. 1 By Hcrouids, with Ibw No. B (W - E) 
In- 

0 Mean Position 
Observed Correc- Obeewed Corm- 

,pime tion Correct- Time 

8 

52-15 

27.21 

31-54 

24'80 

38-72 

30.90 

51'15 

37-87 

44'95 

6-02 

35'35 

18-50 

55-87 

a- r a  

23.13 

59-41 

21.20 

ed Time 

1876 

Ak.12 

8 

N 

S 

8 

8 

8 

8 

S 

N 

8 

8 

N 

S 

Y 

3816 

8831 

3830 

3863 

8871 

3671 

3684 

3690 

3696 

8708 

8718 

3726 

3736 

37Jg 

3762 

3757 

3768 

8782 

3788 

8795 

3798 

Conshnts 

I.P. W. 
d 
o.o - 

a.- 
8 

Q- 1-61 

- 040 
+ zo 49 
+ a 42 

+ 7 1 9  

+ 7 16 

o I 

+a3 50 

+ 3 8 
+ 7 a 

+ 7 o 
+ I I  ra 

- 8 1 
+ I 41 

+a6 9 

+ I z.+ 

+ I 6 

+41 6 

+ 4 17  

+ o 40 
+ 8 o 
+ a 33 
+ a 38 

9 33-30 

13 49-91 

17 34'05 

a1 44-11 

13 30.31 

h a  8 

1041 48-40 

43 23-48 

45 d.85 

46 a1.10 

47 35-02 

49 21-21 

5 4  

52 34.20 

54 I 

56 2-37 

56 31'65 

59 14'73 

1 1  o 5a.15 

1 1  3 55.31 

Q +  1.61 

8 

8 b 1 ;:: 

40.23 

56.87 

5 1 6 8 1  

652.49 

7 14'22 

8 

N 

8 

8 

8 

N 

8 

8 

9 

8 

9 

8 

N 

8 

8 

N 

8 

B 

8 

S 8 

8 

N 

+I-50 

+I-58 

+ 1.52 

+ 1'5.3 
+ 1.53 

8 

-1.71 

-1.62 

-1.69 

-1.68 

- 1.68 
-1.67 

3 

-1.70 

I 

-1.70 

-1';o 

-1'55 

-1.69 

+ 1-51 

8 

+1-53 

+I.SZ 

+1'52 

Q- 1.58 

d 
+ o.8 

: 1::: 
8 

Q + 1.58 

Q -  1'5g 

I. P. 7P. 
d 

+ 

b - 0.8 
. 

8 

40.95 , 8 

50.gg S 

34.80 

51-51 

35'57 

45-64 

31-85 

8 

46.69 

21-86 

27-16 

19.4~ 

33'34 

25'54 

45.79 

3a.50 

39.59 

0.67 

29.95 

13-18 

50.46 

56.82 

.37'a1 

18.34 

54-01 

15-74 

a 42.07 , 

36 25-40 

3831'15 

3923'34 

40 37.26 

42 29-36 

43 49-98 

45 36-51 

47 4-39 

49 4.67 

49 34-01 

52 16.22 

53 57-61 

lo 5; 4-04 

58a5.41 

59 61.19 

1 1  o 22.98 

S 

54.61 

64.60 

54'54 

54-57 

54-64 

54'62 

54-65 

54-64 

m 8 

6 54.54 

54.65 

64-62 

54-62 

54-62 

54'64 

54-64 

54-63 

54.64 

54.65 

54-60 

54.m 

54'59 

6 54.60 

- 1-84 

8 

+ I ' ~ I  

+ 1-81 
+~'jg 

+1'46 

+ 1-46 

+1'54 

+1'17 

+1'36 

+1.86 

+ 1'3.5 

+1'34 

+1.28 

-1.75 

-1.82 

-1.68 

-1.78 

-1.78 

6 58.28 / -1.41 
10 4aa;3 -1'78 

14 52.68 , -1.69 
I 

16 38.90 1 -1.69 

* %  

2 

* 
8- 

3 g  
b 

+ 

% 
6 

+ 

O 

+ 

e 

O 
? 

+ 

$ 
.O r* 

w 

w 

t 
'f 

u, 



90 TABLE ZIP. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

~ O T R  ld - os.02z5. Tranrribing Equation nil, d l  records having been transcribed by the name peraon. 
* p ir the retardation of UI electric nipd between the sbtiom. 

4 
Q 

3 -g 
Y 

1876 
Mar. 8 

Mar. 8 

Mar.6 

Mu. 6 

STAB 

B.A.C. 
Number 

4039 

404 

4055 

4072 

4079 

4094 

4104 

4114 

4119 

4137 

4146 

4156 

4188 

4211 

4063 

4072 

4079 

4094 

4104 

4114 

4137 

4146 

4156 

4168 

4179 

a11 

MADRAS (E), Lut. 130 4/, Long. 6" 21' 8.: AND BOLARUM (W), Lot. 1P W ,  Long. lib 14" 16'. 

fiAN81~E OBSERVED AT E TRANSITE OBSERVED AT W Difference of Ps; 

Decli- 
nation 

o I 

+ 4 10 

+ 4 21 

+ 4 19 

+ 915 

+ l o 2 1  

+ a 36 

+ 4 45 

+ l o  57 

- 5 2 

- o 6 

+ o I 

+18,ag 

+ 6 o 

-1549 

- 4 4 7  

+ 9 25 

+ l o  21 

+ 2 36 

+ 4 4 5  

+ l o  57 

- o 6 

+ 0 1 

+ 18 a9 

+ 6 o 

- 9 47 

-15 49 

$a 
,: 
2 
rn 

8 

8 

8 

8 

8 

S 

8 

8 

8 

8 

8 

N 

9 

8 

S 

8 

8 

8 

5 

8 

8 

8 

N 

8 

8 

8 

with 

Mean 
Observed 

Time 

A n ,  J 

I I  45 7-52 

46 50.75 

48 4-30 

52 8.40 

54 5.60 

56 14-99 

58 34'59 

1 2  o 25-20 

I 1 2  

537'28 

651.08 

7 45'30 

932'02 

16 45.63 

rr1;oz9.18 

52 7-84 

54 5-04 

56 34-36 

5837.11 

1 2  o 24-61 

5 36-44 

651.30 

7 44-;6 

931'29 

I I  15.60 

16 44.60 

By Campbsll, 

In- 
ntrumental 

Position 
and 

Correction 
Connta~~ts 

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

b - 5.0 , - 69.z 

8 
Q + 1-71 

I. P. 3. 
d - 

b -  a -69 .2  5'' 

J 
Q- 1-71 

I .P .B .  
d 

0 - 1.3 
b + 0 . 2  
a - 31-5 

J 

Q +  1 . 7 0  

Q-1-70  

1. P. E. 
d 

0 - . 
b '  O" 
a - 31.5 

J 

Q- 1-70 

Tslesqs No. 

Total 
Comc- 

tion 

J 

+1*3o 

+1'30 

+ 1-30 

+ I - &  

+la46 

+ 1 . a ~  

+1.31 

-1.94 

- 2 3 7  

-3'24 

-2-w 

-1'74 

- 2 . 4  

-2.66 

+1.46 

+1'63 

6 4  

+ 1.55 

-1.82 

-1.75 

-1.88 

-1.89 

-1.66 

-1.81 

- l aw 

-2.08 

Corrected Times 5 p p 
1 By Esat ide,  with Tslsreops No. 2 (W'E) m b  o A *  W +  + 

Beoonds 
of Pwition 

Oboerved Corm- 

Time 

8 

8-02 

52-05 

5.60 

9'84 

7'06 

36.24 

15-90 

13'.% 

10.42 

35-04 

49.84 

43'56 

29-94 

41-97 

30.64 

9'47 

6-68 

35-91 

35-39 

22-87 

34'56 

49-41 

43-10 

29'48 

13-60 

41-52 

4 
rn 

8 

8 

8 

8 

8 

8 

8 

s 

8 

N 

8 

8 

3 

8 

8 

8 

8 

8 

9 

N 

S 

S 

8 

Correction 
Constants 

I. P. E. 
d , - o.4  

b + 4.8 , - 12.8 
s 

Q + 1-61 

I. P. E. 

, - 0.4 

b , . + 4.8 

J 
Q - 1-61 

I . P . 6 .  
d - o.7 

: 
J 

Q- 1-60 

I. P. E. 

- o.7 
b -  
a - 2.3 

I 
Q + 1-60 

tion 

8 

+1.64 

+ 1'64 

+ 1'64 

+I -67  

+1.67 

.t 1-63 

+1'65 

-1.55 

-1.64 

-1.61 

-1-61 

-1.51 

I 

-1.70 

-1-64 

-1.63 

- 1 6 3  

-1.63 

-1.63 

+ 1-58 

+1-57 

+1'57 

+1'59 

+1.58 

+1*56 

+I'55 

Time 

h m  J 

11 52 1-80 

53 45-03 

54 58.59 

59 2.73 

12059 .97  

3 29'26 

5 28'84 

ra 7 19-50 

8 6.67 

12 31.24 

13 46.0; 

14 39.64 

16 6 

13 39-19 

115726.79 

59 5-61 

I 1 7 

3 32-05 

5 31-66 

12  7 15-85 

12 27.60 

13 42'44 

14 36-04 

16 21-52 

18 6.63 

1335'50 

ed Time 

J 

3'44 

46'67 

60'23 

4'40 

61.64 

30.89 

30'49 

17'95 

5'03 

29'63 

44-46 

38'13 

21.60 

37'49 

25.15 

3'98 

I 

30'42 

30'03 

17-43 

29-11 

44'Ol 

37'63 

24'10 

8-19 

37'O5 

. m  8 

6 54.62 

54'62 

54'63 

54'56 

54-50 

54-65 

54'59 

6 54.61 

54.6r 

54-59 

54.62 

54'57 

54-66 

54-52 

654.51 

54.51 

51-56 

54.51 

54-64 

6 54'56 

54-61 

54-60 

54'53 

54-62 

51-59 

54'53 

E w  

o 

+ 

j, 

% 
5 .  

Ern 

h 

5 .  

O 

+ 
d 
u, 

a. 

o 

+ 

2 
b 

+ 

0 

+ 

O 

+ 

?$ " 
+ 

Ch 

8 
O 

+ 

2, 
w 

m 
% 

w 

h + 
s 
w 



TABZE XIV. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFPEItENCE O F  LOKGITUDES, AL + p.* . 

N m .  Id - d - 0 ~ 2 5 .  Tranmibing Equstion ril, all reoordr having been tmnwribed by the mme penon. 
* p ir the retardation of an eieotric rignal between the stationr. 

MADRAS (E), m. IF at, LW. 6L aim @ r  AND BOLARUM (v, Lat. N, Long. 6h 14= 16'. 

4 n 

 ANBI BIT^ OBBEEVED AT W 
By Heavirids, with TeLuoqpe No. 2 

3 .- 
8, 
4 

1 876 
Idsa. 6 

Mar. 6 

4tr. 7 

e n  of 
Oorreotsd Times O 

STAB 
TXAN~ITE OB~EEVED AT E 

By Campbell, with T e Z e w  No. 1 

B.A.C. 
Number 

By each 
h n d .  % 

Decli- 
Okrved Corrao- 

nation Correct- -m 
tion ed ~i~~ 3 

~onstsnt r  S 

Seconds 
of 

Correot- 
ed Time 

In- 
*menhl 

Position 
and 

~orrection 
0onstRnt.n 

4031 

4099 

4049 

4065 

4o68 

4078 

4079 

4094 

4104 

4114 

4187 

4146 

4166 

4168 

4179 

all 

4006 

4021 

4039 

4049 

4066 

4068 

4073 

4079 

4094 

4104 

I.P.E. 

- o.l 
b + 0.6 

+ 0.6 

J 

Q + I - &  

I. P. E 
d - 

b a + + 0.6 ..6 

8 
Q -1.60 

I. P. W. 
d 

+ 

b -  a ,  O a 4  8.8 

J 

Q- 1.60 

y_n 
Observed 

Time 

o I 

+ 5 34 

+ 4 10 

+ 421 

+ 4 1 9  

- 447 

+ 9 25 

+ r o a r  

+ 236 

+ 4 45 

+ 10 5 7  

- o 6 

+ o 1 

+1829 

+ 6 o 

- 9 47 

-1549 

- 4 39 

+ 5 34 

+ 4 ro 

+ 4 z 1  

+ 419 

- 447 

+ 925 

+ l o 2 1  

+ 2 36 

+ 4 45 

Total 
Correo- 

tion 

hi98 8 

11 47 51.54 

52 1-18 

5344'4a 

54 57'95 

57 13-38 

59 a.15 

12 o 59-41 

3 28.62 

518.23 

1% 7 18.89 

1 2  30'58 

'3 45.40 

14 38.97 

16 25-51 

18 9-58 

a3 38'46 

11 4453.30 

47 54-36 

52 4-06 

53 47-30 

54 60'83 

57 26.28 

59 5'04 

I I 2 . 2 7  

3 31-49 

5 31-08 

2-19 

46'03 

59'56 

14-99 

3-76 

61.03 

30.23 

19.84 

17'31 

29.00 

43'82 

37.39 

23'93 

8-00 

36.88 

51-64 

51-74 

2'43 

45.67 

59-20 

24-62 

3'43 

0.66 

19-85 

29'45 

8 

+1*61 

+1.61 

+ lm61 

+1.61 

+1'61 

+la61 

+la61 

+1*61 

+la61 

-1'58 

-1'58 

-1.58 

-1'58 

-1'58 

-1'58 

- 1-58 

-1.66 

-1.62 

-1'63 

-1.63 

-1.63 

- 1.66 

-1.61 

6 

-1.64 

-1'63 

t- 

& ~1 

S w  

c 
"z V) 

s w  

'e 
,? 

Lz 

8 

9 

8 

8 

8 

8 

8 

8 

9 

8 

8 

8 

N 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0 

54'77 

54-14 

54'70 

54'74 

54.67 

54-68 

54-66 

54'69 

6 54-74 

54'74 

54'69 

54-61 

54.71 

54-71 

54-61 

6 54-61 

51-64 

54'73 

54-69 

54'69 

54-61 

54'69 

54.69 

54.66 

54'69 

h r  8 

11 4057-07 

45 6.72 

4649'99 

q8 3.56 

50 29-10 

52 7'70 

54 4-95 

56 34'30 

58 37.03 

1 2  o 24.35 

5 36-23 

651.09 

744'4.3 

9 31'08 

11 15.41 

16 44-51 

11 37 55.52 

40 56-49 

45 6-10 

46 49'38 

48 2-91 

50 28'43 

52 7.09 

54 4-31 

56 33-61 

58 36-36 

I.P.E. 

- 4.0 
b -  2'5 
a -46'9 

J 

Q +I .& 

Q -1.60 

I. P. 6. 
d - 4.0 

: z4i:i 
J 

Q -1.60 

I.P. T. 
d , + ,., 

: z2::; 
8 

Q + I . &  

Q -1.60 

- 
8 

+ 

ii 
b 
+ 

0 

+ 

8 

+1*3a 

+1'30 

+1'30 

+ r n 3 0  

+ I - I ~  

+1'39 

+1'40 

+1'27 

-1.88 

-1.78 

-1.97 

-1.96 

-1.65 

-1'86 

-a'12 

- 2  24 

+ r S 5 1  

+1.61 

+ I . &  

+ 1-60 

+ I . &  

+1'5a 

+1'65 

+ 1.65 

+1'58 

-1.60 

5 
b 
+ 

3 
O 

+ 

- 
? 
O 

+ 

5 - 

Z. 

2 
t 
w 

E' 
I- 
t 
.n 

# 

58.39 

8.02 

51.29 

4.86 

30.25 

9'09 

6'35 

35'57 

35-15 

a2.57 

34.26 

49.13 

42.78 

29-22 

13.29 

42.27 

57-03 

58.10 

7-70 

50.98 

4-51 

29.95 

8.74 

5-97 

35-19 

34-76 

8 

9 

9 

8 

8 

8 

8 

9 

9 

8 

N 

S 

9 

8 

8 

8 

8 

8 

8 

9 

9 

8 

9 

8 



TABLE XW. OBSERVATIONB OF TRANSIT8 WITR W CLOCK, AND DEDUCTIOR 

OF THE APPARENT DIFFERENCE OF LON(3ITUDE5, AL + p.' 

- - 

NOTE. Id - o'.oazs. Trnnwribing Equation nil, all records having been transcribed by the eeme pemon. 
* p is the retardation of an electria signal between the stations. 

0 
a 

d 
3 
E! 
k 
Y 

1876 

War. 7 

bfar.8 

Ifar.8 

B.A.O. 
Number 

4114 

4137 

4145 

4166 

4168 

4179 

4211 

4006 

4081 

1089 

4049 

4056 

4063 

4079 

4094 

4104 

4114 

4137 

4 

4166 

4168 

4179 

4200 

4211 

STAB 

Decli- 
nation 

o I 

+lo 57 

- o 6 
+ o 1 

+ 18 29 
+ 6 o 
- 947 
- 15 49 

- 439 
+ 5 34 

+ 4 ro 
+ 4 2 1  

+ 419 
-447 

+lo21 

+ a 36 
+ 4 45 

+ro 57 

- 0 6 
+ o I 

+1829 

+ 6 o 
- 9 47 
- 3 56 
-15 49 

MADRAS @), f i t .  lb 4', h g .  6" aim 8.: 

T~AXSITS OBSEBWD AT E 

AND BOLARUM (W), Lat. 110 30", Long. 

T E ~ S I T S  OBSEEVED AT W 

4 
p 
3 

8 

8 

8 

N 

8 

8 

8 

8 

8 

8 

8 

8 

8 

S 

8 

s 

8 

8 

8 

N 

8 

8 

8 

8 

with 

Mean 
Obsened 

h m  8 

12 o 23.76 

5 35'55 

6 

7 43.87 

9 30.43 

1 1  14-69 

16 43.68 

1 1  37 55.12 

40 56'05 

45 5.73 

46 48'97 

4 2.56 

50 27-96 

54 3'87 

56 33'18 

58 3 5 ~ 8 ~  

12 o 23.34 

5 35-17 

6-49.99 

7 43'41 

930.01 

1 1  14'28 

1446.14 

1643.29 

By Campbell, 

In- 
atnunw 

Position 
and 

correction 
Constants 

I. P. W. 
d 

+ I.o 
+ 

a -22.8 

8 
Q-1.60 

I. P. IP. 
d , + ..6 

b + 0.3 
a -29.6 

8 

Q +1'59 

Q-1-59 

I. P. TP. 
d , + 0.6 

+ 

a - 29.6 
J 

Q- 1'59 

6" 14- 16.. 

a 1 .2 - DXerence of 
Corrected Timen O S * 

I + 

By each 
Star 

I 

3 
$ 
p 

2 

8 

8 

8 

N 

8 

8 

8 

8 

8 

8 

8 

B 

8 

8 

S 

8 

8 

8 

N 

8 

8 

8 

8 

(I( 8 

6 51-74 

54-16 

54'74 

54.70 

5477 

54-71 

54'77 

6 54'77 

54.82 

54-80 

with 

Yean 
Obaerved 

Time 

h m  8 

12 7 15-34 

12 27-10 

13 41'93 

14 35'46 

16 22.01 

18 6-13 

23 35-15 

1 1  4449.71 

47 50'79 

52 0.43 

53 43-11 

5457.aa 

57 22.65 

12 o 58.67 

3 17-89 

5 27-49 

12 7 18-15 

11 29-81 

13 41-68 

14 38-18 

16 24-18 

18 8'90 

21 40.77 

23 37'87 

TeIsmupo No. 

To, 
Corm- 

tion 

8 

-1.55 

-1.65 

-1.65 

-1'48 

-1.60 

-1-73 

-1.19 

+I'41 

+1'52 

+*'So 

+I'~I 

+ I ' ~ I  

+rmqo 

+1'57 

+ 1-49 
-1.66 

-1-59 

-1.72 

-1.72 

-1.50 

-1'65 

-1.82 

-1.76 

-1.90 

By Heaoiside, 

In- 
strumentnl 

Poeition 
and 

Oormct~on 
Constnnta 

I P. . 
d , + ,., - ''4 

a - 8.8 
8 

Q +1.60 

I. P. W. 
d , + 

- "I 
a - 3.7 

8 
Q + 1.61 

I. P. TP. 

, .+ 
b - 1.1 

a - 3'7 
8 

Q-1.61 

1 

8 m n d a  
of 

Comot- 
~i~~ 

8 

22-21 

33'90 

48.75 

42'39 

28.83 

12.96 

41-89 

56-53 

57'57 

7-21 

50'48 

4-07 

29.36 

5-44 

34.67 

34.23 

21'75 

33'45 

48.27 

41.91 

28.36 

12-46 

4-38 

41*.39 

8 

* b 

Telsrcope NO. 

Comm- 
tion 

I 

+ 1-61 
+1'56 

+1'56 

+ 1.63 

+1*59 

+1'54 

+1'51 

+1'59 

+1'60 

+I-60 

+ 1.60 
11-60 

+1'59 

+I-61 

+la60 

+ 1.60 

-1.60 

-1.61 

-1.61 

-1.59 

-1.61 

-1.62 

-1.62 

-1.63 

+ 

B 

Seconds 
of 

Correot- 
ed Tinle 

8 

16-95 

28.66 

43'49 

31-09 

23-60 

7.67 

36-66 

51'30 

52'39 

2-03 

45-31 

58.82 

14-24 

60.28 

29-49 

19'09 

16-55 

28-21 

43.07 

36.69 

z3'1f 

7.28 

39-15 

36-24 

54.75 

54-08 

54-04 

54-82. 

54-86 

6 54-80 

54'77 

54-80 

O 

+ 

- 
3 
O 

+ 

f 
w  

n 
w  
? 
t 
w 

"5 
E w  

" 

b 
+ 

54'81 

54-02 

54-71 

54'85 

s z  + + w  

* 



FABLE m. OBSERVATIONS OF TRANSITS WITEI W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, fi + p.* 

Nms. ld - 0.'oza5. Tranwribing Equation nil, all records having been transcribed by the name permn. 
p in the retardation of an electric eignal between the stations. 

MADRAS (E), Lat. 13' 4', Lorg. 6' aim & 

T E ~ B I T B  OBBEBVED AT 

6' 1P 16.. 

Corrected Times 

: AKD BOLARUM (W), h t .  1 7 O  3O', hw. 

TEANBITB OBBERVED AT W 

By esch 

m r 

6 54'57 

54-63 

54.63 

51-64 

54.61 

54'58 

54'65 

54'54 

54-60 

54'67 

6 54.69 

54.67 

54-61 

54.67 

54'64 

54'70 

54.61 

54-62 

1 

8 ~ n d a  
of 

Correat- 
ed Time 

a 

59-56 

60.64 

10.16 

53'53 

7.06 

32-41 

11-a8 

8.59 

37'75 

37-29 

24-71 

36.41 

51.ag 

44'93 

31.36 

15-43 

47'38 

44-39 

Zb&eope No. 

Cormc- 
tion 

a 

+ l - a a  

+lm4:, 

+1.39 

+ 1.39 

+1'39 

+ ~ . a a  

+1'49 

+ 1-51 

+1'36 

-1.72 

-1.60 

-1.81 

-1.81 

-1.44 

-1.70 

-1.99 

-1'89 

-ae r r  

n 
of 

~ r o u p  

-5 
d 

By CampbeU, ccith 

In- 
% strumend M- 

O h r r e d  m d  2 tiumber nation 

IbLmcope No. 

Tobl 
Correa- 

tion 

a 

-1.71 

-1.69 

-I";o 

-1.69 

-1.70 

-1.72 

-1.67 

-1.67 

-1-70 

-1.69 

+1'55 

+1*51 

+ 1-51 

+ 1.53 

+I'.$9 

+ r m 5 0  

+1'47 

wifh 

Mm 
Observed 

Time 

h n ,  a 

11 q455-85 

47 56-96 

51 6.59 

53 49-66 

5.5 3.37 

57 28.77 

59 7-60 

11 1 4-80 

3 34.05 

5 33.65 

11 7 17-86 

13 29-51 

13 44'39 

l4  38.03 

16 14-47 

18 8.64 

11 40.50 

11 37'54 

f - 
3 

8 

S 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

N 

8 

9 

S 

S 

1876 

Mu.12 

a . 1 2  

2 

Secondr 
of 

Correct- 
ed Time 

a 

54'13 

55.17 

4-89 

48-17 

7 

27.05 

5'93 

3'13 

33-35 

31.96 

19-41 

31-08 

45-90 

3 9 . ~  

26.00 

10.13 

42.00 

39-01 

By Hemiride, 

In- 
s t m m e n ~  

~osition 
and 

c~~~~~~~~~ 
Canehnta 

I. P. W. 
d , o.o - I - f  

a - 8.4 
a 

Q-1.61 

I. P. W. 

, - ''7 
a - 8.4 

a 
Q + I -61 

. 

5 

$ 
0 

H 
o 

4006 

4021 

4089 

4040 

4065 

4068 

4072 

4.079 

4094 

4101 

4114 

4187 

4146 

4166 

4168 

4179 

4200 

4211 

m m  
. , I  I 
E b.$ 
8 

8 
O 

+ 

QJ a 
O 

+ 

$ 

d 
\o 

I. 

q 
d 
yr 

o I 

- 439 

+ 5 34 

+ 41; 

+ q a r  

+ 419  

- 4 4 7  

+ 9 25 

+ l o  11 

+ 2 36 

+ 445  

+ I O  57 

- o 6 

+ o I 

+1819 

+ 6 o 

- 9 47 

- 356 

-1549 

Contitents 

1. P. W. 
d , + - O a 8  

0 -49'5 
a 

. Q + 1.56 

Q -1.56 

I. P. W. 
d , + 

b - 0.8 
a -49.5 

8 
0-1.56 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

9 

N 

8 

8 

8 

8 

h a  

11 37 56-34 

40 59.11 

45 8.87 

46 51-14 

q8 5.67 

50 31.a5 

5% 9-79 

54 7-08 

5636'39 

58 19-01 

la o 16-32 

5 3 8 . a ~  

6 53-10 

7 46.37 

9 33.06 

11 17.41 

14 +)'a'/ 

1646.50 



P ! L E  XIIT. OBSERVATIONS OF TRANSTTfl WITH E CLOCK, AND DEDUCTION 

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

N m .  ld - os'01a5. Transcribing Xquntion 4 all records haring been transcribed by the rnme penon. 
* p h the ratadation of m electrio signal between the stationa 

MADRAS @), h d .  I@ 4', hmg. 6b aim 

TRANSITB OBBEEVED AT E 

By Campbell, with T e b r o q e  No. 1 

a: AND BELLARY (W), Lot. 16' 9', Long. 

T E ~ S I T S  OBSERVED AT W 

~~n~ 
of 

Correct- 
ed pme 

In- 

Observed 

2 
5 
-= 

2 

8 

N 

N 

8 

8 

8 

8 

8 

8 

8 

N 

8 

9 

N 

8 

8 

N 

' N 

8 

8 

8 

8 

Correo- 
tion 

6. 7" 6P. 

m s  

13 16.50 

16.56 

16.57 

16.53 

16.58 

16.54 

16.56 

16.55 

16'51 

13 16.51 

16-45 

16.51 

16.48 

16.45 

16-49 

13 16-48 

16.47 

16.51 

16-56 

1 6 . ~ 5  

16.48 

16.51 

By Eeaoiaids, 

In- 
strumental 

Position 
and 

Correction 
constants 

I. P. B. 

- 4.7 

- f : 3  
a +5r 7 

J 

Q -1.60 

I. P. B. 

- 4.7 - 
a + 57'7 

J 

Q + 1-60 

I. P. 6. 

- 4.5 - I" 

a - 5'5 
a 

Q + 1-63 

1876 
Yu.22 

biu.88 

Mu.% 

$ 

* %  
1 2  

2 , p 
2 

I: 

* 
E 2 

+om81 

+ 1-47 

+I -48  

+ I . I O  

+ ~ . q  

t 1'a5 

+1.18 

-1-1'04 

-1.68 

-1.48 

- 3 4  

- 1 8  

-1.83 

-1.a.3 

-1-33 

+oe83 

+1'53 

+1'54 

+1'30 

+ I - 3 3  

+I'o;i 

-1.63 

witk 

M n  
Observed 

A m  a 

11 57 33-68 

59 15'38 

11 a 10.46 

444.63 

6 17.93 

11 45-82 

13 43-05 

16 11-07 

18 11.7a 

11 19 56.11 

a1 31-56 

a5 1-54 

a6 22-35 

17 I 

36 15.08 

r r  57 27-73 

59 8.88 

1 1  Z 3'97 

1139.55 

13 36.68 

16 5.91 

18 5'55 

4006 

4014 

MI1 

4039 

4049 

4078 

4079 

4094 

4104 

4114 

a 2 5  

4137 

4146 

4166 

4211 

4006 

4014 

4081 

4072 

4079 

4094 

4 1  

15-75 

56'89 

51-pb 

16.46 

I 

27.51 

14-71 

53-91 

53-55 

40.99 

16.40 

7.51 

1.18 

0.61 

11-77 

5.3'98 

49.03 

14.54 

11.78 

50'97 

50.58 

" 0  

o 

2 
X 
+ 

b 
+ 

Tehacope No. 

Tot.l 
Correc- 

tion 

a 

-1'43 

-1'93 

-1.93 

-1.64 

-1.64 

-1 .77  

-1'78 

-1.60 

-1-66 

+I -40  

+re19 

+1*66 

+1'65 

a 

+a'oa 

+ r'sa 

+x's7 

+1'5f 

+1.55 

+1'55 

+1'54 

+ 1.55 

B 

bconda 
of 

Correct- 
ed Time 

a 

32'15 

13-45 

1-53 

41.99 

26-19 

44'05 

10.47 

10.06 

57-51 

32-85 

9 - m  

a4-oo 

17.63 

17.10 

29.15 

10'45 

5'54 

I 

38'13 

7'43 

7.10 

8 

Y1 

p 
O 

+ + :  

3 " 
+ 

% 
0 O .  
O 

+ 

o I 

- 4 39 

+ 16 8 

+16 10 

+ 4 10 

+ 4 1 1  

+ 9 a5 

+ loax  

+ a 36 

+ 445  

+ l o  57 

+1535 

- o 6 

+ o I 

+ I S  19 

-1549 

- 439 

+ 16 8 

+16ao  

+ 915  

+ l o  ar 

+ 136  

+ 445 

- 
I 

w 
2 

% 

,m 

.w, 

2 
m 

8 

N 

N 

8 

8 

8 

8 

S 

8 

8 

N 

8 

8 

N 

8 

8 

N 

N 

B 

8 

8 

9 

I 

I. P. W. 
d 

+ 0.5 

: 
a 

Q + 1-39 

Q- 1.39 

L P. W. 
d 

+ 0.5 
b -  1.5 
a - ,., 

a 
Q- 1'39 

I. P. W. 
d 

+ o.9 

:z8::i 
a 

Q + 1-39 

Q -  1-39 

A n  s 

11 4 14.94 

45 55-42 

4 50.48 

51 25-36 

53 8-62 

58 16-16 

11 o 23-43 

151'88 

455'13 

11 6 41-47 

9 7 7  

I 5 4 . 5  

13 9'35 

14 1-41 

a3 2'94 

11 44 11-94 

45 52'45 

48 47'49 

58 13-24 

ta 010.45 

149'90 

4 51-21 



FABLB XIII. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

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

NOTE. I d  - d'oaaf,. Transcribing Equation nil, all recorda having been transonbed by the same perwn. 
* p ir the retardation of an eleotric signal between the stations. t The sign of Q wan cl~anged at E h r  the obeervation of 8t.r 4079. 

MADRAS (E), h t .  13O 6, h n g .  bh al-'8.: AND BELLARY (W), h t .  16" 9', h n g .  

~ E I T B  OBBERVED AT E TBANEITE OBBERVED AT W 

6 r" 6s. 

.i Difference of - 
Oomoted Timee O * a F ?  
(W - 

By each 
Star 

m a 

13 16'45 

16.46 

16-49 

16-43 

16.46 

16.43 

16-45 

16-49 

16.41 

16.41 

13 16-54 

16-54 

13 16-53 

16-49 

16.49 

with 

Masn 
Observed 

Time 

h m  a 

1 2  19 56.17 

at 31.61 

a5 7-91 

16 12.72 

27 16.41 

29 2-80 

30 46.95 

31 50.23 

34 18-83 

36 15'86 

11 13 36.58 

18 5'33 

la 19 49.60 

21 25'04 

a6 15-95 

17 9.93 

28 56-18 

31 43'71 

34 ra.11 

36 9-0.3 

TeZercope No. 

Total 
Oorrec- 

tion 

8 

-1.70 

-1.69 

-1.73 

-1'7.3 

-1.69 

-1.71 

-1.75 

-1.68 

-1.74 

-1.17 

-1.37 

-1-31 

+ 1-87 
+1.8a 

+1-99 

+1'79 

+1'93 

+ 1 - p a  

+a'oq 

+ae17 

3 STAB 
FI By Camphell, with Te ls tcv  No. 1 By Heaviaids, 

Z .- In- 111- 

f h n d a  8 atmmental 
B.A.O. Decli- Pmition 

Observed Correo- 
Correct- and 

g Correction 
Time tion 

ed ~i~~ 2 Correction 
I Constsnts ConstAnta 

1 6  1 ., . 

2 

8econda 
of 

Correct- 
ed T h e  

a 

54-47 

29.92 

6.19 

ao.99 

14-72 

1.09 

45-20 

48.55 

17'09 

14-09 

35-21 

4-02 

51-47 

26.86 

17-94 

11-71 

58.11 

45.43 

14-15 

II-ZO 

E) g b  0 

M~r.84 

M.r.26 

M.t.26 

, . 
2 
Lc. 

*+ 
E 2  

16'57 
+ + 

16.43 

16.61 

16.64 

2 

4114 

4125 

4137 

4145 

4156 

4168 

4179 

418A 

4200 

4211 

4079 

4104 

,4114 

41Z6 

41% 

4156 

41fB 

4184 

4200 

4211 

' 3 ;  . 
O 

+ 

" 9  
0 

+ 

+lo 57 

+ I 5  35 

- o 6 
+ o I 

+ 18 29 
+ 6 o 
- 9 47 
+a4 37 

- 356 
-1549 

+lo 21 

+ 445 

+IO 57 

+ 15 35 

+ o I 

+ 18 29 
+ 6 o 
+ 24 37 
- 3 56 
-1549 

" 
? 
O 

+ 

- - 
P .  
O 

+ 

t 
O 
b 

4 
7 
'El 
2 

v1 

z 
'E 
2 

? 

S 

N 

8 

8 

N 

8 

8 

N 

S 

8 

S 

8 

8 

r.l 

N 

8 

N 

8 

8 

I. P. W. 
d 

c + o.g 

: 2 8::i 
s 

Q- 1-39 

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

b + 0.3 
a - 89'1 

8 

Q* 1'38t 

I. P. W. 

, + o.5 
''3 

a - 89.1 
s 

Q - 1'38 

9 '4'73 

1 1  51-50 

13 6.36 

13 59'42 

15 46.16 

1 7  30'86 

18 -31.98 

ar 1.61 

aa 60.01 

1% o 17.37 

449.1.3 

1 2  6 36-31 

9 11-64 

13 3.27 

13 56-32 

15 43'15 

18 29-91 

a0 59'49 

22 56.93 

-1'17 

-1.80 

-1.80 

-1.16 

-1.60 

-am11 

-0.91 

-1.93 

-am33 

+ 1.30 

-1'65 

-1'43 

-Iaa7 

-1.82 

-1.16 

-1.61 

-0.91 

-1'95 

-2'37 

13-46 

49.70 

4.56 

58 16 

44.66 

28.75 

32.06 

0.68 

57.68 

18.67 

47'48 

34.94 

10.37 

1-45 

55.16 

41.54 

29.00 

57'54 

54'56 

S 

N 

S 

N 

8 

8 

N 

8 

9 

5 

8 

9 

N 

N 

8 

N 

S 

L P.E. 

, - 4.5 
b - 1.8 
a - 5'5 

r 
Q- 1.63 

I. P. W. 
d , + 3.7 

b + 5.0 
a + 29.7 

a 
Q - 1.62 

I. P. W. 

C + 3'7 
b + 5.0 
a + ag.7 

c 
Q + 1.62 



TABLE XI11 OBSERVATIONS O F  TRANSITS WITH E CLOCK, AND DEDUCTION 

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

NOTE. Id - oa'02a5. Transcribing Equation dl, all reoorda having been tranwribed by the same person. 
* p i~ the retardation of an eleotric aignal between the atationa t The sign of Q wan ohrnged at E after the obrervrtion of atar 4094. 

7 
j 
U 

1876 

blar.29 

Mar.29 

Mar.30 

MADRAS (E), Lat. 1B d', Lofig. aim 8 : AND BELbARY (W), Lot. 16" 9', Long. 6h ?m 62.  

STAB 
TRANBIT~ OB~ERVED AT E 

By Campbell, with Tslarcqps No. 1 

TRANBIT~ OB~ERVED AT W 

By Heaaiaide, with Tels.cqps No. 2 a *  
Difference of 

Corrected 'l'imea 

(W-IC) 

, - U .z Cil 
g * 
Q 

? 
0 

+ 

D 

i; 
.z f ; 
5 p 9 
,z'b O . + +  

By ench 
Star 

m r 

13 16.57 

16.61 

16-57 

13 16-47 

16-54 

16.51 

B.A.C. 
Number 

4079 

4094 

4104 

4126 

41% 

4166 

a 

64$ZB a z m q  

prn I I 
. m  

$ 0 0 
6 

- m  
a y  
b 

+ 

Mean 
of 

Group 

2 
s "  
5 
2 

Decli- 
nation 

o I 

+ I O  21 

+ 2.36 

+ 445 

+ I S  35 

+ o  1 

+ 18 29 

1 

* 
2 

16-51 

16.50 

16.56 

16-60 

13 16.55 

16-49 

16.41 

1 6 . 4 ~  

16.40 

16.46 

16.45 

4168 

4184 

4!400 

4211 

4039 

4049 

4056 

4072 

W S  

4094 

4104 

Seconds 
of 

Correct- 
ed l'ime 

8 

30'4.3 

59'70 

59'27 

aa.11 

13-28 

6.91 

Poeition 
Observed Correc- Observed Correc- 

p alld Correct. -- and 

+ 6 o 

+ 24 37 

- 3 5 6  

-1549 

+ 4 l o  

+ 4 2 1  

+ 4 19 

+ 9 2 5  

+ l o  Z I  

+ a 36 

+ 4 4 5  

2 

8 

8 

N 

8 

N 

53'31 

40.72 

9'38 

6-44 

30.53 

13.14 

27.24 

31.52 

a8.68 

55-96 

57'51 

8 

N 

8 

8 

8 

5 

8 

8 

8 

8 

9 

2 
2 

I 

2 
s ?  

- 2 

~orrection 
Conhnte 

I .P.E.  
d - 

b - 0.6 
a -28.8 

r 
Q *1.38t 

I.P. E. 

- ,3.9 
1,;:; 

r 
Q -1.38 

I. P.E. 
' 

c - 4.3 
b - 0.5 
a -33.6 

r 
Q + r m 3 8  

Q-1.38 

0 

+ 

2 
O 
b 

+ 

O 

+ 

5 
? .  
O 

+ 

9 

8 

8 

N 

9 

N 

ed ~i,,,. 

8 

13.86 

43'09 

4'"1O 

5-64 

16-74 

50.40 

tiun Time 

2 
2 

5 
'E: 
2 

- 

s 
N 

S 

8 

8 

8 

9 

8 

8 

36.80 

24'aa 

5a-8a 

49.84 

13-98 

57-25 

10.83 

15'03 

1a'a8 

41-50 

41.06 

h m  8 

1 2  o raa6a 

a 41.93 

4 44'27 

I Z  9 7-09 

a 8 6  

13 51.81 

15 38.36 

18 25-56 

a0 54.49 

aa 51.64 

11 51 11-82 

52 56.09 

54 9'67 

58 13.80 

12 o 11.04 

a 40.36 

441.66 

Correction 
Co~~etnl~te 

I. P. W. 
d 

+ 4.5 
b + 3 ' 1  
a +74'5 

r 
Q + 1.62 

I. P. W. 

+ 4.5 
+ 3.1 

a +74'5 

I 
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+la16 
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-1'45 

6 

-1.41 

-1.56 
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-1.80 

+1'16 

+ 1.16 

+ r a 1 6  
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+1 'a4  

+1.14 

-1.60 

r 
Q -1.61 

I. P.W. 

c + 3.7 
b - 3.8 
a +87'5 

r 
Q -1.62 

. 

A m  r 

1 2  13 28.49 

15 57-54 

17 57-11 

1 1  22 23.56 

a6 14'19 

27 8.46 

tion 

r 

+ 1-94 

+z -16  

+ a a 1 0  

-1.4; 

- I - O I  

-1.55 

a8 54-50 

31 41.45 

34 1o'a8 

36 7.00 

12  4 31-71 
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7 28.48 

11 ga.94 

13 30.13 

15 59.14 

17 58'77 

-1.19 

-1'73 

-0.90 

-0.56 

-1.24 

-1.24 

-1.24 

-1'4a 

-1.45 

-1'18 

-1.26 



IldBLX X I .  OBSERVATIONS OF TRANYITS WITH E ChOCK, AND DEDUCTION 

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

Nma 1" - d'oaaf,. 'I'ranacribing Equation nZ, d l  records having been transcribed by the name peraon. 
* p in theretardation of au electric r i p d  between the stations. 

MADRAS (E), k t .  13' 4'. Gng.  51 gIm a: A n n  BELLAltY (W), Ld 160 Y ,  Long. Ah P 6%. 

T R A N ~ I T ~  OBSERVED AT W Difference of TRANBITB OBBEEVED AT E 

By Campbell, with Tshoops No. 1 
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2 B.A.O. Demli- Pmition By each 

Observed Corm- Obaerred Correo- of 
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tion Time tion 8 ~orrection Correction ed Time Time 
ed l\ime 2 ~onatauta Conatants 
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4m9 

4094 

4104 

4114 

4126 

4137 

4146 

4156 

4168 

4179 

4200 

4211 

o I 

+lo 57 

+I535 

- o 6 
+ o I 

+18a9 
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18 a.1'94 

ao5a-9a 

aa 50.11 

1 1  eq 0'38 

4541.30 

48 36-40 

51 11-04 
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9 3-68 

I 

11 54'98 

1348'47 
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-1'79 
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-1.59 

a8-54 
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&.a4 

1.67 

4ae8a 
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+aa16 

+2'05 

-1.44 
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35'71 
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28'94 

a5.69 

a9.y 
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56.45 

55'97 

43'45 
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55-16 
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13 16'4a 
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16-43 
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16-40 
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13 16.56 

16-46 
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16.41 
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16-44 
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16.41 
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TABLE XI11 OBSER~ATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, A L  - p.' 

NOTE ld - O"0115. %nwribing Equation nit, all recorda having been transcribed by the m e  penon. 
* p is the retardstion of an electric rignal between the rtationa. 

MADRAS (E), L a t .  18' 4, Long. 6b aim 8. 

TRANEIT~ OBSERVED AT E 

I 

a 
I 

< 

0. 
P 
'0, 
% 

s 
P 
% 

2 

5b 7" 53. : AND BELLARY (w), L a t .  16- Y ,  Long. 

TRAN~ITB OBBEBVED AT TV 

By Campbell, 

; 
g o o  

2 5 
% +  + 

3 fl fl 

1)ifference of 

Corrected Times 

(W-E) 
B 

of 
Corrert. 
ed Time 

a 

14-90 

56.03 

15-96 

I 

a5.63 

8.87 

10.41 

26.65 

53'11 

51.71 

40.16 

15-53 

51.84 

6.69 

0.41 

30.86 

59.91 

a 
2 

2 

8 

N 

8 

N 

9 

8 

9 

8 

8 

8 

8 

N 

8 

Q 

N 

8 

8 

4 

1876 
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3 
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2; 

1 
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of 

Correct- 
ed l-ime 

a 

58.45 

39-60 

59-56 

34-67 

9.10 

51.42 

5-98 

10.23 

36'67 

36-31 

23.71 

59-18 

35.48 

50.32 

43'97 

14.51 

43.46 

with 

Mean 
Obse~.ved 

Time 

h m  8 

1 1  43 57.14 

45 38.10 

46 5Saa1 

48 33.17 

51 7-87 

sa 51.09 

54 4-65 

58 8.83 

12 135'3; 

4 37-72 

12 6 a5.q 

8 60.44 

1 1  36.95 

I I 

13 45.18 

1;116.11 

~145.14 

BY each 
Btar 

m a 

13 16-45 

16.43 

16.40 

16-44 

16.43 

16-45 

16.43 

16.42 

16.44 

16.40 

13 16-39 

16.35 

16-36 

16-37 

16.45 

16.35 

16.45 

T e h e o p e  No. 

Total 
Correc- 

tion 

8 

+I.ZI 

+1.50 

+1*35 

+ 1.50 
+1'33 

+ 1.33 

+ 1'33 

+1'4o 

+x'30 

-1.41 

-1.31 

-1.16 

-1.47 

I 

-1.a1 

-1.60 

-1.68 

Number 

4006 

4014 

4021 

4031 

4089 

4049 

(066 

4072 

4QD4 

4104 

4114 

4125 

4117 

4146 

4166 

4179 

4211 

Telcacope No. 

Total 
Correo- 

tion 

J 

+1'97 

+ 1'65 
+1.82 

+1'65 

+ 1-84 
+ 1-84 
+xm84 

+ 1-76 
+ 1-86 

+1.83 

-1.50 

-1.57 

-1.3) 

-1.33 

-1-62 

-1.19 

-1.10 

By Heaoiuidc, 

111- 

strumental 
Position 

and 
OOrrection 
Constants 

I. P. E. 

, - 4.9 
+ 7:5 

a +40 5 
a 

Q + 1-61 

I. P.E. 

- 4.9 : I4::: 
s 

Q- 1.62 

with 

Mean 
Observed 

Time 

h m  J 

1 1  57 11.93 

58 54-38 

11 o 14-14 

I 49.46 

4 23-79 

6 1-03 

7 10.57 

I 1 24.89 

15 51.25 , 
17 50.88 

la 19 41.66 

a2 17-10 

~453.17 

a6 8-02 

a7 1.04 
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Mean n o  .s w 
nation d k m  

E 0 0 s u 
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u) 
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+ 
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+ 
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+ Saa 
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Q- 1'37 
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d , + .., 

b + 3.2 . -34.0 
a 
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I 

f 
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z 
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* -  

C: 

o I 

- 439 
+16 8 

+ 5 34 

+161o 

+ 4 1 o  

+ 4 a 1  

+ 4 1 9  
+ 9 21; 
+ 136 
+ 445 

+lo 57 

+I5 35 

- o 6 
+ o I 

+ 18 29 
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Q 

Z 
9 
O 

+ 

? 
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o 

+ 

8 

N 

8 

N 

9 

8 

8 

8 

8 

8 

8 

N 

8 

9 

N 

8 
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!P'dBLE ZIP. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

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

NOTB. ld - 01.0zz5. Transcribing Equation nil, all records having been transcribed by the some person. 
p ir the retardation of an eleotrio signal between the rtstionr. t The sign of Q wan changed at  E after the obrervation of stsr 46Z6. 

MADRAS (&), h t  13' 4'. hug.  Wm a: AND BELLARY (W), Lat. 15'9', Long. 6" 6.2'. 

S 
n - 

O 
Taasr~s  OBSERVED AT W 

By Henuwide, with Teledcope No. 2 
STAB 

Difference of 

Corrected Times 

W - E )  

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

By Campbell, unth Telucope N o .  1 

0 .- 
B 
2 - 

1876 

q 
+ 

0, 

By each 
Star 

m r  

" : I + +  + 
r ~ &  I I 

Mu.22 

Mu.22 

Mean 
of 

Group 

2 B 

g 

13 16-59 

16.61 
, 

I3 16.59 

16-60 

16.54 

16.53 

16-55 

16.49 

16.55 

16.58 

13 16.54 

16-48 

16.53 

16.66 

13 16.60 

16-51 

16.46 

16.55 

16-51 

16.5a 

16.50 

16.55 

B A C. 
humber 

b ~ r n <  
, m 

I I 

2d 
8 

~ e r l i -  
llat~on 

0 P 

In-  
% struolental 
$ ~ o s ~ t l o n  

Correct- p and and 
ed T~~~ 2 ~ o r r c c t ~ o n  " Consta11t3 I Constal~ts " 

8 r 

4438 

4416 

4570 

4578 

4600 

4615 

4627 

46B 

'4632 

4648 

,? 

Mean 
Obeerved 

T1ule 

h m  8 

Totnl 
Correc- 

tlon 

8 

+.+I 31 

+ 6 8 

+ 4 l o  

- 7 I 

+ j g  l o  

+16 25 

+ 3 5 a 3  

+3517  

+35 4 

+19 1 

E2 

15 5a-22 

26 5 3 - 5 6  

a8 20.18 

1.3 31 58'54 

35 6.98 

36 50.50 

38 27 '65 ,  

41 40.12 

45 37'34 

45 42-06 

48 47'7a 

Seconds 
of 

Correct- 
ed T ~ m e  

r 

+1'58 

t 1 . 6 2  

+1'51 

-1-61 

-1.71 

-1.69 

-1-71 

-1.61 

-1'62 

- 1.62 

-1.65 

13 10 15.54 

11 36.89 

13 35 a-53 

58 39-31 

41 53.18 

4 .  4 

45 50.21 

45 54'89 

46 33-31 

49 0'04 

1 3  14 15'f.l 

53.80 

55.18 

21-75 

56.93 

5-27 

48.81 

'5.94 

38.61 

35'72 

4 0 . a  

46.07 

-1.67 

-1.63 

+ 1.6a 

+1.88 

i o . 6 3  

+ I 
+0'57 
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+0.79 

+1'27 
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S 

8 

8 
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N 

N 

N 

N 

N 

N 

' E l b  
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1%-87 
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' f l  
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E2 

+ o.9 
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r 
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d 

+ o.9 
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8 

Q ' 1'39 

4532 

4552 

4 6 5  

4670 

4578 

4600 

4627 

46Z8 

4648 

+ 1-11 

r1 .87  

-1.80 

-0.36 

-a.og 

6 

-2.03 

-0.25 

-0.45 

-0'45 

-1.14 

I. P. W. 
d 

+ 0.5 
b - 1'5 
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8 

Q + 1'39 

I. P. W. 
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V) 
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? 
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1 
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+ 
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N h  
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O 

+ 
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2 3 
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+ a a 5 a  
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-1-68 
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-0.38 
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32.35 

9.39 

za 'ro 
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23'94 
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I 
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8 

N 

N 

N 

N 
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34'4.3 

39'17 
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I. P. W. 
d 

" - 4'5 
+ 3'4 

0 - 5'5 
8 

Q + 1'63 

I. P. 6. 
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N 
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TABLE XXTP. OBSERVATIOXS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

O F  THE APPARENT DIFFERENCE OF LOKGITUDES, AL + p.* 

NOTP. Id - os'02a5. Tmnwribing Equation nil,  all records having been transcribed by the m e  penon. 
* p in the retardation of an electric aignal between the etatione. 

MADRAS (E), Lat.  130 4', h n g .  6h 21m 8 : AND B I':LLART (W), Lat. 1 5 O  9', Long. 6h 7" 62'. 
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2 'g 
.- 

~ T A B  

B.A.C. 
Number 

TRANBITB OBBERTED AT E 

By Camphell, with Telexcops No. 1 
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nation 

1876 
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r 

24'83 
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36.57 
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57'50 
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1 1 8  
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59.78 
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17.67 

8 
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1.13 
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6.92 
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7.63 
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16-53 
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A m  r 
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~ ~ ~ n d 8  
of 

Correct- 
ed ~i~~ 

Seconds 
of 

Correct- 

m 

O 

+ 

m 

O 

+ 

n 

' O b  
+ 

ed Time 

Total 
Correc- 

tion 
F. correction 
2 I Conatants 

111- 
R l m n ~ e ~ ~ t a  

Position 
and 

8 

8 

8 

8 

8 

N 

N 

8 

8 

' 
9 

8 

8 

8 

9 

N 

8 

'Iime 

( 

Observed 

.. 
t 
? 
O 

+ 

OI 
01 
? 
O 

+ 

a. 

3 
b 
+ 

vi 
v. " 
'0 
rr. 

h " 
'0, 
n: - 

4 
+ 
2 

b + 0.3 
a 

8 
Q + 1.38 

L P. W. 

+ 0.5 
b + 0.3 
a -89.1 

a 
Q -1.38 

I. P. E. 

, - 4.3 ti 
b - 0'5 
a -33.6 

r 
Q +1'38 

Q- 1'38 

2 19-95 

3 19'05 

6 36.03 

8 20.75 

9 a9.59 

11 56.75 

13 29 57.55 

35 14-49 

13 r 4 - 1 8  

2 47.54 

4 0 . 1 3  

6 4'43 

7 49.41 

858.53 

951'76 

11 asm.3a 

1249.79 

14 19.33 



TABLE XP. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTIOX 

OF THE APPARENT DIFFERENCE OF LON(3ITUDES, AL + p.* 

NOTE. ld - oamoaz5. Tranecrihing Equation nil, 1111 reaorda having been transcribed by the name peraoli. 
* p is the retardation of an electric sigllrrl between the station#. 

3 
Fc 

1 
5 
4 

1876 

Uu.80 

h . 8 1  

6L 7' 52 .  

8.0 

$ 2 

By each 
Mean 2 B " "  td 

Lltar 
a roup 5 

s 

m 8 

13 16-37 

16.39 

16'45 

16.43 

16'47 
m N 

16.48 -? d - ? .% Y. my' 

MADR.49 (E), Lot. 13" P', Long. 6h 21- @: AND BELLBEY (W), Lat. 16" 9', Long. 

,". 

'a 
? 
'0, 

2 

16'47 

16-47 

16.47 

16.45 

16.41 

16.45 

1316.29 

16.37 

16.27 

16-40 

16-31 

16-40 

16'43 

16'47 

16-42 

16-40 

16.43 

16.45 

STAB 

B.A.C. 
Sumber 

4646 

4552 

% ,: 

h 

% 
m - 

'0, , r: 

Decli- 
l~ation 

o I 

- 7 14 

+3656  

Tsa-SITE OBBEBYED AT E TRAN~ITE OBBEBVED AT W 

O 

+ 

r? 

O 

+ 

1 

8 ~ 0 n d ~  
of 

Correct- 
ed ~i,,,. 

r 

0.65 

52.89 

2 2 . 9  

1-40 

44.93 

22.00 

jj.31 

25.09 

31-80 

36-52 

14.96 

42.12 

45.81 

8-17 

5.59 

4a.17 

27'14 

57-58 

42'72 

51-97 

4j.01 

18.55 

43'46 

9.90 

By Campbell, with Telc.cqps No. 

In-  

+ 

'O 

h 
O 

+ 

B 

Seconds 
of 

Correct- 
ed Time 

r 

17'oa 

9.28 

39-43 

17.83 

61.40 

3 8 . 4  

51.78 

41.56 

48-27 

52.97 

31-37 

58.57 

2.10 

24-54 

21-86 

58.57 

43'45 

13-98 

59'15 

8 '44 

61-43 

34-95 

59.89 

26.35 

p 

8 

N 

4565 

4670 

4578 

4591 

4615 

4627 

4628 

4632 

4648 

4438 

4536 

4461 

4172 

4480 

4192 

4496 

4504 

4508 

4516 

4626 

4682 

Telsrcqps No. 

Correa- 
tion 

8 

+a-42  

+ o m 7 3  

+ I ' 77  

+ a ' M  

+ a a o a  

+a'41 

+a '47  

+ I - 6 1  

+0'81 

+om81  

+0'83 

+1'50 

+ o . I ~  

+a -02  

+ a m o 5  

+a 'oq  

+2'73 

+2.80 

+2'31 

+1.81 

+ a m 5 4  

+a.ga 

+ 1.19 

+am29 

19 24.49 

21 3.16 

a2 46'53 

y 23'75 

26 37.08 

29 26.53 

31 32.96 

31 37.68 

32 16.13 

3443'53 

1 a j g q 3 - 9 3  

57 6'77 

13 o 4 - 1 9  

1 40.79 

4 25'91 

5 56.3; 

7 41.38 

850.51 

9 43.73 

11 1 7 . a ~  

1241'8.3 

14 11-33 

with 

Mean 
Obserred 

h m  s 

13 30 14.60 

31 8.55 

3z 37'66 

3415'39 

35 59'38 

37 36.07 

3949'31 

4a 39'95 

4447'46 

44 52-16 

45 30'54 

47 57-07 

13 9 1-91 

10 2a.52 

13 19.81 

14 56.53 

17 40.72 

19 rr.18 

2 0  56.84 

22 6.63 

22  58-89 

a4 32'4.3 

25 58.70 

a7 24.06 

and 
Correction 
Constants 

I. P. B. 

, - 4.3 
-1.51 

-1.76 

-1.60 

-1'75 

-1.77 

-1.44 

-1.16 

-1.16 

-1.17 

-1.41 

+1.88 

+l '4O 

+ 1.40 

+1'40 

+ 1-23 

+ I . Z I  

+1 '34  

+1'46 

+ 1.28 

+1'28 

+1 '63  

-1.43 

By Heaairide, 

In- 
2 I ~ t rumen ta~  

8 

8 

8 

8 

8 

N 

N 

N 

N 

ii 

S 

S 

8 

9 

8 

8 

S 

8 

- 8 5 

+ 4 1 0  

- 7 I 

- 9 5 

+ 16 25 

+35 a3 

+.3517 

+35 4 

+ 19 I 

+4131  

+ 

+ 5 29 

+ 5 48 

-1031 

- ra 4 

- o 11 

+ l r  a8 

- 5 50 

- 5 37 

+25 o 

+ o 2 

$ 1 

2 

8 

- 3'0 , +g7rn5 

u 
Q +1.63 

I . P . W .  

,+  4.0 

:;,A:: 
s 

Q + 1-62 

I 
1 

Observed 
T'me 

h m  r 

13 17 1-40 

I f  54-01 

Yoeition 
and 

~ o r r e c t ~ o n  
Constsnts 

I. P. W. 

c + 3 7  

S 

N 

S 

8 

8 

8 

8 

N 

N 

N 

N 

N 

8 

8 

8 

8 

8 

8 

8 

9 

9 

K 

8 

Correc- 
tion 

r 

-1.75 

- 1 . 1 2  

8 

Q - 1-38 

I . P . E .  
d 

+ 0.8 
b + 3 . 5  
a -26.8 

8 
Q + 1.38 

Q-1-38 



TABLE XIP. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

Norn, ld = o"oza5. Transcribing Equabion nil, nll rerords having been transcribed by the name person. 
* p h the retardation of an electric signal between the stations. 

+ 9 

2 

n 

\., 
'e 
2 

"8 
? 
'0, 
m - 

t 
FI 

a .g 
4a 

4 

1876 

Mnr.31 

Aprl.1 

R. : AND B IZLLART (W), Lat. 16' 9', Long 

TE~LNSITS OBBEBVE~) AT W 

MA DRAY (E), Lat. 13' 4', Long. 6h 21" 

TRANSITS OBSEBVED AT E 

6" 7m 62. 

4 
em 
2 
2 

8 

N 

8 

8 

9 

8 

8 

N 

N 

N 

N 

N 

N 

8 

8 

8 

9 

8 

8 

8 

9 

N 

B.A.0. 
Number 

4546 

4662 

4569 

4566 

4670 

4578 

$691 

4600 

4616 

4627 

4628 

4632 

4648 

4462 

4172 

4477 

4400 

4492 

4496 

4604 

4616 

6 2 6  

m 

2 

8 

N 

8 

9 

8 

8 

8 

N 

N 

N 

R' 

N 

N 

5 

8 

S 

8 

8 

8 

8 

8 

N 

STAB 

Dedi- 
nation 

o f 

- 7 14 
+36 56 

+ I I  25 

- 8 5 
+ 4 r o  

- 7 I 

- 9 5 
+ .tg lo 
+16 25 

+35 23 

+3517 

+35 4 

+19 I 

+ 5 29 
+ 5 48 
- 416 
-10 31 

-12 4 

- I 
+ I I 28 

- 5 37 
+as o 

+ 

O Z e" ' 
9 &i 
x l z g ;  + +  0 1 1  

2 
F I I 

1)iITerence of 

Tehcope No. 

Total 
Correc- 

tion 

8 

-0.64 

-1.74 

- r ~  

-0.62 

-1.14 

-0.65 

-0'58 

-2.88 

-1.66 

-2'64 

-2.63 

-1.62 

-1'78 

-1'5z 

-1.50 

-1.44 

-1'40 

-1.38 

-1-46 

-1.54 

-1.43 

-1.65 

Corrected 

( W - E )  

By each 
Star 

2 

Seronda 
of 

Correct- 
ed T ~ m e  

8 

9.3~1 

1.50 

31-62 

10.06 

53'57 

30.73 

43.98 

43-25 

33'78 

40.46 

45'18 

23'58 

50.80 

13.89 

50-50 

49-21 

35.42 

5.98 

51-06 

0.33 

16.84 

51.85 

1 

seconds 
of 

Correct- 
ed Tilne 

8 

52.86 

45.13 

15-19 

53-61 

37-16 

14.27 

17.55 

26.89 

17.34 

24'03 

28.80 

7'18 

34.38 

57-66 

34-17 

32.94 

19.18 

49'68 

34'77 

4-00 

10.61 

35-52 

By Heaoiride, 

In- 
strumental 

~ o a i t ~ o t ~  
and 

Correct1011 
Con~t~nta  

T. P. W. 
d 

, +  4.0 

s 
Q- 1.62 

I. P. 6. 

0 - 4'9 : :I::: 
1 8 

Q -1'63 

By Campbell, 

Il l-  
atrunlental 
Pumtioo 

and 
Correction 
constants 

I. P. E. 
d 

+ o.8 

b '2$i 
8 

Q -1'38 

I. P. E. 
d 

+ 

b + 4.0 
a 

8 

Q + 1-36 

Times 

Mean 
of 

7n 8 

13 16.44 

16.37 

16-43 

16.45 

16.41 

16-46 

16.43 

16.36 

16.44 

16.43 

16.38 

16-40 

16-42 

13 16.23 

16-33 

16-30 

16.24 

16.30 

16.29 

16-33 

16-23 

16.33 

with 

Mean 
Obaerved 

h m  8 

13 30 9.94 

31 4.24 

32 33.06 

34 10'68 

35 54'71 

37 31'38 

3944'56 

40 46.13 

42 35.44 

44 43.10 

44 47.81 

45 26.20 

47 52-58 

13 13 15'40 

14 52.00 

15 50.68 

17 36-81 

197.36 

20 52.52 

22 1.87 

14 28'27 

15 53.50 

with 

Mean 
Observed 

Ti"e 

h m  8 

13 16 54-36 

17 46.09 

19 16-49 

20 55.12 

12 38.54 

24 15-71 

26 29.06 

27 27'81 

a918.58 

31 25'02 

31 29.79 

ja 8.17 

34 35'59 

11 59 56-25 

13 132.76 

a 3164 

q 17.95 

5 48-47 

7 33'43 

8 42.52 

lr  9.33 

12 33'87 

Telescope No. 

Total 
Correc- 

tion 

8 

-1.50 

-0.96 

-1.30 

-1.51 

-1'38 

-1.50 

-1'51 

-0.92 

-1.24 

-0.99 

-0.99 

-0'99 

-1.21 

+ I '~I 

+ 1'41 

I 

+ I'a3 
+I.ZI 

+I'34 

+1'48 

+1'18 

+1.65 

~ ~ ~ I I P ,  3 i u u 

I m  z m  

N 

s 
O 

+ 

% 
? 
O 

+ 

" 2  * 

b ,". 

% 
9 .  

3 
s: 

h 

+ 

I- * - 
O 

+ 



TABLE XIP. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

I MADRAS (E), Lot. W4', Long. 6L ai- 8.: AND BELLARY (W), Lut. 1 5 O  Y, Long. P 5P. 

4 
n - 
8 .- 
B 
P. 

E += 
4 
- 
1876 

Apl. 1 

*PL 2 

TUNSITS OB~EBVED AT E TRARSITE OBEEBVED AT W' 
By Campbell, l, IdUhlaraops No. 1 By Hsaoirids, coith Telemope No. B 

DSerence of 
Corrected l'imea 

(W - El  

I I In- I 

Total Bewnds 

C o r n -  
tion Comeat- 

ed Time 

u In- 
2 rtrumental 

Mean Position - m d  Obsemed 

3 correction 
Time 

" Conatants 

I 

Total 
Correc- 

tion 

Seconda 
of 

Correct- 
ed Time 

8 

61.16 

53'44 

23'58 

I .89 

45'47 

2a.60 

35 '88 

35-26 

32'45 

37' 1 0  

15.60 

42.70 

8'50 

5-87 

41'4.3 

41.19 

a7-.z1 

atrume~~td 
Pwition Mean 

Obwrred 
.lid 

Correotion Time Btar 
Group 

NOTI. ld - o"oa2j. Transcribing Equation nil, all reoords having been tr~nscribed by the same person. 
* p is the retardation of an electric nignal between the dstions. 



TABLE XIP. OBSERVATIONS OF TRANSITS WITB. W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p.* 

NOTE ld = e'oaa5. Transcribing Equation nil, all wwrde having been tranwribed by the mme pereon 
* p is Lhe retadation of an electric signal between the statiollr 

MADRAS (E), Lot. 13' 4*, Long. j h  az- t+: AND BNLLARY (W), Lat. 16" 9', Long. 6h P 62. 

f 
R 

1 
.El 
$ 
4 

1876 
Apl. 2 

STAB 
a TRANSITB OBSERYBD AT W 

By Heaaiside, with Tsleacop No. 2 

B.A.C. 
Number 

4648 

4569 

4669 

4566 

4570 

4678 

4691 

4600 

4615 

4627 

4828 

4648 

TRANSITS OBSERVED AT E 

By Campbell, with Teluacqps No. 1 

Dr l i -  
nation 

0 ,  

- 7 14 

+36 56 

I a 

- 8  5 

+ 410  

- 7 I 

- 9 5 

+3910 

+16 a5 

+35 a3 

+35rjr 

+19  I 

8 
$ 
p 

2 

8 

N 

S 

8 

8 

8 

N 

N 

N 

N 

N 

a 
8 
$ 
,.I 

5 
m 
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N 

8 

8 

8 

8 

8 

N 

N 

N 

N 

N 

Total 
Seconds 

Correc- 

ed Time 

Total 
Correc- 

tion 

e 

-1-57 

-1.89 

-1.3. 

-1-58 

' - 1-41 

-1.57 

-1.59 

-0.8j 

-1.25 

-0.93 

-0.93 

-1.21 

In- 
strumental 
Poeition 

and 
~orrection 
Conetanta 

I. P. 1. 
d 

- 4.9 
b + 7.6 
a + 40.5 

8 
Q -  1-62 

8econds 
of 

Correct- 
ed rime 

8 

36'78 

19-08 

59.18 

37-58 

a 1 . q  

58'22 

11'5a 

10.86 

1-32 

8-02 

12.76 

18-37 

Observed 
Time 

h m  8 

13 29 54-34 

3047'36 

32 17.03 

33 55.10 

35 38-84 

37 15.79 

39 29'04 

40 29'ao 

42 19-24 

44 26.31 

44 30.96 

47 36-16 

In- 
strnmerltal 

pmhion 
and 

Correction 
Constants 

I. P. E. 
d 

+ .., 
: 
a 

8- 1'37 

Mean 
O b e o r d  

Time 

h + n  8 

13 16 38'35 

17 29'97 

18 60.50 

ao39.16 

a2 za-50 

a3 59-79 

a6 13-11 

a7 11.71 

29 1.57 

31 8'95 

31 13.69 

34 19-58 

m 8 

13 16.34 

16'29 

16.35 

16-31 

16.36 

16-35 

16'33 

16-29 

16-34 

16-34 

16-25 

16-17 

8 

- 1 . ~ 2  

-1.99 

-1.50 

-1 .21  

- 1'39 

-1-a2 

-1.19 

-aeo5 

-1.58 

-1'95 

-1'95 

-1.62 

8 

5 3 . 1 ~  

45'37 

15.53 

53'89 

37'45 

14.57 

a7'85 

27-15 

17.66 

q - 3 6  

29'01 

34-64 

,, ? 
'E 

8 2 

0 c . *  

? 
O 

+ 

' z 2  
? 
O 

+ 

-. 
? 
'0 
f: 



TABLE XIIX OBSERVATIONS O F  TRANSITS WITH E CLOCK, BND DEDUCTIOR 

O F  THE APPARENT DIFFERENCE O F  LONGITUDES, - P.* 

NOTP. l* - @.0a35. Transcribing Equation nil, all records having beell trenscribed by t h e m e  person. 
* p i~ the ~ s b i o n  of .P oleotrio signal between the atation,. t The rign ef Q war ohanged at E after the obsenatiom of 48% 

m 

$ 
3 0 

g b  + +  
1 

..$ 
L a 
8 1 1  

j ~ d  

3 
o 

+ 

4 
b 

+ 

v, O 

b 

+ 

Long. 5b P 52 .  

4 
R 

a .- 

.= 

1876 

Apl.11 

ApLll 

1 

I 

j 

s: AND BELLARY (W), kt. 169 9', 

T ~ A N ~ I T ~  OB~ERVED AT W 

0 

I 
3 ,  
*qn  b ~ i s  
3 W 

Difference of 

8 F i  
h i  rrr - 

m 
$ 
"7 - 

- p_ 

." 

*~ 

Corrected 

(W-E)  

By eaoh 
Star m 

8 

8 

8 

N 

N 

8 

8 

S 

S 

8 

8 

9 

N 

9 

S 

N 

B.A.C. 
h'umber 

4072 

4200 

4228 

4241 

4243 

4250 

45365 

4072 

4079 

1084 

4104 

4114 

4126 

4137 

4145 

4166 

I 

Times 

Moan 
of 

m 8 

1 37-17 

137.25 

37-30 

37.29 

37-21 

37'31 

37-31 

z S ' a 3  

37.23 

37.26 

37-16 

37.a6 

37.16 

37-20 

37.11 

37-24 

BANGALORE (E), Lot. la0 66', Lofig. B 1@ 

TRAN~ITS OBSEBVED AT E 

Telarcop NO. 

Total 
Correc- 

tion 

8 

+ I ' ~ O  

-1.47 

-1'56 

-1.59 

-1'59 

-1.55 

-1.4 

-1.54 

-1.55 

-1.47 

-1'49 

-1-56 

- 1 . 6 ~  

-1.45 

-1'45 

-1.64 

STAX 

Decli- 
nation 

o I 

+ 9 as 

- 3 5 6  

+I059  

+ I 9  4 

+19 q 

+ 9 a9 

- 3 41 

+ g a s  

4-10 31 

+ a 36 

+ 4 45 

+ 10 57 

+ 15 35 

- 0  6 

+ o 1 

+ 18 a9 

2 

Seconds 
of 

Correct- 
ed Time 

6 

56.a7 

3a.55 

49.15 

56.20 

57'65 

53'82 

a3-63 

60.04 

57.28 

26.55 

a6.14 

13.61 

48.97 

25.30 

40.15 

33'85 

By Heaviaide, 

In- 
strumental 

Ponition 
and 

correction 
Conatnnts 

I .  P. E. 
d 

o + 1.1 

b 0.0 

a + 13.6 

r 
Q + r m 6 2  

I .P .E.  
d 

c + a . I  
0'0 

+ 

r 
Q-1.6a 

I.P.E. 
d 

+ , 

6 

4-1'64 

1 

Secondm 
of 

Correct- 

8 

19.00 

55-30 

11.85 

18.91 

20.38 

16.51 

46.31 

12.81 

20.05 

4 9 . ~ 9  

48-80 

36-35 

I 

48.10 

a.94 

56.61 

By Campbell, with Tshqpe  NO. mith 

Mean 
Observed 

Time 

A m  6 

la I 54-57 

1aa434'oa 

2950.71 

31 57'79 

31 59'a4 

33 55'37 

35 as-11 

I Z  161.58 

3 58.83 

6 1 8 . 0 ~  

8 a7.63 

10 15.17 

1 ~ 5 0 . 5 8  

15 26.75 

1641.60 

17 35-49 

G r o u p l 8  

5 * - 
6 -  

. . 
h 
m 

a 

/ 

m * .  
k 

E n  

% 
b 

I 

! i  . 
0 

I 

b 

I 

Total 
Correc- 

tion 

Yesn 
Observed 

Time 

2 
$ - 
2 

In- 
ntrumental 

Position 
alld 

Correction 
Conatanta 

8 

8 

8 

N 

8 

S 

8 

8 

8 

0 

8 

1 

8 

8 

8 

I. P.E.  
d 

c - 2.9 
b 0.0 

a - 5'8 

8 
Q + I .'+I 

I .P .E.  

- 2.9 
b 0.0 

a - 5.8 
r 

Q & l V 4 l t  

I.P.E. 

- z.4 

: + ::: 
8 

Q + 1-40 

A m  8 

11 59 17-66 

rzr l54.00 

2710.51 

29 20.37 

a9 ax-84 

31 18.00 

3a 47-83 
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2"I;J m. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCmON 

OF THE APPARENT DIFFERENCE OF LONGITUDES, + p.* 

NOTE 1' - d'oza5. Trannribing Equation dl, all record8 having beon tranwribed by the name person. 
* p M the retardation of au &&rim -1 between t h e  ahtiom. t The sign of Q WM changed at W &r the observation of atar %88. 
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TABLJ XIP. OBSERVATIONS O F  TRA.NSITS WITH W CLOCK, BND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + P.* 

XOTB. Id = on.oz25. Trsnscribing Equation nil, dl record8 having beet1 transcribed by the same permn. 
* p h the rrhrdstiou of an electric aignel between the ~tcrtionn. t The sign of Q was changed s t  W ufter the ob8ervation of rku 4682. 
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E4BLX m. OB9EltVATIONS OF TR4N8ITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN - P.* 

N ~ . , l d  = 0'.oaa5. Correction for Transcribing Equation, each Observer having tranrcribed hia own records. 
* p ia the retsrdatiou of an electric rignal between the stations. 
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TdBLE n. OBSERVATIONS OF TRANSIT8 WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES,' 8LN - p.* 

NOTE. ld - daoaa5. t Correction for Tnrnvnibing Equation, carch Observer having transcribed his own  record^. 
* p in the rebrdation of UI electric sigual b e e n  the ohtionr. 
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TdBLE gV. OB9ERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 6LN - p.* 
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p u the retardation of an electric c.igna1 between the mtationr. t This star ie not giren in the B. A. Catalogue. 
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TdBLZ BP. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF TEE APPARENT DIFFERENCE OF LONGITUDES, 6LN - p.* 
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TABLE XP. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTIOX 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8L - p.* 
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1 30 TABLE XPI. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 
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TABLE XV. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN - p.* 
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T D L E  XV. OBSERVATIONS OF TRANSITS WITH E CLOCK, BND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8L,, - p*. 
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TABLE XE OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERNNCE OF LORQIllODES, 8LN -p.* 
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p is the wtardation of an electric signal between the ntationr. 
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-1.94 

-a.aj 

-1.25 

-2.31 

8 

'a5080 

14.59 

55.06 

9.03 

42.16 

~9.15 

39'39 

aa.37 

22-75 

32-13 

8 

8 

8 

N 

8 

8 

N 

8 

8 

8 

Constantc 

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

+ Oa4 
a -35'7 

s 
Q - 1-38 

h m  J 

1% 8 34-76 

9 13-70 

1 1  4'08 

13 17-63 

14 51.04 

15 38'38 

17 48-04 

19 31-58 

1931.94 

ao41-qq 



TABLB XPI. OBSERVATlONS OF TBANSITS WITH W CLOCK, AND DEDUOTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 

Nora 1' - on.ora5. lhmoribing Equetion d, all reoords having been traxucribed by the name penon. 
* p ir the mtardntion of an elsckio signal between the dstionr. 

4 h  61m W. 
I 

MANGALORE (E), Lat. 1P by, Lorg. 4b 69" 

TRANBIT~ OBBEBVED AT E 

3 ~ :  A N D  BOMBAY (W), I a t .  180 64, Lofig. 

TRANBITB OBBEEVED AT W 

Q 
By Eeaairids, 

a In- 
strurnet1t.1 

p n *  
s o ! '  
8 : :  

Difference of 

Corrected Times 

I ( W - E l  
8 

Oornrt- 
ed Time 

r 

55'57 

24'39 

20.74 

12-68 

4-03 

6.65 

52'41 

52.37 

11.59 

35'81 

1.62 

18'67 

10.71 

27.49 

19-98 

41'99 

58.87 

60.28 

50.99 

5oe()o 

56.28 

~ ~ ' 0 9  

42'13 

21-49 

13-37 

4-11 

7'31 

47-01 

7 

1877 

Mu.28 

Mu.251 

Mu.84 

o 

3 
K y  

Telarcqps No. 

Total 
Correc- 
, ,  

8 

+ I ' I ~  

+1 'a4  

+1'20 

+1'37 

+1'25 

+1.26 

-1.53 

- 1.53 

-1.60 

-1.60 

-1'45 

-1.49 

-1-63 

-1.55 

-1.64 

-1.56 

+1'a3 

+ I . Z . ~  

+ 1 . 2 1  

+ I ' ~ I  

+o.g9 

+ 1-16 

+ I - 1 6  

+ l . o j  

+ 1-47 

+ 1.11 

+ r m 1 8  

+ r a r g  

By each 
8 U I  

m r 

8 7'47 

7'37 

1-40 

f'36 

7'45 

7-46 

8 7'55 

7-51 

7'52 

1-54 

7.46 

7'46 

7.61 

7'53 

7-62 

7'49 

8 7.48 

7 '40 

7-37 

7'19 

7-32 

1 

8 m n d s  
of 

Correct- 
ed yime 

r 

48-10 

17'oa 

13-34 

5-32 

56.58 

59-19 

44.86 

44'86 

10.07 

28'27 

54-16 

11'21 

13.10 

19-96 

11.36 

*',so 

51'.~9 

52-88 

43.62 

43-61 

48.93 

17.77 

34'74 

14-10 

6.00 

57-38 

59-97 

39'66 

P 

4 

8 

8 

N 

8 

8 

N 

9 

Y 

8 

x 

N 

8 

8 

8 

8 

N 

N 

with 

Mean 
Obeerved 

Time 

h m  r 

1 2  2448.21 

a7 15.57 

9 2 

31 0.80 

32 54'98 

3357.46 

1aq446.35 

q4 46-35 

46 13'34 

4931'56 

51 53.66 

53 11.69 

55 16.96 

58 21.97 

13 o 16.22 

a 36.71 

12 2 0  49-65 

20 51-14 

aa 41.87 

22 41'87 

a4 47-a3 

a7 16.04 

s f  33.01 

a9 12-40 

31 4-20 

33 55'65 

33 58'14 

34 37-91 

Teleacopr No. 

Correo- 
tion 

r 

-0.11 

+1.45 

0 

+4 '51  

+ 1.60 

+1 '73  

-1.49 

-1.49 

-3.27 

-3'29 

+o-50 

-0'48 

-3'86 

-1.01 

-3.86 

-%.at  

+1'74 

+I*/ .$ 

+ 1-75 

+1'74 

+1'70 

f1 .73  

+ 1'73 

+1.70 

+1.80 

+1'73 

+1 '73  

+1'74 

3 Correction 

By Campbell, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. 3. 
d , - z.9 

- z ' 4  
a - l l . l  

I 

Q + 1-40 

I. P. E. 
d - 

- a ' 4  
a -11.1 

r 
Q -  1'40 

I. P. E. 

- 

z 

9 1  I 
i 
c b &  

d A  

Mean 
Observed 

l'ime 

A m  r 

la  32 54.40 

35 23.15 

37 19'54 

39 11.31 

41 2-78 

qa 5.39 

12 52 53.94 

52 53-90 

54 19.19 

57 37.41 

13 o 3-07 

I 20.16 

3 21.34 

6 29.04 

8 11.62 

1043.55 

12 28 57.64 

1859'05 

I. P. E. 
d , - 

b - 6.0 
a -m9.7 

8 
Q +  1.78 

I. P. B. 

b ? ?  

3049.77 

30 49-69 

3255.29 

35 23'93 

35 40.97 

37 20'44 

39 "'90 

41 3'55 

41 6-13 

42 4 5 . 8 ~  

- 2  

. 
e m  

* 

Y 

Y 

8 

N 

9 

9 

T-i 

4267 

4267 

a 7 7  

&?a 

4298 

4299 

I b - 3.6 
a -25.5 

7'39 

7'39 

7'37 

7'34 

7'34 

7'35 

U 

C "  
0 

0 

+ 

z 
p 
0 

+ 

. 

Z g  
b 

I 

g 
b 

I 

o I 

- 7 19 

+ I #  6 

- 0 54 

+3957 

+ l a  38 

+ r q 1 3  

8 

Y 

Y 

8 

8 

N 

8 

8 

9 

a. 

5 
r, 
a. 

4861 

4338 

4873 

4884 

4390 

4397 

4428 

4438 

4440 

4241 

4308 

4 U I  

4267 

4267 

4271 

4277 

4286 

4 9 8  

4399 

4801 

r 
Q +  1-38 

L m  

+ 18 4 

- a 41  

- 3 o 

+36a7  

+a817  

- 9 40 

+ l a 1 3  

- 9 43 

+ l o  4 

+ I 9  3 

+19  3 

4-1746 

- 7 1 9  

+ 11 6 

+ l o  55 

- o 64 

+3957 

+ 12 38 

+1413  

+ 14 48 

s d - ,., 

8 

N 

K 

9 

8 

8 

8 

N 

N 

8 

8 

8 

8 

8 

N 

8 

8 

8 

I 

r 
Q - 1.78 

L P.E. 
d , - 

b -  1.3 
a - 5 ' 5  

r 
& + 1'79 

0 

+ O 0  

- 



!L?4BLB gPI. OBSEBVATIONS OF !l%ANSITS WITH W CLOCK, BND DEDUC!l!ION 

OF THE APPARENT DIFFERENCE OF LONGI!I!UDES, + p.* 

N 1 - O O .  %i~scribing Equation nil, all reoordn bring been trsnooribed by the rsme pemon. 
* p ie the retardation of au electria signal between the shtio~w. 

3 
R 
a 
.f 

$ 

1877 

M.r.26 

B.A.O. 
Number 

1 

4 8 ~ 1  

4884 

4878 

4884 

4890 

4897 

W 4  

4416 

4428 

44Ml 

8 6 1  

448 

4248 

4257 

4267 

4811 

4377 

4885 

4298 

4801 

MANGALORE (a), Lat. 1aD 62', h a g .  4' 

TRAN~ITS OBBEBVED AT E 

6 P  3 2 :  A N D  BOYBAY (W), Lat. 189 64', 

T R A N ~ I T ~  O B ~ E R V ~ P D  AT W 
BTAE 

Deali- 
nation 

0 1 

+ 1 8 4 i 8  

- 2 4 2  

+a156 

- 3 o 
+3627 

+a817 

- 9 40 
+39 a3 

+39 9 

+la13 

+ l o 4  

+19 3 

+19 3 

+I746 

- 7 1 9  

+II 6 

+I055 

- 054 
+3957 

+la38 

4-1413 

+1448 

X 
$ 
p 

3 

N 

8 

8 

N 

8 

N 

N 

8 

N 

3' 

B 

8 

N 

N 

N 

9 

8 

8 

8 

9 

N 

S 

8 

8 

$ 
mm 

2 

N 

8 

N 

8 

N 

N 

8 

N 

N 

8 

8 

N 

N 

j 
4 8 
G 

;n$ ' 
8 

n 
. . b  

I 

0 

a 
.2 a a 
0 n a ?  k 

a,:++ 

1 I 
m m $  

2 I I 

2 $3 
8 

? 
2 
0 

+ 

2 
b 

By Campbell, 

In- 
ntrumental 
Position 
and 

correction 
Constants 

I. P. E. 
d 

, - a.9 - 3'6 
a -15.5 

J 

Q-1-38 

I. P. E. 
d , , 

b - 4 . 1  
a -3a.7 

J 

Q +1'39 

By Heavirids, 

In- 
stmmentsl 
P~ition 

Corntion 
Oonstante. 

I. P. E. 

- I.o 
b - 1 ' 3  
a - 5'5 

J 

Q -1.79 

I.P.E. 
d 
, ,., 

b - 1.1 

Long. 4h 61's. 

Differenoe of 

Corrected Tima 

a 
+ 

? 
lz 
h 

= 

;; 

1 

fleoond~ 
of 

Correct- 
~i~~ 

J  

45.70 

45'73 

10.91 

29-20 

29.13 

54-98 

12'03 

13-99 

18.06 

19.98 

10.76 

35-27 

51.96 

53'39 

44-02 

43'97 

49-26 

18-15 

35-19 

14.49 

6-46 

57'79 

60.45 

40'12 

with 

M- 
Obaerved 

Time 

h r n J  

12 44 41-53 

4447'56 

46 12-78 

47 31-02 

4931'10 

5156.77 

53 13.83 

55 15'88 

56 19-84 

56 6 

5822.61 

13 137.12 

13 ao 50-a3 

20 51-66 

a24am29 

aa 41-24 

2447.59 

17 16-44 

a7 33.48 

a9 12-81 

31 4-67 

3a 56.07 

3358.73 

3438'39 

(W - 

By ewh 
Star 

m J 

8 7'41 

7'33 

1-40 

1-33 

7'33 

1-36 

7'34 

7'42 

7'36 

7'41 

7 '43 

7'45 

8 7-37 

7-19 

7'34 

7'33 

7'41 

7.18 

7-31 

7'37 

1-34 

7-25 

7-19 

with 

Mean 
Observed 

h m  J  

12 52 54-66 

5254'61 

54 20.05 

55 38-04 

57 38.30 

13 o 3'68 

I 20.81 

3 a3.21 

4 26-73 

4 28-70 

6 19-79 

lo 44'34 

ra a8 58-00 

a8 59.46 

3050'15 

3050-og 

32 55-75 

35 a4.32 

35 41.34 

37 20.87 

39 12'28 

41 5.98 

41 6.53 

42 46.14 

T s h o p s  No. 

Corm- 
tion 

J  

-1.83 

-1'83 

-1-87 

-1-82 

-1.87 

-1'79 

-1.80 

-1.89 

-1.78 

- 1 8  

-1'85 

-1'85 

+la73 

+1'73 

+1'73 

+rm73 

+1'67 

+Im71 

+ I - ~ I  

+ 1-68 
+1'f9 

+1'72 

+''la 

+xm7f 

El 

M:y 
G ~ U P  

, T. 

a-6.0 

9 

8 

8 

8 

N 

8 

8 

8 

,, 

T e b ~ o o p  NO. 

Total 
Oorrec- 
tion 

J  

-1'55 

-1.55 

-1'74 

-1.51 

'1'74 

-1.34 

-1'44 

-1'80 

-1'31 

-1.31 

-1.60 

-1.62 

+1'13 

+lSaa 

+I'~I 

+ 1 . ~ 1  

+om9a 

+re13 

+ I ' I ~  

+om99 

+1.55 

+I'I~ 

+I-17 

+xS17 

J 

Q + 1'77 

2 

8eoondr 
of 

Oo&- 
ed Time 

J  

53'11 

53'06 

18-31 

36-53 

36.56 

2.34 

19'37 

ol.qr 

25'42 

27.39 

28.19 

42.71 

59-23 

60.68 

51-36 

51.30 

56-67 

25-45 

42.47 

21.86 

13-83 

5-13 

7-70 

47'41 

I + O0 



P D L 4  gPI. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTIOX 137 

NOTE. 1' - e.0225. Tranmibing Equation nil, all records having been trrnsolibed by the sune person. 
* p M the retardation of nn eleotrio rignal between the stationr. 

S 
Q 
a 
.iJ 
a 

$ 

1877 
Mu'Z6 

Mu.86 

Mar.% 

t 

MANGALORE @), Lat. 1P 62', h s g .  dh 69- 3p: AND BOMBAY (w), Lot. 181 64', 

TRANSITS OBSERVED AT W 

B.A.C. 
Number 

TMNBITB OBSERVED AT E 
~ T A E  

Decli- 
nation 

O ' 

Long. 4 61' 26.. 

Difference of 
Oomcted Times 

By eaoh 
- 
4 

N 

8 

8 

N 

8 

N 

N 

8 

N 

N 

8 

8 

8 

N 

9 

8 

8 

N 

6 

N 

8 

N . 

N 

8 

N 

N 

8 

8 

9 

8 t u  

0 8 

8 7-40 

7'44 

7'5' 

7'35 

7'43 

7'35 

7'39 

1-48 

7-51 

7.46 

7'39 

7'43 

7'34 

8 7-44 

7'43 

7'53 

7-50 

8 7-57 

7-50 

7.61 

7-47 

7-59 

7'45 

7.51 

7-58 

7 '45 

7 '48 

7'54 

, 1-59 

7'50 

Telsreqpe No. 

Comc- 
tion 

8 

-1.57 

-1-58 

-1.81 

-1.52 

-1.82 

-1'31 

-1.4 

-1.90 

I 

-1.16 

-1.65 

-1.p 

-1.67 

+1'75 

+I -28  

+ I - ~ O  

+ I * ~ I  

-1.41 

- 1 . 4 ~  

-1-69 

-1.35 

-1.70 

- 1 . 9  

-1'25 

-1.79 

-1'03 

-1.04 

-1.49 

-1.78 

-1.51 

4868 

4864 

4878 

4884 

4890 

4414 

4416 

4489 

4 4 8  

QrLLO 

4~86 

4298 

4Z99 

4801 

4861 

4868 

4864 

4878 

8884 

4890 

4897 

4-614 

4416 

4483 

M a  

QrLU) 

u 
g 
9 -- 
2 * 

2 

Beoondr 
of 

Correct- 
ed Time 

8 

53-55 

53.53 

18-77 

36-98 

37-00 

1-71 

19-84 

11-83 

25.93 

27-86 

18-63 

21-11 

43'13 

14-31 

5.65 

8.28 

47.95 

54-08 

54-03 

19-35 

37-48 

31-57 

3-15 

20.35 

21.38 

16.32 

18.a8 

29.15 

11-66 

43.64 

By Campbell, 

In- 
strumental 

Position 
and 

~owection 
Constants 

I .P .E.  
d - 

- 4'1 
-31.7 

8 

Q -1'39 

. 

L P. IP. 
d - 0.9 

+ O" 

a -35'7 
8 

Q + 1-38 

I. P. W. 
d 

0 - . 
+ O e 4  

= -35'7 
8 

Q-1.38 

wi th  

MBBn 
Observed 

Time 

h n  r 

12 4447'95 

4447.89 

46 13-11 

47 31-43 

4931.42 

5157'17 

53 14-13 

55 16.21 

56 10.17 

56 11-15 

58 23.06 

13 o 15.54 

a 37-61 

12  31 5 . 9  

3% 56-78 

33 59-29 

34 38-99 

12 44 48-53 

4448'55 

46 13.98 

47 31-98 

49 31-a3 

51 57'59 

53 14.73 

55 17-13 

56 20.61 

56 22.55 

58 13.69 

13 o 16-40 

a 38'15 

By Hravi.ids, 

In- 
otrumentd 

Position 
and 

correction 
Constants 

- 
.? 
@ O O  

with 

M- 
Observed 

Time 

h m  r 

12 51 55-11 

52 55.11 

54 20.59 

55 38.50 

5738.82 

13 o 4'08 

I 11.18 

3 23.73 

4 I 

4 29-11 

6 30'18 

8 13.01 

1044-80 

11 39 11-56 

41 4'37 

qa 6-98 

41 46-64 

~a ga 55.49 

5'55.44 

54 11'04 

55 38.83 

5739'27 

13 0 4'34 

I arm60 

3 24'17 

4 17-3; 

4 29'32 

630.64 

8 23.44 

1045.16 

Trlucqps No. 

Total 
Oorrec- 

tion 

8 

-1-80 

-1.80 

-1.85 

-1.80 

-1-85 

-1.75 

-1.78 

-1.87 

-1.75 

-1.75 

-1.82 

-1.86 

-1.81 

+1-78 

+ 1.a 

+ 1-46 

+1'46 

-1.01 

-imoa 

-2.15 

-1-97 

- a m i 5  

-r'79 

-1.p 

-am33 

-1-75 

-1-75 

-ae& 

-2.33 

-2.11 

I.P.E. 

C - 1'0 
b - l ' l  
o - 6.0 

8 

Q-1.77 

I. P. IP. 
d - 

1::: 
r 

Q + 1-76 

I. P. W. 

* 

0 
? 
I 

+ I 8  

- 1 4 1  

+a156 

- 3 o 

+3627 

+a817 

- 940  

+39 a3 

+39 9 

+ l a 1 3  

- 9 4 3  

+ l o  4 

+39 57 

+ l a  38 

+14 13 

+1448 

+ 18 4 

1 

Seconds 
of 

Oorrect- 
ed ~i~~ 

8 

46-15 

4 6 . 9  

11-16 

29-63 

19-57 

55-42 

11'45 

14-35 

18-41 

20-40 

11.24 

13.68 

35'79 

6.87 

58'21 

60.75 

40'45 

46.51 

4 - 5 3  

11-73 

30.01 

19.98 

55-80 

12.83 

14'80 

18-87 

20-80 

a1-61 

14'07 

36.14 

N 

9 

8 

N 

fl 

N 

N 

8 

N 

N 

8 

8 

9 

N 

8 

8 

8 

N 

. ? 
h 

iOO . 

% 
.Y 

h 

Irn 

8 

I 

o 
a 
+ 

- a 42 

+,I 56 

- 3 o 

+3617 

+a817 

- 9 40 

+39 a3 

+39 9 

+ I S  13 

- 9 4 3  

+ t o  4 

- 
m 

rc'  
? 

. 
0 

1 

fj 
o 

I 

9 

N 

8 

N 

N 

8 

N 

N 

8 

8 

8 

b 

+ 

I 

b 

+ 0 °  

- a.a 5: - 4'9 
-30.4 

8 
Q-1-76 

. 

h 

0 

h a 
h 



138 TABLE XPII. DEDUCTION OF CLOCK RATE CORRECTIONS FROM THE OBSERVATIONS OF TRANSITS. 

Arc 

7 : iz - 
W 
' 4  
2 %  = d 
G 

3 - - k 
g -  
' 4  
5 2  - 
3 " m 

a 
d - F 
g; e s  
% "  

a = z 
cC - 
5 

C 

0 
S! 
f 
$j 2 4 .;;, 
.- 
2 
& 

4' 

a, 
$ 
rn 

- 
, 
3 

m : 
s 

5 

Intervals 

between Rights of 

Obmvationr 

1876 

January 11 to 12 

,, i e , , l s  .. ,, 13 16 

,, 1 6 , , 1 7  

,, 17 ,, 18 .. ,, 18 19 

.. H 19 20 

,, 20 .. 21 

...... 

...... 

Jany. 28 to80  

,, ,, SO Feb. 8 

February 8 to 9  

,, 9 ,, 10 

...... 

...... 

February 19 to ZO 

,, 80 ,, 81 

,, 81 ,, 22 

,, a9 ,,26 

,, 88 ,, 24 

...... 

March 3 to 6 

n 6, , 6 

9, 6 ,, 7 

n 7 ,, 8 

* 

Rate Corrections for both Clocks Deduced from Transits Observed at both Statione, &. : 
a, Corrections for the Intervuls between Nights of Observations, and 

8 ,  8 ,, 12 

...... 

B, 

a at  E Statioli 

+ 5 . 5 ~  

... 

E Clock 

8 

- 0.96 

- 1 . 1 3  

- 6.13 

- 1 . 6 8  

- 2-28 

- 2-14 

- 1'97 

- 3-57 

... 

... 

- 0.44 

+ 6.66 

+ 0'96 

+ 0.90 

... 

... 

+a7-59 

+27.80 

+a7.62 

+a8.1z 

+27.88 

... 

+ 3-41 

+ 1-73 

+ 1-68 

+ 1-86 

- 3-03 

... 

Hourly Correctioiis 

a at w Station 

+ 5-64 

... 

for 

W Clock 

8 '  

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

- 5-01 

... 

... 
+ 0.31 

... 

... 

+ 0.66 

+ 1-03 

+ 0'92 

+ 0.91 

+ 0.85 

... 

+ 0'43 

+ 0.3s 

+ 0'35 

+ 0.50 

E Clock 

8 

... 

... 

... 

... 

.. 

... 

... 

... 

... 

... 

- 0'54 

+ 6.84 

+ 1-07 

+ 0-79 

... 

... 

+z7'71 

+z7.74 

+a7'56 

+27'97 

+27*98 

.., 

+ 3'54 

+ 1-63 

+ 1-75 

+ 1.68 

- 2-85 

... 

Quantities a. 

B x u r s x s  

W Clock ass cleaned be- 
twwn Bebruary lot and 8th. 

No observations were ob. 
tnined on Marc11 Yth, IOth, or 
Il th,  and no date can bees- 
signed for the ohange of rate 
of W Clock after 8th. The 
r a t a ~  which obtained between 
7th and Bth, eud betaw11 8th 
nnd 12th, ere adopted as the 
rater on the Eth, snd 12th 
respectively. 

for 

W Clock 

I 

- 1-11 

- 1.89 

... 

... 
- 1-38 

- 1-49 

- 1-67 

- 1.06 

... 

... 

- 5.16 

... 

... 
+ 0.34 

... 

... 

+ 0.72 

+ 1'03 

+ 0.80 

+ 0.88 

+ 0.92 

... 

+ 0'46 

+ 0'19 

+ 0.35 

+ 0.39 

for Nights of Observations, 

~* ronomim 

. 1_ Dates of 

,, 8 

,, 12 

Interpolnted by meana of the 

Correction to Observed 

+ -008 

+ .oo7 

Observations 

I875 

January 11 

,, i e  

,, 13 

,, 14 

,, 16 

,, 17 

,, 18 

,, 19 

,, 20 

,, 81 

Jnnusry 28 

,, 29 

,, SO 

February 8 

,, 9 

,, 10 

February19 

,, 20 

,, 21 

,, 22 

,, 23 

,, 24 

March 3 

,, 6 

,, 6 

, 7 

DiBermce 

of Tranait 

E Clock 
1 

I 

- 0.003 

- '003 

+ '003 

+ -010 

+ '011 

+ '009 

+ 0 . 1 2 ~  

+ '123 

+ -112 

+ '123 

+ -124 

+ -123 

+ 0.008 

+ .008 

+ .008 

+ -008 

+ . w a  

- -004 

+ '073 

+ '058 

of Times 

for 

W Clock 

• 

- 0.029 

- .oa9 

- .029 

... 
+ -004 

+ '004 

+ o'ooz 

+ '004 

+ '004 

+ - O O ~  

+ -004 

+ 'ooq 

+ omool 

+ .wr 

+ .ool 

+ .ooa 

+ '018 

- -031 

E Clock 

8 

-0.036 

- '044 

- '057 

- -075 

- '074 

- -080 

- 'ogo 

- .086 

- .115 

- -182 

-o.olo 

- .OIO 

+ 'ole 

+ -037 

+ '038 

+ '032 

+ 1.150 

+1'155 

+ 1'154 

+1*160 

f1.166 

+1*16a 

+oe073 

+ '071 

+ -071 

+ '073 

W Clock 

8 

-0'06; 

- '075 

- '083 

- '075 

- '075 

- '056 

- .060 

- -064 

- '078 

- '-4 

-o:106 

- ,106 

- .rob 

... 
+ '014 

+ '014 

+o.oaa 

+ -036 

+ '040 

+ -037 

+ -038 

+ '038 

+o.oog 

+ '010 

+ -013 

+ .or6 



P ! L E  XPII. DEDUCTION OF CLOCK RATE CORRECTIONS FROM THE OBBERVATIONS OF TRA.NSIT9. 1-39 
A 

a = s 
E; 
E d  'a m a 

a 
9 -  
A % 
W,-- 
E E  
3 z 
9 
m 

a 
9 
A - 
8 

3 

1" 
B 

a 
B 
;. - 
5 

81 P 0 

f * 
F 

2 6 5.- 
23 ' 

KI 

s l  

u. 

: 
2 
gi 4 

2 
$ 9" 

3 .- 

G 

$ 
a :: 

a m 

5 
5 

L 

Io t e rva~  

between Righta of 

Obervations 

1876 
Mar. ZB to 24 

r, Z4n z6 

,I 26 1, 29 

II 29 11 80 

,I 80 ,9 31 

81 1s Apl. 1 

April 1 ,, 2 

...... 

11176 
April I1 to 12 

,, 12 ,, 13 

,, 18  ,, 14 

,, 14 ,, 17 

,, 17 ,, 18 

...... 
1877 

Jany. 21 to 28 

28 ,, 28 

I, 28 1, 24 

,, 24 ,, 26 

,, 26 Is 16 

8 ,  26 ,, 97 

J I  27 ,, 29 

m 2 9 1 ~ 8 1  

,, 8 1 , , F e b . 1  

Febnurry 17 to 21 

,, 21 ,, 22 

,, 22 ,, 23 

,, 28 ,, 24 

, 24 ,, 26 

...... 

Mwch 22 to 24 

2 4 , , 2 6  

11 % 8, 26 

s..... 

sate Correction8 for both Clocks Deduced from Transits Observed at  both Btationq uk .  : 

% Correction8 for the Interval8 between Nighta of Obrervationq and 

for Nighta of 

Aetronon~ical 

])ate8 of 

Observation8 

1876 

Mamh 22 

,, 24 

,, 26 

,, 29 

, 80 

,, 81 

8.05April 1 

, . Z 

1876 
April 11 

12 

,, 1 3  

,, 14 

,, 17 

,, 18 

1877 
January 22 

,, 23 

,, 24 

,, 25 

26 

,, 27 

29 

,, 31 

Febl-unry 1 

February17 

,, 21 

,, 22 

,, 23 

,, 24 

,, 26 

JI~rroh 22 

B, 

a a t  E Station 

Hourly Correctiolls 

o at W Station 
for 

E alwk 

a 

+aa95  

+3'1o 

+4'75 

+1.62 

+I '55 

I +3-14 

... 

- 3-70 

- 3-95 

- 3.7% 

-1o'3& 

- 3'83 

... 

- 4-35 

- 4-46 

- 4'45 

- 4'43 

- 4'55 

- 4.40 

- 8.84 

- 8.6.3 

- 4 - a j  

- 0.73 

- o-og 

- 0.04 

- 0.03 

+ 0.08 

... 

+ 1-84 

+ 1.20  

. . . . . . .  

E Clock 

a 

+2.99 

+3.or 

+4'77 

+ 1-72 

+1'55 

4-3.29 

... 

- 3.73 

- 3.861 

- 3.85 

-lo.a7 

- 3.92 

for 

W Qock 

a 

+15'aa 

+16.21 

I 4-31'19 

+ 7.71 

+ 7 '92 

+ 8.13 

... 

c 1 - 1 1  

+ 0.58 

+ 1.01 

+ 2-32 

+ 0.27 

... 

... 
- 0'74 

- 0.80 

- 0'7.3 

- 0.71 

- 0.68 

- 1'28 

- 1'30 

... 

+ 8.70 

+ a.07 

+ 1-76 

+ 1.78 

+ 1-90 

... 

- 0.81 

+ 1 ' 1 4 - 0 - 4 3  

- 0.39 

WClock 

a 

+15'26 

+16.18 

I + 3"30 

+ 7'79 

+ 8.06 

+ 

... 

+ 1-11 

+ 0.66 

+ 0.77 

+ a.46 

+ 0.19 

Obeerratione, 

B 

E Clock 

0 

io .061 

+ ,063 

+ ,065 

+ '667 

+ '667 

+ -667 

... 
+ -066 

-0.160 

- ,160 

- -160 

- -151 

- 'rga 

- -151 

-0.183 

- .186 

- -186 

- '187 

- .189 

- .186 

- -182 

- '178 

- I 

-0.008 

- -006 

- . w 4  

- .ooa 

+ '00.3 

+ '004 

+0.044 

Quantities a. 

B a l r a s x e  

m e  rate of W Clock be- 
tween April 17th and lath, ia 
adopted for the 18th. 

' 

The rates between Maroh 

Interpolated by means of the 

Correction to Observed 

for 

WClock 

a 

+0.309 

+ '328 

+ '332 

... 
+ '325 

+ '329 

+ '335 

+ '339 

+o.o4o 

+ -036 

+ -031 

+ -036 

+ 'oaa 

+ -010 

-o-ojr  

- -032 

- '033 

- '031 

- .030, 

- .029 

- '027 

- 'oa7 

- 0 2  

+o.ogo 

+ -089 

+ .080 

+ -074 

+ .078 

+ .082 

-0.015 

+ ' 0 4 4 - ' 0 1 5  

- '018 

'018 

... I ... 

- 1  ,, 24 
22nd end Z4th, are adopted 
for the ZZnd, and thorn be- 
tween 24th aud 26th, for the 
26th. 

Difference 

of 

E Clock 

a 

+ 0.013 

+ -014 

+ '014 

+ -015 

+ '015 

+ '015 

... 
+ '01s 

- 0.007 

- '007 

- '007 

- '007 

- -007 

- .oog 

- 0'0.37 

- '038 

- '038 

- '038 

- '038 

- ,038 

- '037 

- -036 

- 0 . 5  

- 0.00.~ 

- '00.3 

- -002 

- -001 

- .OOI 

- .ma 

+ 0.006 

+ '006 

+ a 0 0 6  

+ ,006 

... 
- 4-44 

- 4-51 

- 4-42 

- 4-57 

- 4.60 

- 8-80 

- 8.61 

- 4.18 

- 0.64 

- 0.1.3 

., % 

,, 26 

of 'l'imea 

Trunsit for 

W Clwk 

8 

+ 0.068 

+ '67% 

+ '073 

... 
+ 'O7a 

+ '073 

+ '074 

+ '075 

+ o-ooa 

+ 'ma 

+ ' o o ~  

+ .-a 

+ .sox 

-0Oo 

- 0.006 

- -006 

- '007 

- '006 

- '006 

- ,006 

- '005 

- -005 

- -005 

+ 0.038 

+ '038 

+ '034 

+ -031 

+ .033 

+ -035 

- omooa 

- .ma 

- '002 

- .ma 

... 
- 0'74 

- 0.79 

- 0'8s 

- 0.68 

- 0.84 

- 1-28 

- 1'30 

- 0.64 

+ 8.65 

+ 2'13 

+ -048 

+ .oqB- 

I - 0 . 1 1  

+ 0.05 

+ 0.13 

... 

+ 1.91 

+ 1.04 

... 

+ 1'70 

+ 1.87 

+ 1-94 

... 

- 0.71 

+ 1 ' ~ 3 - 0 ' 4 2  

- 0.51 

... 



TABLE m . 1 .  DEDUCTION OF CLOCK BATE CORRECTIONS 

BY THE COMBINATION OF BTBR OBSEBVATIONB WITH CLOCK COMPARISONS. 

BOLABUM (E), AND BOMBAY (W). 

dstronomical 

1)lrte 

1876 

Jan- 11 

m 1s 
SJ 18 

SI 14 

JI 16 

n 17 

JS 18 

n 19 

SI 90 

JI a1 

Hoarly Clock Rate Correation 

Deduced from Star 
Ob~rvationr, 

for E Clock - re 

r, W II - h 

Correction to 
Obsened Differenca 
of Times of Transit 

for aaCe of 

Relative Hourly 

, Clock Rate 
Correction 

deduced 

from 

Cloak Cornparirons 

R 

8 

- 0.039 

- 0.019 

- 0.014 

+ 0.026 

- 0.008 

+ 0.031 

+ 0.050 

+ 0.011 

+ 0.017 

+ 0.041 

re 

8 

- 0.036 

'044 

'057 

'075 

'074 

. '080 

.- 
-086 

-1r5 

' 18a 

E Clock 

8 

- o ' o ~ a  

-017 

-014 

'033 

'027 

-031 

-038 

'033 

'040 

-060 

rrr 

8 

- 0.067 

'075 

'083 

'075 

'075 

-056 

-060 

'064 

-078 

"'94 

W Clook 

8 

- oaoa7 

'oat3 

'030 

-014 

-030 

'010 

'019 

'0% 

'033 

' 045 

Adopted Hourly Clock Rate 
Correction, 

for E Clock = rE 

W ,. - rw 
a r E -  re - R + t, 
Brw- r, + R + r, 

'E 

8 

- 0.031 

'045 

' 4 3  

-088 

-070 

'084 

' 100 

'0% 

'105 

'159 

'W 

8 

- 0.071 

'074 

-077 

-41 

.078 

'05s 

-050 

'064 

'088 

-118 



PABLB XIX. DEDUCTION OF THE DIFFERENCE OF LONGITUDE, AL, FROM OBSERVATIONS 
J 41 

OF TRANSITS WITH LOCAL CLOCKS, COMBINED BY CLOCK COMPARISONS. 

BOLARUM (E), AND BOMBAY W)- 

Antronomical 

Date 

1876 

Jmu y 11 

n 

YY 18 

n YY 

n 18 

n ,Y 

m 16 

m 18 

as n 

n 19 

n Y* 

s, 80 

(I( 8 

Value of AL Bolanun-Bombay by General Mean found above . . . ... ... = 22 48.848 

>> >) 38 on next page ... ... = 22 48'848 

Whence value of A L Bolarum-Bombay finally adopted, being mean of last two valuea . . . = 2% 48.848 

Corrected 
Difference of 

ObsemedTimes 
M 

st Epoch 

TI, 

8 

- 14-a1a 

14' 174 

13'485 

13.430 

1a.7as 

1a.677 

13.158 

4a.195 

4aaa31 

41.861 

42'879 

43' 209 

~ p o c h  

by 
B Cluck 

5 

A m 8  

5 59 34 

7 30 8 

6 4 16 

7 37 50 

6 3 24 

7 3 4 3 4  

7 6 I 

6 29 37 

7 54 35 

6 34 51 

7 59 27 

7 332 a6 

I~~strnmental 
Poeition 

st 

I 
I. P. E. 

Y Y  

I .P .W.  

n 

Y) 

n 

I. P. B. 

n 

n 

n 

9s 

I .P .W.  

Dedooed 
Clock Difference 

D 
st Epoch 

Ta 

9n 8 

+ a3 3.020 

2.962 

r.302 

a.257 

1.556 

1'535 

a *  lag 

31.014 

31'097 

31'741 

31.770 

32- I aa 

I. P. 6. 

8s 

I .P.W.  

89 

n 

YI  

I. P. 6. 

s8 

BY 

SY 

n 

I .P.W.  

Redting 
Difference of 

Longitude 
AL - D + M 

m  8 

za 48.808 

48'788 

48.817 

48.827 

48'831 

48.858 

48.865 

48.829 

48.866 

48.880 

48.891 

48-91 3 

General 
Mean 

"S 

; 
a 

Mean 
Difference of Longitude 

by Obnenationr 

I. P. E. 

h 
-4' 

.m 
'3 

e :: 

I. P. W. 

F 
5 
n 



PABLZ XX. DEDUCTION OF THE DIFFERENCE O F  LONGITUDE, A L 

AND THE RETARDATION OF SIGNALS, p 

FROM THE OBSERVATIONS OF TRANSI'IB AT BOTH STATIONS WITH THE SAME CLOCK, SEASON 1875-76. 

* For finally adopted value of nL Bolurum-Bombay ree b t  m e .  

BOLABUM (E), AND BOMBAY (W) BELLARY (E), AND BOMBAY (W) 

Astronomical 

Date 

1876 
January 28 

ID 8, 

n 29 

)I YI 

91 80 

II II 

February 8 

II 9 

PI II 

II 10 

,I DI 

htronomical 

Date 

m r 
AL* = 22 48.848 

p = + 0'025 

Mrumental 

Poaition 

at 

Apparent Difference of Longitude 
by Observationo with 

E Clock 
- A L  - p  

m a 
...... 
...... 

11 48.807 

48.858 

48.922 

48.886 

...... 

...... 
48'770 

48.785 

la  48.868 

48.778 

a2 48.823 

Mean Valuer 

by Oblervations I. P. E. 

,, L P. W.  

General Mane 

W Clock 
- A L  + p  

rn a 
a2 48'870 

48.787 

...... 

...... 
48.90~ 

48.925 

48'905 

48.882 

48.847 

48.867 

aa 48.871 

48.875 

22 48'873 

Instrumeiital 

Pooition 

at 

E l w  W 

I. P. E. 

I S  

II 

~s 

SB 

IS 

I.P.W. 

I 
I )  

II 

Whence 

Apparent Differel~ce of Longitude 

by Obrervatio~~s with 

a .  I-- 
I. P. E. 

>I 

m 8 
A L  = 16 26.957 

p = + 0.027 

Mean Values 

by Observations I. P. E. 

,, I. P. W. 

General Means 

E Clock - AL - p  

m a 

16 16.9.:8 

a6.969 

26.963 

26.950 

17 -052 

27.44 

26'887 

26.836 

26.797 

26.860 

36.935 

16 26.889 

26.971 

16 26.930 

1876 
January 14 

n IS 

a 16 

II 91 

n 17 

n n 

,, e0 

I, 81 

n IS 

I. P. E. 

18 

W Clock 
- A L + p  

-- 

o a 

16 26.943 

a7'0ll 

26.95a 

26.917 

27.101 

17-126 

...... 
26.987 

26.961 

26.915 

26'931 

16 26.976 

26.990 

16 26.983 

L P. B. 

IS 

,I 

YI  

I ,  

91 

I .P.W. 

" 
ID 

Whenoe 

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

DI 

,, 

st 

I. P. E. 

I, 

IS 

1.P.V.  

II 

II 

SI 

I. P. E. 

,I 

I3 

I.P.W. 

IJ 1 



TABLE XX. DEDUCTION OF THE DIFFERENCE OF LONGITUDE, A  L 143 

AND THE RETARDATION O F  SIGNALS, p 

FROM THE OBSERVATIONS O F  TRANSITS AT BOTH STATIONS WITH THE SAME CLOCK, SEASON 1876-76. 

BOLARUM (E), AND BELLARY (W) 

Date 

1876 
Febraary 19 

n 19 

n 

1s 11 

98 81 

II n 

,, 2~ 

SI I) 

18 28 

1s 11 

91 84 

IS II 

MADRAS (E), 

Instrumental 

7w 

Astronomical 

m 8 

AL = 6  54.691 
p = + 0.023 

AND BOLARUY (W) 

Apparent Difference of Longitude 
by Observations with 

Mean Values 

by Observations I. P. E. 

,, I. P. IP. 

Genenl Means 

Instrumental 
Pmition 

st 

E Clock - AL - p  

0 )  8 

6 54'681 

54'632 

54'599 

54'578 

54'657 

54'706 

54.604 

54-61, 

54'i75 

54'813 

54.686 

54.662 

6 54'642 

54'694 

6 54.668 

I. P. E. 

II 

IS 

1s 

II 

19 

I. P. W. 

IS 

II 

11 

11 

II 

Date 

-- 
1876 , 

March 8 I. P. E. 

E 
-- 

I. P. IP. 

II 

m n  

n 

II 

II 

II 

91 

11 

I, 

#I 

Apparent Difference of Longitude 
by Obeervationo with 

W Clock 
- A L + p  

##I # 

6 54'649 

54'647 

54.588 

54.627 

54' 754 

54' 737 

54'719 

54'792 

54.861 

54'850 

54.649 

54'697 

6 54'667 

54'761 

6 54'714 

Mean Values 

by O h r v a t i o n ~  I. P. B. 

Is I. P. IP. 

General Means 

II II 

IS 6 

as I) 

II 6 

II 11 

II 7 

. 11 

II 8 

n II 

1s 12 

IS 19 

m 8 
A L =  6 2 1 . 8 8 4  

p = + 0.010 

W 

I. P. IP. 

II 

II 

19 

IS 

%I 

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

II 

81 

19 

n 

n 

E Clock - A L - p  

(II 8 

6 21.873 

21'855 ' 

21.738 

21 -760 

11'797 

21.804 

11'862 

21.872 

22.044 

22.024 

21.922 

21'940 

6 21.944 

2 I '804 

6 21.874 

Whence 

19 

,, 
I) 

II 

o 

I. P. TP. 

II 

II 

Is 

1, 

13 

W Clock - AL + p  

m 8 

6 21.854 

21.907 

21.803 

a1.841 

21.819 

21.797 

21.917 

21.956 

21.982 

21.001 

21.927 

21'913 

6 a1.951 

21 '837 

6 21.894 

Whence 



I 44 TABLE XX. DEDUCTION OF THE DIFFERENCE OF LONGITUDE, A L 

AND THE RETARDATION OF SIGNALS, p 

FROM THE OBSERVATIONfl OF TRANSITS AT BOTH STATIONS WITH THE SAME CLOCK, SEASON 1875-76. 

Astronomical 

Date 

1876 

March 22 

I,  II 

#I 24 

IS II 

19 26 

81 II 

IS 29 

.I II 

IS 80 

11 I) 

IS 81 

II 18 

A:: ; 
IS 

11 91 

Mean 

Astronomicsl 

Date 

1876 

April 11 

91 91 

II 12 

11 11 

I S  13 

18 8 )  

II 14 

II IS 

$8 l? 

11 I, 

91 18 

II 11 

Mean 

by Obmrrationr I. P. E. 

,, I. P. W. 

General Meam 

MADRAS (E), 

Instntmental 

' at 

E l w  

by Observations I. P. E. 

,, I. P. W. 

General Means 

AND BELLABY (W) 

Apparent Difference of Longitude 

by Observations with 

I. P. W.  

$9  

11 

II 

,, 

II 

I. P. 6 .  

11 

II 

I# 

,I 

IS 

BANGALORE 

Instrumental 
Podtion 

at 

. I w  

m s 
A L  = 13 16.564 

p = + 0.013 

E Clock - AL - p  

m s 

13 16.611 

16.556 

16.568 

16.520 

16.595 

16.617 

16.639 

16.608 

16.520 

16'483 

16'535 

16.506 

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

16.497 

16.462 

13 16.551 

Wl~ence 

(E), AND BELLARY (W) 

Apparent Difference of Longitude 

by Observatione with 

I. P. E. 

PI 

19 

II 

I. P. W. 

11 

,, 

SI 

II 

IS 

I) 

18 

I. P.E.  

II 

,, 
19 

,I 

II 

I. P. T. 

II 

II 

I) 

,I 

81 

m s 
AL = 2 37-362 

p = -k 0.033 

W Clock - AL + p  

rn. s 

13 16'709 

16.707 

16.681 

16.674 

16.655 

16.667 

...... 

.,... 
16.576 

16.585 

16.506 

16.561 

16.408 

16.391 

16.472 

16.463 

13 16.576 

E Clock - AL - p  

m I 

2 37'304 

37'343 

37'375 

37'267 

37' 185 

37.181 

37'361 

37 '374 

37'351 

37.381 

37 '435 

37'481 

a 37.260 

37'398 

2 37'329 

Whence 

;; i X ! E .  

II 11 

Valuw 

I. P.E. 

I I  

9 )  

11 

11 

II 

I. P. W. 

II 

12 

I) 

IS 

II 

W Clook 
=. AL + p  

tm a 

2 37'336 

37'358 

37'344 

37 '318 

...... 
37'350 

37 '531 

37 '538 

37'383 

37'402 

37 '490 

37 '454 

7 

a 37'323 

37 '465 

1 37'394 

Values 



T a L E  XXT. DEDUCTION OF THE DIFFERENCE OF LONGITUDE, A L  '45 

AND THE RETARDATION O F  SIGNALS, p 

FBOM THE OBSERVATIONS OF TRANSITS AT BOTH STATIONS WITH THE E A M E  CLOCK., SEASON 1876-77. 

VIZAQAPATAM 

Astronomical 
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1877 

January 22 

ss 11 

I, 

18 IS 

s, 2.4 

rr 19 

n 25 

n n 

9 ,  26 

81 31 

,, 27 

I, ,I 

a, 29 

n 91 

n 81 

1, 1) 
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(E), 

8 .- 
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3 3 cZ 

y 
Y 
e 
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,, 
I. P. E. 
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,, 
a t  

I. P. W. 

9 )  

9, 

9) 

I . P . E .  

9, 

Values by 

(E), 

8 .- 
..a .a : 
& 2 d 
3 3 .  

1; 
A 

I. P. E. 
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,, 
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,a 

91 

,, 
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98 

I. P. W. 

1, 

3, 

n 

,I 

n 

,, 

Values by 
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Apparent Difference 
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North Aspect, by Ob- 

AND MADRAS (W) VIZAGAPATAM 

Apparent Differenoe 
of Longitude by Stam of 

North Aspect, by Ob- 
Astronomical sewations with 

Date 

- 8LN - p - 8L, + p 

servations 

E Cloak - 6LN - p 

m a 

25 a6.qoa 

16.488 

26,412 

26,356 

16.420 

26.415 

16'482 

... 
26.368 

26.446 

16.197 

16'395 

. . . . . .  whence 8% - 8 7.430 
Correction for Relative 
Permnal Equation, HN - CN - - 0'083 

A L N -  8 7'347 

Again . . . . . .  6Ls - 8 7.410 
Correction for Relative 
Personal Equation, H, - 0, - - 0.019 

AC, - 8 7.391 

Finally 
m r 

A L  = 4 (AL,+ AL,) = 8 7-369  
p = + 0.035 

MANGALORE 
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1877 
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rr I9 

84 

91 18 

,, 
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,, 26 

D, 
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W Clock 
-- QL, + p 
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25 26.511 

26-513 

16'548 

... 
26-49' 

26.506 

26.477 

16'628 

26-40 

26.466 

26.408 

26.447 

25 26.480 

16.506 

25 26.493 

s 

8 7.356 

7 '433 

8 7'395 

m 

1877 
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$1 st  

,, 31 

19 ,I 

91 82 

a, SI 

23 

o n 

,t 2-4 

2, 8, 

,, 25 

I, 9 ,  

Mean 

12 9.746 

9'938 

la 9.842 

m r 

ra 9.705 

9.727 

9'743 

9'674 

9.771 

9'744 

9'786 

... 
9.755 

9.806 

9'989 

9'964 

9'935 

9'923 

9'952 

9'889 

9.912 

Whenoa . . . . . .  8LN- xa 9.867 
Oorrection for Relative 
Penonal Equation, HN - CN - - 0'08.3 
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2 9 
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,, 
18 
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11 
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II 
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Apparent Difference 
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12 9'847 

9.754 

9.849 

9'795 

9'830 

9'755 

9.981 

9'83.3 

9.785 

9.888 

9.930 
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9'951 

9'979 

9'975 

9'919 

... 

Whence . . . . . .  8LN - 25 26'452 
Correctio~i for Relative 
Personal Rqnation, HN - CN - - 0.083 

A L ~  = 25 26.369 

Again . . . . . .  6Ls = 25 26.428 
Carl-ection for Relnti~e 
Penonal Equation, H, - CS -- - 0.019 

ALs - a5 16.409 
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7.459 

7'351 

7'374 

7'279 
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7'403 

7'463 

la 9.832 25 26'384 

9'953 26'437 

12 9'893 General Means 25 a6.411 

with 

W Clock - QL, + p 

m r 

8 7.433 

7.541 

7'377 

7 ' 189 

7'331 

7'431 

7 '488 

7'537 

m r m 
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* At K-hee on January 6th the reflection of the wrong wire in the mercury trough ass  ohserved by mistake, cal~sing an abnom'ally large correction for 
Uevelment. t At Jubbulpore on February 7th the observationr were accidentally made with a &take of two revolutionr in the setting of the miorometer. 

Sm.-For  an explanation of the uymboln nsed in thin table, we page a. 
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69.6 
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57.3 

51.1 
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56.3 

58.2 

56.7 
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10 .9-  

7'9 

3 '9 

1 1 . 8 +  

10.8 

5'6 

14.4 

d  
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,, 
,, 
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I.P. W.55'2 

Ce 
d  

I. P. W.65.1 

I. P. E. 64.8 

Mean CI 
d  
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65.9- 

67.1 

65.3 

63.8 
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-0.9 

-1.0 

-1.0 

-1.0 

-0.8 
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81.780.0 

-ao.8i 
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,, 
, 
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,, 
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8 
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@ 
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4 

$ 
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65.0 
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,, 
,, 
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55.0 

55'455.0 

10.0- 

10.0 
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, 
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5 1 

0 
rs 

gCI 
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- 1 . 2  
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- 1.0 
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+ 0.3 
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+ 3.0 
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Q 
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a 8 
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,, 
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19'8 
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8 
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,, 
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3.1 
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10.6 
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* The letten B. P. L. indicate " RadolilTe Polar Lint1*. 
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The level oorreotiou on January 6th at Kurnah~b were rbnomslly high, owing to r mbtake in obeerving the reflection of the wrong wire in the mcrowy 
trough. 
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* The letten B. P. L. indiata " RadolXe Polar Lirt". 
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* The " Obwrved Time of Tramit" iu b m f e b  ia that by W Olock, and the wrraponding time by E Clock, as deduced from clock cornparisone., ia given below it. 
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* The " Obeerved Time of Tranrit" in brscketr t that by W Clock, and the corresponding time by E Clook, M deduwd from clock oompuknc, M give11 below it. 
t For the deduction of deviation coneotion on 10th and 18th February, ree TABLE =IT. 
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* The "Observed Time of !Cransit" in brncketa in that by W Clock, and the wrresponding time by E Clock, as deduced from clock wmpar~ona, ia given below it. 
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-0.3 

+o.g 

+o.a 

-O-a 

-0.2 

-0.2 

+O.Z 

+0.6 

-o.7 

-0.5 

-0.5 

+oe4 

-0.1 

-0.1 

+O.I 

+o.a 

-0.2 

-0.1 

-0.1 

+O.I 

+oms 

-0-3 

-0.2 

-0.1 

+o.a 

+o.a 

+o-2 

+oaa 

+o'a 

+o.a 

+oSa 

z 

3 

3 

3 

I 

5 

5 

3 

3 

4 

4 

5 

4 

4 

4 

5 

4 

4 

4 

4 

J 

4 

4 

4 

q 

4 

4 

4 

5 

5 

4 

4 

4 
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.. 
L. 

5 " 
5 0 2 . S  
a g e :  * 'g %==? 
3 z 0  

R 
a 

A A I  8 

la  48 20.4 

12 48 27'7 

l a  52 31.0 

13  1 4  27.2 

I5 3 55'2 

1 2  48 20.3 

12  48 17.6 

12 ga 32.1 

13 14 27.2 

12 48 20 .2  

la  48 17.5 

12 52 31 .3  

13 14 27'5 

15 3 55'4 

1 5 2 7 3 4 ' 1  

1 2  48 20.2 

1 2  48 27-4  

1 2  52 32 .4  

13 1 4  27.7 

15 3 55'4 

15 27 34'0 

1 2 4 8 ~ 0 . 1  

12  48 27.4 

12  52 31.5 

13  14 28.0 

15 3 55'6 

J j  a7 33'9 

1 a 4 8 z o . l  

12 48 27.3 

la  52 32.6 

13 14 28.3 

z 
p .z e l  
g C  
c c 

P 3  :, 
m 

8 

17.5 

24.9 

a l ' 7  

9 . 4  

51.9 

21.6 

28 .8  

a3.r 

3 . 4  

. ~ I * I  

38'5 

24.7 

58'4 

7'0 

25.8 

39-2 

46.9 

2 1 - o  

37-51 

16.1 

2 1 . 0  

43.3 

50.9 

a.ze4 

39.8 

20.3 

33.8 

46 .1  

54'0 

26.7 

40.7 

6 8  
u s  
2 
4 

(II 8 

+ 2 2 . 9  

+ a 2 .8  

+ 2 10 .3  

+ 2 17.8 

+ 2 3 '3  

+ I 58'7 

+ I 58'8 

+ 2 9 - 0  

+ 2 23.8 

+ 1 4 9 . 1  

+ I 49.0 

+ a 7 .6  

+ 2 29.1 

+ 1 4 8 ' 4  

+ a 8 . 3  

+ I 4 1 . 0  

+ I 40'5 

+ z 1 1 . 4  

+ 2 49 .8  

+ 139'3  

+ 2 13'0 

+ 1 3 6 . 8  

+ I 36.5 

+ 2 9'1 

+ 2 4 ' 2  

+ 1 3 5 . 3  

+ 2 1 0 . 1  

+ 1 3 4 ' 0  

+ 1 33.3 

+ z 5 '9  

+ 2 47'6 

Obaerved 
Time 

of 
Transit 

h m  a 

12 46 16.3 

1 2 4 6  23.7 

1 2  50 19.9 

1 3 1 2  9 - 7  

15 I 51.0 

11 46 20.4 

12 46 27-6 

ra go 21.3 

13 1 2  3 . 9  

la 46 29.2 

1 2  46 36.6 

1 2  50 23'5 

13 1 1  1 .2  

1s 2 5'1 

15 a5 aq.7 

1 2 4 6 3 8 . 0  

1 2 4 6 4 5 . 7  

1 2  50 1y.1 

13  1 1  38.3 

15 a 14'9 

15 25 19'2 

1 2  46 42 .0  

rz 46 49.6 

12 50 21.6 

13 H 40.5 

15 a 19.0 

15 a5 aa.1 

ra 46 44.6 

11 46 52'5 

I S  50 25'1 

13  11  42.3 

C "i 
a 
b~ 
-8: 
b's 
R -g 

Q 

d 

+ 1 6 * 3  

+16.5  

+ 13'5 

+23'1 

+ 2 3 ' 0  

+39'3 

+39'5 

+38'9 

+ 6 6 . 0  

+ 6 6 . 8  

+65 .8  

+ @ ' 3  

+ 6 9 . 8  

+68.0 

+69 .9  

+ f l ' o  

.5 

3 

E 

81 

I, 

13 

*I  

17 

$1 

I I  

I1 

3 3 %  E B  
E : ?  

2 2  
a I+ 

L P. 6. 

I, 

,I 

,, 

,I 

1 . P . V .  

,I 

,, 

9, 

,, 

51 
q 

4 
3 
Cr: 

Q 

? 
6 " 
2 
0 
4 

Btnr 

R. P. L. 98 

R. P. L. 99 

B. P. L. 1% 

Polaris 

B. l?. L. 111 

R. P. L. 98 

R. P. L. 99 

R. P. L. 18 

Polarir 

R. P. L. 98 

R. ?. L. 99 

B. P. L. 18 

Polaris 

R. P. L. 111 

B. P. L. 84 

R. P. L. 98 

R. P. L. 99 

R. P. L. 12 

Polaris 

R. P. L. 111 

B. P. L. 84 

R. P. L. 98 

R. P. L. 99 

R. P. L. 12 

Polarin 

B. P. L. 111 

R. P. L. 84 

R P. L. 98 

B. P. 11. 99 

R. P. L. 1s 

PolSri~ 

.- 
3 

F ,  - 
" 5  .s 

d 
2 
q 

Clock 
BU. 

8 

-0'3 

- 0 . 1  

-0'1 

- 0 . 1  

- 0 ' 1  

-0'1 

-0'1 

-0.1 

Colli- 
mation 

d 

-0 .3  

-0'3 

+ o e 3  

+' .a  

- 0 . 3  

-0 '3  

-0 '3  

+ 0 ' 3  

+ I - z  

-0'3 

-0'3 

+ 0 . 3  

+ 1 ' 2  

-0'3 

i 0 . 4  

-0 .2  

-0 '2  

+ o ' 3  

+ o . 9  

-0 .2  

+ 0 . 3  

-0 .2  

-0 .2  

+ o a 3  

4-0'9 

-0 .2  

+ o m 3  

-0.2 

- 0 . 2  

+ 0 ' 3  

+ 0 ' 9  

-g2J 
l a  4 

4 

1881 

Apr. 10 

n IS 

I1 11 

,I 18 

1, I* 

,, 14 

)I I# 

8 ,  16 

1, 11 

s 16 

.- 
2 

a 

U 

L 

L 

U 

U 

U 

L 

L 

U 

U 

L 

11 

u 
L 

U 

U 

L 

L 

U 

L 

U 

U 

L 

L 

u 
L 

U 

u 
L 

L 

Corrections for 

/ Pen 
E ~ L I R -  

Level 1 %  
a 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 .0  

0 .0  

- o . I  

+ o S 7  

+ o - 7  

-0 .6  

- 2 . 4  

+ 0 . 7  

-0 .8  

- 0 . 1  

-0.1 

+ o a l  

+ o - . ~  

-0.1 

+ o . r  

0 . 0  

0 . 0  

0 .0  

0 .0  

0 .0  

0 . 0  

+ o . z  

+om2 

- o e a  

- 0 . 9  

z 
t 
2 
' 
S 
% 

2 

3 

3 

4 

1 

4 

a 

4 

I 

3  

3 

4 

3 

3 

3 

3 

4 

4 

3 

3 

3 

4 

a 

4 

3 

3 

3 

4 

1 

1 

8 

+ 1 ' 5  

+ 1 . 5 ,  

+ 1 ' 5  

-1-5  

4-1'5 

+ 1 ' 5  

+ 1'5 

+ r . S  

- 1 . 5  

+ 1 * 5  

+ 1'5  

+ 1 ' 5  

- 1 - 5  

+1'5  

+ 1 . 5  

+ 1 ' 5  

+ 1 ' 5  

+1'5 

- 1 . 5  

+ I . J  

+ 1 ' 5  

+ 1 ' 5  

+ I ' S  

+1'5  

-1'5 

+ 1 * 5  

+ I - j  

+ 1 ' 5  

+ r m 5  

+ I ' S  

- 1 . 5  

Devia- 
tion 

 ona at ant 
A 

-0.182 

-0 .181  

+ o . a f a  

+oe877 

-0.1% 

-0.182 

-0.182 

+0'272 

+o.877 

-0.182 

-0.182 

+oa272 

+0.877 

-0.194 

+o.318 

-0.182 

-0.182 

+o.a72 

+0'877 

-0.194 

+oa318 

-0.182 

-0 .182  

+o.r7a 

+oe877 

-0.194 

c o . 3 1 8  

-0.182 

-0.181 

+o .z fa  

+oa877 
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Oblerred 
l h e  
of 

Tranait 

h m  r 

15 2 21.8 

15 25 25'1 

13 9 38.4 

13 9 45'8 

13 1338.0 

15 z 13'7 

15 25 40'9 

13 9 36.5 

13 9 44'0 

13 13 48'5 

13 942'4 

13 949'9 

13 13 56.1 

15 1 36'1 

'5 25 17.1 

13 945'0 

13 952.9 

13 14 0.9 

15 1 23'9 

15 25 8'0 

13 945'4 

13 9 53'3 

13 14 8.6 

15 r 9.3 

15 24 61.4 

13 951.9 

13 959'5 

13 14 7'9 

15 I 1'3 

15 24 43'2 

S br 

R. P. L. 111 

R. P. L 94 

R. P. L. 98 

R . P . L . 9 9  

B. P. L. 12 

R. P. L. 111 

R. P. L. 84 

R. P. L. 98 

B . P . L . 9 9  

B. P. L. 18 

R. P. L. 98 

R. P. L. 99 

R. P. L. 12 

R. P. L. 111 

a .  p. L. 84 

R. P. L. 98 

R.P.L. 99 

R. P. L. la 

a .  P. L. 111 

B. P. L. 94 

B. P. L. 98 

R. P. L. 99 

B. P. L. 18 

a. P. L. 111 

R. P. L. 84 

R. P. L. 98 

R.P.L:99 

B. P. L. 18 

R. P. L. 111 

'3 3 5 
.- I$ 5 

Devia- 
tion 

Constsnt 
A 

-0'194 

+o.318 

-0.188 

-0.188 

+oar7f 

-o.199 

+0'323 

-0.188 

-0.188 

+o-a77 

-0.188 

-0.188 

+oe277 

-o.r9g 

+0'323 

-0.188 

-0.188 

+0.277 

-0'199 

4-0'323 

-0.188 

-0.188 

+0'27j 

-0.199 

+oa323 

-0.188 

-0.188 

+0'2/7 

-0.199 

+0'323 

.- 

.C 3 
a - 
3 %  

U 

L 
. 

C 

Corrections for 

Pen 
Colli- 

P e 
2 
O 8 
.L 
B 
c' 
z 

4 

3 

mation 

-0.2 

-1-0'3 

-0.4 

-0'4 

+0.6 

-0.5 

+0'7 

-0.4 

-0-4 

+0.6 

-0'4 

-0.4 

+0.6 

-0.5 

+om/ 

+omr 

+O.I 

-0.2 

+O'l 

-0.2 

+O'I 

+oSr 

-0.2 

+O.I 

-0.2 

+O.I 

-1-0'1 

-0'2 

+O'l 

-0.1 

4 f 

2 
W 

8 
s - 
is - 

tion aate 
Q 

7, A P 

U / 
U 

L 

u 
L 

U 

U 

L 

U 

U 

L 

U 

L 

u 
U 

L 

u 
L 

U 

U 

L 

U 

L 

U 

U 

L 

u 
L 

8 

+0'3 

-0.3 

4 

4 

4 

4 

5 

5 

5 

4 

4 

4 

4 

4 

J 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

7 

5 

? 
o 
h 

4 rn 
'='a 
4 2 

.a .- 

h 

% 
0 

a 

.$ 

n 

r 

+ 1.5 
+1'5 

1881 

Apr. 16 

1881 

A p r . 1 0 I . P . E .  

,I  8 ,  

,, 11 

rr 18 

n I, 

,, 14 

I 9, 

, 16 

n ,, 

,, 16 

9% 3s 

r 

0.0 i f1.5 

C o 

0.0 

0.0 

0.0 

0.0 

-0.2 

-0.2 

+O.I 

+o.z 

+o.z 

-0.2 

+o.a 

-0-2 

-0.9 

-0.9 

+oe8 

-0.9 

+ 1.0 

+0'3 

+0'3 

-0.2 

+oS3 

-0.3 

+0'3 

+0'3 

-0'3 

+0'4 

-0.4 

H 

I. P. W. 

a 

23'4 

-0'1 

-0.1 

-0.1 

-0.1 

-0.1 

w 

,, 

,, 

,, 

n 

+ 1'5 
+r'5 

-1.5 

-1.5 

+ 1.6 
+rS6 

+ I - 6  

+1'5 

+1'5 

+rs5 

-1.5 

-1'5 

+1'5 

+1'5 

+1.5 

-1'5 

-1'5 

+1.5 

+1'5 

+1'5 

-1.5 

-1.5 

+r'S 

+1'j 

+1'5 

-1'5 

-1.5 

E 
-0.1 26.5 

I 
12 48 20.4 

1 2  48 27.7 

1~5232.0 

15 3 55.2 

I5 27 34'4 

IZ 48 20.3 

12 48 27.6 

12 52 32.1 

12 48 zo.2 

la 48 27'5 

12 52 32.3 

IS 3 55'4 

15 27 34.1 

12 48 20'2 

12 48 27.4 

la 52 32'4 

I j 3 55'5 

15 27 .M'o 

12 48 zo'r 

12 48 27.4 

12 52 32.5 

15 3 55.6 

15 27 33.9 

12 48 ao'r 

12 48 27'3 

12 52 32.6 

I5 3 55.7 

15 27 -33.8 

39.5 

46.9 

40.1 

11.7 

40'0 

37.5 

45'0 

50.8 

43'7 

I 

58.0 

34'3 

16.0 

45.7 

53.6 

3-0 

21.6 

7.2 

47-3 

55.2 

9'7 

8.2 

59.3 

53'8 

61.4 

8.9 

O.3 

41.0 

W 

6: 

W 

E 

W 

d 

+ 68'4 
15 27 33'8 

h m  r 
I 

15 3 55'7 

-21 19.1 1 
-21 19'2 

-21 8.1 

+ 143.5 

+ 154'4 

-21 17-a 

-21 17'4 

-21 18.7 

-21 23'5 

-21 23'7 

-21 25'7 

+ 2 21.1 

+ 2 18.1 

-21 25'5 

-21 16.1 

-21 30.6 

+ 2 33'9 
+ 2 26.8 

-21 27-2 

-21 27.8 

-21 37'2 

+ 247.4 
+ 2 34.6 

-21 33.7 

-21 34'1 

-21 36.3 

+ 2 55'4 

+ 2 52'8 

1 

r 

,, 

9, 

I, 

I.P.W. 

+ 7'3 

m r 

+ 1.32'3 

+z3-7 

+ 23'9 

+ 20.9 

- 3.2 
- 2.8 

- 4'7 
- 4'3 

- 5'7 

-11.0 

- 9.5 

- 13.6 

-21.5 

-20.1 

- 24.5 

- 5-6 
- 4'7 

- 5.0 

E 

W 

E 

E 

W 

E 



TABLE XgTP. DEDUCTION OF THE DEVIATION CORRECTION, a,, AT JUBBULPOBE ON 163 
I 

~ O T H  AND 1 3 r ~  FEBRUARY 1881. 

Thew quantities are the ihd valuer of deviation oorreotion, or a, being the mesum of the values of u, deduced on each day. 

Number 
g 
'3 .- 0 - Deduced 

value 
of Deviation 

Correction 

4 

d 

+ 2.1* 

- 16.1* 

- 7.0 

- 2.3 

- 15'5 

+ a-I* 

- 16.1* 

- 7.0 

- 2.1 

Oomparison of 
Reduced Obnemationa 

of 10th and 13th with the 
Mean of those of 9th 
and 14th February 

Reduction of each Obsemation to that of the ftrat day 

A x 8 q  

8 

... 

... 

- 1.0 
+ 1.8 

... 

.. . 

- 1'0 

of Btar and 

its Deviation 

Constant, 

A 

R.P.L. 60 

A - 0 1  

B.p.L 1 0  

A - - 0.205 

8 a1 

d 

... 

... 

Mean 

+ 4'7 

- 8.5 

... 

... 
Mean 

+ 4'9 

Obarved 

Time of 

Tmneit 

h f B  6 

8 51 39.6 

8 50 10.6 

8 51 22.6 

8 50 27.7 

9 a1  19.1 

9 ao 3.5 

9 21 4-6 

' ' ' 
3 

Ql 

1881 

Feb. 9 

, 14 

,, 10 

M 18 

9 

,, 14 

9, 10 

~ n a t m m e n ~  Comctiom 

Collima- 
tion 

8 

- 0.3 
- 0.8 

- 0.8 
- 0.8 

E 

,, 

,, 

9 ,  

w 
,, 

11 

Reduced 

Observation 

h m  6 

8 51 38'4 

8 gr 34-9 

8 51 36.7 

7 

Conadions for 

Clock 
Rate 

1 ) ) .  

+ I  26'4 

d 

+ 0.4 

- 0.2 

+ 0.1 

0.0 

U 

,, 

,, 
15 

Change 
in R.A. 

6 

+ 0.1 

Mean 

+o 17.2 

+ I  9.1 

+ I  13.1 

+O 14'3 

8 

- 1.3 
- 1.a 

- 1.4 
- 1'2 

..a 

4 

I. P. E. 

I.P. TP. 

,, 
,, 

+ I.3 
+ 1-2 

+ 1'4 

I 

- 0.3 1 + 0.4 

0.0 8 51 37.7 

+ 0.1 8 6 1  34-9 

u 

,, 

I, 

- 0.7 

- 0'7 

- 0.2 

Mean 

0'0 

I .P .E .  

I .  P. W. 

,, 

- 0.2 

0.0 

9 21 20.5 

9 21 16-7 

9 21 18.6 

9 21 19'6 



TABLE XXP.  VALUES OF DEVIATION CORRECTION, a, FINALLY ADOPTED. 
w 

Z 

An, 

d o  
5 
$ - 
3 E! 
d d 
E 7 
tJ 0 
Pa 
F4 

k 

2 
4 

r; wu . E 
E 4  , . 
d Q 

& -4 

2 
h 

2 
" 
5 
W - 

4 

~a 
cq 

n 

' S  
g -e 

3 rn 

2 F i  

Aatronomical . 
Date 

1881 

February 23 

I) 24 

PI 26 

Jl 48 

 arch 2 

JJ 8 

March 11 

o 12 

J, l3 

91 16 

18 17 

J, 20 

J$ 21 

Afnrch 28 

J J  29 

J, 80 

I sl 

a p e  1 

I* 8 

April 10 

$1 11 

JJ 18 

IS 14 

n 16 

I# 16 

a 

d 

- 28.7 

- 27'8 

- 24.6 

- 76.4 

- 69'7 

- 66.9 

- 10.1 

- 13'9 

- 10.3 

- 5'7 

- 11.4 

10'2 - 

- 7'3 

+ 2.1 

+ 10.0 

+ 20'7 

+ 21'4 

+ 36'7 

I 

Station 

5 
B 

d 
A 

2 s 
g 

3 D 

g 

Ara 

R 
z 
4 

E 5 

% :  w n 
0 
PI 

4 E 
W - 

F5 g 
U ; 2 

3 g 

8 E 
c C . W  
5 P4 a 
2 4 
a w 
g $ 
PI W 

8 
e tZ 
g 5 
g P \  
g $ Pa 
a 
k 

Station 

8 
i 

PI 

E 
g 
b 

i2 " 

3 
4 

Aatronomical 
Date 

1880 

December 18 

IS 14 

JI 16 

IS 17 

)I 18 

Js 19 

1881 

January 6 

8 ,  6 

la 7 

IS 8 

I, 9 

*l 10 

January 17 

IJ 18 

IJ 19 

#, zo 
21 I# 

81 23 

February 6 

I 7 

8 

)I 9 

10 IJ 

St 13 

BJ 14 

a: 

d 

- 40'5 

- 3'9 

- 5'5 

- 14' 1 

20.9 - 
- 11.2 

- 0.2 

+ 1.6 

+ 3.8 

+ 12.9 

+ 19'4 

+ 13'3 

+ 13'2 

- 11.1 

- 15'3 

- 19'3 

- 2.3'0 

- 24.8 

- 28.0 

+ 15.0 

+ 23.1 

+ 39'1 

+ 66.1 

+ 68.8 

+ 69'4 

Gtatian 

i! 
3 
2 

4 

-4 
6 

B n 

4 

!a E 

Station 

a 

1 
G 

m 
I4 

0 

w 

m 

u s 
a 
E 
W 

a: 

d 

- 56.3 

- 58.9 

- 0.8 

- 18.4 

- 18'5 

- 20.4 

+ 63'4 

- 2.7 

+ 10.8 

+ 16.0 

+ 48.0 

+ 3'4 

+ 1.9 

+ 4.8 

- 9'1 

- 14'8 

- 11.7 

- 15.1 

+ 5'3 

+ a2.4 

- 3.0 

- 5.1 

- 12.0 

- 22.7 

- 5 - 1  

a 

- 14.2 

- 11.7 

- 11.2 

- O.4 

- 1.4 

- 0.4 

+ 175.6 
+ 146.1 

+149.7 

-35.4 

- 27.9 

- 22 2 

- 3.0 

+ 7.0 

+ 12-4 

+ 22.3 

+ 17.3 

+ 30'5 

+ 21.9 

+ 38'3 

+ 44'3 

+ 50.3 

+ 8 3 . 1  

+ 90.7 

+ 92.4 

+ 5'9 

+ 4.2 

+ 4'0 

+ 2-1 

- 2-2 

- 15.5 

- 16.1 

i 



TABLE XXVI. ABSTltACT OF OBSERVED VALUES OF PERSONAL EQUATION 

Betweefa 5 k u t . -  Colonel Campbell atid Major Heavkide. 



FABLE XXPI. ABSTRACT OF OBSERVED VALUES OF PERSONAL EQUATION 

Between I;iezct.- Colonel Campbell and Xajor Heaviside. 
- -- - - - - 

6 

I! m 
P 
PI 

I: 
2 
4 
tt! 
8 
k 

i 
9 
tt! 
8 
m 

OBBEUVED mm TELEBCOPB NO. a. 

November 26, 1880 

Equation 1 IDL( Declination 

November 19, 1880 

Equntion 
Declination 

I Y r I  1 C - H  

8 

602 1 + 4 :  + 0.06 

At POONA 

November 21, 1880 

Equation 
Star 1 Declination 1 C - H  

999 

1008 

1123 

1311 

1449 

644 

676 

693 

666 

7 M  

752 

83 1 

866 

877 

d 

0.00 

- 'oa 

+ '02 

- -01 

+ -07 

- '02 

- '01 

- -01 

- -04 

- '01 

- 0.003 

f 0.006 

- 0.03 

- -07 

- .08 

- -02 

- -02 

- -08 

- -06 

- -08 

- '09 

- -05 

- 0.058 

& 0.006 

644 

67 6 

693 

666 

707 

762 

766 

831 

866 

888 

0 

+ 21 

+ 39 + 37 

+ 37 

+ 23 

+ 19 

+ I9 

+ 31 

+ 27 

+ 25 

+ 35 

0 

+ 37 

+ 37 

+ 23 

+ 19 

+ 19 

+ 31 

+ 25 

+ 27 

+ 25 

+ 38 

8 

- 0.06 

- 00 - '02 

+ '03 

+ -08 

+ '01 

+ '01 

- 00 

+ '05 

+ -01 

+ -04 

+ 0.028 

f 0.006 

- 0 - X I  

- .06 

- -08 

- .06 

- -05 

- -01 

+ -03 

- -06 

- -08 

- 0'054 

& 0°.009 

+ 0.030 

f 0'038 

- 0.02 

- -07 

- .16 

+ '11 

- '03 

'00 

- *17 

- -04 

'00 

- '07 

- '28 

+ -16 

+ -11 

- '14 

+ '01 

- 0'039 

f 0 ' 0 2 0  

Mean (ON - HN) 

$29 

1028 

1057 

1068 

1084 

1096 

1110 

1198 

1330 

1360 

1870 

1403 

1420 

1431 

1468 

+ 37 , 
+ 2 0  

+ 23 

488 

661 

616 

650 

684 

780 

794 

811 

852 

006 

56 1 

616 

650 

684 

719 

780 

794 

811 

852 

+ 8 

+ 3 

+ 9 

+ 9 

+ 11 

+ 17 

o 

+ 9 

+ 14 

+ 1 7  

+ 14 

o 

+ 16 

+ 1 

+ 19 

- ' 10 

+ -21  

+ -10 

+ ra 

+ 10 

+ 3 

+ 17 

+ 8 

+ 15 

+ 5 

o 

+ 4 

+ 8 

+ 10 

+ 3 

+ 17 

+ 8 

o 

+ 15 

+ 5 

o 

+ 4 

Mean (Cg - Hg) 



TABLE EgPI. ABSTRACT OF OBSERVED VALUES OF PERSONAL EQUATION 

Betwee% Lie.ut.- Colonel Campbell and Major Heaviside. 

E 

i! cu 
P9 

4 

F 
8 
I' 

g 

" 
@ 

Po 
a 

TELESCOPE XO. 2. 

AT 

April 21, 1881 

Star 1 e c i a i o  1 
AQRA 

April 22, 1881 

I I 
AT 

Js~iuary 31, 1881 

r 1 Decli~iation 1 "r:': 
OBSRRTI~D WITH 

BOMBAY 

February 1, 1881 

2254 

2301 

2314 

2431 

2493 

2499 

2514 

2789 

2833 

a340 

C - I i  

8 

+ 0.08 
+ '13 
+ '12 

+ '10 

+ '15 
+ '11 

+ .09 
+ '10 

+ '15 

+ .16 
+ -18 
+ -07 

+ 'I3 
' + -16 

+ -16 
+ '09 
+ -12 

+ -06 
+ - 1 1  

+oa119 

f o.oog 

+oao2 

+ '01 
+ .16 
+ '04 
+ '01 

- -02 
+ .oq 
+ '02 
+ '03 
+ -09 
+ '12 

+ '11 

+'19 

+ '02 

+ '11 

+ '02 
'00 

+ -09 
+ '10 
+ '01 

+ 0'059 
f o-oog 

A304 

4315 

-13 1.5 

4346 

442 1 

4433 

4479 

4536 

4747 

4758 

4797 

4809 

4820 

4830 

4841 

4876 

4897 

4917 

4942 

2239 

2264 

2301 

2314 

2431 

2 I93 

2506 

2514 

-747 

2789 

Equation 
c-a 

8 

+ O . I ~  

+ '07 
+ .09 
+ '04 
+ -12 

+ .09 
+ - 1 1  

+ -15 
+ .08 
+ '09 
+ .09 
+ '15 

+ -09 
+ ' 1 5  
+ '10 
+ '13 
+ -13 
+ '10 

+ '21 

+ -09 

+o-1x2 

fo.006 

+oao6 

+ .of 
' 00 

+ .09 
+ .06 
+ '05 

-00 

+ '07 
+ .06 
+ '01 

+ '09 
+ '02 
+ '0.3 

'00 

+ .06 
+ '05 
+ '01 

+ - 0 7  

+ '09 

+ 0.047 
f0.005 

Mtar Declination 

0 

+ 28 

+ 28 

+ 39 

+ 39 
+ 28 

+ 41 

+ 38 

+ 38 

+ 36 

+ 39 

+ 37 

+ 27 

+ 33 

+ 50 

+ 44 
+ 28 

+ 38 

+ 47 

+ 40 

4304 

4q15 

4345 

4346 

4521 

4433 

447 B 

4536 

4717 

4758 

4797 

4809 

4840 

4830 

4841 

4863 

4876 

4807 

4917 

4912. 

O 

+ 26 

+ 30 

+ 35 

+ 25 

+ 27 
+ 20 

+ 24 

+ 24 

+ 25 
+ 25 

0 

+ 39 
+ 26 

+ 30 

+ 35 

+ 25 

+ 27 

+ 25 

+ 34 

+ 30 

+ 24 

0 

+ 28 

+ 28 

+ 39 

+ 39 
+ 28 

+ 41 

+ 38 

+ 38 

+ 36 

+ 39 

+ 37 

+ 27 

+ 33 

+ 50 

+ 44 

+ 37 

+ 28 

+ 38 

+ 41 

+ 40 

# 

+oao5 

+ -06 
+ .08 
+ '04 
+ .08 
+ '05 
- -02 
+ s o 6  

- -01 
+ -08 

43 29 

4331 

4361 

4373 

4388 

4403 

44 40 

4172 

4409 

4526 

4559 

4Xfi 

357.5 

1731 

4766 

4786 

48.53 

4926 

4983 

4969 

8 

+0.07 

+ .09 
+ so8 
+ '15 
+ '05 

' w 

+ .09 
+ .08 
+ '03 
+. '07 

+ 0.047 
&0.008 

+ 0.01 
+ '04 
+ '07 
+ '03 
- '02 
+ '04 
- '09 
+ '02 

- '03 
+ '05 

+ -08 
- '04 
+ .04 

+o.o15 

f 0.009 

Mean (ON- lIN) 

+ 13 
+ 18 

+ 22 

- 3 

+ 23 

+ I 7  

+ 10 

+ 6 

+ 14 

+ 25 
+ I I  

+ 23 

+ 2.3 

+ 19 

+ 9 
+ 20 

+ 12 

+ 15 

+ 2; 

+ 17 

+O.O~I 

fo' 009 

+o-01 

+ '15 

+ '04 
+ '01 

+ '0.3 

+ '02 

+ '04 
+ '10 

+ .oq 
+ '13 

+0.057 

f 0.01 I 

2265 

227 I 

9280 

2444 

2362 

4 168 

2473 

2180 

2769 

2778 

2799 

2810 

2816 

4329 

4351 

4364 

4378 

44388 

44 03 

4140 

4472 

44.09 

4589 

4666 

45iB 

4731 

4766 

4783 

4853 

4926 

4953 

4969 

2271 

2280 

2441 

2462 

2168 

2473 

r 180 

aij!l 

2778 

2782 

+ 18 

+ 18 

+ 16 

+ 12 

+ 9 

+ 9 
+ 12 

+ I 

+ 18 

+ 10 

+ 19 
+ 18 

+ 17 

+ 1.3 

+ 18 

+ aa 

- 3 

+ 23 

+ 17 

+ 10 

+ 6 

+ I4 
+ 1 1  

+ 23 

+ 23 

+ 19 

+ 9 
+ 20 

+ 1 2  

+ I s  

+ 25 

+ 27 

+ 18 

+ 16 

+ 12 

+ Y 
+ 9 
+ 12 

+ 2 

+ 18 

+ 10 

+ 9 

Mean ((3,-HE) 



168 T D L E  ZXVII. DEDUCTION OF THE FINAL VALUE8 OF THE RELATIVE PERSONAL EQUATIOW 

Between Lieut.- Colonel Cmpbell aad Major Heoviside. 

Anal Vcrluea of the Equation adopted. 

For the measurements, Bombay-Deeaa, Deesa-Kurrachee, and Bombay-Kurrschee, executed between November 29, 1880 
and January 29, 1881, the following values of the personal equations were adopted for the reductions, viz., 

d 

!3 

G 

And for the measurements, Jubbulpore-Bombay, Jubbulpore-Bolarum, Jubbulpore. Agra, Jubbulpore-Deeaa and Agra-Deesa, 
executed between February 1, 1881 and April 21, 1881, viz., 

I n  these equations the general symbol, C - H, signifies a quantity which must be added to timee observed by Major Heavi- 
side, before they are compared with those observed by Lieut.-Colonel Campbell. 

A ~ o n o m i d  
Data 

1880 

November 19 

YY 2 1 

88 26 

n 28 

YI 29 

1881 

January 29 

YI 80 

n 81 

February 1 

April 21 

n 88 

n 88 

IS 24 

A Jronomical 
Data 

1880 

November 19 

19 8 1 

BY 26 

,I 28 

n 29 

1881 

January 29 

8 ,  80 

n 81 

February 1 

April 81 

YI 28 

11 28 

YI 24 

BY ~ T A B B  

Telesape 
in uee 

N o . 2  

,r 3 

,, 2 

,, 1 

1 

l o .  1 

1 

n 8 

,, 8 

No. 2 

. ,, 2 

1 

,I 1 

BY ~ T A B E  

Telescope 
in w e  

N o . 8  

,, 8 

r, 8 

,r 1 

,, 1 

No. 1 

,, 1 

,, B 

I ,  2 

No. 8 

11 a 

,, 1 

,I 1 

OX NOBTR deprro~ OF SOUTH ~BPPCT 

General 
Mem 

- =, 

8 

+ 0'011 

+ 0.050 

+ 0-118 

Mean Value o 1 Equrnt  on Combinatioll 

C, - lIN Weight 

Getled 
Mean 

- HB 

8 

- 0.050 

+ 0.033 

+ 0.043 

Mean Value of 
Bq,tation 

CB - =a 

8 

-0.054 

-'058 

- '039 

- -01 7 

- *OII 

+ 0.032 
+ -051 

+'ox5 

+'057 

t 0.059 

+ '047 

+ '030 

+ '043 

8 

+oaoz8 

- '00.3 

+ '030 

+ 'WI 

+ '0x0 

+ 0.033 
+.o8r 

+ '047 

+ * 0 7 1  

+o.119 

+ -112 

+ '124 

+'I39 

Combination 
Weight 

123 

178 

25 

44 

a5 

400 

25 

113 

83 

123 

400 

178 

113 

278 

278 

7 

23 

12 

2 78 

83 

156 

123 

400 

178 

51 

59 



PABLB XXVIII. ABSTRACT OF OBSERVED VALUES OF THE ABSOLUTE (N-8) EQUATIONB 169 . 

Of Aie2ct.- Colonel Campbell and Major Heavkide, Secsson 1880-81. 

LLBD 

Campbell 
at Bombay 

1- N-8 

ABO 

Heavieide 
at  Deem 

ABO 

Beavieide 
at Bombay I-m- 

1866 

1876 

. 
1663 

1686 

21W 

8271 

Qenl. Mean 

BOMBAY-DWA 

Heaviaide 
at Deem 

hr 

1678 

1887 

8058 

2164 

2264 

Qenl. Mean 

Aw 

Heaviside 
at Jubbulpore I--&- 

2271 

2499 

2769 

27W 

2990 

aenl. Mean 

DEBBA-KWBACHHB 

Campbell 
at Kurraahee Eq-ionT 

BOXBAY-KWMIYEPI 

Campbell 
at Kurrachee 

a 

+oSo5 

- '04 

+ -01 

+ -06 

+ .06 

+ ' 0 2  

+ -05 

+ -06 

+ -01 

+ -05 

+ .06 

- -01 

+ '08 

+ '04 

+ '03 

+ -08 

'00 

+ -13 

+ -05 

+ 'oa 

+ 'oa 

+ '03 

+ -01 

+ .06 

+ 'oa 

+ '07 

+ '04 

+ ' 0 1  

+ '04 

+ '09 

+ -04 

+omoqr 

1468 

1678 

2028 

2813 

Qenl. Meen 

N-9 

I 

-0.04 

+ "'9 

+ '03 

+ '"9 

+ '03  

- '04 

+ ' 0 1  

- -01  

- -05 

+ '09 

+ '01 

- -07 

+ '03 

'00 

+ '04 

- -01  

+ '03 

- -02 

+ .06 

+ '04 

+ .or 

- .06 

- '0% 

+ - 0 1  

+ '01 

+ -08 

' 00 

'00 

+0'013 - 

2789 

e840 

8827 

a 1 1  

&nl. Mean 

I 

N - 8  

• 

-oaor  

+ -03 

- '03 

- '05 

+ .03 

- -06 

+ -06 

+ '03 

'00 

+ '17 

- '03 

+ . l o  

+ -06 

+ -08 

+ '03 

- ' 0 1  

+ '01 

+ .oa 

+ ' 0 2  

+ '01 

+ ' 07  

+ 0.026 

1678 

1778 

1829 

2068 

2164 

QenL Mean 

2264 

2481 

2789 

2838 

8079 

Qcnl. Mean 

N-8 

a 

+omoa  

+ -15  

+ -08 

+ 'Oq 

- '03 

+ -07 

- .oa 

- -02 

+ ' 0 1  

+ '01  

+ '03 

+ -06 

+ -04 

- '03 

- '04 

' 00 

+ '03 

+ '03 

- '04 

+ ' 0 1  

- ' 0 1  

- ' 0 1  

+ '04 

+o'o18 - 

JWBULPOBB-BOMBAY 

Campbell 
at Bombay 

8b I-*. 
N-0 

a 

+omoq  

+ '05 

- '07 

+ -14 

+ ' 1 3  

- .or 

+ '03 

- '03 

+ -04 

+, -01 

+ ' 0 1  

+ '03 

+ ' 1 0  

+ - 1 0  

+ '08 

+ 'of 

+ '03 

+ ' 0 7  

- ' 0 2  

+ ' 0 1  

- ' 0 1  

- '01 

- -01 

'00 

+ o ' o . ~ . ~  
, 

I 

N - 8  

a 

+oao2  

- -02 

+ '03 

- -06 

- ' 0 1  

+ .oq 

+ -06 

+ -06 

+ '07 

+ -03 

+ ' 1 0  

-00 

- -01  

+ '04 

- -01 

+ '14 

- ' 0 1  

+ '03 

+ '03 

'00 

+ '01  

+ -06 

+ .08 

- -01 

- '03 

+ 0.026 - 

N-9 

a 

+ o - X I  

+ -08 

+ '08 

+ 'oa 

+ '"9 

+ .oS 

+ ' 1 1  

+ ' 1 1  

+ 'oa 

+ -09 

+ -04 

'00 

+ -08 

+ -01  

+ '05 

+ -08 

+ '05 

+ -06 

'00 

+ 'oa 

+ '05 

+ ' 1 1  

+ '05 

+ ' o f  

+ ' 0 1  

+ -06 

- 'oa 

+ -06 

+ '03 

+ 0.056 

2769 

2799 

2816 

2990 

8278 

Qenl. l e a n  

N-8 

a 

+omo7 

+ '03 

+ '09 

+ -04 

+ ' 1 0  

+ '03 

+ '09 

+ '09 

+ '07 

+ .06 

+ '03 

+ - 1 0  

- '01  

+ -04 

- '0.3 

'00 

+ '01 

- 'oa 

. -  '05 

+ ' 0 2  

+ '05 

+ ' 0 1  

+ '03 

+ '03 

+ .08 

+ -0g 

+ '05 

+ -07 

+ -02  

+ 0.041 



1 7 0  TABLE XXVIII. ABSTRACT OF OBSERVED VALUES OF THE ABSOLUTE (N-S)  EQUATIONS 

Of Lieut.- Colo~rel Campbell and dlajor HeavkicEe, Seasola 1880-81. 

N m . - ' l l ~ e  aymbol, N -8,  significa a qonntity which must be added to the timen observed for stsrr of South Aspect, before they can be compared with those 
for rhrr of North Aspect, by the same observer. 

- - - - - - -  

ABO JUBBULPOBE-AQBA ARC 

Heavieide 
s t  Jubbulpore 

~ u t i a n  N - 8  

A m  

Campbell 
at Agm 

sh ~qnat ion 

ABO JUBBULPOBB-DEBGA 

8827 

8800 

3 6 4  

8964 

Genl. h f e a ~ ~  

JUBBULPOBE-BOLABUY 

Oampbell 
at Bolarum 

sh b u t i o n  N - 8 

4804 

4815 

4898 

4809 

4969 

Gcnl.Alean 

AOBA-DEKBA 

Heaviaide 
at Ueeaa 

E~~~ 

N - S  

8 

+o.rq 

+ '11 

+ -04 
+ '09 

+ '10 
+ .09 
+ ' O I  

+ .06 
- '0.3 
+ '0.3 

+ '02 

+ '01 
- '01 
+ '03 
+ '05 
+ '01 

+ .oa 
- '04 
+ '03 

+ '04 

+ '05 
+ -10 

+ .08 

+ ' 1 1  

+ 0.048 

8278 

8534 

. 
8824 

8997 

Qenl. Mean 

N-H 

8 

+o.oz 

- '03 
-00 

-02 - 
+ '04 
+ '12 

+ '05 
+ '04 
+ '19 
+ '15 
+ -08 
+ '03 
+ '10 

+ '0.3 

+ '03 
+ '0.3 

+ '03 

+ 1 2  

+ '17 
+ .27 
+'12 

+ '09 
+ '10 

+ -09 
+ .06 
+o.o76 - 

4364 

4388 

4526 

4566 

4675 

4953 

Genl. Mean 

8 

+0.04 

t .08 

+ '07 
'00 

+ .oa 

- -02 
+.06 

+ '07 
+ '03 

+'03 

+ -10 
+ '10 

+ '14 
+ ' ] I  

+ .09 
+ '07 

+ '03 
+ '0.; 
+ '01 

+ -07 

+.06 

+ .oa 
+ 0.055 - 

' 8  

+0.08 

+ '10 
+ '09 

+ -08 

+ .r6 
+ '03 
+ -07 
+ -08 

+ '05 
+.'Of 

+ '07 
- '07 
- -02 
+ '05 
+ .06 
- -04 
- '03 
+ '05 
+ '01 

+ '01 

+ '02 

+ '01 

+ '09 

+ '07 
+ '07 

+ .08 
+ .04 
+ . I 2  

+ '09 

+ -05 
- -05 
+ -05 
+ '13 

+ 0.05 I 

Campbell Heaviside Campbell Heavis~de 
at Jubbulpore at Jubbulpore at 1)eeaa 

N - S  N - 8  N - 8  

8671 

3848 

4066 

4-440 

4260 

Qenl. Mean 

+o.o6 

I+ '05 
+ '04 
+ '1.3 

+ .I.+ 

+ '09 
+ .or 

+ '02 

+ '05 
+ '01 
+ '05 
+ .06 

+ .07 
+.04 

+ '11 

+ -06 

+ .08 

+ '07 

+ -06 

+ .06 

~ 0 . 0 3  

+ .08 
- '03 
+ '07 
+ '05 
+ ' 1 1  

- .08 

+ .oh 

+ '05 
+ '05 
+ -04 
+ -08 

+ .oq 
+ -06 

+o.oi5 

8650 

4100 

4196 

4207 

Genl. Mean 

+o.~z 

+ .08 
+ -09 
+ '04 
+ '09 
+ '03 
+'04 

+ '15 
+ '04 
+ '04 
+ '05 
+ '09 

+ '11 

+ .08 
+ '05 
+ '11 

+ -06 
- '05 
- .ol 
- '01 

+ '12 

- '04 
+ -06 
+ -09 
+o.o60 - 

4 0 M  

4864 

4888 

4518 

4566 

4576 

(3enl. Mean 

+oVo8 

+ '04 
+ -17 
+ '09 

+.la 

+ '08 

+ .lo 
+ '10 

' 00 

+ *oS 
+ -02 

'00 

+ '13 
+ -04 
+ 'oa 
+ '07 
+ -01 

+ -05 
+ '02 

+ '10 
- '02 
+ '01 
+ '04 
+ '01 

+ '04 
t -04 

+ -06 
+ .14 
+ '11 

+ '11 

+ '17 
+ '14 
+ '14 
+ '12 

+ 0.0; I 

J066 

4861 

4888 

4516 

4566 

4576 

Genl. Meati 

+o'er 

+ .06 
+ '05 
+ '10 

+ .06 

+ ' 1 3  

+ -05 
+ .09 
+ '07 
+ ' 12  

+ '13 
+ '05 
+ .06 

+ 'I.? 

+ '02 

+ '14 
+ '03 
- -01 

- -01 

+ .06 
+'03 

+ -07 
- 'or 
+ '02 

+ '02 

I 
+ '03 

'02 - 
+ '05 

+ -06 

+ .07 

+ '09 

+ -1'2 

+ 'I1 

+ '01 

+ 0.059 



TdBLE XXIX. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF 3HE APPARENT DIFFERENCE OF LONGIWDES, 8L, - p.* 

NOTE. l* 1 eS0a25. !l!ranscribing Equation nil, all records having been transcribed by the name peraon. 
* p in the retardation of an electrio sig~~al between the stations. 

2 
C 

'i 

$ 

1880 

Dm18 

Deo.13 

Deo.14 

BOMBAY (s), Lat. I@ 64', h a g .  4' 61' m: A N D  DEE88 (W), La?. a40 It?, hw. 

STAB 

4 h  @ 64'. 

Difference of 8 

By each 
Star 

m a 

a 31.67 

31.65 

31'64 

31.64 

31'60. 

31.60 

31-68 

31-67 

31.70 

a 31.63 

31.68 

31-74 

31.72 

31-19 

31'74 

31'68 

31-75 

31.75 

31'75 

a 31-71 

31.69 

31.71 

31.74 

31-69 

31-81 

31-14 

!l3uxsrrs OBSEBVED AT E 
By CainpbcU, with Tebacope No. 2 

T W ~ I T S  OBBEBVED AT W 

By Eeclaisidc, with Telucope KO. 1 

B.A.O. 
Number 

1878 

1891 

1894 

1408 

1421 

1487 

1444 

1468 

1462 

1542 

1561 

1563 

1572 

1586 

1601 

1614 

1629 

1638 

1647 

1408 

1421 

a; 
m 

t 

m . F * 

,. 
z . 

E 

I 

n 
8 
0 , 

; 
I 

M~~~ 
Observed 
T h e  

h m  r 

4 a1 5.63 

1.3 10.50 

23 23-78 

26 36-98 

a8 33.55 

31 53-74 

33 18.73 

35 27-30 

3f 48.64 

4 53 18.39 

55 28.73 

57 61.04 

5 o a1.41 

I 18-99 

4 21-32 

7 9-41 

9 59'2' 

10 40.38 

1247'13 

4 26 50.09 

28 45-55 

3059'39 

In- 
atrumentd 
position 
and 

Comotion 
Constants 

I. P. E. 
d - a.9 

+ 6'3 
a -14.a 

a 
Q + 1-91 

I. P. 8. 

d - z.9 
a -14.a + "j 

r 
Q-1.91 

I. P. E. 

- a.9 - 4'8 
a -11.7 

2 
O 
b 
I 

0 

I 

o 
s 
b 
I 

~trumentel M- ~~t,,l 8emnda 2 
Deali- 
nstion and Correct- Q 

ja 6.80 

34 31-74 

35 40.43 

38 1'72 

a 
Q + 1.90 

2 
'? - 

CQ 

n 

$ 
m 
n 

u, n - 
m 
r4 

o I 

+18 55 

+15 56 

+15 54 

+a8 43 

+ 9 55 

+IS 41 

+a823 

+a351 

+ 28 a6 
\ 

+14 12 

+ 21 25 

+ 19 38 
+q 7 

+194a 

+1554 

+3a jj 

+ 33 38 
+33 37 

+lg 17 

+2843 

+ 955 

~ ~ t ~ l  

Correo- 

tion 

8 

+I-96 

+I.W 

' + 1'94 

+a-02 

+~'p 

+1'94 

+aeoz 

+1'99 

+a'oa 

-1.90 

-1.85 

-1.86 

-1.83 

-1.86 

-1.88 

-1.76 

-1'76 

-1.26 

-1.86 

+1'7a 

+1'65 

+1*68 

1487 

1444 

1 4 8  

1468 

~n~ 
of 

Correct- 
d ~b~ 

r 

7-59 

12-44 

35.72 

39-00 

34'45 

55'68 

20.75 

29'29 

50.66 

16.49 

16.88 

59.18 

19'58 

1 - 1 3  

19-44 

7-65 

51-46 

38'61 

45-27 

51-81 

41.20 

61.07 

+1.68 

+ r e l a  

+I-71 

  fa 

3 
m 

8 

8 

8 

N 

8 

N 

N 

N 

8 

N 

S 

N 

N 

8 

N 

N 

N 

9 

N 

8 

2935'99 

31 0.97 

33 9-55 

35 30.90 

8.48 

33-46 

42.14 

3.44 

+I5 41 

+a8 a3 

+a3 52 

+a8 a6 

Correction 
Conntants 

L P. 6. 
d 

. 
b -a1.8 
a 

r 
Q +1.88 

I. P. 6. 

' a7' I 

: 
r 

Q -1.88 

I. P. B. 

a -a7.1 

8 

N 

N 

N 

+0'75 

+oW80 

+0'77 

+oe80 

8 

N 

N 

N 

h m  u 

4 18 35-a3 

ao40.q 

ao 53.38 

a4 6.63 

a6 2.21 

a9 aj' 39 

30 48'34 

jz 56'9a 

35 18-13 

4 50 47-94 

5258.25 

55 30.50 

57 5o.ga 

58 48.40 

5 150.76 

4 38.99 

7 28.72 

8 9'88 

I0 16.58 

4 24 19-a5 

a6 14-80 

a8 28-61 

36'74 

1-71 

loeja 

31-70 

8 

Q + 1.90 

2 

8 

8 

8 

N 

S 

8 

N 

N 

N 

8 

8 

8 

N 

8 

8 

N 

N 

N 

9 

N 

8 

8 

ti0n 

a 

+0'69 

+oS7o 

+om70 

+o-73 

+0.64 

+oV69 

+0'73 

+0'70 

+0'7j 

-3.08 

-3.05 

- 3-06 
-3.06 

- 3-06 
-3'06 

-3.02 

-3.01 

-3.01 

- 3-06 

+0.79 

to.71 

+om75 

ed~ime 

r 

35-93 

40'79 

54-08 

7.36 

2-85 

24.08 

49'07 

57'6a 

18-96 

44.86 

55.a0 

17-44 

47-86 

45-34 

41.70 

35'97 

25-71 

6.87 

13.52 

10.04 

15.51 

39-36 



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

Nma ld - on.oaa5. TT&bing Equation nil, all records having k e n  tramtibed by the seme person. 
* p ir the retardation of en el& signal between the & . i o ~ .  

4 
FI 
3 
.g 
3 

1880 

Deo.14 

Deal6 

BOMBAY (E), ht. le" M', h u g .  4h 61- 250: AND I)EESA (W), Ld. 24' 16'] h y .  b am 64.. 

STAB 

B.A.C. 
Number 

1643 

1661 

1663 

1672 

1686 

1601 

1614 

1629 

1632 

1647 

1661 

1376 

1891 

1894 

1402 

1408 

1421 

1433 

1437 

1444 

1%8 

1488 

Tams~rs  OBBEBTED AT E 

Decli- 
nation 

o I 

+ 14 12 

+a1 25 

+ 19 38 
+24 7 

+ 19 42 
+15gq 

+3a 33 

+33 38 

+33 37 

+xg a7 

+ 19 41 

+18 55 

+15 56 

+I5 54 

+1536 

+a8 43 

+ g 55 

+15 48 

+1541 

+a8 23 

+a3 51 

+a8 26 

Difference of 
Corrected Tinlea 

T B ~ B I T B  OBBEBVED AT W 

X 

3 
3 m 

8 

N 

8 

N 

8 

8 

N 

N 

N 

8 

8 

8 

8 

8 

N 

8 

8 

0 

N 

N 

N 

o , 
P 

. E ! - ~  
$ 5 

By Campbell, 

In- 
atrumentad 

Poeition 
and 

Cortection 
Constante 

I. P. E. 
d 

, -27.1 
: I:;:: 

6 

Q-1.90 

1. P. E. 
d , - ,., 

+ , -24.6 
6 

Q +1.90 

Telescope No. 

~~d 
Correo- 

tion 

6 

-3.05 

-3.02 

-3.04 

-3'03 

-3.04 

-3.04 

-2'99 

-2.98 

-2.98 

-3.04 

-3.04 

+ I - ~ I  

+1.88 

+1.88 

+1.88 

+a'o2 

+1'81 

+ 1.88 
+1.88 

+anal 

+1'96 

+amor 

with 

M~~~ 
Observed 

Time 

A m  6 

4 50 60'61 

53 10'93 

55 43.19 

58 3-65 

58 61-08 

5 a 3'48 

451'fa 

7 41'45 

8 2a.6~ 

10 29.34 

11 6-94 

4 19 12.21 

20 17.09 

a0 30.32 

aa 36-06 

14 43'53 

a6 39.18 

a8 52'91 

30 0.29 

31 25.19 

33 33-80 

35 55'09 

2 By Heavide ,  with Tslercopr NO 1 (W-E) J s  g b  0 
a 

r a I 

of Observed Correc- 

6 

57.56 

7.91 

40.15 

0.61 

58-04 

0.4 

48'73 

38.47 

19-64 

26.30 

3'90 

14-12 

18-97 

32.10 

37.94 

45'55 

40.99 

54-79 

a-17 

27.ao 

35-76 

57-10 

8 

8 

N 

f3 

8 

N 

N 

I 

8 

8 

8 

9 

8 

8 

N 

8 

8 

8 

N 

N 

N 

I. P. E. 
d - . 

b - 4'8 , I , . 7  

8 

Q -1.90 

L P. 8. 

, - a,9 

* 
Q +1'96 

h m  8 

4 53 31-42 

55 41-70 

58 13'99 

5 0 34.42 

1 31'87 

434'26 

7 22.50 

10 12.24 

1053.37 

12 60.05 

13 31-71 

4 a1 u-00 

22 48-89 

23 a.14 

25 7'9s 

a7 15-41 

a9 10.86 

31 aq-72 

32 32-13 

33 57-09 

36 5-72 

38 17-03 

8 

-2.13 

-a'Io 

-a.ro 

-2'09 

-2'10 

-a'~a 

-2.06 

-2.06 

-2.06 

-2.10 

-amlo 

+1'77 

+1.75 

+I-75 

+1'7S 

+1'79 

+1-73 

+rV75 

+1'75 

+~'fg 

+1'78 

+1'7g 

6 

29-29 

39'60 

11.89 

31-33 

29.77 

32.14 

20.4 

10.18 

51-31 

57'95 

35.61 

45-77 

50.64 

3-89 

9'67 

17-20 

12.59 

26.47 

33'88 

58.88 

7-50 

28.8a 

0 6 

2 31-73 

31-69 

31.74 

31'71 

31'73 

31-70 

31'71 

31-71 

31.67 

31'65 

.?I'~I 

a 31.65 

31.67 

31-69 

31-73 

31-65 

31.60 

31-68 

31-71 

31-68 

31.74 

31'7a 

;: 
; 
m 

E 

-: 
m 

a 

" P  
O 

I 

I 

- - 
X 
I 

2 
% 
I 

N 
h " - 
Cr. 

n 

- 
I 
? 
m 
n 



TABLE XXIX. OBSERVATIONS OF TBAN8ITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN - p.* 

BOTE. ld - e-oaq. Transcribing Equation nil, dl records having been trsnsoribed by the m m e  person. 
p ie the retardation of an electrio eignal between the stations. 

BOMBAY (E), Lut. 18D 64', Losg. dh 61m 26': AND DEESA (W), kt. &P 16', Long. 4 4tP Ma. 

3 
FI 

3 
.$ 

3 
. ; " ,as!  
$ g p 
W t :  ,, , 1 

$ 

.c 

- 
m 
n 

0;; - '? 
m 
" 

m 
n 

3 

1880 

l)eo.16 

Dec.17 

Deo.17 

' 

8TAR 

Difference of 
0 

Correoted Timee 
 BIT^ OBBEETED AT E 

By Campbell, wiih Tshcope No. 8 W - a )  

!I?RAXBITB OBBERVED AT W 

By Eeaviside, toith Telescope No. 1 A S  
$ J $ v  In- 

By each 
Star 

B.A.C. 
b e  

1642 

1551 

1563 

1572 

1686 

1601 

1614 

1629 

1632 

1647 

1651 

1408 

1421 

1432 

1497 

1444 

1453 

1482 

1642 

1661 

1663 

1672 

1801 

1614 

1629 

1632 

1647 

Decli- 
nation 

o I 

+rq 12 

+11 25 

+1938 

+a4 7 

+19 41 

+15 54 

+32 33 

+33 38 

+33 37 

+lg 27 

+19 41 

+a8 43 

+ 655 
+IS 48 

+154r 

+28 23 

+a3 52 

+a8 a6 

+14 12 

+a1 15 

+19 38 

+14 7 

+1554 

+31 33 

+ 33 38 
+33 37 

+19 a7 

Pos~t~on of Observed Corn- Observed Correo- 
Correct- 

Mean .c 2 Cem 

9 

N 

8 

?J 

8 

8 

N 

N 

N 

8 

N 

8 

8 

9 

N 

N 

N 

8 

N 

8 

N 

8 

N 

N 

N 

8 

of , I  I 
L 

0 

m a  

1 31'68 

31-69 

31-69 

31-15 

31.85 

31.67 

31-72 

31.76 

31-68 

31-66 

31'74 

a 31'83 

31-59 

31-58 

31'59 

31-86 

31'78 

31-77 

2 31-67 

31'79 

31-80 

31.88 

31-67 

31.83 

31-89 

31-83 

31-72 

Constants 

I. P E 
d , - a  ,., 

b + 2'4 
a . 

r 
Q -1.90 

LP. W. 
d 

. 

: 7&:: 
a 

Q +1.89 

I.P. K 
d - o.6 

: 
8 

Q -1.89 

g 
0 

b 
I 

b 
- 0 .  

2 
9 
o 

I 

- L  
m 

s 

2 

" 

m̂  
' L 

0 

E " 

- 
a ?  
0 

I 

o 
O 

" 

1 3  
b 
I 

h r n  r 

4 5-4-95 

53 35-13 

56 7.45 

58 27-94 

59 25.26 

5 1 a7.75 

5 15-96 

8 5'67 

8 46.81 

10 53.64 

1 1  31-a5 

4 a4 55'97 

a652.11 

29 5.72 

30 13-14 

31 37-70 

3346.43 

36 7-64 

451 37.78 

53 41-88 

56 20.19 

58 40.49 

5 a 40'54 

528'25 

817'91 

8 59.12 

11 6-27 

a 

-1.94 

-1'86 

-1.88 

-1'84 

-1'88 

-1.92 

-1'75 

-1'73 

-1-73 

-1.89 

-1.88 

+za40 

+1'78 

"-96 

+1.96 

+2*38 

+aaza 

+1'38 

. -1.87 
-1.64 

-1.70 

-1'55 

-1.81 

-]*a3 

-1.18 

-1'18 

-1.70 

a 

23'01 

33'37 

5-57 

26-10 

13.38 

15-83 

14'21 

3'94 

45-08 

51-75 

29.37 

58-31 

53.89 

7.68 

15-10 

40.08 

48.65 

lo.oz 

35-91 

46-14 

18-49 

38'94 

38-73 

27-01 

16.73 

51-94 

4-57 

8 

8 

8 

N 

8 

8 

N 

N 

N 

S 

8 

N 

9 

8 

8 

N 

N 

N 

8 

8 

N 

S 

N 

N 

N 

8 

h m  a 

4 53 56-85 

56 1-20 

58 39.40 

5 0 59-90 

I 51-37 

459.66 

7 48-04 

1037.80 

11 18.86 

13 25.55 

- 14 3-a5 

4 zf 28-09 

2923.40 

31 37'17 

3a 44-60 

34 9.83' 

36 18-33 

38 39-68 

4 54 9.19 

56 19-13 

58 51.99 

5 x 1av5a 

5 I 

7 60.53 

10 50.30 

11 31-45 

13 37-99 

Constante 

I. P. E. 

- z.9 

8 

Q -1'95 

1.2'. W. 
d 

, + 4.0 

- + 4'2 o.4 

a 
Q +rego 

I.P.  W? 
d 

+ 4.0 
b + 4.2 
0 - 0.4 

8 

&-1-90 

a 

-1.16 

-am14 

-a-14 

-2.13 

-1.14 

-2.16 

-a'11 

- a 0 1 0  

-2.10 

-2'14 

-a.14 

+am11 

+1'08 

+2.09 

+2'09 

+zmll 

+a.~o 

+ ~ . I I  

-1.71 

-1'70 

-1.70 

-1.70 

I 

-1.68 

-1'68 

-1.68 

-I'~o 

8 

54.69 

5.06 

37.26 

57-05 

55-23 

57-50 

45'93 

35-10 

16-76 

23-41 

1 - 1 1  

3o'ao 

15'48 

39-26 

46.69 

11.94 

20.43 

41-79 

1-58 

18.03 

50-a9 

10.82 

10.40 

58.85 

48.61 

29-71 

36-29 



174 T D L E  XXTB. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 6LN - p.* 

N m .  ld - 01.0225. Tmwrib'ing Equation ail, a11 recoda having been tzanadbed by the aame pemn. 
p in the retardation of an elrctrio ~ i g d  between the rtrtiom. 

BOMBAY (E), h t .  180 64', Long. 61m a5sr AND DEESA (W), Lat. 240 l6', Zing. @ 64'. 

.%ANBITE OBBEBVED AT E TBA.NBITE OBBEBVED AT W Difference of 
a 

0 .2", 
3 STAB Correctad Timer 2 6 By CampbpisU, with Tslsrcope No. 8 By Heavuide, with Telwcupe No. 1 

Position 
Observed Correc- By eaoh 

u6o 
Dee.18 

Dec.18 

Number 

1866 

1876 

1891 

1894 

1402 

1408 

l4al 

108% 

1444 

1468 

1468 

1642 

1561 

1663 

1672 

1586 

1601 

1614 

1629 

1682 

1647 

1651 

nation 

0 I 

+1739 

+18 55 

+15 56 

+15 54 

+1.~36 

+a8 43 

+ g 55 

+a8 23 

+a3 j a  

+a8 26 

+141a 

+a125 

t1938 

+a4 7 

+1942 

+ 15 54 
+31 33 

+33 38 

+33 37 

+ 19 a7 
+19q1 

8 

8 

8 

8 

0 

N 

8 

8 

N 

N 

N 

8 

N 

8 

N 

8 

8 

N 

N 

N 

8 

S 

Conatants 

I.P. W. 
d , - o,6 

: -f6;:: 
8 

Q +1.86 

I.P.W. 
d , -0.6 

: +6;:: 
8 

Q -1.86 

h m  8 

4 1634.09 

19 37'90 

a1 42.83 

21 56.09 

23 1.86 

25 9-01 

27 5-05 

29 18-71 

31 50.73 

33 59'47 

36 10.68 

45150'73 

5360.86 

5633.16 

58 53-51 

5951'02 

5 a 53'50 

541.31 

8 31'00 

9 12-15 

1 1  19'29 

II 56.93 

8 

+1'85 

+1'88 

t1.80 

+1'8o 

+1'78 

+a'19 

+re64 

4-1-19 

+ae17 

+zmoa 

+aml; 

-1.97 

-1.76 

-1.82 

-1.70 

-1'81 

-1.92 

-1.40 

-1.36 

-1.36 

-1'83 

-1-82 

8 

8 

S 

5 

8 

N 

S 

8 

N 

N 

N 

8 

8 

5 

N 

8 

8 

N 

N 

N 

8 

8 

8 - 

35'94 

39.78 

44.63 

57'89 

3.64 

I 

6.69 

20'50 

52-90 

~a.85 

48.76 

59.10 

31-31 

51-81 

qg.ar 

51.58 

39.91 

19-64 

10.79 

17.46 

55.11 

Conatants 

I.P. W. 
d 

- ,., 
+ 5'J - 1'4 

8 

Q + 1-43 

I.P.W. 

o - I . o  

: ::: 
8 

Q -1'43 

h m  8 

4 19 6-09 

22 9-96 

1 I 

14 38-03 

a5 33.78 

a7 41-47 

29 36.76 

31 50'6a 

34 13'13 

36 31-64 

38 53-03 

45421-70 

56 3a-05 

59 4-16 

5 1 24-78 

122'14 

5 24-55 

8 1 a . p  

I 6 

11 43-81 

13 50'41 

I 8 0  

Correot- 8t.r 

+?a 8 

2 31.68 

31.7~ 

31.64 

31-67 

31.66 

31-80 

31.59 

31-65 

31-77 

31-68 

31.71 

231.60 

31-63 

31.70 

31-64 

31'71 

31.64 

31.68 

31-69 

31-71 

31.63 

31.64 

8 

+1'53 

+1'54 

+ I 
+lm53 

+1'52 

+ 1-54 
+ta5a 

+1'5j 

+1'54 

+1.53 

+ 1'54 

-1.34 

-1.32 

-1.3a 

-1.33 

-1'32 

-1.33 

-1'31 

3 

-1.31 

-1.32 

I 

8 

7-62 

11'50 

16-27 

29-56 

35-30 

43-01 

38-28 

52-15 

24.67 

33.17 

54'57 

ao.36 

30.73 

3.04 

23.45 

20.91 

23.22 

1-33 

41-50 

49'09 

26-75 

ch 

"? 
m 

8 

m 

n 

" S  
, b 

I 

; 

' 

u) 

F F  
0 

I 

_ - 
X 
I 

n 
V1 - 
rr) 

n 

'z 
? 
rr) 

n 



FABLI n18. OBSERVATIONS OF !CRANSITS WITH E CLOCK, AND DEDUCTION I75 

OF.THE APPARENT DIFFERENCE OF LONGII!ClJDES, 8LN - p.* 

NOTP. 1" oo'.oaa5. Transcribing Equation ril, all records having been transcribed by the same person. 
* p M the retardation of an electria aignal between tlm atstions. 

L 

BOMBAY (E), Lot. 1@M, Long. dh 61' w: AND DEE96 (W), Lat. W16', Low. 

TEANBITB OBBEBW AT E T ~ A N ~ I T ~  O s s m m  AT W 

db @ @. 

D e n  of - * Correoted Time8 p p 

By each 

1 

8 m n d a  
of 

Correct- 
ed ~ i m e  

8 

I 

a3-52 

28.4) 

41.69 

47'43 

54'99 

50.41 

4.21 

"-65 

36'69 

45-25 

6-59 

42'73 

15-08 

35.52 

35'24 

23.60 

13-35 

54'50 

1 - 0 7  

38.80 

Star 

m 8  

231.13 

31.68 

31.73 

31.70 

31'69 

31-68 

31-66 

31-62 

31.70 

31-67 

31'69 

31-65 

2 31-61 

31.71 

31-68 

31'6.3 

31.67 

31.65 

31.66 

31-56 

31-66 

with 

Observed 

Time 

A m  r 

41918.17 

22 21-98 

a4 16.89 

2440-15 

25 45-89 

27 53-45 

a9 48.88 

31 2-68 

3.3 10.11 

34 35-15 

3643.71 

39 5-05 

4 56 44.05 

59 16-40 

5 6 

5 36.56 

8 14-91 

1114.66 

11 55.81 

14 2.39 

1440'1a 

By Heavidel 

In- 
strumentd 
Position 

and 
Correction 
Constants 

1 . P . T .  
d , - ,., 

+ 5.5 
a - 0.4 

8 

Q +1'43 

I. P. W. 

2 :  
E 

Q11.43  

sF " - 

3 
9T 

eQ 

STAB 

strumentd I, ~~a Becondo 

Observed Correc- and N ~ m b e r  nation Correct- -m 

Tebmps  No. 

~ ~ t d  
Correc- 

8 

+1-5.+ 

+1'54 

+ I - 5 4  

+1'54 

+ 1'54 

+1'53 

t 1 . 5 4  

+1-54 

+ J ' 5 4  

+ r e 5 4  

+1'54 

-1.33 

-1.32 

I 

-1.32 

-1-31 

-1.31 

-1.31 

-1-32 

-1'32 

1880 

Dec.19 

Dec.19 

* 

2 o 
0 

I 

b 
I 

1865 

la76 

1891 

1894 

l4Q8 

1408 

1481 

143% 

1437 

1444 

1453 

i a a  

1561 

15'' 

5 7  

1601 

1614 

1629 

1638 

1617 

1651 

? 
O 

I 

- * " 
; 
n 

o I 

+ I739  

+ I S  55 

+ I S  56 

+ 15 54 

+ 1 5 3 6  

+a8 43 

+ 955 

+ I S &  

+15 41 

+a8 23 

+ z j  5a 

+a8 26 

+ 2 1  25 

"9 3' 

+a4  7 

+1554 

+3a 33 

+33 38 

+33 37 

+19 27 

+ 19 41 

3 

8 

8 

9 

8 

8 

N 

8 

8 

8 

N 

N 

N 

N 

N 

8 

N 

N 

N 

8 

8 

0 

I 

Conation 
Constant8 

1 . P . W .  

d , - 0.6 

q6i:: 
8 

Q +1.88 

I. P. W. 

- 
b + 2.6 
a -66.9 

8 

Q-1.88 - 
rr) 

n 

Time 

h c a  s 

41646.08 

1949.91 

21 54.85 

aa 8.14 

23 13.90 

a5 21.09 

a7 17-05 

29 30.76 

30 38-11 

3s 2-81 

3411'50 

36 31'7.3 

4 54 1a.88 

5645.18 

59 1-53 

5 3 5-5a 

553'34 

8 43.07 

9 a 

11 31-33 

11 8.95 

2 

8 

8 

8 

8 

8 

N 

8 

8 

5 

N 

N 

N 

8 

8 

8 

N 

N 

N 

8 

8 

lion 

8 

+1'90 

+1'93 

r1.85 

+1.85 

4-1.84 

+a.aa 

+1*70 

+la84 

+1.84 

+ a . a ~  

+am06 

+ Z . Z I  

-1.76 

-1.81 

-1.69 

-1.91 

-1.41 

-1.37 

- 1 . 3  

-1.82 

- 1-81 

ed %e 

u 

47.98 

51.84 

56-70 

9'99 

15-74 

13-31 

18.75 

31-60 

39'95 

5-02 

13-56 

34'94 

I 

43.37 

3.84 

3.61 

51-93 

41.70 

22.84 

29'51 

7-14 



FABLE XXX. OBSERVATIONS OF TRiiNSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 

WOTB ld - e.oa25. Tmmoribing Equation d, all records having been trnnocribed by the m n e  pma 
* p in the retardation of an eleotrio e i g d  betweeqthe abtiona 

S n - 
.B 
a 

i 
1880 

De0.18 

Dea.13 

Deo.14 

B.A.C. 
Number 

2111 

2184 

2166 

2170 

2265 

2271 

2280 

2286 

2301 

2818 

2329 

2340 

2366 

2874 

2038 

9059 

2082 

2099 

2111 

2184 

2165 

2170 

STAB 

Decli- 
nation 

o I 

+ I S  59 

+I931  

+39 -30 

+a8 a2 

+1320 

+ I 8  3 

+ 16 6 

+1615 

+a9 32 

+a2 49 

+ 15 43 

+30 a6 

+ 551 

+ a8 6 

+a1 11 

+ 4 39 

+3034 

- o 30 

4-15 59 

+19 31 

+39 30 

+a822 

BOMBAY (E), f i t .  18'54', Long. 4h 61m 

TRANBITH OBBERYED AT E 

2 

8econds 
of 

Correct- 
T~~~ 

8 

30.a6 

21.56 

8.95 

46-79 

39.93 

3 . 2 9  

44.83 

9-75 

41-18 

53-03 

56-70 

18.67 

14'97 

16.08 

31-38 

51'49 

19.44 

6-71 

10'85 

2-17  

49'54 

a7-41 

2.5.: AND DEE98 (W), Lat.  a4016', Lang. 

TRANHIT~ OBBERVED AT W 

X 
$ 
p 
3 * 

8 

8 

N 

N 

8 

8 

8 

8 

N 

N 

S 

N 

8 

N 

N 

9 

8 

8 
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N 

N 

1 

~emnda 
of 

Correct- 
ed Time 

r 

a.12 

53.42 

40'85 

18.67 

11-73 

3-13 

16.66 

41.56 

12'97 

24-83 

28.65 

50.47 

46.84 

47-87 

3-21 

23-29 

51-30 

38-51 

41.66 

34.01 

21-36 

59-22 

By Campbell, 

In- 
strumelntal 
PPotioo 

and 
Correction 
Cotistat~ta 

I. P. E. 
d 

. 
b -21.8 
a 

8 

Q +1.88 

I .P .E.  

o - 2 7 . 1  

: 1:;:; 
r 

Q -1.88 

I. P.B. 
d 

0 . 
-a0'8 
-27.8 

r 
Q + I - 9 0  

" ; ' 
$ 0  ? 

W ; ;  
j 
1 I m m  & o m  
$ 1  I 

O " 
2, 
4 4  
0 
.HB 
3 L: 

#. 

t - h  

, 

0 , 

W ; L  
o 
0 

I 

4h @ 64'. 

Difference of 

X 

-: 
2 

8 

8 

N 

N 

6 

s 

8 

N 

N 

8 

N 

N 

8 

Q 

N 

8 

8 

8 

N 

N 

a 
+ 
2 

2 

Corrected 

( W - E l  

By each 
S b r  

m r 

a 31'86 

31.86 

31'90 

31-88 

t 3 1 . 8 1  

31.84 

31'83 

31'81 

31-79 

31-80 

31-95 

31.80 

31.87 

31'79 

2 31-83 

31-80 

31'86 

31-84 

31-81 

31-84 

31-82 

31-81 

with 

M~~~ 
Obeerved 

Time 

h m  r 

6 a2 19.56 

35 20.86 

a8 8.19 

29 46.06 

64543.01 

48 34.37 

5047.89 

51 12.81 

53 44-20 

55 56.07 

58 59'7 7 

7 I 21.68 

3 18.12 

6 19-12 

6 ra 30.60 

15 50'82 

19 18'62 

21 6-09 

23 10-09 

26 1-41 

a8 48-72 

30 26-61 

By Eeavuide, 

In- 
gtrurnental 
Position 

and 
Correction 
Constants 

I. P. E. 
d - 2.9 

a -14.2 + 6 '3  

r 
Q + 1.91 

I . P . E .  
d - 

b a -14.2 + 6.3 

r 
Q -1.91 

1. P. E. 

0 - 2.9 
- 4'8 

a . 
8 

Q +1'90 

with 

M~~ 
Observed 

'l'ime 

h m  r 

6 25 0.18 

27 51.46 

30 38.73 

32 16-65 

64813-6.3 

51 5.00 

53 18.54 

5343'44 

56 14'77 

58 26.67 

7 1 30'53 

3 52.26 

5 48'79 

8 49'68 

6 15 1-5a 

18 a1-65 

21 49'57 

13 36-95 

a5 40.98 

a8 33.31 

31 19-58 

31 57.50 

Times 

Meen 

of 

c k O ~ ~ g  

-qo - 
tr. 

, 

- 9 0  
F 

, 

,m 

Telercope No. 

~ ~ t ~ l  

Correc- 

tion 

r 

+oe70 

+om7o 

roe76 

+oS73 

-3.09 

-3.08 

-3.06 

-3.06 

-3.oa 

-3'04 

-3'07 

-3.01 

-3.15 

-3.04 

+oa78 

+0'67 

+0'8a 

+o.64 

+om76 

+om76 

+0.82 

+0.80 

Telsrcqps No. 

~ ~ t ~ l  

Corm- 

r 

+1'94 

+ r m g 6  

+a.ra  

+a.oa 

-1.90 

-1.87 

-1.88 

-1.88 

-1.80 

- 1.84 

-1'88 

-1'79 

-1'94 

-1.81 

+ r a 6 9  

+ I - 6 4  

+"73 

+1'62 

c1.68 

+ 1'70 

+ I - 7 8  

+I- ; ra  

E b m z l  
u 

n - o 
o 
I 

? 
? 
0 

I 

? 2 
o 
I 

n - 01 - 
-Q 

n 

s 
I' - 
m 
n 

'3 

m 
n 



TABLE XXX. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 177 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 

NOTR Id - b.oaz5.. Tranmribing Equation nil, dl records having been tranwrihed by the mme person. 
* p is the retardation of an eleotrio WaA between the ~kkiona. 



TABLE ZXX. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OP LONGITUDES, 8LN + p.* 

Nw. Id - e-oaz5. k w r i b i n g  Equation ail, all records having been hunecribed by the Mme person. 
* p ia the retardation of an electric signal between the stationo. 

A 

d 
R 
3 
.g 
3 

1880 

l)eo.17 

Dm17 

Deal8 

BOMBAY ( E ) ,  Lat. 18" 6P1, Long. 4h 61m asm: AND DEE[JA (W), Lat. 24" 16', Long. 4' 4 P  Ma. 

STAB 
a 

2 - m  

, p 
S b "  
-0 % 

B.A.C. 
Number 

2039 

2059 

2082 

2099 

2111 

2134 

2165 

2170 

8871 

2280 

M I  

2301 

2313 

2340 

2356 

2374 

2088 

0 

d ,  

! ~ A N B I T B  O B B E E ~  AT E 

By Campbell, with Tsleacops T o .  8 
u + +  , 

* =- + 
a strumenla1 M~~ ~ ~ t a l  

Decli- $ Position of Poaition Observed Correc- 
nation and Correct- p and d 

2 correction Time Group 5 g JgZ 

TEMBITB OBBEEVED AT W 

By H e o v i d e ,  d t h  Telsrcaps No. 1 

o I 

+zr 15 

+ 4 39 

+39 34 

- o 30 
+IS 59 

+1g 31 

+39 30 

+a8 at 

+18 3 

+16 6 

+1615 

+a9 32 

+aa 49 

+30 26 

+ 5 51 
+a8 6 

+a331 

Difference of 
Correoted Times 

( W - E l  

8 

m 

N 

8 

N 

8 

8 

8 

N 

N 

8 

8 

8 

N 

N 

N 

8 

N 

N 

m 58.19 

33 46.43 

35 50'03 

a8 41-aa 

3137'95 

33 6-21 

2111 

8184 

8156 

8170 

Conatants 

L P. W. 
d - . 

: +li : t  
a 

Q +1.89 

' 

LP. W. 
d - 0.6 

t+7::: 
e 

Q-1-89 

1.P. w. 
d - 0.6 

b + 1.4 r 3 - a ~  

+1'36 

+1'80 

+rm90 

+2'59 

+a.If 

+1559 

+19 .?I 

+ 39 30 
+28 a2 

h m  a 

6 1437.80 

17 51.01 

21 18.11 

336.43 

a5 9-96 

a8 1.13 

30 47-82 

32 36.09 

6 51 14'73 

53 28-27 

5353.33 

56 24-19 

58 36.36 

7 4 1.60 

5 58-14 

8 59-16 

6 13 7'54 

18 31'03 

60.44 

47'78 

51.82 

43-12 

30'54 

8.38 

8 

8 

N 

N 

Q +1.86 

a 

+a'14 

+1.63 

t2.46 

+1'47 

+1'97 

+a-08 

+a'86 

+ae38 

-1.75 

-1-81 

-1-80 

-1.35 

-1.59 

-1.32 

-aalz 

-1.41 

+aaoa 

+1'50 

N 

0 

8 

8 

N 

N 

a 

39'94 

52-64 

~0.57 

7'90 

11-93 

3.21 

50.68 

38.47 

12-98 

a6.46 

51.43 

ar84 

34.67 

0.28 

56.62 

57.75 

9.56 

30'53 

: + i:: 
a 

Q + 1-43 

S 

8 

N 

8 

8 

8 

N 

N 

9 

8 

8 

N 

N 

N 

8 

N 

N 

9 

a4 30.73 

36 I 

38 aa.16 

31 11-44 

54 0.73 

35 38.61 

Constants 

I. P. W. 

+ 4.0 

- + 4'z o.4 

8 
Q +ra9o 

LP. W. 
d 

+ 4.0 

b + * ' a  - 0.4 
8 

Q -1.90 

I.P. W. 

0 - 1'0 
33-36 

19-50 

33.69 

14'98 

3.39 

40.15 

t.1.54 

I 

+1*53 

+1'54 

+1.56 

+1'54 

31.82 

31.71 

31.87 

31.86 

31.75 

31.77 

h m  e 

6 17 9.57 

20 92-36 

33 50'43 

a5 37.62 

'b a7 41-68 

30 32-95 

33 20.41 

34 58.29 

6 53.16'58 

55 60.06 

56 25'04 

58 56.45 

7 I 8-16 

6 33'98 

8 30.24 

I I  31-39 

6 15 39.81 

' 21 2-81 

8 

11.67 

24.44 

52.54 

39.70 

43-71 

35-05 

aa.55 

60.40 

44'88 

58-35 

23'33 

54-16 

6.56 

33-19 

38-52 

q.50 

41-34 

4.33 

. - 

8 

+aelo 

+3.08 

+a'11 

+2.08 

+a-og 

+a - 1 0  

+a-14 

+a'rI 

-1'7o 

-1.71 

-1.71 

-1.69 

-I.;o 

-1.69 

-1.~3 

-1.69 

+1'53 

+J's1 

m a  

a 31.73 

31.80 

31-97 

31.80 

31.84 

31-84 

31-87 

31-93 

a 31-90 

31.89 

31-90 

31.93 

31-89 

3amo1 

31'90 

31'95 

a 31-78 

31-19 

% 
o 
I 

mb 
,m - 

, - 
:: 

o 
I 

- 
rn 
a 

' 
? 
o , 

S E W  o 

o , 

V 

x 
I 

" . O 
0 

I 

'0, 
L 
rn 
a 

% 
90 - 
m 
a 



I 

TABLZ X X T .  OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THP: APPARENT DIFFERENCE OF LOXGITUDES, 8Li + p.* 

NOTE. ld - 0"01a5. TTanocribing Equation ail, all reoords having been t r s d b e d  b;r the came pemn. 
* p i~ the retardation of an electric rignal between the M . i o c  

. 

4 n 
3 
B 

4 

'1880 

Deo.18 

Deo.19 

BOMBAY (E), Lut. 18' Ma Long. 4h 51' w: AND DEEQA (W), Lcrt. W lb, Long. la 480 64'. 

rn 

TRANEIT~ OBEEB~ED AT E TWSITE OB~EILW AT W o .T! I Difference of 

Corrected 'l'ime~ . 3 3 
BY CO~RP,PBSU, with ~ ~ l s r o o p ~  TO. B BY E ~ ~ ,  aith ~ ~ b r e q p ~  NO. 1 

a. U 

In- $ I  + 
&.rumend Mean Totsl Pt m m a 2  

of Position BY 0SQh * o m ,  O b ~ r v e d  C o r n -  Obnerved C o r n -  

STAB 

B.A.C. 
Number 

2855 

2271 

2280 

2% 

2801 

2818 

2840 

2866 

2374 

W)ZB 

2069 

2088 

2099 

2111 

8155 

Correct- 
Decli- 
nation 

o I 

+ r j  a0 

+18 3 

+16 6 

+1615 

+a9 31 

+ l a 4 9  

+ 30 a6 

+ 551 

+a8 6 

+ a j  31 

+ 439  

+30 34 

- o 30 

+1559 

+39 30 

and Correct- Star E 
e l  I 

Group Q $ uzmz 

8 

8 

8 

8 

N 

N 

N 

S 

N 

N 

8 

N 

8 

8 

N 

h m  s 

6 49 3.56 

51 54-75 

64 8-32 

54 33.a6 

57 4.a9 

59 14-34 

7 441.78 

638'77 

939'23 

6 1347.56 

19 H ' W  

aa 38-25 

a4 16.41 

a6 30.00 

31 7.95 

Gonutants 

I .P.  W. 
d - 0.6 

: T6;:: 
a 

Q-1.86 

L P. W. 
d - . 

b + 2.6 
a -66.9 

8 
Q +I-88  

8 

-2-w 

-1.87 

-1.92 

-1'9a 

-1.51 

-1.73 

-1.4 

-aaao 

-1'56 

+aS06 

+1*56 

+ama8 

+1.43 

+ 1'85 

+aS61 

8 

1.56 

52-88 

6.1. 

31.34 

1.78 

14-61 

40.30 

36.57 

37-67 

49-62 

11.56 

40.53 

27-84 

31-85 

10.56 

8 

8 

8 , 

8 

N 

N 

N 

8 

N 

N 

8 

N 

8 

9 

N 

Conatante 

I .P.  W. 
d - I.o 

: f 5:3 1 4  

8 

Q -1'43 

L P. W. 
d - 

+ 5'5 
a - 0.4 

s 
Q +1'43 

h m  s 

6 51 34-56 

54 25-93 

5639.45 

57 4'39 

69 35'99 

7 I 47-73 

7 13-33 

9 9-6a 

ra 10'8a 

6 16 19.80 

a1 42-69 

35 10.78 

a6 58.08 

a9 a.08 

34 40.87 

-1.34 

-1'33 

-1.33 

-1'33 

-1-3a 

-1.3% 

-1.32 

- 1 . ~ 5  

-1-33 

+1*53 

+ 1 - 5 j  

t1 .54 

+1.5a 

+r -gq  

+ 1.56 

m s 

a 31'66 

31-?a 

31-72. 

3 1 . 7 9  

31'89 

31-80 

31'71 

31-70 

31'8a 

a 31.71 

31-66 

31.79 

31-76 

31'77 

. 31'87 

8 

3 j m 2 a .  

24.60 

j8.1a 

3'06 

34.67 

46.41 

1l.01 

8.27 

9.49 

ax-33 

*-la 

1af32 

59-60 

3-6a 

42.43 

* L 
a 

. a - 
a 

2 
" 9 .  

O 

I 

E 
p 
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8 

O 

I 

" 
i; 
b 
I 

3 
;; 
N 

m, 
y 
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Z ' L B  ggIB. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN - p.* 

NO-. 1' - oe.oa25. Tnmacribing Equation ail, all reoords haring been transoribed by the came perroo. 
.p io the retardation of rn eleotric signal between the rtatione. 

J 

' 

DEESA @), M. 24016', LOS~.  4 h  @ @ : AND KURRACHEE (w), h t .  24061', Long. dh a8P 13.. 
- 

t 
a 

ST AE 
TRUEITS O B S E R ~ D  AT W 

By Campbell, with T e I s t q s  No. 2 
a 
1 
* 

2 

!! 

!&A.?~SITS OBSERVED AT E 

By Heavirida, with Teb8eo~,s No. 1 

Difference of 

Corrected Times 
0 3 2 %  

I? ? 

''.a 
cO2 
.; W 
II 
2 

= 
b 
+ 

, 
o b  

Mean 

of 

*UP 

* - 
8 

E $  

. 
t 

;+ + 
E l  i, 

E : U P C , ,  
,.m 0 
2 I I 
g mZ 0" 
8 

" 0 9  " + 

T " 
+ + $  

~ ~ t a l  

Correo- 
tion 

8 

+1'54 

+1'53 

+ I - 5 5  

+1.55 

+1'53 

+1'65 

+ 1.60 

+la61 

+ 1.61 

+1'53 

+1'53 

-1.61 

- 1 . 4  

-1.62 

-1'6.3 

-1-63 

-1.67 

-1.63 

-1-63 

- 1 . 6 8  

-1.68 

In- 
8 etrumental 

2 hrreot ion  
Constants 

of Position Observed Correc- 
M~ 

Observed 

Time 

8 

35-53 

7'78 

28-31 

2 8 . a ~  

25-68 

54-17 

16.18 

5'98 

41-10 

53'67 

31-30 

19.59 

8.43 

58'35 

28.85 

42'47 

38-28 

14.13 

19.31 

19.03 

38-34 

1881 

Jan.6 

Jan.6 

8 

8 

N 

8 

S 

N 

N 

N 

N 

Y 

8 

N 

8 

8 

8 

N 

N 

N 

8 

S 
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182 PABLB XgIX. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFPERENCE OF LONGITUDES, 8LN - pa* 

Nw. ld 9 o*.oaz5. !lhmcribing Equation,&?, all records hsring been tnowribed by the m e  pemon. 
* p ia the retardation of an electric a igd  between the stations. 
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TdBLB XXIx OBSERVATIONB OF !I!EANBITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITCTDES, 8l& - p.' w 

N m  Id - 0'.0225. Transcribing Equation d, all rerorda having been fmrmribed by the m e  penon. 
* p h the retwhtion of .a electrio dgnal betawn the ut&onr. 

DEESA (E), a. 84" 16", hs,q & &P MS: A N D  KURRACHBE (W), Imt. 84" 61', i h g .  4 a ~ "  I@.  

f 
Q 

~ B I T B  OBBEBWD AT W 

By Co*vpbsZl, witA TeLusreops No. 2 

3 a 

4 

1881 

Jan.8 

Jan.8 

Jan.9 

STAB 
DSerenoe of 8 

Corrected Tima < TB~RBITB OBBEEVED AT E 

By Heaui8id8, cpifh Teleuwpe To .  1 

I 

By esch 

In- 
stmmenta~ 
Poeition 

and 
Correction 
Constants 

L P. E. 

- I.o - 4'9 
a -35-4 

8 

Q +1'34 

I .P .E .  
d - I.o 

- 4'9 
5 -35'4 

8 

Q-1-14 

P. B. 
d - 

- I" 
a -27'9 

8 

Q + 1-31 

M, 
Observed 

=e 

h m  8 

5 15 8-96 

16 58-08 

19 30.37 

2150'71 

21 50-77 

2616.38 

31 28-25 

32 9'40 

34 16'aa 

34 53-81 

550~4.73 

51 33-63 

53 23-40 

55 53'99 

6 139'36 

24-4-57 

444'32 

5 3-71 

5 15 0'31 

16 49'38 

21 41-98 

21 41-99 

22 39'45 

26 7-75 

a8 ~9.91 

31 19-61 

32 0.73 

34 7-50 

34 45-11 

B.A.O. 
Number 

1641 

1651 

1563 

157% 

160% 

1629 

1638 

I647 

1 

1764 

1767 

1778 

1793 

1829 

1837 

1862 

1868 

1541 

1561 

8- 

o n  
a0 40'08 

40'22 

40'30 

40.16 

40.31 

40.12 

40.13 

40'15 

40.23 

40.16 

aoqoma8 

40'34 

40'23 

10'31 

40'31 

40'27 

40.30 

40'31 

ao 40.21 

40.24 

40'14 

40.18 

40.25 

40.16 

40.24 

40'22 

'40.17 

40'27 

40.25 

To* 
C o r n -  

tion 

8 

+la46 

+1'15 

+xSr3 

+1'18 

+1'18 

+1'41 

+1'33 

+1'33 

+ I - I ~  

+ 1.13 

-1.46 

-1'54 

-1'48 

-1'52 

-1'49 

-1.50 

-1.62 

-1.62 

+1'48 

+lea2 

+lead 

+1'a4 

+ 1.20 
+1.44 

+ 1-35 
+ 1-36 
+I-36 

+r.ao 

+ ~ - a o  

, 

,; 
0 t 

E 4 

1 Deoli- 
nation and Correct- ,- 

8~~~3ndn 
of 

Correct- 
ed *ime 

8 

10.42 

59'23 

31-50 

51-89 

51.95 

17-19 

29-58 

10'73 

11-34 

54-94 

43.27 

32'09 

21'92 

52'47 

37.87 

43'07 

42'70 

2.09 

1-19 

50.60 

43-21 

43-23 

40.65 

9:19 

31.27 

20.97 

2-09 

8.70 

46-31 

o # 

+40 54 

+a125 

+1938 

+t4 r 

+38 20 

i-33 38 

+33 37 

+19 27 

+1941 

+a651 

+21 4 

+2550 

+la 36 

+a4 38 

+a4 31 

+ 14 16 
+ r q y  

+qo 54 

+a125 

Y , W  

0 

+ 

1686 

1802 

1614 

16Z9 

168% 

1647 

1661 

m 

N 

8 

8 

N i s  
N 

N 

N 

8 

8 

N 

8 

N 

Y 

N 

N 

8 

8 

N 

8 

a 
;; 
q 
4 

a . 2  8 " + 

I 1-76 

I 59-13 

5 27-67 

f 49'71 

10 39-41 

1 1  20.59 

13 27-16 

14 4'79 

+ 19 42 
+38 ao 

+32 33 

+33 38 

+33 37 

+19 27 

+19 41 

? 

a 

Constants 

I. P. 2. 

- 0.5 
b -  
a - 5.7 

8 

Q+I..M 

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

- 2'9 
a - 5.7 

r 
Q-1-34 

I. P. B. 

, -o.5 
b - 1-4 
. 

3-05 

60.40 

29.03 

51.0.3 

40'75 

al-ga 

28-43 

6-06 

+ ~ - a g  

+ra27 

+ 1.36 
+1'32 

+ 1'3.3 

+1*31 

+leaf 

+I-a7 

+ 

a 
r: 
b 
+ 

8 

8 

N 

?? 

N 

N 

8 

9 

8 

N 

N 

N 

N 

9 

8 

+ 

w 
a 
o 
+ 

8 

Q + 1.33 

h m  8 
I 

4 54 29.05 

56 17.76 

58 49'95 

5 110'47 

I 10.38 

5 36'38 

lo 48.17 

1 1  29'30 

13 35-86 

I I 

530 4-40 

30 53'18 

3243'rl 

35 13-58 

4058.98 

qa 4'22 

a 3.84 

44 23.22 

4 54 20'21 

56 9.08 

5 1 I 

z 

h 

I S  
9 
4 

8 

30.34 

19.01 

51.20 

11-73 

11.64 

37-67 

49.45 

30'58 

I 

14.78 

1-99 

51-75 

41.69 

12.16 

57.56 

2.80 

2.40 

21.78 

21-58 

10.36 

3.08 

8 

+''a9 

+x.ng 

+ 1.25 
+1*26 

+1'26 

+rSr9 

+ 1-28 
+I-a8 

+1'a5 

I 

-1-41 

-1'43 

-1.42 

-1-42 

-1.41 

-1.41 

-1.44 

-1.44 

+1'37 

+1'28 

1 9  

N 

8 

8 

N 

8 

N 

N 

N 

8 

8 

N 

8 

8 

9 

N 

N 

8 

6 

N 

8 

N 



184 PABLE XXIB OB&ERVA!FIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF TIIE APPARENT DIFFERENCE OP LONGITUDES, 8LN - p.* 

NOTE. 1 d  - om'oaa5. Transcribing Equation nil, all records having been tranacribed by thesame person. 
* p ia the retardation of .n electric rignal between the stations. 
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FABLE XXX.  OBSERVATIONS OF TRANSITS WITH W CLOCK, BND DEDUCTION 

OF THE APPARENT D I ~ R E N C B  OF L O N G I ~ E S ,  6LN + p.* 

HOTL. ld - o"oaa5. Trsnwribing Equation d, all records having been tmnwribed by the m m e  p m n .  
* p i n  the retardation of an eleatria rignal between the ntationr. 
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DEESA (E), ~ot. 840  IS^, w. 4~ w 64' : 

!FRA.NBITB OBBEBVED AT E 

By Eeaviridb, with Telucope Xo. 1 

In- 
etrurnental 
Poeition 

and 
0 

Conatante 

AND KUBB.ACHEE (w), ~ot. w 611, hsg.  4h la. 

TRAXBITB O B B E B ~  AT W Difference of 

8econb 
of 

Curred- 
ed Time 

Telsacope No. 

l o t d  

Correc- 

8 

t 9 . 8 8  

+9.88 

+9.93 

+9'9a 

+9'86 

+9-85 

+gqao 

+ f m 1 8  

t 7 . 2 6  

+7'31 

+7'3a 

+7'33 

+ 7.26 

+7'31 

+7'20 

+1'52 

+ I-5a 

+ 1.19 

+ r m a 9  

+1'55 

+1'58 

+oV78 

+os86 

+ 1.81 

+1'31 

+1'31 

xeBll 
Observed 

with 

M~~~ 
Obaerved 

Time 

h m  8 

6 I+ 36.45 

1436.31 

17 53.33 

19 6.13 

11 53-96 

2432'61 

6 42 19-34 

43 3'22 

4.5 14-76 

46 36'23 

50 15-45 

50 40'37 

53 I 1.88 

54 18-04 

55 36'38 

61130.58 

11 38.02 

14 47'39 

1447.40 

18 4-13 

19 16.92 

a2 5-44 

24.u-01 

25 24.88 

2731.98 

2732'9% 

' 
f 
zp 
3 

N 

8 

8 

8 

N 

N 

N 

N 

N 

8 

8 

8 

N 

a 

8 

8 

N 

8 

8 

8 

N 

N 

8 

N 

a 

8 

5-64 

5.71 

aa.68 

35-51 

23.1; 

1.83 

45-94 

29-71 

1 

2-81 

42.15 

7-01 

38.56 

44'74 

3.01 

51-18 

58.70 

7'9' 

1-88 

~ 4 . 9 6  

37-68 

15.39 

4-03 

45'89 

53'47 

53-49 

~~a 
Gorreo- 

tion 

By Campbell, 

In- 
ntrumental 
h i t i o n  

and 
Corre~tioXl 
Constante 

I.P. W. 
d 

a + 4.1 

: :::;:: 
8 

Q + 1.31 

I. P. W. 
d 

+ 4.1 

: 
Q -1'31 

I.P.W. 

, - o.9 
b + 0.6 
a +146.1 

a 
Q +1'3I 

8 

t 1 . 5 8  

+ I - 5 8  

+1.57 

+1'57 

+re62 

+ I - 6 1  

-1.53 

-1.53 

- 9  

-1.62 

-1.63 

-1.63 

-1.58 

-1.61 

-1'55 

+ras4 '  

+1'54 

" 1 . 5 ~  

+1'36 

+1'54 

+1'54 

+I -60  

+ I . &  

+I'51 

+1'55 

+I'55 

N 

9 

8 

8 

N 

N 

N 

N 

N 

8 

8 

8 

N 

8 

N 

8 

8 

[ 8 
8 

8 

N 

N 

8 

B 

+ 
8 e ~ o n b  

Correct- 
ed Time 

8 

46-33 

46.19 

63-16 

16:05 

63.82 

42'46 

16-54 

10'40 

23.0) 

43'55 

la-7; 

47-70 

19-14 

a5'35 

43'58 

32-lo 

39-54 

48.68 

48-69 

5-68 

18.50 

6-22 

44-81 

16-69 

34-29 

34'23 

L P. W. 

- I.8 
+ "5 

a 

8 

Q +1.59 

I. P. W. 
d - 

TI::: 
a 

Q - l a59  

I.P.W. 
d 

a - I.8 
b + 0'4 
a -'3'9 

J 

Q + 1-59 

Btar 

8 

20 40.69 

40'48 

40.58 

40'54 

40.67 

40.63 

20 40'60 

40.69 

40.68 

40'74 

40.62 

40.69 

40'58 

40.61 

40'57 

ao40-8a 

40.84 

40.77 

40.81 

4 o . p  

40'82 

40'83 

40'84 

40.80 

40'82 

40'74 

I 5 54 4.06 

54 4-13 

7 I 

58 33-94 

6 I 21.53 

4 0.22 

6 ar 47.47 

22 3 1 . ~ 4  

a 2 

26 4-43 

29 43-78 

30 8.64 

32 40.14 

33 46'35 

35 4.56 

55049.74 

505i.16 

54 6'35 

54 6.31 

5723.42 

' 5836.14 

6 I 23.79 

4 1-43 

4 44-38 

651.92 

651'94 

a0 
OI . 7 s 

V1 
m 
p 
O 

I 

o " 

V 

b b  
+ 

' !! 

- 

5 
.I' 

o 

I 

v, 

q 
fi 

+ 4 

.I' 

o 
I 

b 
+ 

5 
!! 



I 86 TABLE Xgg. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDOCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 

NOTI. ld - og~oza5. Tmmcribing Equation:ril, all recordr having been transcribed by the same person. 
* p ir the retardation of an electric signal betwwn Ule ntationr. 

DEESA (E), hat. a40 16', Long. 4 h  @ 64' : 

TRANSITS OBNEE~ED AT Ifi 

J 

AND KUBRACHEE (W), hi. .W61', Long. 4 28" 19. 

~ ~ A N E I T B  OBBEBVED AT W 

By camp6szl, 6th T e h w p s  No. 2 .By Hsauiaido, 

Ill- 
I atrumentd 

4a 

1881 

Jan.6 

Jm.7 

Jm.7 

Difference of 

Corrected Tknes 

( w - q  1 

~ ~ ~ n d a  
o 

Correct- 
ed ~i~~ 

8 

48-14 

31'93 

43'59 

30.91 

40'82 

46.96 

5.13 

53'95 

61'29 

0 4 8  

10.48 

27.46 

38'47 

40.26 

28-00 

6.59 

56'09 

56.03 

50.66 

34'49 

46.11 

7-64 

33'4.3 

46-92 

43-18 

49'46 

7 6 4  

with 

y, 

Observed 

Time 

h m  8 

6 21 49.67 

22 33-46 

a445.21 

a7 31.57 

32 4im4a 

3348'60 

35 6.79 

5 50 52'61 

50 59'95 

54 9-14 

54 9-14 

57 26.13 

57 37'14 

58 38'93 

6 I a6.6a 

4 5.21 

6 54'75 

6 54-69 

6 21 51-01 

aa35.84 

2447.53 

a6 9.08 

27 34.87 

a9 48'37 

ja 44'58 

33 50'89 

35 9.01 

Tslcrcop8 No. 

T ~ M  
Correc- 

tion 

-1.53 

-3'53 

-1.62 

-1.66 

-1'60 

-1.64 

-1-56 

+ r V j 4  

+ 1-34 

+ 1 - j 1  

+I'.W 

+1 ' j3  

+1'33 

+x 's3 

+1'38 

+1*38 

+ I ' M  

+1'34 

-1.35 

-1.35 

-1.41 

- r e &  

-1'44 

-1.45 

-1.40 

-1'43 

-1-37 

2289 

2241 

2264 

2271 

2801 

8805 

2814 

2038 

2089 

2058 

4080 

2084 

2090 

2110 

2180 

2154 

4239 

3341 

4% 

2366 

2271 

2280 

8301 

2306 

2314 

A ,  
a 

$ 
2 

N 

N 

8 

N 

8 

N 

B 

8 

N 

9 

8 

8 

8 

N 

N 

N 

8 

N 

N 

N 

8 

8 

8 

N 

8 

N 

~ n -  
~trurnentd 
Position 

and 
Correction 
Conatante 

I. P. W. 
d , , o.9 

b + 0.6 
a +146.1 

8 
Q -1.31 

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

+ 

a + 149'7 
8 

Q + 1'32 

I.P. W. 

, , o.9 
+ 2 ' 7  

0 + 149'7 
8 

Q - 1 . 3 ~  

o I 

+ 38 35 

+38 39 

+a531 

+18  j 

+2932 

+aoqq 

+34 39 

+21 11 

+21 15 

+as  6 

+so51 

+a034 

+ ao 17 

+ 32 32 

+ 31 31 

+a441 

+38 35 

+3839 

+z531  

+1753 

+18 j 

+16 6 

+a9 jz 

+ ao & 

+ M  39 

z 
.2 \o 

2 ; 
" b  o 
? + +  

fian 
Observed 

Time 

h m  8 

6 42 31.16 

43 15.14 

45 25'75 

48 11.69 

53 2.3'19 

54 28-84 

55 48.05 

6 11 3.3-09 

11 40'49 

14 49'93 

14 49'90 

18 6.62 

18 17.61 

19 19.39 

aa 7-96 

2446.49 

a7 35.52 

1735.44 

642 33.79 

43 17-62 

45 28-16 

46 49'34 

48 15-10 

50 18.52 

53 25-68 

5431'33 

55 50'55 

, 

~ ~ t a l  

Correo- 

tion 

8 

-2.33 

-2.33 

-1'36 

-0.91 

-1.62 

-1.09 

-1.98 

+ 1-58 

+ 1-59 

+1*36 

+1'36 

+1.59 

+ t e 6 3  

+1.64 

+om83 

+om91 

,+ 1-38 

+1.38 

-a's0 

-2.30 

-1.31 

-0.86 

-0.86 

-0.74 

-1'58 

-1.03 

-1'96 

$ a $ , ,  + 
80mnd~ 

Correct- 
4 * 

N 

N 

N 

8 

N 

8 

N 

8 

8 

i 8  
8 

8 

8 

N 

N 

N i s  
N 

N 

N 

8 

8 

B 

N 

8 

& 

ed ~i~~ 

8 

28.93 

1a.81 

24'39 

11.78 

21'57 

17.75 

46.07 

34-67 

42-08 

51.29 

51.26 

8.21 

19.24 

21.03 

8.79 

47.40 

36-90 

36-82 

31.49 

15'ja 

36-95 

48.48 

14.24 

27.78 

14-lo 

jo ' jo  

48'59 

Correction 
Conatants 

I. P. W. 
d - I.8 

TI::; 
8 

Q-1-59 

I. P. W. 
d , - ,.8 

b + 0.3-  
a 

8 

Q +1*38 

L P. W. 
d , - ,.g 

r 
Q-1-38 

m 8  

20 40.19 

40.88 

40'80 

40.87 

40'75 

40'79 

40.84 

so 40'7a 

40'79 

40.81 

40'78 

40'75 

40'77 

40.77 

40'79 

40'81 

40'81 

40.79 

a0 40.83 

40.83 

40'83 

40.84 

40.81 

40.86 

40'92 

40'84 

40.95 

ua - 
I 

? o 
I 

0 

b ' 

h 

d 

E 

" ' o 
t 

I 4 

" b 
.I' 

S 2 

i i z  " 
+ 

O 

+ 

3 " 
+ 

4 

d 

? 
S 
E! 

I 
o 
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. TOLE ;egz OBSERVATIONB OF TRLPNSITS WITH w c L ~ ~ c K ,  AND DEDUCTION 187 

 NO^. la - d.oat$. TMmibing Equation nil, all reaorde having been trsnrcribed by the emme permon. 
* p L the r e a n t i o n  of m e l d o  a i p d  between the rhtionr. 

f 
FI 

1 

E a 

1881 

Jan.8 

Jap.8 

Jm.9 

- - 

4 a8" 18. 

Difference of 
O 

ia 
B.A.C. 

Number 

2088 

2089 

2058 

2080 

2084 

2090 

2110 

el80 

2140 

2164 

2289 

2 %  

B66 

2271 

2080 

$285 

3806 

2814 

2038 

2089 

M i 8  

2OsO 

2084 

2090 

1110 

11180 

2140 

Correated 

'W-"  

BY eaoh 
Stsr 

8 

ao40'& 

40.55 

40-56 

40'47 

40.57 

40.54 

40.46 

40'45 

40'57 

40'55 

20 40.49 

40'46 

40.47 

40'50 

40.52 

40'56 

40'52 

40.55 

40'48 

a0 40.46 

40.47 

40.49 

40'44 

40'44 

40.56 

40.48 

40.48 

40.50 

40.55 

40.44 

40.46 

STAB 

Deali- 
nation 

o 1 

+a111 

+a1 15 

a 6 

+SO51 

+20 34 

+a017 

+3a ja 

+31 31 

+16 18 

+ 24 41 

+38 35 

+3839 

2254.tq31 

+1753 

+IS 3 

+16 6 

+1615 

+ao 44 

+34 39 

+a1 1 1  

+a1 I5 

+a5 6 

+a051 

+ 20 34 
+a017 

+3a 3a 

+313r 

+16 18 

Times 

M - j b  
of 

h n p  

, 7 
3 

it I 

q 
! 

-3  
3 , 

n, 3 5 ~  
iq; 

DEESA (E),  ~ a t .  840 16', hty.7. 4' @ m: 

! ~ A N B I T B  OB~EEVED AT E 

a. 

1 

8 

8 

8 

8 

8 

S 

N 

N 

8 

8 

N 

N 

N 

8 

8 

8 

8 

8 

N 

8 

8 

N is 
8 

8 

8 

N 

N 

8 

N 

ASD KURRACHEE (w), ~a t .  a40 61: ~orrg. 

TEANBITB OBBEEVED AT W 

+ 
B~ :: 

2 

3 
I 

3 

r*. 

F 
3 
I 

5 
$ 
p 
3 " 

8 

8 

8 

9- 

8 

8 

N 

N 

9 

8 

N 

N 

N 

9 

8 

8 

8 

8 

N 

8 

8 

N 

8 

8 

8 

8 

N 

N 

8 

N 

9 

d S $ ,  

t; 
3 

2 :  
? 
O 

I 

b 
I 

O 

1 

I 
a m  

5.0 c 
6 ' '  

8 

z 
% 
+ 

g " + 

f 
O 

+ 

By Heavida, 

In- 
strumental 

Pwition 
and 

o t i o n  
Constante 

I .P .E .  

a - 0.5 
:I ;:: 

8 

Q + 1-34 

I. P. 3. 
d 

a - o.5 
:I;:: 

a 
Q -1.34 

I.P. E. 

a - o.5 
b - 1'4 
0 -11'4 

a 
Q + 1-33 

By CampbeU, 

In- 
strumental 

Position 
and 

Correotion 
Col~etante 

I.P.E. 
d 

a - 
- 4'9 

a -35'4 
8 

Q +1'34 

I. P.E. 
d 

,, - ,., 
a -35'4 

0-1'34 

I.P.E. 
d - 

- I.' 
a -27.9 

r 
Q + 1.31 

with 

y,, 
Oboewed 

lsn1e 

h n  6 

55054-a9 

511.62 

54 10.76 

57 27-80 

57 38-78 

58 40.56 

6 I 28-35 

4 6.96 

448.76 

6 56.39 

6 a1 53-70 

aa37.53 

aaa-2.1 

~610.71 

27 36.53 

2949'94 

30 14.91 

33 52-56 

35 10'77 

5 ~055.63 

51 3-03 

54 12-18 

54 12-ao 

57 29-23 

57 40.14 

58 41-96 

6 I 39-68 

4 8-31 

450.15 

6 57-79 

6 57-79 

Tslucope No. 

~ ~ b l  

Correc- 
ti011 

+laas 

+1.25 

+re26 

+ 1-25 
+1-a5 

+]-a5 

+I-a7 

+1.27 

+1.24 

+I-a6 

-1-39 

-1'39 

-1.42 

-1.43 

-1'43 

-1'44 

-1'44 

-1.43 

-1'40 

+I-a8 

+1'28 

+ 1-29 
+1'29 

+1'a7 

+1"2f 

+1'z7 

+ 1.~32 

+I-3a 

+1'25 

+x's9 

+ra29 

1 

8econd~ 
of 

Oorreet- 
~i~~ 

r 

55'54 

2.87 

12-02 

Z9.05 

40'03 

8 

29-62 

8-23 

50-oo 

57-65 

52-31 

36'14 

47-19 

9.28 

35'10 

48.50 

15-47 

51-13 

9'37 

56.91 

4-31 

13-41 

13-49 

30.50 

41.41 

43.23 

31-00 

9.63 

51-40 

69-08 

59-07 

with Teelsrcqpe No. 11 

M,, 
Observed 

a m e  

~ ~ b l  
Corm- 

tion 

8mnda 
of 

Cormot- 
ed Time 

a 

36'01 

43-41 

52'58 

9-52 

20.60 

21-35 

10'08 

48-68 

30'57 

38-20 

32-80 

16 60 

a8-a6 

49-18 

15-62 

29.06 

53'99 

31'68 

49'85 

37-31 

44.78 

83-96 

53'93 

10'94 

a1.97 

23.71 

11-48 

50-13 

31.95 

39-51 

39.53 

I m 8 1 r  
61134.87 

I I  42-21 

14 51-39 

18 8-38 

18 19-46 

19 a 1 . 1 ~  

aa 8-77 

2447'39 

a5 29.48 

a7 37.00 

642 34'07 

43 7 7  

4329.74 

46 51'36 

48 17.~0 

50 30.66 

50 55'58 

54 33-21 

55 51.19 

6 11 36-15 

11 43-56 

14 52-71 

14 51-68 

18 9.73 

8 2076 

19 2am5o 

aa 10.13 

2448.79 

a5 30.79 

a7 38-27 

27 38-18 

+1'15 

+ I . I ~  

+1'19 

+1'14 

+ I - I ~  

+r.rj 

+1'31 

+x's9 

+~.q 

+rSao 

-1.~ 7  

7 

-1.4 

-1.58 

-1.58 

-1.60 

-1'59 

-1.54 

-1'34 

+ ~ - a a  

+I-aa 

+ I . ~ J  

+I-a5 

+real 

I 

+ I ' ~ I  

+ 1.35 

+rS3j 

+la16 

+ 1.25 
+1-a5 



I 88 TABZZ XET. OBSER$BTIONS OF TRANQT8 WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8L, + p.* 

NOTE ld - d'orag. Tmnmibing Equation nil, dl m r d a  having been tmmribed by the same penon. 
* p L the retardation of an electrio ignal between the ststion,. 

3 
FI 
'3 .g 

3 

1881 

Jan. 9 

Jan. 10 

Jan.10 

STAB 

B.A.C. 
Number 

2239 

2841 

2264 

2265 

2271 

2280 

2886 

8801 

2306 

1314 

W 8  

2080 

2084 

2090 

2110 

8130 

2140 

1164 

2259 

2241 

2 4  

8265 

2271 

2286 

2SOl 

' 2506 

2514 

Deoli- 
nation 

o I 

+3835 

+3839 

+ I 

+1753 

+18 3 

+16 6 

+ 16 15 
+29 3a 

+lo 44 

+a 39 

+as 6 

+lo 51 

+ 20 34 
+ao 1 7  

+32 32 

+31 31 

+ 16 18 

+ 24 41 

+3835 

+38 39 

-I-15 31 

+ 17 53 
+18 j 

+1615 

+19 3a 

+204q 

+34 39 

DEEBB (E), Lat. 240 16', Long. +h @ 64.: AND KURRACHEE (W), Lot. 240 61', ihg. 4b &?@ 13. 

TEANBITB OBSERVED AT E 

By Eeaairide, with filescope No. 1 

TUNEITS OB~IZBVED AT W 

By CampbeU, aith Tslucope NO. 2 

Difference of 

5 
$ 
3 
m 

I7 

N 

N 

8 

8 

8 

8 

N 

9 

N 

N 

8 

8 

8 

N 

N 

8 

N 

N 

N 

N 

8 

8 

8 

N 

8 

N 

Corrected 

( W - E )  

By each 
Star 

= 
+ 

$ 

+ 

f 
% Y o  
2 5  
.B 
% 
L: 

Timoa 

of 

rr. 

X 
% 
0 

8 

4 

3 
8 %  0 
; + +  
E l l  
P: Pm$ 
$ 1  I 

h- 
atmental 
Position 

auld 
correction 
Constants 

I.P.E. 

0 - o.5 

r 
Q-1-33 

I. P. E. 

0 - 0.5 
): 

r 
Q +1'33 

I . P . E .  
d 

, -.o,5 
): 

r 
Q -1.33 

tn 8 

2040'50 

40'50 

40'44 

40'53 

40.60 

40'53 

40.57 

40.51 

40'52 

4O.53 

20 40.52 

40.55 

40.53 

40.54 

40.62 

40.41 

40'45 

40.54 

40.52 

40'49 

2040.63 

40.64 

40'55 

40'61 

40.65 

Mean 
Observed 

Time 

h m  r 

62154.90 

a2 38'79 

0 7  

a6 11'98 

$7 37-13 

29 51-26 

3016.16 

32 47'57 

33 53'81 

35 12'00 

5 54 1a.92 

54 11-89 

57 29.87 

57 40.84 

58 42-62 

6 I 30'48 

4 9-11 

4 50.8~ 

658.47 

6 58'53 

62155.65 

aa 39-49 

2451.1; 

16 11-64 

27 38.48 

30 16-86 

32 48'29 

33 54-50 

35 11-69 

40.63 

40'58 

40.62 

40.62 

m 

$ 
$ 

E Z  

. 

h 

: 
5 b  ' 
E g  

,'f +z 
% 

T o d  
Correo- 
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+1.27 
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-1.37 
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O 

I 
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o_ . 
o 
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+ 
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14-75 

46-22 

52'42 
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14-11 
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43'84 

31-75 
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54.28 
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37'03 

15.41 
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N 

N 
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N 

s 

s 
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8 

N 

N 

8 

N 

8 

N 

N 

N 

8 
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8 

N 

8 

N 
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Correction 
Constants 

I .P .E .  
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r 
Q -1.31 

I. P. E. 
d - . - "5 

a -22.2 

r 
Q + 1-34 

I . P . E .  
d' - I.o 

12::'j 
r 

Q -1'34 

Time 

A m  a 

64235'28 

43 19-17 

45 30'91 

46 52-55 

48 18-37 

50 31.84 

50 56-18 

53 28-04 

54 34'35 

55 52'45 

6 14 53'42 

14 53.42 

18 10'40 

18 21'38 

19 23-23 

22 10.83 

24 49-50 

a5 31-40 

a7 38.97 

27 39-00 

64236.19 

43 10.04 

45 31'7a 

46 53-28 

48 19.15 

50 57-53 

53 28'84 

5435'13 

55 53-26 

Correct- 

8 

-1.18 

-1'18 

-1'36 

-1.4 

-1.44 

-1.46 

-1.46 

-1.31 

-1.41 

-1'24 

+1'25 
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+ 1-22 
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+1.23 

+1'33 
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+1'25 
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-1'28 

-1.4~ 

-1.47 

-1.47 

-1.49 

-1'38 

-1.45 

-1-33 

ed Time 

a 

34'10 

17.99 

29-55 

S I - I I  

16.93 

30-38 

55'3a 

26-73 

32'94 

51-21 

54-67 

54.67 

11-62 

22.60 

24.46 

12.16 

50.82 

32-59 

40.~2 

40'25 

34'91 

18-76 

30'30 

51'81 

17.68 

56-04 

27'46 

33-68 

51-93 



W L E  gXLg. OBSEBVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTLOB 189 

OF THE APPABENT DIFFERENCE OF LONGITUDES, 6LN -- p.* 

N m .  ld - bm'ozz5. Transcribing Equation i l ,  all reoordr having been transcribed b j  the m e  penon. 
a p  is the reterdetion of au eleotric signal between the otatiom. 
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N 
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o 

$ 

1881 
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Jan.17 
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8 
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+ 
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+ 
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U 
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O 

+ 
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rn . O ?  
O 

+ 
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O 

+ 
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Corrected 
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BY each 
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23 11-66 

11-67 

11.73 

11-70 

11-69 

11-80 

11-79 

11-72 

"'79 

23 11.70 

11.75 

11.69 

11-69 

11-72 

11-63 

23 11-14 

11.71 

11-69 

11'74 

11-68 

11'72 

11-74 

11-77 

AND KUBRACHEE (W), Lat. W 6 1 ' ,  Long. 

T a m s r ~ s  OB~EEVEII AT W 
STAB 

B.A.C. 
Number 

2289 

8241 

2264 

2266 

2280 

2285 

2301 

2300 

2814 

2444 

2480 

x a a  

2499 

2508 

2614 

8254 

3265 

2871 

2280 

2286 

8801 
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Timee 

M- 
of 
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* 
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I ,  
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-2 
2 

N 

N 

N 

8 

8 

8 

N 

8 

N 

S 

S 

8 

8 

8 

N 

S 

9 

9 

N 

S 

N 

Decli- 
mtion . 

0 I 

+38 35 

+38 39 

+a5 31 

+1753 

+16 6 

+ 16 15 

+ a9 33 

+ 9 1 9  

+34 39 

+ I I  54 

+ a 1 0  

+ a 7 1 0  

+a025 

+ 14 38 

+a4 29 

+a5 31 

+ I 7 5 3  

+18 3 

+16 6 

+1615 

+a9 33 

+ 9 19 

+34 39 

BOMBAY (E), ht. 18"&f, bmg. 4h 61" 26'; 

 RANSIT SITS OB~ERVED AT E 

1 

second. 
of 

Correct 
ed %e 

8 

56-48 

40.33 

51.86 

13-34 

52-61 

17'43 

48.88 

39'31 

13.28 

13-18 

46.46 

27.17 

57-36 

54-01 

52-35 

31.62 

53-13 

18.99 

32.35 

51-31 

28.67 

19.04 

53'04 

f 

p 

" 

N 

N 

N 

S 

8 

8 

N 

8 

N 

8 

8 

N 

8 

N 

N 

N 

s 
S 

8 

S 

N 

8 

N 

By Campbell, 

In- 
a t r o r n e n ~  
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and 

Correction 
Co~~stanta 

LP. E. 
d - o.8 
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8 

Q + 1.40 

I .P.E.  
d - , 

b - 0.3 
a - 3.0 
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Q -1-40 

I. P. E 
d , - 

b + 1 . 2  

a + 7.0 
a 

Q + 1.38 
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11- 
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Tim% 

h m  8 

7 10 6-15 

10 50'61 

13 2 - 2 2  

14 23.68 

18 % a %  

18 11-87 

20 59.19 

11 49'68 

1323-68 

74326'33 

50 59.67 

5340'29 

55 10.49 

56 7.16 

57 5-41 

7 12 41.97 

14 3-43 

15 29-27 

17 42.67 

18 7 8  
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21 29-35 

q 3'45 
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Correc- 

8 

+1'39 

+1'39 

i-1'37 
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+1*36 
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+1'38 

+1-35 

+1-39 

-1.45 

-1.46 

-1'43 

-1'44 

-1.43 

-1.43 

+ 1-39 

+1'41 

+ 1-41 

+1'4a 

I 

+ 1'38 

+1'43 

+1'36 

By Eeaoicide, 

In- 
e h u r n a ~  

Position 
and 
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L P . 3 .  
d , - 5 . 2  

- 5" 
a - 7'3 

a 
Q + 1-72 

I.P.E. 

o - 5'1 
b - 5 "  " - 7'3 
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Q-1.72 

I.  P. 6 .  
d 

,,- 5.2 
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a 

C) + 1-72 

8 
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of 
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ed Time 

a 

8-14 
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3-59 

ag.04 

4'30 

29-23 

60-67 

51.03 

25-07 

24'88 

58.21 

38.86 

9.05 

5-13 

3-98 

43-36 

4'84 

30.68 

44'09 

8.99 

40'39 

30.78 

4-81 

rcith 

- 
Observed 

Time 

8 

6 46 54-98 

47 38.83 

49 50.38 

51 11'86 

54 51.14 

55 15'96 

57 47.39 

58 37-86 
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27 48'45 
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+1'47 
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-1-99 

-1.95 
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+1'55 
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OF THE APPARENT DIFFERENCE OF LONGITUDES, SL, - p.* 

N w .  ld - d-oaq. TruuOribing Equation d, dl  moo^ having been truurribed by the u m e  p m n .  
p ie the retudation of ur elrotrio a i g d  between the &.tiow. 
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Number 
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2480 
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2280 
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8814 

2431 
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m47a 
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BOMBAY (E), kt. 1s" 64', I;onq. dh 61- ab. 
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+ 

2 - 
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N 
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By each 
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R) 8 

2311.68 

11.71 

11-66 

11.71 

11-66 

11.65 

11.64 

11.64 

11.62 

11-60 

13 11.75 

11.79 
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11-76 

11.88 

11.89 

11-87 
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11.75 

11-76 
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By H e a v i d e ,  
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and 
Correction 
Constants 
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I. P. E. 
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4658.35 

49 9.83 
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57 57'14 
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11 53.83 
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Correc- 
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-1.91 

-1.88 

-1.88 

-1.88 

-1.88 

-1'88 

-1.91 

-1.89 

'1'91 

-1'91 

+ 1-52 
+1'52 

+1.60 

+I-64 

+1'64 

+I-65 

+I-58 

+I-68 

+1'55 

-1'84 

-1'77 

-1.76 

-1-76 

-1'77 

-1.74 

-1.83 
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In- 
~trumental 
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correction 
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8 

Q-1.38 
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d 
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-1.33 

-1'33 
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-1.32 

-1.30 
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47 54.67 
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53 19.95 
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55 46-78 

5645'03 

7 9 9150 
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12 21-82 

13 43.26 

15 9'08 

1 7  a1.50 

10 18.92 

11 9-21 
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74037'84 

41 45'81 

45 6.00 

46 5-19 

47 34'54 

50 19-05 

56 14'93 

8 

Seconds 
of 

Oorrect- 
ed 

8 

56.64 

4.66 

24-83 

14.03 

53.34 

37.91 

18.57 

48.74 

45-41 

43.66 

17-80 

11.66 

13'21 

44.69 

10.51 

23.96 
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10.69 

44-61 

36-46 

44-50 

4.70 

3-89 

33-12 

17-78 

23-55 



TABLE XXLX. OBSERVATIONS OF VANSITS WITH E CLOCK, AND DEDUCTION 

NOTX. ld - o'-ozz5. !Cmmmibing Equation nil, all records hnving been transoribed by the same proon. 
p ie the retardation of an electric signal between the ntetionn. 
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b 
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m 
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: 
m 

m 
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0, 
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Difference of 
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nation 

o I 
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+18 3 

+16 6 
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+34 39 
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+a7 10 
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+ a4 38 
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+ 17 53 

+18 3 

+ 16 6 

+1615 

+ 29 33 
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By eaoh 
Star 

m a  
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11-82 
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11-86 
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11-76 

11-;7 

11'75 

11-70 

11.77 

11-79 

11.67 

11-76 

11'73 

2311'80 

11.76 

11.81 

11-84 

11'81 

11-86 

11.81 

11.85 

11.88 

BOMBAY (E), &t. 18' 64', Long. 4L 61' 26. : 

TUNBITS OBBERVED AT E 

By Eaaaisids, with Talercop No. 1 

AND KURRACHEE (W), Lot. 24" 51', 
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of 
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P 

3 
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N 
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8 

8 

N 
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N 

N 

N 

N 

N 
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9 
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N 
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corrw. 
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a 

+I ' .w 

+1'47 

+1 '53 

+x'53 

+la56 

+la56 

+ 1.44 

+ I - 6 1  

+ I - ~ C J  

-1.28 

-1.18 

-1.15 

-1.15 

-1.18 

-1.11 

-1.30 

-1.25 

-1.28 

-1.28 

+ I - 1 6  

+1-16 

+ 1.a8 

+1-.14 

+1'34 

+ 1-36 

+ I - 3 6  

+ I ' z ~  

+1-a1 

N 

N 

8 

8 

8 
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N 

9 

8 

s 
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8 

N 

N 

N 

N 

N 

N 

N 

8 

S 

8 

8 

N 

N 

In- 
strumenLal 

Position 
and 

Correction 
Constants 

8econds 

Correct- 
@dTime 

S 

of 
Correct- 

Time 

51-75 

3'31 

24-84 

50.69 

4-10 

29.05 

60.41 

50.90 

24.82 

16.60 

24-64 

44.91 

44-10 

13'40 

58.01 

38.66 

8-77 

5.49 

3'75 

4 8 . ~ 7  

32-09 

43-67 

5'19 

31.01 

44'44 

9 . p  

40'72 

5.1; 

By Campbell, 

In- 
strumental 

and 
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correction 
Constants 

- 2.3 
+ 6'4 

a + 2 2 . 3  

8 

Q + I..@ 

I. P. W. 

c - 2.3 
b + 6.4 
a +22.3 
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Q - 1'38 

I.P.W. 

- 2.3 - O" 

a + 17.3 

a 
Q + l a 3 5  

Y- 
Observed 

 me 

w i t A  

Mean 

Oblewed 

""0 

h m  a 

7 950'41 

12 1.84 

13 23'31 

1449.16 

17 2-54 

17 27'49 

19 58.9; 

~ 0 4 9 . ~ 9  

~ 2 2 3 ' 4 3  

7 40 17'88 

42 25.82 

4446 06 

45 45-25 

47 14'58 

49 59-12 

5239'96 

54 1 0 . 0 ~  

55 6-77 

56 5.03 

7 847.11 

930.93 

I X  42.39 

13 3-85 

1419.67 

16 43.08 

17 7.96 

19 39'47 

aa 3.96 

I.P.W. 
d 

+ 

+ 4'8 
+ 2 0 . 7  

a 
Q + 1-7z 

1.2 W. 
d 

+ ,., 
: T2::: 

a 
Q-1.72 

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

: EZ::: 
a 

Q + 1.71 

a 

39-99 

51'58 

13'02 

38.90 

52.36 

17.23 

48'59 

39'04 

13.00 

4.84 

12.88 

33.14 

31-35 

1'70 

46.24 

26.87 

57.10 

53'73 

52-02 

36.47 

~ 0 . ~ 3 3  

31.86 

53'35 

19.20 

32-58 

57'51 

28.87 

53-19 

A m  a 

64638.28 

4849'74 

5011. l3  

51 37'01 

53 50.46 

54 15'33 

56 46-80 

57 37'08 

59 11.24 

7 17 6-45 

1914.38 

21 y . 6 2  

a2 33'83 

zq 3.20 

26 47.68 

29 28.50 

30 58.67 

31 55'3.3 

32 53.62 
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T D L E  XXIX. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

O F  THE APPARENT DIFFERENCE OF LONGITUI)ES, 8LN - p.* 

NOTE. 1* E ol.oaz5. Transcribing Equation nil, all recorda having been trenscribed by the same person. 
* p ia the retardation of an electric sigud between the ~tatiom. 
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I94 TdBLE EXX. OBSERVA'PTONS OF TRANSITS WITH W CLOCK, BND DEDUCTION 

OF THE APPARENT DIFPERENCPl OF LONGITUDES, 8LN + p.* 

NOTE. 1" - 01.0za5. Trsnwribing Equation ni2, all records having been transcribed by the same pemon. 
* p is the retardation of an electric oignal between the rtationr. 

a 
+ 
i z 
.o 

oe 
ro 
P 
N  - 
rr: 

01 

" 
m 

ro 

2 
m 

, 

f 
Cl 

1 
*g 

1881 

Jan.18 

Jm.19 

Jan.19 

B.A.C. 
Number 

2970 

2977 

2990 

2999 

8015 

3026 

8046 

8056 

8068 

8079 

2747 

2759 

2778 

2782 

2789 

3799 

2810 

2816 

2833 

28.10 

2870 

$977 

2990 

2999 

8016 

8026 

8046 

8066 

8068 

8079 

STAB 

Decli- 
nation 

o I 

+12 33 

+ l o  59 

+ l 8  27 

+3Z 55 

+ 17 49 

+28 23 

+3oq1  

+32 53 

+32 43 

+24 55 

+30 1 

+18 2 

+ 9 33 

+ 9 1 4  

+ 14 14 

+ 18 43 

+ 17  34 

+1728 

+a4 32 

. t24 44 

+ I S  33 

+ I 2 5 9  

+18 27 

+3155 

+1;r49 

+ 28 23 

+3oq1  

+32 53 

+3243  

+a4 55 

BOMBAY (E), k t .  180 &', Long. 4h 61m 25': 

T~ANBITB OBBERVED AT E 

AND KUXRACHEE (W), ikt. a406l1, 

T M B I T ~  OBBEBFED AT W 

4 
,;. 
3 " 

8 

8 

8 

N 

8 

N 

N 

N 

N 

N 

N 

N 

8 

8 

N 

8 

8 

8 

N 

N 

8 

5 

8 

R 

8 

N 

N 

N 

N 

N 

By Esnvisids, 

In- 
strume~~tal 
Position 

and 
Correction 
Conetanta 

L P . 6 .  
d - 5 .2  

b - 2 . 2  
a + 2.1 

8 

Q-1-12 

. 

I . P . E .  
d 

- 5 . 2  
b + 1.8 , +,,., 

8 

Q + 1.72 

. 

I.P. E. 

- 5 .2  

8 
Q-1.72 

Long. 28" 18. 

Differ- of 

1 

seconds 
of 

Correct- 
ed ~i~~ 

J 

41.32 

23.65 

12.62 

30.51 

46-32 

48.87 

1.83 

31-14 

23.26 

3.61 

3'18 

39'00 

20.13 

21.54 

4 - 3 2  

49.56 

15-67 

12.30 

50.11 

52.95 

41.11 

23.42 

'"39 

30'21 

46.08 

48.64 

1-60 

30.90 

23.01 

3'41 

- 
i 

2 

8 

8 

N 

8 

N 

N 

N 

N 

N 

N 

8 

8 

N 

8 

8 

8 

N 

N 

8 

8 

8 

N 

8 

N 

N 

N 

N 

N 

with 

M~~~ 
Observed 

Time 

h m  8 

8 1443.21 

16 25-54 

18 14.51 

19 32'44 

20 48-21 

2 2  50.80 

15 3-76 

26 33-07 

2825.19 

30 5.52 

740  1.60 

4137.36 

44 18.45 

45 19.86 

47 42.71 

50 47.92 

52 14.02 

53 20.65 

55 48-50 

5651.34 

8 1442.88 

16 25.20 

18 14.19 

19 32.09 

2047'88 

22 50.49 

25 3.46 

26 32-78 

28 24-88 

30 5'25 

+ O 

3 

$ *  
2 3 _, 
g 
6 

g 
0 

+ 

0 

+ 

0 

+ 

Corrected 

( W - E )  

By each 
Star 

01 8 

23 12.22  

12.23 

12.27 

12'27 

1 2 . ~ 3  

12.26 

12.26 

1a'zq 

12.27 

12.29 

2312'24 

12.23 

12.33 

12.23 

1 r 2 1  

12-26 

12-27 

12.27 

12.29 

12-33 

23 ~ a . o a  

12-30 

1 2 . 2 7  

12.29 

12.30 

12-29 

12-26 

12-26 

1 2 . ~ 6  

I Z ' Z ~  

Telcrcopa No. 

~ ~ t ~ l  

Correc- 

8 

-1'34 

-1.34 

-1-35 

-1.40 

-1'35 

-1'38 

-1.39 

-1.40 

-1'40 

-1'37 

+ l m 3 8  

+1'43 

+ 1'47 

+1.48 

+ 1-40 

+ 1.43 

+ I ' M  

+ I ' M  

i-1'40 

+1'4o 

-1.32 

-1.33 

-1.35 

-1'42 

-1.34 

-1.39 

-1.40 

-1.42 

-1.42 

-1'38 

Tslercope No. 

~ ~ t . 1  

Correc- 

tion 

8 

-1'89 

-1.89 

-1.89 

-1'93 

-1.89 

- I  -93 

-1.93 

-1.93 

-1.93 

-1'91 

+1'58 

+1'64 

+1.68 

+ I - 6 8  

+ 1.61 

+ I - 6 4  

+ 1.65 

+ 1-65 

+ 1-61 

+1'61 

-1 .77  

-1.78 

-1.80 

-1.88 

-1.80 

- 1-85 

-1.86 

-1.88 

-1'87 

-1-84 

'i ' '% 
g f  ' 

W o o  
s +  + 
$ 1  1 

. ~ p $ ~  
' - I  I z a s  
t & 0 

3 

n - 
H 
+ 

3 
O 

+ 

n 

O 

+ 

Times 

~ m n  

of 

Q ~ U P  

- N  

b N 

\D 

- N  

E m 

a " 
E3 

By Campbsll, 

In- 
strumental 

Position 
and 

Correction 
Conetanta 

1 . P . q .  

- 0.8 
b +  1 . 2  

a + 7.0 
8 

Q-1.38 

I .P .E .  

- 0 . 8  
b +  1.4 
a + 

8 

Q +1'39 

I .P .E.  
d - 0.8 

+ 

0 + I 2 ' 4  

8 

Q -1.39 

2 

Second8 
of 

Correct- 
ed Time 

8 

53-54 

35'88 

24'89 

42-70 

58'55 

1.13 

14.09 

43'38 

35.53 

15.90 

15'42 

5r.23 

32'46 

33'77 

56.53 

1'82 

27.94 

34'57 

2.40 

5'28 

53-33 

35-12 

14-66 

42'50 

58.3S 

0'93 

13.86 

43-16 

35-27 

15.68 

with 

M~~ 

Observed 

Time 

h 0 1  8 

8 37 54.88 

39 .37'22 

41 26-14 

42 44.18 

43 59'90 

46 2'51 

48 15-48 

49 44.78 

5136.93 

53 17.27 

8 314.04 

449'80 

7 30'99 

8 32'29 

10 55-13 

14 0.39 

15 26-50 

16 33'13 

19 1.00 

20 3'88 

8 3 7  54.65 

39 37-05 

41 26-01 

42 43'92 

43 59-72 

46 2.32 

48 15-26 

49 44'58 

51 36.69 

53 17.06 



PABLG XXX. OBSERVATIONS OF TRANSITS WITH W CLOCK, BND DEDUCTION 195 
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-1.69 
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-1.65 
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-1.69 

-1.69 
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+1'56 
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+1'89 

+1.89 
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39'39 
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21'79 

44'54 
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and 
Correction 
Constant-s 
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a +36'7 

s 
& +1'73 
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28 25-26 

30 5-53 
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PABLB XXIX. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION '97 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 6LN - p.* 

I JUBBULPORE (E), Lat. 23" lo', Long. 19" 6@: AND BOMBAY (W),  at. 180 M', 

B.A.C. Decli- 
Number nation 

TRUSIT~ OBSERVED AT E 
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Correct- 

Correction Time ed Tinle h g 
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By Campbell, with Telescope Avo. 2 

strumental M~~~ ~ ~ h l  ~econda 
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Correct- 
ed Time 
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NOTE. ld = om.oz25. Transcribing Equation nil, all records having been tranwribed by the aame person. 
* p ia the retardation of an electrio signal between the statione. - 
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!i'dBLE XXIX. OBSERVATIONS OF TflANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 6LN - p.* 

N ~ R  Id = d ' o a q .  Transcribing Equation nil, d l  records having been tramribed by the mme penon. 
* p is the retnrdation of an electric mgnd between the otstiom. 
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TABLE XXIX. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LOXGITUDES, 8LN - p.* 

NOTB. l d  - om'oaz5. Transcribing Equation dl, all records having been transcribed by the same p e w &  
.p ie the retardation of an eleotrio signal between the etatiom. 
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a - . 

a 
Q + 1.40 

I. P. W. 
d , - 3.1 

:+::: 
a 

Q -1.40 



200 TABLE XXIX. OBSERVATIONS OF TRANSIT3 WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN - p.* 

Nmr. la - o*.o225. Trunsci.ibing Equation mil, all records having been transcribebb? the ssme pemon. 
' p is the retardation of an electric signal between the ntationn. 

3 
Q 

3 .g 
..- 

1881 

Beb.18 

Feb.18 

Feb.14 

Feb.14 

JUBBULPORE (E) ,  Lat. 29 lo', Long. 6" 19' 58.: AND BOMBAY (W), Lat.  180 &if, Long. 4h 61m 23#. 

B.A.C. 
Number 

2789 

2799 

2810 

2816 

2833 

2840 

3937 

2999 

8026 

8046 

2769 

2778 

2782 

2789 

2799 

2816 

4839 

2840 

2931 

2937 

2952 

2970 

4977 

2990 

2999 

8015 

8026 

8046 

STAB 

Decli- 
nntion 

o I 

+zqzq 

+la43 

+ 1 7  34 

+1728 

+2432 

+ 24 44 

+a1 54 

+32 55 

+28 a3 

+30 41 

+18 2 

+ g 3 3  

+ 9 14 
+ 24 24 
+ 18 qg 
+1728 

+24 32 

+24 44 

+lo 18 

+?I 54 

I 8 

+ 12 33 
+1259 

+1827 

+3255 

+ 17 49 
+ 28 23 
+so41 

Difference of 
Corrected Times 

(m-li) 

TEAKSITS OBSEE~ED AT E 

x 
$ 
3 " 

TRANSITE OBSER~ED AT W 

!i 
$ 
3 
5 * 

Q 

d 
? 

+ 

d 
O 

N 

8 

8 

6 

N 

N 

8 

N 

N 

N 

8 

8 

8 

N 

6 

6 

N 

N 

6 

6 

By Heaaiside, 

111- 
strun~ental 

Position 
and 

correction 
Constants 

I 

, 

s 
O0 

PD 
o m _  

%.? 3 
@ O o  
& +  + 

N 

S 

8 

s 

Ii 

N 

N 

N 

N 

N 

S 

8 

S 

N 

8 

S 

~i 

K 

h' 

N 

X 

S 

S 

S 

N 

S 

N 

N 

m m ~  
!PE-  

g U 
: I  I g $3. 
V 

By each 
Stnr 

By Campbell, 

In- 
strumental 

Position 
and 

Correction 
Co~~atants 

I . P . W .  

-3., 

8 

Q +la17 

I. P. W. 
d 
, 3.1 t - O S 5  
-15.5 

8 

Q-1.17 

I.P.UT. 
d . 

b - 1.7 
-16.1 

8 
Q + 1-18 

I .P.  W. 
d , - 3.1 

with 

,renu 
Observed 

Ti~ne  

Telercope Xo. 

Total 
Correc- 

with 

Mean 
Observed 

Tinle 

0 

+ 

m 

8 _ . 
0 

I 

. 
0 

+ 

b 

I 2  

2 

8econda 
of 

Correct- 
ed Time 

I . P . W .  
d 

, - 
+ 4'5 

a 

8 

Q + 1'37 

I. P. W. 
d - 

+ 

a +go.7 

8 

Q -1'37 

I . P . W .  
d ,,,. 

:&:: 
a 

Q + 1'37 

I .P.  W. 
d - 

+ +92.4 3'5 

8 

Q-1'37 

h m  8 

81322'23 

1617.53 

17 53.53 

19 0'13 

2127'93 

22 30.84 

8 36 20.66 

45 10.30 

48 18-59 

50 41'57 

8 659.89 

941'10 

1042.38 

13 5.09 

16 10'39 

18 43-07 

21 10.93 

22 13'7; 

8 34 39.56 

36 3-51 

Telescope h'o. 

Total 
Correc- 

tion 

c u t {  

I :  
a 

.. 
2 - ". 
a 

Q - 
% 

8 

V) 

$ - 
-a 

N 

8 

+I'05 

+1'18 

+1'.33 

+I'33 

+ 1'05 
+1'04 

-1.58 

-2.06 

-1.85 

-1'94 

+1'29 

+1.60 

t1.61 

+ 1.03 

+la25 

+1'31 

+1'03 

+ 1'02 

-1-55 

-1.61 

-2'01 

-1'24 

-1.26 

-1.47 

-2.10 

-1'44 

-1'88 

-1.98 

h m  8 

84153'83 

44 58.82 

46 24.79 

47 31'42 

49 59'48 

51 1-33 

9 4 52.43 

1342'5j 

16 60.68 

19 13';o 

83531.11 

3811.92 

39 13.23 

41 36-57 

4441.i~ 

47 14.26 

49 42-30 

50 45.24 

9 3 11-32 

4 35-36 

6 15-31 

8 35.41 

10 17.80 

12 6.89 

13 25-46 

14 40'53 

1643.58 

18 56.61 

374304 

40 4-09 

41 46.38 

43 35'31 

44 53-10 

46 8.98 

48 11-50 

50 24.41 

1 

t3econds 
of 

Correct- 
ed ~i~~ 

Mean 
of 

Group 

8 

8 

8 

N 

8 

N 

N 

8 

+rSo9 

+I.& 

+I-05 

+1.05 

+1'og 

+ 1.09 

-1.26 

-1'19 

-1'22 

-1'21 

+1'o4 

+o.98 

+omg8 

+1'07 

+ 1.04 
+1'03 

+1'07 

+ 1-07 

-1.31 

-1'30 

3 H 

6 

8 
Q-1-18 

8 

23.32 

28.59 

54-B 

1'18 

29.02 

31-93 

19.40 

1 9.11 

27'37 

40.36 

60.93 

42.08 

43.36 

6-16 

11-43 

44-10 

t2.00 

14-84 

38-25 

2-21 

I 

-1.36 

-1.36 

-1.32 

-1'23 

-1-33 

-1.26 

-1.15 

41.80 

2.73 

45.02 

33'99 

51'87 

7-65 

10.24 

23.16 

n 
r 
y 

54'88 

60.10 

26.12 

1 

2831'56 1 . 1  
31-51 

N n 

31-54 , 7 
32'75 

60'53 

3'37 

50.85 

40.49 

58.83 

11-76 

32-40 

13.52 

14-81 

37.60 

42.80 

15-57 

43'41 

46-26 

9.77 

33'75 

13-30 

34.17 

1 6 - w  

5.41 

23-36 

39'09 

41-70 

54.63 

31.57 

31'51 

31'44 

28 31-45 

31.38 

31-46 

31'40 

2831.47 

31.44 

31-48 

3l.44 

31.37 

31.47 

31 '41 

31.42 

28 31-52 

31-53 

31.50 

31'44 

31.52 

31'43 

31-49 

31'44 

31-46 

31.47 

- 0 
rr. 

s$ 

-. 
, P - 
m 

s g  

m 

+ 

a 
N ' r  

? 
0 

+ 

m 
m . , ; PS 

E s ~ +  

8 . 
rr. 

sg 

% 
m  
b 
+ 



TABLE XgX. OBSERVATIONS OF TRANSITS W I T H  W CLOCK, AJSD DEDUCTIOIQ 

O F  THE APPARENT DIFFERENCE O F  LONGITUDES, 8LN + p.* 

N m .  Id - o"0225. 'I'r~nwribing Equation nil, all reoorda having been trnnacribed by the mme person. 
p is the retardation of an eleotric oignal between the ntatiow. 

t 
3 
-i 
S 

3 

1881 

Feb.6 

Feb.6 

Feb.7 

58. : AND BOMBAY (W), k t .  18"54', 

T E ~ B I T B  OBBEETED AT m 

JUBBULPORE (E), .?kt. 23°10', Long. 6h l g m  

TEANBITB OBBEBVED AT E 

By Heanbide, with Tehcopa No. 1 

B.A.C. 
Number 

8278 

8290 

8299 

3309 

8317 

3327 

8337 

3344 

8365 

3 G 9  

3468 

3476 

8483 

8490 

8608 

3511 

3629 

3534 

8278 

82m 

8299 

3309 

8317 

3327 

3337 

3344 

3335 

Long. 4b 61- 268. 

D~fference pf 2 
Corrected Times 

O 'z 
Z P  .o 

+ 
Seconds 

of 
Correct- 
ed ~i~~ 

a 

58-78 

46'77 

19-68 

11.93 

4.88 

59.90 

28.68 

32.08 

40'48 

31-74 

39'64 

43'92 

6.45 

46.15 

O 

$ 
-2 
2 

8 

N 

8 

N 

K 

P 
8 

8 

N 

8 

N 

S 

S 

N 

N 

N 

8 

8 

8 

N 

6 

N 

N 

N 

8 

8 

N 

STAB 

Decli- 
nation 

0 I 

+1658 

+35 47 

+ I 3 5 1  

+ 26 27 

+3031 

+ 24 I 

+ 1 2  a2 

+12 7 

+ 2 1 4  

+ l o 3 3  

+37 59 

+1356 

+ 5 12 

+3a 4 

+24 I 

+ r j  qr 

+ 7 z 

+ 15 35 

+16 58 

+35 47 

+ I 3  5' 

+z617  

+30 31 

+ 24 I 

+ I ~ Z Z  

+ l a  7 

+ 21 qq 

By each 
Star 

m a  

28 31-59 

31-63 

31.57 

31.66 

31-68 

31-55 

31-68 

31-66 

31'50 

28 31.68 

31-68 

31.68 

51-65 

31.66 

31-68 

31.66 

31.65 

31.65 

28 31.78 

31-66 

31-72 

31'72 

31.74 

31.69 

31.64 

31-60 

31'71 

By Camp6el1, 

In- 
strun~ental 

Position 
and 

Correction 
ConPtants 

I.P.E. 
d , + 2 .3  

: 
8 

Q + 1-36 

I.P.3. 
d , + a .3  

: t2::: 
a 

Q -1.36 

1 P . E .  
d , + 2.3 

a +38.3 
+ 2 ' 2  

8 

Q + 1-36 

8 
$ - 
3 

8 

N 

N 

N 

N 

8 

8 

8 

S 

N 

8 

8 

N 

N 

with 

M~~~ 
Obaerved 

Time 

h m  a 
9 31'28*83 

33 17-04 

3349.69 

35 48-13 

37 35'14 

40 29'97 

40 58 79 

42 2.17 

44 10.68 

10 3 4-51 

5 12-69 

6 6 

7 39-19 

9 19.12 

11 6-97 

1244'40 

15 20.96 

16 28.79 

' 9 3 ~  14.41 

33 1-79 

33 3 5 ' ~ ~  

35 33'74 

37 20.82 

39 15-61 

4044.23 

41 47-60 

43 56-27 

Mean 
Observed 

Time 

h m  a 

9 2 57'20 

4 45'20 

5 18.09 

7 16.35 

9 3'31 

11 58.31 

la  a7.08 

13 30.48 

15 38-90 

93432'86 

36 40.59 

37 45'05 

39 7.57 

40 47.29 

4 3 5  

In- 
strumenta~ 

Poition 
and 

Correction 
Constants 

I.P.E. 
d , + f . g  

b + 5'2 
, + 5 . 9  

a 
Q + r n 3 6  

I.P.E. 
d , + 3.8 

b + 5.2 
,+ 5.9 

a 
Q -1.36 

Total 
Correc- 

tion 

a 
+1.58 

+ 1-57 

11.59 

+ 1-58 

+ 1-57 

i-1.59 

+re60 

+ 1.60 

+1'58 

-1 .12  

-1.15 

-1'13 

-1.12 

-1'14 

3 , N 

8 

8 

N 

N 

N 

8 

8 

8 

Telwcope ATo. 

Totnl 
Correc- 

tion 

a 

+1'54 

+I .$  

t 1 . 5 6  

+1'46 

+1'42 

+1'48 

+ 1-57 

+1'57 

+1'5o 

-1'15 

-1'37 

I 

-1.09 

-1.31 

-1'24 

-1'24 

-1.11 

-1'18 

+1.49 

+1'17 

+ l ' 5 4  

+1'34 

r1 .28  

+1'39 

+1'56 

+1'57 

+1'4a 

u, 

44 11.63 

4649'32 

47 57'09 

9 a 2.37'99 

4 25.18 

4 58-94 

6 56.83 

8 43.63 

lo  38-71 

1 2  8.01 

13 11.43 

r5 19-64 

I. P.E. 

, +203.8 
b + 2'7 . + 4.2 

a 
Q + 1-31 

2 

Seconds 
of 

Correct- 
ed T~~~ 

a 

30.37 

18-40 

51-25 

49'59 

36-56 

31'45 

60.36 

3'74 

12-18 

3-41 

11'31 

15-60 

38.10 

17-81 

5-73 

43-16 

19-85 

27.61 

15-90 

3'96 

36'80 

35'08 

2 2 - 1 0  

17-00 

45.79 

49-17 

57.69 

0 

Ll?? 

J 

S %  

h 

*? 
m 

ES 

o 

8 
0 

+ + m  

s 
b 

+ 

5 
b 

- 
F 

b , 
+ 

- 
u. 

% 

V) 

p - 
m 

5 
m 

s 

-"I3 

48.20 - I * I ~  

-1'13 

+6.13 

+7 'M 

+6'14 

55'96 

44'12 

32.30 

65.08 

+6.53 63-36 

+6.73 *50.36 

+6'54 

+6-14 

+6'14 

+6'33 

45.31 

14.15 

17.57 

25-97 



202 TABLE m. OBSERVATIO'PU'S OF TRANSITS WITH W CLOCK, AND DEDTJCTION 

OF THE APPARENT DIFFERENCE O F  LONGITUDES, 8LN + p.* 

Nom. ld - om~ozz5. Trsnecribing Equation nil, all records having been transcribed by the =me person. 
p is the retardation of an electric signal between the stations. 

0 - 
a" 
'3 .g 
.a 

1881 

d b . 7  

Feb.8 

Fob.8 

+ 

p 

U) 

? - 
m 

2 

bz! 

40 - 
rn 

% 

01 rr. 
P - 
n. 

m n 

, 
0 

2 

2 5  
3 
8 
t 
Q 

% 
0 

+ 

m 
g 
b 
+ 

o 
+ 

2 
. Z ? m -  
e r n *  

5 ;  
E[:z:++ g n I 

am$ 
% I  I d 

a z ~ z  
6 .  

f 
0 

+ 

8 
? 
o 

d o 
? 
0 

+ 

58.: AND BUMBAY (W), Lot. 181 64', 

T U A X ~ I T ~  OBBERVED AT 7V 

hmg. dh 51m 25.. 

Difference of 

STAR 

B.A.C. 
Number 

3446 

3459 

3468 

3475 

3483 

3490 

3508 

3511 

3529 

3534 

3290 

3299 

3309 

3317 

3327 

3337 

3344 

3355 

8359 

3446 

3459 

3468 

3475 

3483 

3490 

3508 

3529 

a534 

2 

seconds 
of 

Correct- 
ed Time 

8 

11.76 

48.92 

56-78 

1.06 

23.57 

3'32 

51-21 

28.67 

5-34 

13-10 

49-10 

21.89 

20.27 

7-27 

2-19 

30.99 

34'39 

42.85 

50'72 

57.00 

34'12 

41.99 

46.24 

8.74 

48-47 

36.40 

50.52 

58.25 

JUBBULPORE (E), Lat. 23" lo', Long. 5h 19"' 

~'EAXF~ITS OBSEUTED AT E 
Corrected 

'W-E' 

By each 
Star 

m a 

28 31.58 

31.66 

31.51 

31.69 

1 5  
31 '57 

31-58 

31-54 

31.53 

31.70 

28 31-41 

31.52 

31.69 

31-60 

31.67 

31-55 

31'59 

31-58 

31.51 

28 31-68 

31'64 

31'69 

31'57 

31.60 

31.63 

31'70 

31.65 

31-62 

Decli- 
nation 

o I 

+35 50 

+1z33  

+37 59 

+1,3 56 

+ 5 1 z  

+32 4 

+ 24 I 

+a342 

+ 7 2 

+ 15 35 

+35 47 

+ I S  51 

t i 6 2 7  

+30 31 

+ 24 I 

+ l a 2 2  

+ l a  7 

+a144 

+ 4 54 

+35 50 

+12 33 

+3759 

+13 56 

+ 5 1 2  

+3z 4 

+ 24 I 

+ 7 2 

+ 15 35 

Tslaescqpe No. 

~~a 
Correo- 

8 

I 

-1.16 

-1'59 

-1.18 

-1.06 

-1.47 

-1.33 

-1'33 

-1-08 

- I - ~ I  

+1'16 

+1'58 

+1*36 

+1'28 

+1'41 

+1*61 

+1*61 

+1*46 

4-1'53 

-1.56 

-1.11 

-1.60 

-1.14 

-1'oo 

-1.48 

-1'31 

-1.02 

-1-16 

Timee 

Mean 

of 

Group 

- 
m 

E? 

a 
'0, 

2 

; 
m 

% 

8 

2 
m 

N 

S 

N 

s 

S 

N 

N 

N 

S 

S 

N 

' B 

N 

N 
, N 

6 

S 

N 

S 

K 

6 

N 

S 

6 

N 

N 

S 

S 

1 

seconds 
of 

Correct- 
ed ~i~~ 

8 

40'18 

17.26 

25.27 

29'37 

5 2 . ~ 3  

31-75 

19.63 

57-13 

33-81 

41'40 

17-69 

50.37 

4 . 5 8  

35'67 

30'52 

59'44 

2.80 

11.27 

19-21 

25-32 

2'48 

10.30 

14.67 

37-14 

16.84 

4'70 

18.87 

26.63 

Telescope No. 

~ ~ t ~ l  

Correc- 

tion 

8 

+4-38 

+3'40 

+4-58 

+3'40 

+3'4r 

+4.18 

+3'80 

+3'80 

+3'41 

+3'39 

+1'54 

+ 1'54 

+1'53 

+I '53  

+1'54 

+1'54 

+1'54 

+1'53 

+ r a 5 5  

-1'22 

-1 '22  

-1.23 

-1.23 

-1 '21 

-1.24 

-1 '22  

- 1 - 2 1  

-1.22 

By Campbell, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I . .  E. 
d , + 2.3 

+ , +38.3 

s 
Q -1.36 

I. P. E. 
d , + 2.3 

+ J ' ~  

0 +44'3 
8 

Q +1'36 

I. P. E. 
d , + 2.3 

b + 3 ' 6  a +44.3 

a 
Q -1.36 

with 

M~~~ 
Observed 

Time 

h m  8 

9 32 35.80 

34 13'86 

36 20.69 

37 25'97 

38 48.62 

40 27.57 

42 15.83 

42 53'33 

46 30.40 

47 38-01 

9 4 16.15 

448.83 

647.05 

834.14 

10 28.98 

11 57'90 

13 1.26 

15 9.74 

16 17.66 

9 32 26-54 

34 3'70 

3611.53 

37 15-90 

38 38.35 

40 18.08 

42 5-92 

46 20*08 

47 a f '8 j  

with 

Observed 

Time 

b m  a 

I I 1 3  

a 50.08 

4 58'37 

6 2.24 

7 24.63 

9 4'79 

10 j2.54 

X I  30.00 

15 6.42 

16 14.31 

9 32 47-94 

33 20'31 

3518.91 

37 5'99 

39 0.78 

40 29-38 

41 32'78 

43 41'39 

4448'99 

10 o 58-56 

2 35-23 

443'59 

5 47'38 

7 9'74 

8 49'95 

80 37-71 

1451.54 

15 59'41 

2 " 

N 

8 

N 

8 

8 

N 

N 

N 

S 

S 

N 

8 

N 

N 

N 

8 

S 

S 

S 

N 

S 

N 

6 

fi 

N 

N 

f3 

s 

By Heaviaide, 

In- 
strumentnl 
Posltion 

and 
Corrcction 
Constnnta 

I. P. E. 
d , +203.8 

+ a ' 7  , + 4.2 

8 

Q- 1.37 

I. P. E. 
d 

+ 3.8 

::i 
a 

Q +1'38 

I. P. E. 
d , + 3.8 

b + 2.4 
a + , . o  

8 
Q - 1-38 



2'"L.E XBX. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

I JUBBULPORE (E), kt. 23" lW, h s g .  6' 18' tW : AND B O ~ ~ Y  (W), Ld. 180 64', hmg. 4 h  61- 25s. 

By Eeavbkle, with TeLwopa No. 1 1 By Camphell, with Tabrcopu 8.. 2 

C o r d o n  
Constants 

I. P. E. 
d 

0 - 1'2 
b + 2.9 
a + 2'1 

8 

Q +I-34 

I. P. x. 
d 

0 - 1'2 
b + 2.9 
a + 2.1 

8 

Q -1.34 

I. P. W. 
d 

0 - 3'1 
b + 0.4 
a - 2'2 

8 

Q +IS@ 

Mean Total 

Obremed Correc- 

Time tion 

Ln- 
strumentel M- 
Position 

Observed 
and 

correction Time 
Conatallts 

h m  a 

I.P.E. 93044.78 

d 
+ . 32 33'35 

b + 3.0 
a +go.3 - 33 5'64 

8 35 4-16 
Q +1.36 

36 5"24 

38 46.00 

40 14-60 

41 18.02 

43 26-64 

44 34-14 

I. P.E. 10 043'84 

d 
0 + 2 20.47 

+ 3'' a8.86 
a +50'3 

8 5 3a'~8 
Q -1.36 

6 54'94 

8 35-26 

lo 23-00 

14 36-79 

15 44-72 

I. P. W. 9 30 30.86 
d 

0 - 8.2 32 19.71 
b - 5.2 
a +a3el 34 5°'4a 

3637'54 
Q + 1-31 

38 32-19 

40 0-61 

41 3'99 

43 12.83 

44 20"s 

Total Second8 
of 

Correc- 
Correot- 
ed Time 

Nan. ld - d.0225. Rsnsoribing Equation nil, all reoords hsving been tmnwribed by the name pemoa 
* p L the retadation of an eleotrio signal ktween the statione. 

4 
L -2 e g 
.g .a k= 

8 

a0 

O 
+ 

5 
b 
+ 

I 

m 
S 
b 
+ 

Difference of 

Corrected 

w-E) 

By each 
Btar 

m a 

28 31'53 

31'65 

31.62 

31-65 

31-59 

31'57 

31'58 

31-55 

31'55 

31'52 

28 31-63 

31'65 

31-54 

31-58 

31-61 

31.64 

31-71 

31-10 

31-65 

28 31'53 

31-54 

31-59 

31.51 

31'53 

31.54 

31'52 

31-57 

31-49 

Times 

Mean 

, of 

*UP 

- 
,? 
;; 

8 %  

w 

,: - " 
E: 

Z '  - k 
6 %  



Z'dBLZ = OBSERVATIONS O F  !l!RANSITS WITH W CLOCK, A.ND DEDUCTION 

XVm& 1' - dmoaa5. Trurmribing Equation ml, dl moor& having been trruveribed by the ume perron. 
* p  irthereLv&tionof ~ a e o t r i o ~ b t w e s n t h o ~ .  

S 
FI 
'il .i 

1881 

web.10 

Feb.18 

Feb.18 

Feb.14 

. 2 m -  a 
p m *  , p 
g a  0 
; + +  

S J ~ Q N  
PI m m >  
, & "  
" ' I  ; 274 

& 0 
V 

b 
+ 

f 
0 

+ 

o 
1 
+ 

8 
0 

-I 

+ - 

m 

- 
m 

0 

f - 
n) 

% 

- '? 
m 

4 

g - 
n) 

00 a 

B.A.C. 
Number 

8446 

8469 

8466 

8476 

8488 

8490 

8629 

8684 

8278 

8290 

8299 

8817 

8469 

8468 

8476 

8488 

8490 

8629 

a684 

8278 

8817 

8827 

8887 

8844 

8866 

8869 

68: AND BOMBAY (W), &at. IS" 64', 

TJUXBITB OBBERVED AT W 

JUBBULPORE (E),  at. 23" IU, Long. B 19- 

!I!WXSITB OBSERVED AT E 
STAE 

Decli- 
nation 

o I 

+35 50 

+ l a  33 

+3769 

+ 13 56 

+ 5 1 s  

+3a 4 

+ 7 a 

+ 15 35 

+1658 

+3547 

+13 51 

+30 31 

+ I Z  33 

+37 59 

+ x j  56 

+ s x a  

+3a 4 

+ 7  a 

+IS 35 

+1658 

+303I  

+ I 

+ I a a a  

+ l a  7 

+a1 44 

+ 4 54 

A,,  

Z B  
1 
Q 

0 

% 
b 

+ 

- 
F 
0 

+ 

g 
o 
? 

+ 

5 . 
o 
+ 

$ - 
3 

N 

8 

8 

8 

x 

8 

8 

8 

N 

8 

N 

8 

N 

8 

8 

N 

8 

8 

8 

N 

N 

8 

8 

N 

8 

3 
3 
,: 
3 
m 

N 

8 

N 

8 

8 

N 

8 

8 

8 

N 

8 

N 

8 

N 

8 

8 

N 

8 

8 

8 

N 

8 

8 

S 

8 

Long. 4L 51' 26'. 

Difference of 

~ ~ b r ~ p e  NO. 

T.W 
Correo- 

tion 

8 

- 1 . ~ 5  

-1'as 

-1.a4 

-1.a5 

-1.16 

-1'14 

-1.25 

-1'15 

+ I . O ~  

+ I - 1 6  

+1'o3 

+1".3 

-1'3a 

-1.16 

-x-31 

- 1 3 6  

- ~ . a o  

-1'35 

-1'30 

+1'03 

+ l . I r  

t1.07 

+I.OO 

+ rmoo 

+la06 

+o.96 

!l'~'sla800p8 NO. 

~ ~ t . 1 . 1  

C o r n -  

a 

-1.41 

-1.46 

-"Sr 

-1.51 

-1-23 

-aSaa 

-1'ag 

-1.56 

+ I - 3 6  

+O'53 

1 - 4 7  

+o-80 

- 1 . a ~  

-2.33 

-xSa8 

-0.98 

I 

-1.03 

-1'33 

+1.33 

+oe76 

t1.05 

+re51  

+ r e p  

I 

+ rS76  

Comobd  

( w - E )  

By ~h 
Star  

m 8  

a8 31-77 

31-64 

3"1° 

31-69 

31-70 

31-69 

31-73 

31-14 

a831-70 

31-69 

31-71 

31-64 

a8 31-76 

31-70 

31.62 

31.67 

31.70 

31.66 

31-66 

~ 8 3 1 . 7 3  

31-70 

31-70 

31-63 

31'57 

31.63 

31-56 

BY necrairids, 

In- 
n t n u o e n ~  
pmitio. 

and 
Co~redi0" 
Constante 

I.P. W. 
d , , 3.1 

b + 0-4  
a , , . ,  

a 
Q -1.18 

I.P.W. 
d - 3.1 

8 

Q + 1-17 

I.P. W. 
d , , 

a 
Q -1.17 

I.P.W. 

, 3.1 

a 
Q +i.18 

1 

of 
Correct- 
edTime 

a 

56.17 

33.40 

41'23 

45-51 

7.99 

47'74 

49'73 

57'53 

16-06 

4.09 

36-90 

12-27 

49.08 

57-01 

1-26 

a 

3-47 

5'48 

13.18 

1 .p  

1-71 

2.63 

31'43 

34-86 

43.a9 

51'r7 

a 

a m n d 8  
of 

Correot- 
ed T i m  

8 

a 8 . q  

5-04 

Ia'93 

17.ao 

39-69 

19.43 

21-44 

19.17 

47-76 

35.78 

8-61 

53-91 

10'84 

28-71 

31-88 

55-38 

36-17 

37.14 

44-94 

3 3 . ~ 5  

39-41 

34.33 

3-06 

6-43 

a 

12-83 

Timer 

~~~ 
of 

Group 

.! 
m 

s% 

m 

.? - 
m 

I% 

6 

=, 
.o 

sz 

q 
.o 
;; 

a =  

BY ~ ~ b s z l ,  coitl with 

r, 
Observed 

Time 

h m  8 

9 31 57'5a 

33 34.65 

354a-47 

36 46-76 

38 9-25 

3948'98 

45 50'97 

46 58-78 

9 115.01 

3 2-93 

3 35.87 

7 11-14 

9 3a 50.40 

34 58.17 

36 2-57 

37 a 

39 4-67 

45 6.83 

46 14.58 

g I 1-49 

7 6-60 

g 1.56 

10 30.43 

11 33-86 

x34aea3 

14 50.31 

In- 
n t m e n t s l  
Poaition 

end 
COrTe~ti~n 
Constante 

yean 
Obsened 

TUU 

xi? w. 
d , , 8., 

b - 5.1 , + B 3 . ~  

8 

Q -1'37 

I.P.W. 
d 

0 - 8.2 
b + 4'5 
o +go'7 

+I:37 

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

+ 4'5 
4 +90'7 

8 

Q -1.37 

I.P.W. 
d - 8.a 

: 19::: 
8 

+ 1-31 

J i m  a 

1 0  o 30.45 

3 6-50 

4 '5.45 

5 18-71 

640.9a 

8 a1.65 

14 12-73 

i 0 - 8 ~  

92946.40 

31 35.15 

3 I 

35 53'11 

10 I 12.06 

3 31-04 

434.16 

5 56-36 

7 I 

1338'17 

1446.17 

9a931'9a 

35 38.65 

37 33.28 

39 1-55 

@ 4.9, 

4 1 3 8  

43 a1.07 



P ~ B L ~ E  XXX. OBSEBVATIONS OF !PRANSITB WITH w morn rn DEDUCTION 205 

OF THIE APPARENT DIFFK~ENCE OP LONGITUDES, 8L, + p.* 

NOT.. 1' - dSoaa5. Tnnmribing Equation d, all m r d r  having been tmwribed by the ume pemn. 
pirthemLud.tionof . n e l e o k i o ~ b & w e c m t h s r t . t i o n r .  

+ 

JWBULYORE (g, Lot. aBO 10: Lorg. bh 19- 68: AND BOMBAY (W), M. 18" 64', w. 4b 61- 86.. 

S 
FI 
a ... 
B 

$ 

1881 

IFeb.14 

TRANSITS ~ S I C B V P D  AT E -ITS O B ~ ~ B ~ E D  AT W Difference of 
STAR 

By Emvide, with Tsbraqp. No. 1 By Campbell, 4i.h Te'elsrcvpe No. $3 

B.A.C. 
Number 

8448 

8469 

8983 

3611 

3634 

Deoli- 
Obwned Correo- Oblerved &rrea- 

By esch 
nation p and Comot- P and Correot- Btar 

~onatsnta Conatants 

o I 

+35 50 

+ l a 3 3  

+37 59 

+ 5 12 

+a3 42 

+ 15 35 

N 

8 

8 

N 

8 

I.P. W. 

, - 3.1 - 
a -16.1 

8 
Q -1.18 

h a  8 

g p  58-63 

32 35-90 

3443'63 

37 10.56 

41 15-56 

45 60.03 

-1 '22  

-1.36 

- 1 . ~ 0  

-1.40 

-1.30 

-1.34 

8 

57.41 

34'54 

42-43 

9-16 

14-26 

58.69 

N 

8 

N 

B 

N 

8 

X. P. W. 
d - 8.2 

+ 3'5 
Cr +g2'4 

a 
Q - "37 

' 

h a  

9 59 31-48 

10 I 7-50 

3 16-60 

5 41-84 

9 47'69 

14 31-71 

a 

-2.16 

-1.24 

-2.38 

-0.99 

-1.68 

-1'35 

a 

~9.22  

6-26 

14.22 

40.85 

4-01 

30.36 

a 8 

28 31-81 

31-72 

31-79 

51-69 

31-75 

31-67 

m . 
1 

4. 

2 
b 

+ 

$ 
O 

+ 

f 
a 
3 



T ! L E  XXIX. OBSERVATIONS OF !L'RANSITS WITH E CLOCK, AND DEDUCTIOX 

OF THE APPARENT DIFFEEENCEI OF LONGITUDES, 8LN - p.* 

N a .  1' - 0'-oaa5. Transcribing Equation nil, all reoords having been t m n d b e d  by the ouue penon. 
p is the retardstion of en eleotric oignal between the stations. 

S 
Q 

a .g 
a 

1881 

Feb.23 

Feb.28 

Feb.44 

B.A.C. 
Number 

8317 

8827 

8337 

8844 

8355 

8859 

3446 

8469 

8468 

8475 

8488 

8490 

8507 

8508 

3623 

8629 

8584 

8278 

SBO 

8299 

3309 

3317 

3327 

8337 

8344 

8865 

8%9 

JUBBULPORE (E), &at. a30 Long. 6' 

! h A N 0 1 ~ 0  OB~EEVED AT E 

19" W : AND BOLARUM (W), Lcrt. 1?080', 

T W ~ I T S  OB~EEWD AT W 
STAB 

D l  
nation 

o I 

+SO 31 

+a4 I 

+ t a l a  

+ l a  7 

+a1 4 

+ 4 54 

+35 50 

+ l a  33 

+37 59 

+ 1 j 56 

+ 512 

+32 4 

+a4 6 

+ a  I 

+ 20 4 

+ 7 a 

+1535 

+16 58 

+35 47 

+13 51 

+26 a7 

+SO 31 

+ a4 I 

+ ra aa 

+ l a  7 

+ a 1 4  

+ 454 

-: 
g 

N 

N 

€4 

N 

S 

N 

9 

N 

9 
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N 

N 

N 

N 

Y 

9 

9 

N 

8 

N 

N 

N 

S 

S 

N 

8 

1 

Semnds 
of 

Correct- 
ed T,,,,~ 

8 

41-30 

36-18 

4-85 

8-23 

16-72 

a4.71 

30.93 

7'99 

16-00 

20'13 

42.66 

22-41 

2.85 

10.27 

21.40 

a+-36 

3a-17 

17.36 

5.57 

38.23 

36-51 

23-54 

18-51 

47'27 

50.63 

59-83 

0 

Lorg. 6' 14" 16.. 

Di5erence of 

Ts&#cops No. 

~~a 
Correc- 

tion 

J 

+1'19 

+1-o7 

+oa89 

+0.89 

+1'03 

+0.78 

-0'94 

-1'35 

-0.89 

- 1 3 2  

-1-46 

-1'0-3 

- I ' I ~  

I 

-1.23 

-1.43 

-1.30 

+0*96 

+oe98 

+o-95 

+o.g7 

+o'97 

+oeg7 

+om95 

+oa96 

+oSgf 

+omg5 

Co.reated 

( W - E )  

Byd 
8tu  

m J 

5 42.71 

42-72 

42.84 

41-88 

42.90 

4a.78 

j 42'87 

42.85 

42.83 

' 42.85 

41-83 

42.83 

4 2 . 9 ~  

42-87 

42'9.1 

42.88 

42.86 

5 41-83 

42-75 

42-80 

42.82 

42-86 

42'77 

42-19 

42.84 

42-86 

42-19 

8 
$ 
,: 
9 " 

N 

N 

8 

8 

8 

8 

N 

8 

8 

S 

N 

N 

N 
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8 

8 

8 

N 

8 

N 

N 

N 
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8 

9 

9 

Q 

I 
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s' 
% 
m 

x 
P 
1. 
n a  

3 
a 
e 
w2 

; 
d l ,  L. 0 

,o,o v n BI 

1 
6 

f 
0 

+ 

3 

+ 

o 
P 
o 
+ 

By C?ampbstl, 

In- 
strumental 
Position 

and 
Correation 
Constante 

I.P. W. 
d , + I.o 

b + 2 - 1  

a -56.3 

J 

Q+1 '34  

I. P. 7P. 
d , + . 

+ ' 'I 
a -56-3 

8 

Q -1.34 

1.2'. W. 
d , + ,., 

+ ".' 
a -58.9 

a 
Q + 1-33 

Times 

u- 
of 

(3 rou~  

* f  * 
i- 

s 
m: 

d 

E 'O 

- 
.+ 
n F z  

.- 
j 3 5 
gb 0 

$ +  + 

2 ' '  . $2 
- 0 ,  I d a x  
EIII 0 
0 

F 
0 

I 

" 
I 

6 
o 
I 

Tels~aops No. 

~ ~ t . 1  

J 

+1"14 

+1.56 

+ 1-27 

+1*27 

+1-49 

+ I - I ~  

-0.78 

-1'40 

-0.70 

-1'37 

-1'56 

-0.91 

- I . I ~  

-1.12 

-1.22 

-1'52 

-1-33 

+I '40  

+ l m 9 4  

+1'3z 

+1'65 

7 

+1'58 

+1'29 

+ 1'a8 

+ 1.52 

+ I . I I  

with 

Y~,,,, 
Observed 

A m  a 

939 aa'a7 

41 11-34 

42 46.42 

4349-84 

45 58.13 

47 6.37 

10 3 14-58 

4 5a.24 

6 59'53 

8 4'35 

9 27'05 

I I  6.21 

1s 4 - 9 0  

la 54-26 

16 5-55 

17 8.76 

18 16.36 

9 3158.79 

3446'38 

3519'71 

37 17'74 

9 4  

4059.70 

42 28.77 

43 32-19 

45 40'47 

4648.73 

By l?davi~ids, 

In- 
strumelltal 
Position 

elld 
Correction 
Co~lsta~~te 

L P. W. 

, - o.7 
b - 2 ' 3  
a-40.5 

J 

Q +1*15 

I. P. JK 
d , - 0.7 

- "3 
a -40.5 

J 

8 - 1 - 0 9  

I.P.W. 
d , - o.7 

: 1 ;:: 
8 

Q+1.06 

2 

9emnd@ 
or 

Correct- 
ed Time 

J 

14-01 

18-90 

47.69 

51-11 

59.6' 

7-49 

13.80 

50'84 

58.83 

2'98 

15-49 

5'30 

45.78 

53-14 

4.33 

7.24 

15-03 

60.19 

48.32 

21-03 

19.39 

6-40 

61-28 

30.06 

33'47 

41-99 

49'84 

with 
I 

lldsan 
Observed 

Time 

A m  J 

933  40'11 

35 35-11 

37 3-96 

3 8 7 . 3 4  

40 15-69 

41 13-93 

9 57 31.87 

59 9-34 

10 I 1 6 . 8 ~  

a I 

j 4 - 1 2  

5 23.49 

7 4.02 

7 I 

10 22.63 

1125.79 

1a 33-47 

9 27 16-40 

29 4.59 

2937.18 

31'35.60 

33 aa-57 

35 11-54 

3646.32 

37 49-67 

39 58-16 

41 6-10 



P ! L Z  U I X .  OBSERVATIONS OF TRAJY$ITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LOXGtITUDES, 8LN - p.* 

B o a .  ld - eSoaa5. Trsnleribing Equstion d, all reoords having been hammibed by the esme p e m n  
.p in the retardation of .a electria signal between the sbtiow. 

JWBULPORE (E), Ld. 23" iU, hmg. 6' 19" 68. : AND BOLABUM (W), Ld. 17Oa0', Long. 6' 1P 15.. 

!I!MXSIT~ O B S E B ~  AT E T s m s ~ ~ s  OBSEE~ED AT W DiEerence of 

d 8TAE 
FI By Eaaairids, with TeIarcopr No. 1 By Campbell, mith Tsbbcops No. 2 

3 

B.A.C. D d -  Pmition Position 
Y 

By eaoh 
Observed C o r w  Observed Correo- 

I881 

Beb.84 

W b s b  

R'0b.S 

Number 

8446 

8469 

8476 

84W 

8608 

8688 

8 5 9  

8534 

8278 

3390 

3299 

8309 

8817 

3327 

8337 

3344 

8356 

8860 

8 M  

8468 

8476 

8483 

3490 

8601 

8608 

8 6 a ~  

8639 

8684 

nation 

O #  

+35 50 

4-11  33 

+37 59 

+1356 

+3a 4 

+a4 I 

+ ao 4 

+ 7 a 

+1535 

+16 58 

+3547 

+1351 

+a617 

+30 31 

+a4 I 

+1aa2 

+ l a  7 

+a1 4 

+ 4 54 

+35 50 

+ l a  33 

+3759 

+1356 

+ 5 1 1  

+3a 4 

+a4 6 

+a4 1 

+ ao 4 

+ 7 a 

+ I S  35 

' 

N 

8 

N 

8 

N 

N 

8 

8 

8 

8 

N 

8 

N 

N 

N 

8 

8 

8 

8 

N 

8 

N 

8 

8 

N, 

N 

N 

8 

8 

8 

Constants 

I .P.  W. 
d - o.7 

b - 1.9 
a , 3.9 

J 

Q-1-06 

I. P. W, ' 
,, - o.7 

+ a'1 
a - 5.5 

Q + i S o 8  

I. P. W. 
d , - o., 

b + 2-7 

8 
Q-1.08 

J 

-1.14 

-1'17 

-1.13 

-1-17 

-1.15 

-1.15 

-1-16 

I 

I 

+I . IO 

+r.16 

+ I . I O  

+ I ' I ~  

+1'15 

+1'r3 

+ ~ . o g  

+ I-og 

+ r a 1 3  

+ I . &  

-1.00 

-1.07 

-0.99 

-1.06 

-1.08 

-1'0i 

-1'03 

-1-03 

-1'05 

-1.08 

-1-06 

h a  s 

9 57 14-qa 

58 51'50 

10 o 59.46 

a 3'73 

5-96 

6 53'84 

10 4.95 

I 7 8 7  

I I 

9 26 58.46 

18 46-49 

i9  19-21 . 
31 17-61 

33 4'59 

34 59-51 

36 28.13 

37 31-66 

39 40.13 

&I 48.10 

9 56 56-45 

58 33'53 

to o 41.47 

I 45'68 

3 8.19 

447.99 

6 28-46 

6 35-81 

9 46'93 

10 49-91 

11 57-69 

J 

13-18 

50'33 

58.33 

2-56 

4-81 

5s-69 

3.79 

6-70 

14-56 

59.56 

47-65 

20.31 

18'75 

5'74 

60-65 

29-31 

31'75 

41-36 

49-18 

55.45 

33'46 

40'48 

44.62 

I 

46'98 

17.43 

34-78 

45'88 

48-83 

56-63 

N 

8 

N 

8 

N 

N 

N 

8 

8 

9 

N 

N 

N 

N 

8 

6 

N 

8 

N 

8 

N 

8 

8 

N 

N 

N 

N 

8 

8 

Constants 

I.P. W. 
d 

+ ,., 
: z5i:; 

8 

Q -1'33 

I.P. W. 
d , + I .o  

b + 4.2 
a - 0.8 

8 
Q + r S 4 o  

I. P. W. 

, + ,., 
+ 4'2 

5 - 0.8 

J 

Q-1-40 

J 

-0.72 

-1'37 

-0'64 

-1'33 

-0.85 

-1.08 

-1.18 

-1.50 

-1.29 

+ 1-52 

+1.55 

+1'5a 

+ 1.53 

+1.51 

+1-53 

+1'5a 

+I '51 

+ 1-51 

+I -51  

-1-a5 

-1.28 

-1.15 

-1'28 

-1.29 

-1.25 

a 

-1.17 

-1'28 

-1'29 

-1.28 

A m  J 

ro 2 56.85 

4 34'53 

6 41-81 

7 46'67 

1048.49 

1136.56 

15 47-82 

16 51'03 

1758.60 

9 31 40.68 

34 28.84 

35 1-58 

36 59-93 

38 46.90 

4041'76 

42 10.51 

43 13'97 

45 aa-50 

4630'39 

10 a 39.47 

4 16.49 

624.46 

7 a8-61 

8 51-og 

10 30'94 

1 2  I 

12 18'79 

15 29-96 

16 11-88 

17 40.66 

Correct- 

J 

56-13 

33'16 

41-18 

45'34 

47.64 

35'48 

46.64 

49'53 

57-31 

4a-ao 

30.39 

3-10 

61.46 

48.44 

43.19 

11-03 

15'49 

24-01 

31-90 

38.12 

15.11 

23-11 

17-33 

49-80 

19.69 

10.16 

17-51 

28.68 

31.59 

39'38 

Btar 

m 8  

5 41'85 

42'83 

42'85 

41-18 

41.83 

4a-79 

41.85 

41-83 

41.75 

5 42.64 

41.74 

41-19 

42'71 

41:70 

42-64 

~ 1 . 7 1  

42-14 

41.66 

4s - la  

J 4aS:7 

4a-75 

41'73 

4a.71 

42-69 

42-71 

41-13 

41-14 

41-80 

43-76 

42-75 

' 
t 

a", 

. 

u, - 5 
$ 

s -  

' 
* 

E 

z 
? 
O 

+ 

o 

O 

+ 

h ?  
O 

+ 

D 

f 
0 

I 

0 "  

I ,  

ii . 
0 

1 ,  

V1 + 
n * 
u, 

t 
Z 
* 

$ 
n * 



TABZB XXIX. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPBRENT DIFFERENCE OF LONQITUDEB, 8LN - p.* 

N 1 - a .  k r c r i b i n g  Equation ril, dl rworda having been t m d b e d  by the mme mn, 
p in the retadation of an electria mipd between the nbtbm. 

2 
FI 

a -g! 
E - 

I 881 

Feb.98 

Peb.28 

Mar. 2 

Lorg. 6.14~ 16.. 

Difference of 

Corrected Timea 

(W - E) 

a 0  
.o s W ~ ,  2 
8 

f 
o 
+ 

b 
$ . s "  

+ 

- 
o 
+ 

~ T U  

B.A.C. 
Number 

8278 

8299 

3809 

8317 

8827 

8837 

8344 

8365 

3369 

3 M  

8 6 9  

8468 

8476 

~ 3 3  

8490 

3607 

8508 

8622 

3529 

3554 

8218 

8490 

8299 

8309 

8817 

8327 

8337 

8344 

8 

8869 

By eaoh 
Star 

Decli-. 
nation 

0 I 

+16 58 

+1351 

+ 26 a7 

+ s o 3 1  

+a4 1 

+ l a  7 

+a144 

+ 4 54 

+3550 

+ l a 3 3  

3 59 

+1356 

+ 5 1 a  

+32 q 

+a4 6 

+a4 I 

+a0 4 

+ 7 a 

i-1535 

+1658 

4 35 47 

I I 

+ a6 27 

4-30 31 

+a4 I 

+ 12 aa 

+ I S  7 

+a144 

+ 4 54 

Mean 

of 

&oup 

P 

a P ?  
$3: 

$ 4  
g 
,mmom 

0 

5 
b 
1 ,  

b 
l 
1 ,  

" o 
1 ,  

JUBBULPORE (E), Lot. a3D lo', hmg. 6. 19= 

! ~ ~ K B I T B  OBBFJZVRD AT E 

5 42-83 1 1  
42.82 

42-81 

42.80 ,,! 
42.82 7 

42-14 E -  

42-75 

42-83 

41.80 

542-84  

42.81 

42.86 

42.78 

42.82 

42'84 
-90 

42.80 I " 
42-19 

42-79 

42'78 

42'78 

5 42-86 

42-79 

42'78 

42-85 

42-83 ,$ 
n 

4a.79 

4 - 8 3  

42-80 

42.82 

41-78 

a 

I 
z 

2 

m 

C 
n * 

,. g 
* 

--, 

n * 

A 

681 AND BOLARUM (W), Ld. 17" 80), 

! ~ U W I T S  OBBEBVED AT W 

' 
$ 
5 

8 

8 

N 

N 

N 

8 

8 

8 

8 

N 

8 

N 

8 

8 

N 

N 

N 

8 

8 

8 

8 

N 

8 

N 

N 

N 

8 

B 

s 
8 

z 
$ 
p 
3 

8 

8 

N 

N 

N 

8 

8 

.N 
8 

N 

8 

N 

8 

8 

N 

N 

N 

N 

8 

8 

8 

N 

N 

N 

N 

8 

8 

N 

B 

By Heaain'de, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. E. 
d 

o - 4 . 3  - 
, - 14. 

8 
Q +o-96 

I .P .8 .  
d , , 4 . 3  

8 

Q -0.96 

I.P.E. 

, - 4.3 

8 

Q +Oe97 

8 

seoonds 
of 

Correct- 
Time 

50.19 

11.d 

9.42 

56-43 

51'33 

20.06 

13-44 

32'04 

39.88 

46.23 

13-24 

31.28 

35-36 

57-86 

37'72 

18-17 

25-51 

36.67 

39'55 

47.36 

14.81 

s.85 

3 ~ ' ~ ~  

33'95 

20'97 

15.85 

44-58 

48'01 

56-57 

4-38 

Tekdcqe No. 

~ ~ t ~ l  

Correc- 

tion 

8 

+om72 

+o.lo 

r.o.75 

+oa78 

+0'75 

+om70 

+Omlo 

+ o a r s  

+0.67 

-1.11 

-1.21 

-1.10 

- 1 . a ~  

-1.25 

-1'13 

-1 .17  

-1.17 

-1'18 

-1.24 

I 

+o*7& 

ro .88  

'0.71 

+om80 

+o.84 

+oa78 

+o.70 

+oS7o 

+oS77 

+0.65 

with 

Mean 

observed 

w e  

h m  8 

9 26 6.64 

2827'54 

30 25.86 

ja 12.85 

34 7.76 

35 36-62 

36 39'99 

38 48-46 

39 56.41 

956  4-50 

57 41-64 

5949.52 

l o  o 53.80 

a 16.29 

3 56-01 

536'54 

5 43-92 

8 55.06 

9 58.01 

I 5 7 9  

925  J I - ~ I  

27 19-18 

27 52-12 

29 50.30 

31 37-30 

33 32.28 

35 1.05 

36 4-52 

38 12.98 

39 20'95 

Telsrcqe No. 

To* 

Correc- 

tion 

8 

+ 1-16 

+1.14 

+ I . ~ I  

+''a4 

+1'19 

+1'13 

+ I - I ~  

+ I - 1 9  

+ I - 0 8  

-1'55 

-1.69 

-1.53 

-1'68 

-1.73 

-1.56 

-1-63 

- 1 6 3  

-1.65 

-1.73 

-1.67 

+ I ' l l  

1 - 3 4  

+ I ' I 9  

+ I - 2 6  

+ 1.30 

+re24  

+1'18 

+1'17 

+1'a4 

+ I ' I ~  

1 

of 
Correot- 
4 be 

8 

1-36 

28-14 

26.61 

13-63 

8.51 

37-32 

40'69 

49'" 

57-08 

3'39 

40'43 

48.42 

51-58 

15'04 

54-88 

35'37 

42'75 

53'88 

56-77 

4'58 

31-95 

2o .d  

52.83 

51-10 

38.14 

33-06 

1-75 

5-21 

13-75 

21-60 

By Campbell, 

In- 
ltmulental 

Position 
and 

Correotion 
Conrtanta 

I. P. E. 
d 

o - 7 . 1  

8 

Q +I -41  

1 P . E .  

a - 7.1 

8 

Q -1'41 

I.P.E. 
d 

a - . 
b - 0.8 
a 

8 

Q +1.40 

with 

Mean 

Observed 

~ i m e  

h m  8 

9 31 49'0.4 

3 4 9 ' 9 2  

36 8.21 

37 55'19 

39 50.14 

41 18'93 

qa 22.32 

4430'85 

45 38-80 

lo 147'78 

3 24-93 

5 32.81 

6 37-04 

7 59'59 

939'28 

11 19.80 

I 2 - 1 7  

14 38-32 

15 41'28 

16 49-03 

931  13-60 

33 1 5 1  

33 34-42 

35 32.69 

37 19-67 

3914.61 

40 43-40 

41 46-84 

43 55'33 

45 3-16 
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NOTB. ld - Woaa5. Tranmibing Equation rw'l, all m r d a  having been hnnnoribed by the auue perron. 
* p  L the retudstion of an el& mignsl between the rtationn. 

# 
C 

1 
8 a 

1881 

Mar. 8 

Nar. 8 

Mar. 8 

B.A.C. 
Number 

8448 

8459 

8468 

8476 

8483 

8490 

3507 

8508 

8688 

8809 

8817 

8327 

8337 

8844 

3866 

' 3369 

84M 

8469 

8468 

8483 

8490 

8607 

8508 

8628 

bB: AND BOLARUbf. (W), .kt. 17060', 

! ~ A N E I T E  OBEEBVED AT W 
8TA8 

D d i -  
nation 

0 1 

+35 50 

+I233 

+37 59 

+1356 

+ 5 1 2  
+ 32 4 
+ 24 6 
+q r 

+20 4 

+a6 27 

+3031 

2 I 

+ 11 aa 
+IZ 7 

+ale, 

+ 4 54 

+35 50 

+I133 

+37 59 

+ 5 1% 
+32 4 

+ 24 6 
+ 24 I 

+ 20 4 

JUBBULPOBE (E), m. SIC?', h n g .  B 1 P  

T ~ E I T S  O B B E B ~  AT E 

' 
p 

2 

N 

8 

8 

8 

N 

N 

N 

N 

N 

N 

8 

8 

N 

8 

N 

8 

N 

8 

N 

N 

N 

N 

8 
3 
5 

N 

8 

N 

8 

8 

N 

N 

N 

8 

N 

N 

N 

8 

8 

8 

8 

N 

8 

N 

8 

N 

N 

N 

8 

Lory. 6' 14'" 16.. 

m 
Difference of E 

; $ ? ?  ~ o n r ~ d a m a  

By each 
Etar 

m a  
5 41.66 

42.77 

41-66 

42-73 

41.73 

42'77 

42.76 

42.80 

42-91 

5 4a.87 

42.83 

42-84 

41-76 

41-78 

42.86 

42-16 

5 42-89 

42'79 

42-89 

By Campbell, 

In- 
gt-~ntal 

and 
Correction 
Constante 

I. P.E. 
d - ,.I 

b - 0.8 
a 

R 
Q -1'40 

I. P.E. 
d - , 

b + 0.7 
. 

a  
Q + 1-40 

I. P.E. 

,,-7.1 

a -20.4 
+ 

a  
Q -1.40 

1 

8ewnda 

Correct- 
ed pme 

a  

21-95 

4.93 

13.02 

17.10 

39-60 

19.43 

59-88 

1 

18-32 

33-01 

10.09 

14-96 

43'78 

47.18 

55'63 

3'58 

9 

46.93 

54-81 

a1.55 

1.35 

41-82 

49.16 

0.29 

By Heavide, 

In- 
strumental 

Poei~ion 
and 

comction 
Constants 

I.P.E. 

1 
0 - 4 3  
b - 3'1 
a -20.9 

a  
Q -0'97 

I. P. E, 

- 4.3 
b - 2.8 
a I I . 2  

a  
Q +os85 

L P.E. 

,, - 4.3 
b - 2.8 

-11.2 

a  
Q -0.85 

* . 5 
n 

2 

* 
'O 

V) 

a'&+ 

M, 
Ob8erred 

Time 

h m  a  
10 I 12.07 

2 49.32 

457'13 

5 61-44 

7 a4.w 

9 3'68 

10 44-lo 

10 51-55 

14 2.81 

9 35 14.58 

37 1-17 

38 56'51 

40 15-33 

41 28.75 

41 37-21 

4445'19 

10 o 54-07 

131'31 

439'10 

7 5'94 

8 45-61 

10 16.14 

1033.48 

13 44'66 

42.82 

42-81 

42.81 

42'84 

with 

M- 
Observed 

T i m  

h m  r 

9 55 19-01 

57 6.17 

59 14'06 

lo 018.32 

I 40.89 

3 ao-51 

4 61-04 

5 8-35 

8 19-51 

9 29 3a-34 

3119.39 

33 14-29 

34 43'14 

35 46.54 

35 54-96 

39 2.97 

9 55 10.76 

5647.99 

58 55.79 

lo I 22.64 

3 2-34 

442'85 

4 50.19 

8 1-33 

- 
o 
+ 

Telareqe 

~~d 
corrm. 

u 

-1.46 

-1.61 

-1'45 

-1.61 

-1'67 

-1.4 

-1-56 

-1.56 

-1'58 

+ I . ~ I  

+I-35 

+''a9 

+1.21 

+r-ar 

+1.28 

+1'15 

-1.41 

-1.59 

-1'39 

-1'64 

-1.44 

-1.51 

-1.51 

-1.53 

T e h m p  No. 

~~d 
Correc- 

tion 

a  
- 1-06 
-1.24 

-1'04 

-1.2a 

-1.29 

-1.08 

-1.16 

-1.16 

-1.19 

+o-68 

+o-70 

+0'67 

+0'64 

+0'64 

+0'67 

+0'61 

-0.99 

-[-& 

-0.97 

-1.09 

-0.99 

-1.03 

-1.03 

-1.04 

* 
t v r  

NO. 8 

k " b  
of 

Correct- 
ed Time 

a  
10.61 

17-70 

55-68 

59-83 

22-33 

a.10 

42.64 

49'99 

1-23 

15.89 

2-92 

57-80 

36-54 

~ 9 . ~ 6  

38.49 

46.34 

52.66 

29'72 

37-71 

4'30 

44-17 

14.63 

31-91 

43.13 

8 

$ 
b 
1 
; 
vr 

b 
+ 

n 

O 

+ 

O 

I 

1 ,  

s 
vr 

m 

* o n 
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OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 

NOTI. 1' - d-0225. Transcribing Equation *il, a11 records having been tranrcribed by the =me penon. 
p ia the retudetiou of an electric rignal between the htionr. 

4 
Q 
d 

I 'i 
4 

1881 

Feb.23 

Feb.28 

Feb.24 

STAB 

B.LO. 
Number 

878a 

8788 

8796 

8798 

8800 

see4 

8834 

8848 

8861 

8862 

8932 

8987 

8962 

8964 

3970 

3978 

8979 

8988 

8997 

4010 

8788 

8788 

8796 

8798 

8809 

8824 

8884 

8842 

8861 

896% 

- --- 

JUBBULPORE (E), h t .  23O 1fY, Long. 6. 19- 

TEAITSITS OBBERV~D AT E 

By Heavuida, with Telercope No.  1 

Dsl i -  
nation 

o ! 

+ 038 
+ 759 
+ I 31 
+ 1 36 
+a518 

+IS 3 

+a111 

+ 23 45 
+3212 

+33 45 

+17 a7 

+a826 

+M 1 7  

+as I 

+rag7 

+42 23 

+ 8 5 5  

+ 7 1s 
+ 16 54 
+38 34 

+ 038 

+ 7 59 

+ r 31 
+ a 36 
+a518 

+IS 3 

+a1 1 1  

+13 45 

+3112 

+33 45 
-- 

68.: AND BOLARUM (W), h t .  11" 8% 

TRANSITS OBBER~ED AT W 

+ 
z 
2 

m * 
vr 

h 

F 
rri t 

"2 

6 
m * 

0 

3 

" 6  
.p b 3 
t; 

"8 - " 
+ 

0 

+ 

7 . b  
+ 

fhmnd~ 
of 

Correct- 
Tirne 

h n g .  6. 14- 161. 

Difference of 
m 
C 

2 % :  
$? P 0 0 

f l y + +  
! I !  

h m m  
: m u  

" I  I 

8 ,I J 
8 

8 
0 

I 

8 
0 

+ 

b 
1 ,  

" 

.: 
9 * 

Corrected 

'W-E' 

By ewh 
Star 

m r  

5 42.97 

43-00 

43'O0 

qr'g9 

42.97 

41-92 

41-95 

42-92 

42.85 

42.87 

5 42.88 

42.93 

41'95 

41-95 

42.98 

42.96 

43'00 

43-04 

43-99 

42'97 

5 42-98 

42'97 

43.00 

43'00 

a.04 

42-91 

43'04 

43-01 

42-97 

43-01 

2 - 
3 
m 

8 

8 

B 

8 

N 

8 

N 

N 

N 

N 

8 

N 

N 

N 

9 

N 

8 

8 

0 

N 

8 

8 

8 

8 

1 

8 

N 

N 

N 

N 

In- 
strtlrnental 

Po~ition 
and 

Correction 
Conetanta 

M~~~ 
Observed 

Time 

Trlwcopa No. 

~~t , , l  

Correc- 

tion 

r 

+ 1'03 
+I-18 

+Ia07 

+ 1'07 

+1.59 

+ 1'34 

+ 1-48 
+ 1-55 
+1'78 

+1'83 

-1'29 

-1.01 

-0.47 

-1.111 

-1'39 

-0'55 

-1.47 

-1'51 

'1'30 

-0'69 

+I'o~ 

'+1'18 

t1.07 

+1'07 

+I-62 

+1*35 

+1.51 

+I-58 

+1'82 

+I-90 

Timea 

Mean 

of 

croup 

* 
X 

- 5  
v, 

, 
, - ?  P 

r; , 

.F  
, 

8 

8 

s 
8 

N 

8 

8 

N 

N 

N 

8 

N 

N 

N 

0 

N 

8 

8 

8 

N 

8 

8 

8 

8 

N 

8 

8 

N 

N 

N 

~ ~ t ~ l  

Correc- 

tion 

2 

Seoonda 
of 

Correct- 
ed Time 

r 

59.30 

20.82 

S6'43 

18.10 

54.16 

57'26 

14.78 

20.50 

18.10 

31.06 

58-30 

29-80 

27.89 

3-16 

aa-a8 

46-83 

36.30 

11-82 

33'17 

34'56 

31.19 

53-72 

29.36 

50'98 

27.09 

30-16 

47'71 

53'44 

51'05 

4-06 

By CcampbeU, 

In- 
strunlental 

Position 
and 

correction 
Constants 

I. P. W. 
d 

+ ,., 
a -56.3 + "I 

r 
Q +1'34 

1.P. W. 
d , + ,., 

, -56.3 + "I 

J 

8 - 1'34 

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

+ 3'3 
a -58.9 

a 
Q + 1'33 

I. P. TP. 
d ,, o.7 

: 
r 

Q +rSog 

1 P . T .  

o - o . 7  
b - 2'3 
a -40.5 

J 

Q-1-09 

1.P. W. 
d , - . 

: 1 
9 +I.& 

h m  r 

10 48 15-67 

5137.05 

53 12.74 

53 34'42 

5510.16 

58 13'4; 

1 1  o 30.86 

I 36.57 

4 34'09 

446.99 

1 1  21 16.69 

22 47.96 

24 45.68 

17 21.51 . 
2840.64 

30 4.66 

31 54'70 

32 30'20 

35 51-46 

38 51-47 

1049 48'26 

51 9'79 

52 46-41 

53 7-03 

5443.08 

57 46.28 

I I  o 3.70 

I 9-46 

4 7-11 

4 10.07 

with 

M~~~ 
Observed 

Time 

h m  r 

10 53 58.27 

5719'64 

s8 5 ~ ~ 3 ~  

59 17-03 

11052.57 

3 55-91 

6 13-30 

7 18-95 

10 16-31 

lo zg'rj 

1 1  26 59'59 

28 30.81 

30 28.36 

33 4-44 

34 23.67 

35 47'38 

37 37'77 

38 13-33 

41 34'47 

44 35-15 

10 55 31-17 

56 52'54 

58 28.29 

58 49.91 

11  025.47 

3 28.81 

5 46.20 

6 51'86 

g 49.23 

lo 2-16 

a !  
+0.66 

+0'77 

+o.69 

+o.69 

+1'03 

+oa87 

+o.gf 

+I'OI 

+1'16 

+I-20 

-1'27 

-1.09 

-0.74 

-1.20 

-1.34 

-0.79 

-1.40 

-1'42 

-1'28 

-0.88 

+oa95 

+oe96 

to.95 

+Om95 

+0.97 

+o.96 

+oa97 

+om97 

+os97 

+0.98 

16-33 

37-82 

r3'43 

35'11 

11-19 

14'34 

31'83 

37-58 

35'25 

48.19 

15'42 

46.87 

44.94 

20.31 

39.30 

3-87 

53-30 

18-78 

50.18 

51.59 

49-21 

10.75 

46.36 
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f 
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35'34 

19.71 

5'18 

30.47 

48.75 

41.47 

4-62 

26.23 

1-80 

23.46 

2'75 

20.19 

16-07 
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36-74 

7.14 

60.31 
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31-27 

16'36 

a 

56.24 

21-55 

39.81 

I 

32'55 
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Correc- 
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Time 
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N 
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N 
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N 

N 

N 
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N 

N 
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8 
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3 
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+ 
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+ 

By Heauirids, 

In- 
strumental 

position 
and 

Correction 
Constante 

I.P. E. 
d , - I.6 

b + 1.1 
a - .., 

f 

Q+1.48 

I. P.E. 

0 - 1.6 
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8 
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f 
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+ 1-69 
+1-58 
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7 42.92 

41.89 
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4411.59 

46 30.04 

48 aa.15 

I 8 

610.55 

7 46.03 

8 7-71 

11 47.29 

15 4.89 
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OF THE APPARENT DIFFERENCE OF LONGITUDES, 8L, - p.* 

NOT.. l* - om-0225. Tmocribing Equation r i Z ,  a11 record8 having bean trmwribed b~ the same pe- 
p h the retrrdation of an eleatria oignd between the atntiuna. 
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8 

N 

8 

8 

8 

N 

N 
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TRANBIT~ OBBERVED AT W 
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OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN - p.* - 

NOT.. ld - os.oaz5. Tmnsoribing Equation ril, d l  reoorda haring been tnrnsoribed by the mme penon. 
.p is the retardation of au eleatrio signal between the stations. 
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39 22-81 
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In- 
atrumental 

Podtion 
and 

Correction 
Constants 

I. P. W. 
d 
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Q + 1-51 

a 
I 

$ 
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42.56 
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42.72 
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35 29-81 
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7 47'49 
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18 3.95 
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+ra4z 
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-1'75 
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+1.32 
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+1*36 
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8 
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+1'33 

+I-34 
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-- 
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59-24 
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NOTI. 1' - d-0225. Tranwribing Equation riZ, dl recorda having been trrnocribed by the rune penon. 
p M the mtardetion of an deotrio rignd between the rtrtionr. 

JUBBULPOBE (E), a3" 1(Y, Long. 6 1 9  6@: AND AGBA (W), Imt. W 10: Lmg. 6 1 P  114. 
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12-76 

44'31 

19-93 

41-68 

38.25 

20.96 

38-41 

44-16 
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960.77 
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J 

-1-47 

-1-52 

-1.4 

-1.4 

-1.70 
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-1.66 
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Correct 
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r 
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N m  Id - O..oaaS. k w r i b i n g  Equstion nil, al l  reaords having been transoribed by the w e  perwn. 
p M the retardation of an eleotrio signal between the station& 
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TABLE XgX. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 
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P U L E  m. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTIOILO 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 
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.p ir Lhe mtudrrtion of an eleotric signal beLween the ~Wione. 

S 
Q 
3 .g 

1881 

Mu.15 

Mu.15 

Mu.17  

C 

JUBBULPOflE (E), M. 28" lo', h n g .  6' 1 P  6a r AND AORA (W), Lot. W lo', &mg. B 14. 

Difference of 
I 

T ~ w s r r s  OBBI~VED AT E T I U X ~ I T ~  OB~EEVED AT W I= 

. 
3 m 

N 

N 

S 

8 

8 

8 

8 

N 

8 

N 

N 

N 

N 

8 

S 

8 

8 

8 

N 

N 

N 

8 

s 

8 

8 

N 

8 

STAB 

B.A.C. 
Number 

4010 

4018 

4031 

4o39 

4049 

4065 

4086 

4100 

4110 

4188 

4195 

4207 

4233 

4228 

4240 

4260 

4260 

4267 

4382 

4010 

4018 

4031 

4089 

4049 

4066 

4100 

4110 

Decli- 
nation 

0 ,  

+3834 

+41 35 

+16 19 

+ 4 9  

+ 419 

+ 4 1 8  

+a2 ; 

+a757 

+211n 

+3941 

+28 56 

+a634 

+a5 14 

+lo 57 

+2317 

+ 927 
+a143 

+ 1 1 5  

+ 4 4 6  

+3834 

+41 35 

+1619 

+ 4 9  

+ 419 
+22 7 

+2757 

+a112 

By Cw?pbeU, 

In- 
strumental 
Pmition 

and 
Correction 
Constants 

I.P.W. 
d , + 

: 
8 

Q +I-47 

1.P.W. 
d , + o.I 

: 
a 

8 - 1-41 

1 P . W .  
d , + 

b +  "7 
a + 19.4 

r 
Q +la50 

with 

xes* 
Obwned 

Time 

h m  a 

113612'30 

37 4-85 

39 38.04 

4212.63 

43 55'87 

45 9-40 

48 15-66 

5448'19 

56 10.83 

I 2 1 0  7'04 

1 1  8'04 

13 5.73 

15 11.56 

17 8.91 

19 2-76 

21 6 

23 19-58 

25 42.04 

f i  57-90 

1136 4-79 

37 37-36 

38 30.47 

42 5'0.3 

43 48'27 

48 8-11 

5440.70 

56 3-31 

Tslarcops No. B By Ectrcuida, with Telwcops No. 1 

of By each O o r m  Obeened Correo- 

8 

+I'J% 

+1'39 

+1.54 

+I-60 

+1'60 

+r'p 

+1'49 

+I-52 

-1'53 

-1.46 

-1.44 

-1'44 

-1'37 

-1.43 

I 

- 1-42 
-1.37 

-1.57 

+1'41 

+ 1-38 

+ 1-60 
+I.% 

+ l a %  

+1*56 

+I'~I 

+ 1-56 

Correct- 

a 

13-72 

46-14 

39-51 

14'2.3 

57'47 

11-00 

17'18 

49'68 

12.35 

5'51 

6-58 

4-29 

ro-la 

7'54 

1-33 

12'24 

18-16 

40-67 

56'33 

6.20 

38-14 

2 0  

6-72 

49-96 

9-67 

42.21 

4.88 

N 

N 

8 

8 

S 

8 

N 

8 

N 

N 

N 

8 

8 

8 

8 

8 

N 

N 

N 

8 

S 

8 

S 

N 

6 

Consta~~ta 

I.P.W. 
d , - 

b - 0'5 
+ 16.0 

r 
Q+lm79 

1 P . W .  
d 

- . 3  
b - 0.5 
a+16.0 

a 
Q -1'79 

I.P.W. 
d 

, - 
: y4;:: 

a 
Q + 1'43 

h m  a 

114354.88 

45 27.43 

47 20:51 

49 55'04 

51 38.27 

52 51.78 

55 58-23 

12 a 30.70 

3 53-38 

121750.18 

18 51.28 

2048.96 

22 54-71 

2451.97 

26 45'94 

28 56-64 

31 2.69 

33 25-03 

36 41-04 

114347'89 

45 20'53 

46 I 

4947.68 

51 30'9.3 

55 51.13 

12 a 23.69 

3 46.23 

Correct- Star 

i n r  

742-81 

42'81 

'42'75 

42-70 

42-69 

41-67 

42-85 

42'76 

42.82 

742'73 

42-86 

41-84 

42-77 

42.70 

42-81 

42.68 

42-74 

42-63 

41-71 

742.80 

42.81 

42.79 

4ze;8 

42'79 

42.96 

42.85 

41-87 

8 

+la65 

+1.61 

+ 1'82 
+1.89 

+1.89 

+ 1-89 
+ 1'78 

+1'74 

+1'79 

-1'94 

-1.84 

-1'83 

-1.82 

-1.73 

-1.80 

-1.72 

-1'79 

-1.73 

-2'00 

+I.II 

+1'02 

+ 6 
+rm8a 

+ 1.82 

+ 1-50 

+1'3'/ 

+1'52 

a 

56-53 

29-05 

22-33 

56.93 

40.16 

53.6; 

60.03 

31-44 

55'17 

48'24 

49-44 

47'13 

52-89 

50.24 

44-14 

54.92 

o-go 

23.30 

39-04 

49.00 

21-55 

14-86 

49-50 

32'75 

52.63 

25.06 

47-75 

% 
* .  

I h  

a. 

a * 
8 -  

" 

a 

Z 
0 . 

O 

+ 

..I 

F 
o 
+ 

h 

5 
o 

+ 

o 
+ 

$ 
o 
+ 

m 

8 
o 
+ 

U) 

f 
* 
h 

5 
A 
e 
h 

- 
v) 

a 
t 
h 



TABLE XgX.  OBSERVATIONS OF TRAN8ITS WITH W CLOCK, AND DEDUCTIOX 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 
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1.P. 6. 

- .6 

): ::: 
8 

9 - 1 - 4 8  

s 
I. P. B. 

d 
, , , 
: ; i:: 

a 
Q +1'48 

I.P.6.  

- 
b - 0 ' 8  
a + 3.8 

a 
0-1.48 

M-,, 
Obnerred 

Tekamps hTo. 

~ ~ t ~ l  
Corm- 

8 

-1.85 

-1.87 

-1'87 

-1'86 

-1'87 

-1'85 

-1.87 

-1.86 

-1'87 

-1.84 

+ I - 6 5  

+lq6.3 

+ 1'77 

+ 1'83 

+ r a 8 2  

+ 1'82 

+1'74 

+ I - 7 0  

+1'75 

-1'9a 

-1.86 

-1.85 

-1'77 

-1.82 

-1'77 

-1'82 

-1'77 

-1'96 

~ ~ t ~ l  
Correc- 

h m  a 

12 10 18-47 

11 19-60 

13 17-15 

15 23.14 

1 7  20.48 

19 14-33 

I 1 8  

23 31.15 

25 53-57 

29 9-39 

11 36 20-01 

37 S2'55 

3945.88 

42 20'44 

44 3.64 

45 17'19 

48 23.48 

54 55'98 

56 18.73 

ra 10 14.84 

I 5 8  

13 13-57 

17 16.78 

19 10.66 

21 21-45 

23 21-39 

25 49-84 

a9 5.66 

8 1  8 

-1.53 

-1.51 

-1.51 

-1'5a 

-1'51 

-1.52 

I 

-1'52 

-1'51 

-1'54 

+1'38 

+ 1 ' 3 ~  

+ 1.4.3 

+1'45 

+ 1.45 

16-94 

18.09 

15-74 

~ 1 . 6 1  

18.97 

12-81 

23-67 

29.63 

52-06 

7'85 

21'39 

53'93 

47-31 

21'89 

5.09 

+1'45 18.64 i + 1'42 

+1'41 

+1'42 

-1.58 

24-90 

57'39 

20.15 

13.26 

I 1 1 

-1'54 

-1'52 

-1.54 

-1'52 

-1'54 

-1'52 

-1.59 

12-03 

15.26 

9-12 

19-93 

25.85 

48-32 

4-07 



PdBLB XEg. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 

NOTB. 1' - om'ozz5. Tmnscribing Equation ri2, a11 ~ B C O F ~ B  haririg been tmnmibed by the M m e  penon. 
.p ia the wtudrrtion of an eleotric e i g d  between the rtatione. 

4 
FI 

a .- 
E 

1881 

Mu.15 

3du.15 

Mu 17 

, 

JUBBULPORE (E), LoC. 28' lol, Long. 6' 19- 68.: AND AQRA (W), I d ,  a70 lo', Long. B 1P 1P. 

T W S I T ~  OB~EB~EI ,  AT E T u s ~ r s  O B ~ E B ~ D  AT W DifPawnceof 

Corrected "me8 8 "8 STAB 

B.A.C. 
Number 

4010 

4018 

1 

4039 

4049 

4065 

4066 

4100 

4110 

4188 

4195 

4207 

4223 

42% 

4240 

4250 

4260 

4267 

4282 

4010 

4018 

ml 

4089 

4049 

4066 

4100 

4110 

Decli- 
nation 

o # 

+38 34 

+41 35 

+ 16 19 

+ 4 9 

+ 4 1 9  

+ 4 18 

+a2 ; 

+27 57 

+ Z I I Z  

+39.(1 

+a8 56 

+a634 

+2514 

+1057 

+a317 

+ 927 

+ a 1 4 3  

+ I I  5 

+4446 

+38 34 

+41 35 

+16 19 

+ 4 9 

+ 4 1 9  

+a2 7 

+a757 

+211a 

TeLmcope No. 

~~d 
Correo- 

tion 

8 

+1'4z 

+1'39 

I 

+1'60  

+1'60 

+1'52 

+1'49 

+ I - ~ z  

-1'53 

-1.46 

-1.44 

-1'44 

1 

-1'43 

-1.37 

-1.42 

-1'37 

-1'57 

+ 1-41 

+ 1-38 

+ 1-60 

+ I - @  

+ I * @  

+ r S 5 6  

+1'51 

+ I - 5 6  

% 
$ 
S 

N 

N 

8 

8 

8 

8 

8 

N 

8 
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N 

N 

N 

s 
8 

8 

8 

8 

N 

N 

N 

8 

8 

8 

8 

N 

8 

B By Ectrairids, ccith Tslewops no. 1 (W-E) g o o  
+ +  

8 ~ 0 n d a  
of 

and 
Obeewed Correo- 

Correct- Btsr 
e d T h e  

8 

13.72 

46-14 

39.58 

14'2.3 

57'47 

11.00 

7 - 1 8  

49-60 

11-35 

5'51 

6-58 

4.29 

1 0 - 1 2  

7-54 

1-35 

12-14 

18-16 

40.67 

56-33 

6-20 

38-14 

32.07 

6.72 

49'96 

9.67 

4zma1 

4.88 

By Campbell, 

In- 
etrumental 
Position 

and 
Co~ndi0n 
Constants 

I.P. W. 
d , + 

: 
r 

Q + 1-47 

1.P.T.  
d ,, + o.I  

: 
r 

Q - 1-47 

I.P. W. 
d 

+ 

: 1 I;:: 
8 

Q + 1-50 

&A 

~4 

Obwned 
Time 

h m  8 

11 36 12.30 

37 44'85 

39 3804 

42 12.63 

43 55-07 

45 9.40 

48 15-66 

54 48-19 

56 10.83 

1 2 1 0  7-04 

11 8'04 

1) 1-73 

15 11.56 

17 8 9  

19 2-76 

21 13.61 

23 19.58 

25 42.04 

f i  57'90 

11 36 4-79 

37 37-36 

38 30.47 

42 5.03 

4348.27 

$8 8-11 

54 40.70 

56 3.32 

N 

N 

8 

8 

8 

8 

N 

8 

N 

N 

N 

s 

8 

8 

8 

8 

N 

N 

N 

8 

8 

8 

8 

N 

8 

Constailtn 

I.P. W. 
d 

,, - . 
b - 0.5 
a + 16.0 

r 
Q + I - 7 9  

1.P.W. 
d - 

b - 0.5 
a + 

8 

Q-1.79 

I.P. W. 
d , - I . 3  - O" 

a +48.0 

8 

Q +1'43 

h m  8 

11 43 54'88 

45 27'43 

47 20:51 

49 55.04 

51 38.27 

5251-78 

55 58-25 

12 a 30.70 

3 53'38 

121750.18 

18 51-28 

20 48.96 

2254'71 

24 51.97 

a645-94 

28 56.64 

31 2.69 

33 25.03 

36 41-04 

11 43 47.89 

45 ao.53 

46 13-15 

4947'68 

5130'93 

5551.13 

1 2  2 23.69 

3 46.23 

8 

+1.65 

+1.62 

+ 1'82 

+ I - 8 9  

+ r a 8 9  

+ l m 8 9  

+ 1.78 

+1'74 

+1'79 

-1.94 

-1.84 

-1.83 

-1.82 

-1.73 

-1.80 

-1.72 

-1'79 

-1.73 

-2.00 

+ I ' I Z  

+ 1.02 

+1'61 

+1'82 

+1.82 

+1'5o 

+1'37 

+1'5a 

( D ( 8  

7 42'81 

42'81 

'42'75 

42'70 

42.69 

42.67 

42'85 

42-76 

42'82 

742'73 

42.86 

41-84 

42-77 

42-70 

42'81 

42-68 

42-14 

41-63 

42'71 

7 42-80 

42'81 

42.79 

42.78 

42-79 

41-96 

42.85 

42-87 

8 

56-53 

29'05 

22-83 

56-93 

40.16 

53.6; 

60.03 

32-44 

55-17 

48'24 

49-44 

47'13 

52.89 

5 0 . r  

41-14 

54.92 

0'90 

23-30 

39'04 

49-00 

21.55 
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49-50 

32'75 

52.63 
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41-75 
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22% . TABZE B;EB. OBSERVATIONS OF !TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THZ APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 

HOT& 1' - o'-oaz5. Tranroribii Equation d, dl mwda having been tmnearibed by the nuno person. 
p L the rotdation of an eleotric between the W t m  

+ 
B 

2 

A 
\O 
?O 

$ 
h 

3 
n * 
h 

f 
n * 
h 

r 

e 
C 

6 
3 .# 
-3 

1881 

Mu.17 

Mu.20  

B.A.C. 
Number 

4188 

4195 

4W7. 

4229 

4228 

4240 

4250 

4260 

4267 

4383 

4018 

4031 

4039 

4049 

4066 

4066 

4100 

4110 

4188 

JWBULPORE (E), M. 23" ICY, Long. 6h 

'J!EAN~IT~ OBBEEVED AT E 

19" 68 : AND AGRA (w), Lzt .  a7O10', Long. 

TWBITB OBBE~YED AT W 
STAB 

Decli- 
nation 

0 I 

+3941 

+28 56 

+a634 

+a5 14 

+ lo57  

+ 23 17 

+ 9 27 

+ a 1 4 3  

+ I I  5 

+ 4 4 6  

+41 35 

+16 19 

+ 4 9 

+ 4x9  

+ 4 1 8  

+a, 7 

+a7 57 

+a1 12 

+39 41 

4195 

4807 

42-80 

42-80 

+a856 

+a634 

6' I P  Ids. 

D~fference of 

3 

-; 
3 " 

N 

N 

N 

N 

8 

8 

8 

8 

8 

N 
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8 

8 

a 
8 

S 

N 

8 

N 

N 

N 

la 

.5 B 
g 
6 

h h  

$ 
0 

+ 

o 
+ 

Telescope No. 

~~~~l 

Correc- 

8 

-1.78. 

-1.51 

-1'47 

-1.42 

-1.16 

-1.38 

-1'r3 

-1'.?5 

-1.16 

-1.94 

+1'32 

+1'38 

+ 1-40 

t1 .40  

+ 1'40 

+1'.38 

+1'37 

+ l a 3 8  

-1.55 

-1.51 

-1'51 

wtth 

M~~~ 
Observed 

'lime 

h m  a 

121742.61 

18 43'43 

2041.06 

32 46-95 

44.m 

2638.14 

28 48-62 

30 54-84 

33 17.07 

36 33'63 

11 45 12.48 

47 5.65 

49 40.29 

51 23'55 

52 36'95 

55 43'32 

ra a 15-87 

338.49 

12 17 34-59 

18 35.68 

1033.38 

Corrected 

( W - E )  

By each 
8tar 

m a  

742'85 

43-84 

42-88 

42'93 

42-80 

42.91 

41-79 

42-86 

42'75 

42-86 

7 41-87 

42.77 

42-79 

q . 8 1  

42-65 

42'77 

42'86 

42-16 

7 41-79 

4229 

4228 

4240 

4260 

4260 

4267 

lr28a 

Z 

-: 
g 

N 

N 

N 
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8 

8 

8 

S 

N 

N 

8 

8 

s 
8 

8 

N 

8 

N 

N 

N 

By Campbell, 

In- 
strume~~tal 
Position 

a11d 
correction 
Constaritr 

I . P . K .  
d , + 

: TI::: 
a 

Q -1.50 

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

b - 3.2 
a +13.3 

a 
Q +1.58 

I. P. W. 
d 

o + o . l  

a b - 3 ' 2  + 13.3 

C .; "-A 0 

a ;; 3 
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B J $ l I  : Dmmm 

" I  I 

6 Ozez 
D 

f 
O 

+ 

$ 
o 
+ 

B , 

fjeconda 
of 

Correct- 
ed ~i~~ 

a 

51-98 

59.08 

56.71 

2-60 

0.04 

53.85 

4.70 

10.63 

33-16 

48.83 

30.93 

24-16 

58-90 

41-14 

55'70 

1'93 

34'38 

57-11 

50.25 

51-37 

49.07 

1 

~ C O I I ~ ~  

of 
Correct- 
ed Tin~e 

a 

40'83 

41-91 

39'59 

45-53 

42-84 

36-76 

47.49 

53'49 

15-91 

31-69 

13-80 

7 .  

41.69 

24.95 

38-35 

44-70 

17'24 

39.87 

33-04 

34-17 

31'87 

Times 

M" 

of 

GOUP 

-$ 
n 
d 

s, 

.n .: 
n 

2 

42-84 

41-74 

42.82 

4a.70 

42.72 

42.78 

42-84 

+a514 

+ lo57  

+a3 17 

+ 927 

+a143  

+I: 5 

+4146 

By Heaviaide, 

In- 
strumental 

Position 
and 

Correction 
Constsl~te 

I.P.W. 
d , - I . 3  

b - 0 . 2  a +48.0 

l 

8 -1'43 

I.P. W. 
d - . - 

a + 3'4 
a 

Q + I ' M  

I.P. W. 
d 

0 , 1 . 3  - 
a + 3.4 

with 

Mean 

Obserred 

Time 

A m  a 

12 959.58 

lo  60.58 

12  5 8 . ~ 9  

15 4.07 

17 1-40 

18 55-30 

21 6.05 

23 r2.07 

a5 54-51 

28 50.50 

11 37 29-56 

39 22-71 

41 57'29 

43 40'53 

4.4 54-09 

48 0.42 

5432.90 

55 55-60 

12 g gz'oa 

1053.06 

1 5074 

" 2  p 
O 

+ 

,? 
EL- 

N 

8 

8 

S 

8 

8 

N 

Telsrcope No. 

~~+.~l 

Corm- 

tion 

a 

-1.60 

-1.50 

-1.4 

-1.47 

-1.36 

-1.45 

-1.35 

-1.4 

-1.36 

-1-67 

+1-37 

+x's5 

+1*61 

+1*61 

+ 1.61 

+ I ' ~ I  

+1'48 

+I -51  

-1.77 

-1.69 

- 1 6 7  

f 
0 

+ 

a 
Q-1-58 

14 56.59 

16 53'90 

18 47'79 

20 58.55 

23 4'59 

25 s fmoo 

18 43-00 

-1.67 

-1.58 

-1.66 

-1.57 

-1.65 

-1'58 

-1.83 

-1-51 

-1'49 

-1.50 

-1.49 

-1.50 

-1-49 

-1-56 

22 39.27 

24 36.55 

26 30.45 

28 41.17 

3047.16 

33 9-69 

36 15.57 

37-76 

35-06 

18-95 

39-60 

45-66 

8-20 
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l a  
8 -1'44 

54'92 
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46-13 
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1'94 
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i TABLB BXB. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 223 

OF THE APPARENT DIFFERENCE OF LOYGITUDES, 8LN + p.* 

NOTI. 1' oa'oaag. h n w i b i n g  Equation d, a11 reoordr having been trunaoribed by the mame penon 
* p  ir the retardabion of UA elsotric rignal between the rtatiom. 

S 
Q 

3 'a 
8 ' 
2 

. 3 

1881 

M.u.81 

ld~r.81 

STAB 

JUBBULPORE @), kt. W lU', Lomg. B 1 P  68.: AND AQRd (W), Lat. WlO', h n g .  6' U"' 14. 

Difference of 
~ ' R ~ B I T B  OBBEEW AT E TBANBITB OBBEEVED AT W 

B.A.C. 
Number 

&lo 

4018 

4081 

4089 

4049 

4066 

4066 

4100 

4110 

4196 

480f 

4228 

421LO 

42M) 

4260 

4867 

4282 

Decli- 
nation 

Q I 

+3834 

+4135 

+16 19 

+ 4 9  

+ 4 1 9  

+ 4 1 8  

+a2 7 

+27 57 

+ ar 12 

+ 1  56 
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+a3 17 

+ 927 
+a143 

+ X I  5 

+4446 

p 
3 

N 

N 

8 

8 

8 

8 

8 

N 

8 

N 

N 

N 

8 

8 

8 

8 

8 

N 

Te'slsampe No. 

- ~~u 
C o m -  
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• 
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+ 1'53 

+1'53 

+1-53 
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+ 1.39 
+1'43 

-1.64 

-1.62 

-1.62 

-1'53 
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-1.59 
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By Campbell, 

' In- 
mtrumental 
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m d  

&-tion 
Constants 

I .P .V .  
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l 
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h n  r 
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55 53'17 
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1148.33 
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18 45.42 

20 56-05 
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a8 40'52 
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0.50 

23-00 
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N 
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N 
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55 41-04 
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22 36.93 
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a + I .9 
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Q +1'44 
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a 
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+I-38 
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+ 1-41 
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-1.48 
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-1'48 

-1'47 

-1-51 

ed Time 

a 

39.07 

11-53 
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39-38 

22.60 
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37-47 

43'48 
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2 24 TABLE XXIX.  OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONQITIJI)ES, - p.* 

Nw. 1' - oa.0225. Transcribing Equation ail, all records having been tmnlcribed by the Balne penon. 
.p ir the mtud.tion of .n eleoLric .iged between the rhtionr. t Thb rtu i not giveu in the B. A. Catalogue. 

d 
Q 

3 .g 

1881 

W.28 

Mar.28 

Mu.29 

JWBULPORE (E), Lot. W l U ,  h a g .  B 

T~AI~SITS OB~EEVED AT E 

19m68.: AND DEEYA (W), Lat. WlC, 

TEANBITB OBSERVEI) AT W 

B.A.C. 
Number 

8932 

3937 

4010 

401s 

UEll 

4039 

4049 

4055 

4100 

4110 

8868 

5877 

8= 

8899 

8900 

8913 

8919 

3933 

8937 

B 

seconds 
of 

Correct 
ed %e 

8 

45.81 

I 

22.28 

54-80 

48.14 

aa-75 

5-97 

19.54 

25'79 

2571 

58.21 

ao'gr 

a5.91 

51'- 

31.82 

51.64 

52.68 

56-14 

11.80 

43.97 

38.54 

~ o . o a ,  

Long. 48" 6.1.. 

Difference of 

STAB 

Decli- 
nation 

o 1 

+ 17 27 

+a8 26 

+38 34 

+4I 35 

+16 19 

+ 4 9 

+ 4 1 9  

+ 4 1 8  

+ 2 2 7 i 8  

+a757 

+ a 1 1 2  

+44 8 

+I111  

+ I 7  7 

+ 340 

+ 3 40 

+ 3 3 1  

+43 50 

+15 a 

+17a7 

+a826 

By Heavin'&, 4 
u 
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u) 
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Corrected 

( W - E )  

By each 
Btar 

9M 8 
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OF THE APPARENT DIFFERENCE OP LONGITUDES, 6LN + p.* 
- - 

N m  1' 0 dmoaa5. Tranmribing Equation nil, all recod  hating been trammibed by the rune penon. 
p u the retardation of ur electric rignd between the rtationr. 

3 
FI 

1 .g 
.= 

1881 

Mar.29 

a . 2 9  

* 

o 

. 
$ - m  

B.A.O. 
Number 

4318 

4319 

4329 

48a40 

4345 

4946 

4364 

4388 

4393 

4403 

4478 

4479 

4499 

4604 

4618 

4526 

4636 

4569 

4666 

4676 

JUBBULPOBE (E), iht. 28' If?', hqq. 6h 

!PRAX~ITB OBBEBVED AT E 

Long. 48" 64'. 

Difference of 

ST- 

Decli- 
nation 

o t 

+ I 7 4 3  

+I745  

1 3  4 

+ 4 3  

+3857 

+3858 

+a155 

+a315 

+a812 

+1729 

+ 5 47 

+3739 

+ 14 a5 

+1126 

+a451 

+a4 58 

+37 47 

+ I I  Z I  

'23 6 

+23 18 

a 
+ 

19" 68: AND DEEYd (W), k t .  2 4  16'. 

TRANBIT~ OBBERVED AT W 
Q 

Corrected 

("-El 

By each 
Star 

m J 

31 3.11 

3-10 

3'10 

3.01 

3.10 

3.13 

3'14 

3.11 

3.09 

3.08 

3.10 

3-10 

31 3-16 

3-18 

3.1 I 

3' 3.3 

3-14 

3.1.3 

3.16 

3'17 

3-17 

3-16 

3-15 

3-19 

s -F .? 

& J E I I  
PI 

2 

seconds 
of 

Correct- 
e d ~ i m e  

J 

43'34 

53-11 

17.59 

1-78 

52-76 

54.00 

I 

11-67 

61-15 

61.11 

37-97 

~ 1 . 8 0  

35'57 

56-21 

1-38 

46.04 

39'53 

35-68 

54'83 

8.17 

50.34 

50.23 

33'49 

33'38 

Timer 

Mean 

of 

Gmup 

8 
" rn  

.r - 
m 

E %  

.: 
$ 

8 

8 

8 

8 

N 

N 

N i s  
N i s  
N 

8 

8 

N 

a 

8 

N 

N 

N 

8 

[: 

$ C  
5 

w v )  
2 
0 

+ 

ul 

p 
0 

+ 

Y 

$ 
p 

3 

8 

8 

8 

N 

N 

N 

8 

N 

8 

N 

S 

0 

N 

8 

N 

N 

N 

8 

N 

8 

N 

a 

By Heaairids, 

In-  
atrumental 

Position 
and 

Correction 
Constants 

1.P.W. 

, - 
b - 1.0 , , 9.1 

a 
Q + 1'53 

LP. 7P. 

- 4.0 
b - 1.0 , , 9.1 

J 

0-1 '53 

By Campbell, 

In- 
strumental 
Poli~ion 

and 
Correction 
Constants 

I.P.W. 

, + o.9 

: 2,;:; 
J 

Q + 1-49 

I. P. W. 

, + o.9 
b + 2.7 
a -15.3 

J 

Q-1-49 

1 

seconds 
of 

Correct- 
ed ~i~~ 

J 

46'45 

56'81 

20'69 

5'79 

55-86 

57'13 

14.91 

14-78 

4-24 

4.19 

41-07 

26'90 

38-73 

59'39 

5-49 

48.17 

42.67 

38.81 

57'99 

11.34 

53-41 

53-39 

36-64 

36-57 

d h  

M~~ 
Obwrv.d 

Time 

A m  J 

1aq645.09 

46 55'45 

48 19'34 

5 0 4 ' 4 6  

50 54'44 

b055"71 

56 13-54 

56 13.41 

13 I 1-86 

r a.81 

139'67 

4 24'54 

13 1640.46 

18 61-03 

" 7.20 

2349.88 

25 44'35 

17 40'49 

29 59'64 

34 13-05 

35 55'09 

35 55'07 

38 38-32 

38 38-25 

gum ; I  I 

E d$ 
U 

0 
I 

1 
0 

I 

Telucops No. 

~ ~ t ~ l  

Conr- 

a 

+1'36 

+ 1.36 

+1'35 

+1'33 

+ 1'41 

+1'41 

+1'37 

+I -37  

+ I - 3 8  

+ I - 3 8  

+1'4o 

+1'36 

-1.73 

-1.64 

-1.71 

-1.71 

-1.68 

-1'68 

-1'65 

- 1 ' 7 1  

-1.68 

-1'68 

-1.68 

-1.68 

with 

M~~ 
Observed 

Time 

h m  J 

1a1541-80 

5 5 7  

1 6 

19 1.31 

19 51-04 

19 5aea8 

25 10.20 

25 10'10 

29 59-57 

29 59'53 

31 36-36 

33 21.a7 

1 2  45 37-08 

47 57-49 

52 3.84 

5% 46-51 

54 40.91 

56 37-07 

5856.11 

13 3 9-65 

4 51-64 

4 51.63 

7 34'89 

734'78 

3 
m 

% 
'm 
F; 

m 

m 

:' 

Telsrcops No. 

~ ~ t ~ l  

Correo- 

tion 

J 

+1'54 

5 

I 

+1'46 

+1-72 

+1.7a 

+1-57 

+1'57 

+ r S 5 8  

+1'58 

+1'61 

+ r m 5 3  

-1.51 

-1.28 

-1.46 

-1.48 

-1'39 

-1.39 

-1'18 

-1'48 

-1.40 

-1.40 

-1'40 

-1.40 



TABLE XBX. OBSERVATIONS OF !FRANSITS WITH W CLOCK, AND DEDUCTION 

leu A* - o'.oaag. Tranaeribing Equation d, all m r d s  haring beso tra~oribed by the spme penon. 
* p i the rckmhtien of an el& mi& between the h t i o n r  

JUBBULPOBB (E), h t .  S lU, Gug. 6h 19" 6&: AND DEESA (W), Lat. 24" 16', h g .  4 48"16&. 

!PRAX~ITB OBBEBVED AT W 
d 
FI 

a 
.ii 

1881 

Mu.30 

!PEANBITB OBBEBVED AT E 

By Campbsll, with T s k q s  No. B 

8 
5 
p 

8 

8 

8 

8 

N 

N 

R 

8 
N 

8 

N 

8 

8 

N 

s 
8 

N 

N 

N 

8 

PI 

8 

H 

6 

Mer.30 

I 

STAB Corrected Timea 
Tslcre~~s No. 1 

~~d 8eoonda 
of By each 

Correo- 
Correct- Btar 

I 

tion T h e  
0 

Bg Eeavirids, 

In- 
strumental 

Position 
and 

~orreoiion 
Col~atanta 

I .P .F.  

, , 4.0 
- 4'3 

a -14'8 

a 
Q +1'53 

I.P.K 
d - . 

- 4'3 
a -14'8 

a 
Q -1'53 

B 
$ - 
5 
m 

B.A.C. 
Number 

4318 

4819 

+1'29 

+1'29 

+1-27 

+1'23 

+Ia40 

+ 1-40 
+1'32 

+1'32 

4-1-33 

+1.33 

+1'35 

+1'29 

-1.82 

-1.66 

-1.78 

-1.80 

-1.74 

-1.74 

-1.68 

-1.80 

-1'74 

-I'74 

-1.75 

-1.75 

~ ~ h l  

Correc- 

tion 

with 

M~~~ 
Observed 

-0 

A m  a 

124632.87 

4643'21 

48 7-16 

49 52-18 

5042'14 

50 43-41 

56 1.28 

56 1.23 

13 o 50.74 

o 50-68 

2 27-47 

412.35 

131628.27 

1848'74 

22 55-06 

23 37'77 

2532'10 

27 28.27 

29 47'42 

33 60.86 

3542.91 

35 42'89 

38 26-14 

38 26.05 

Drli- 
nation 

o I 

+1743 

+ I 7  45 

w n d a  
of 

Corred- 
ed Time 

8 

8 

In- 
strumental 

Position 
and 

correction 
Constants 

8 

34.16 

44-50 

8.43 

53-51 

43'54 

44.81 

2.60 

2.55 

52-07 

51-01 

28-82 

13-64 

26.45 

47.08 

53.28 

35'97 

30.36 

26.53 

45-14 

59.06 

41-17 

4I'I5 

24.39 

24.30 

lam +I, 4 8 

a 

Man 

Observed 

%e 

4345 

4346 

31 3-09 

3'07 

3-11 

3.02 

3-04 

3.03 

3-12 

3-07 

3'22 

3'18 

3-13 

3-13 

31 3-12 

3'11 

3-16 

3.16 

3 '05 

3-14 

3'10 

3-08 

3-18 

3'20 

3-07 

3'15 

I . P . F .  
d , + o.9 

5-32 

50'49 

40'50 

41-78 

59'48 

59'48 

48-05 

48'83 

25.69 

10'51 

23-33 

43-97 

50.12 

32.81 

27-31 

23-39 

42.64 

55'98 

37'99 

31-95 

21-32 

~1.15 

1 7  3.88 

1849'12 

19 38-81 

19 40.09 

24 57'97 

24 57'97 

19 47'33 

29 47-31 

31 24-13 

33 9'03 

124524-85 

47 45-19 

51 51-5 7  

52 34'28 

54 28.68 

56 24'75 

58 43.86 

13 2 57'45 

4 39'38 

4 39'34 

7 22.71 

7 22-34 

+ 1-44 

+1'37 

+I-69 

+1'69 

+1'51 

+1'51 

+1'52 

+I-52 

+ 1-56 
+1'48 

-1.52 

-1.22 

-1-45 

-1.47 

-1.31 

-1.36 

-1.22 

-1'47 

-"39 

- I.39 
-1.39 

-1-39 

+3857 

+3858 
.. 
m 

E;;, 

. . 
rr. 

E ;; 

N 

N 

41-43 15 39'95 

I.P.V. 

d 
+ o.9 

b + 2.1 
a -19'3 

a 
0-1'45 

N 

-9' 
2 
0 

+ 

2 s  
? 
0 

+ 

+1'48 

' 4888 

4898 

44Q3 

4478 

4479 

44% 

4604 

4613 

4626 

4536 

4669 

4686 

4676 

g 
0 

I 

= 
8 
0 

1 

+a315 

+a812 

+#rag 

+ 547 
+37 39 

4-1425 

+ I I  26 

+ 24 51 

+ 24 58 

+I747 

+ I I ~ I  

.+23 6 

+ 23 18 

m 

5 
m 

: 

.a h 

", 
m 

G 

[I 
N 

8 

S 

N 

8 

N 

N 

N 

8 

N 

8 



T ! Z J  XXX. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE O F  LONGITUDES, 8LN + p.* 

NOT& ld - e-otas.  Truwribing Equation d, all r e a r b  baring been hmocribed by the m e  psnon 
* p ia the mM.Lion of ur eleotria n i g d  h e e n  the ahtiom. 

4 

+ 

s 

(. 

m 

;; 

OI 

m 

;; 

L 

a 
; 
Pi 
c B  

. s o $ I  
3 n o d  
u B  Q 

2 
6 

3 . 
0 

+ 

5 
b 
+ 

f 
FI 

3 'i 
Y 

1881 

Mu.31 

Mu.31 

L 

4 - .= L. v) 

$ 0 9  
W 0  O 
f + 

I 
m m z  

; I  I 

f Sex 
D 

f 
0 

I 

3 
o 
I 

Gng. 4h 4 P  64.. 

Difference of 

Corrected 

(W-E) 

By each 
B t w  

0 8  

31 3'45 

3-41 

3'45 

5-54 

3-40 

3-41 

3-42 

3-31 

3-44 

3 '38 

3-30 

3-40 

31 3-42 

3-23 

3-40 

3'33 

3-30 

3.28 

3-23 

3-36 

3-28 

3-19 

3'34 

3'36 

Timeo 

Mean 

of 

Group 

, p 
m 

E ;; 

v) 

% 
,h 
g ;; 

1 p  68: AND DEESA (W), ht. W 1 1 ,  

T s m a r ~ e  OB~EBVED AT W 
STAB 

B.A.C. 
Number 

4318 

4319 

4329 

4340 

-6 

4346 

4364 

4393 

4403 

4472 

W 9  

4499 

4604 

4513 

4526 

4636 

669 

4666 

4576 

JUBBULPORE (E),  at. a30 lo', Long. 

Tw-BIT# Osssavm AT E 

Decli- 
nation 

o t 

+17 43 

+17 45 

+ 13 4 

+ 4 3  

+38 57 

+38 58 

+a155 

+2315 

+ a 1 1  

+1729 

+ 5 47 

+37 39 

+14z5 

+1126 

+a451 

+ 24 58 

+ 37 47 

+ I I Z I  

$23 6 

+a318 

1 

of 
Correct- 
ed Time 

8 

22-99 

33'33 

57-21 

42-40 

32'33 

33.61 

51-50 

51-31 

40.89 

40.76 

17-58 

2.51 

~ 5 . 3 2  

35-85 

42.12 

24-73 

19'28 

15-38 

34'50 

47-91 

29'98 

29-95 

13-28 

13-16 

8 

se"nd8 
of 

Correct- 
ed Tims 

a 

19.54 

29'92 

53.82 

38.86 

28'93 

30-20 

48.08 

48-00 

37-45 

37-38 

14-28 

59'11 

11-90 

32'62 

38.72 

21.40 

15-90 

12-10 

31-21 

44-55 

26.70 

26.66 

9-94 

9'80 

Telsrcqps No. 

Tea 
Correc- 

8 

+1'46 

+1'47 

+ 1-45 

+ 1-42 

+1'59 

+ 1.59 

+1'49 

+1'49 

+ "50 

+ 1.50 

+1'5z 

+I -47  

-1'63 

-1'48 

-1.61 

-1.62 

-1-56 

-1.56 

-1.48 

-1.62 

-1'56 

-1.56 

-1.56 

-1.56 

a 
% 
p 
3 

8 

8 

' S 

8 

N 

N 

N 

8 

N 

8 

N 

8 

S 

N 

S 

8 

N 

N 

N 

8 

N 

8 

N 

S 

5 k c q p e  No. 

~ ~ t . 1  

Correc- 

tion 

a 

+ I - I ~  

+1'13 

I 

+ I ' O I  

+1'3o 

+1'30 

+1.17 

+1'17 

+ I - I ~  

I 

+ I - Z O  

+1'13 

-1.84 

-1'57 

-1.76 

-1'79 

-1'67 

-1.67 

-1'58 

-1'79 

-1.68 

-1.68 

-1.68 

-1.68 

By Heowinidel 

In- 
Numental 

Position 
a11d 

Correction 
Constants 

I.P.E. 

, - 0.5 
- 0 ' 7  

a . 
8 

Q + 1'53 

I. P. 8. 

d , - o.5 
- O e 7  

a -11 .7  

s 
9 - 1 - 5 3  

with 

are, 
Observed 

Time 

h m  a 

12 15 18-41 

15 28.79 

6 2 7 3  

18 37'85 

19 27.63 

19 28-90 

2446.91 

2446.83 

29 36.28 

29 36-21 

31 13-08 

32 57-98 

1 2  45 13-74 

47 34-19 

5140.48 

51 13-19 

54 11-57 

56 13-71 

58 32-85 

13 2 46-14 

4 28.38 

4 28-34 

7 11-62 

7 11-48 

e 

f 

2 
m 

S 

S 

8 

8 

N 

N 

1: 
N is 
N 

8 

8 

N 

8 

8 

N 

N 

N 

8 

i: 

with 

yean 

Observed 

Time 

h m  a 

124621.53 

4631.86 

47 55-82 

49 40.98 

5030'74 

50 32.02 

55 50.01 

55 49'8? 

13 0 39.39 

o 39.26 

2 16-06 

4 1-04 

13 16 16-95 

18 37'33 

22 43-73 

23 26-35 

15 20.84 

27 16-94 

29 35-98 

33 49.53 

35 31-54 

35 31~51  

3814.84 

38 14.72 

By Campbell, 

=- 
atrumental 
Position 

and 
~~~~~~i~~ 
Constants 

I.P.E. 
d , - 

b - a.2 
a -23.0 

a 
Q +1'43 

P. 8. 
d , - 8.5 

:I2::: 
a 

Q -1-43 
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OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN + p.* 

NOTB. Ad - d'oaa5. Tnrowribii  Equation nd, dl moods having been Gnnooribed by the rsme penon, 
* p  ir the retardation of an eleotrie,rignJ between the stationr. 

JDBBULPORE (E), Lat. S lo', Long. 61 1B 68 : AND DEE98 (W), ht. 24"16', hmg. 4b &F 64'. 
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Z!ABLE gXX. OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFEHENCE OF LOSOITUYES, 8LN + p.* 

NOl%. 1' - o'.oaa5. Tranwribing Equation ni2, all m r d a  having been tmnwribed by thr eune p e m  
* p in the mtudation of an eleotria aignd betwoen the rtutiom. 
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TABLE XXIX. OBBBERVA!I'IONS OF !CEANBITS WITH E CLOCK, AND DEDUCTION a35 

N m  ld - o'.oaas. Trrnlcribing Equation nil, all records having been tranuwibed by the u m e  pama 
* p u th. retud.tion of an electrio mi@ ktwwn the 8tntionr 
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PABLE XXLX. OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES, 8LN - p.* 

N m .  ld - oo'oaz5. Tmnrcribing Equntion mil, all record8 har i t~g  been trsnwribed by the r m e  perron. 
* p is Ule retadation of an eleotrio r@al between the stationr. 
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+ 1-93 

+1'94 

+1'67 

By Campbell, 

~n - 
atrumental 
Position 

and 
correction 
Constants 

I. P.E. 
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+ 19-81 

+ 19-69 

+39'17 

... 

+17'13 

+17'a3 

+ 17-18 

+17'23 

+5z.oq 

+l7'14 

... 

I E Clock 

8 

-12-74 

-25.41 

-12-97 

-12.76 

-12.05 

... 

+ 7-68 

+ 8 ' 1 8  

+ 8.58 

+ 8.68 

+ 9'19 

... 

+aoSa6 

+20m14 

+19'84 

+ 19-67 

+39'11 

... 

+17'27 

+ I ? - 1 6  

+ 17-24 

+ 17-14 

+5aaoo 

+17-18 

... 

E Clock 

I 

- 0.022 

- 'oza 

- .era 

- '023 

I 1  ' W Clock 

8 

-40.60 

-80.87 

-40'23 

-39'91 

-40.07 

... 

- a'ra 

-2 .65 

- 1.61 

- 1'37 

- 0.66 

... 

+ 0.07 

+ 0'23 

+ 0'0.3 

- 0 '02  

-0 .33  

... 

+ 14.49 

$ 1 ~ . 8 0  

+14-76 

+14'3a 

+ u s 3 0  

+14'55 

... 

- .5181 -1.665 

- 4 8  -1.673 

W Clock 

a 

-40.58 

-80'93 

-40.22 

-39.80 

-40.04 

... 

- 2.43 

- 2 . 5 5  

- 1-38 

- 1-35 

- 0'73 

... 

- 0.03 

+ 0 '22  

+ 0.02 

- 0'07 

-0 '49  

... 

+ 14-51 

414.83 

+14*76 

+14'31 

+44'27 

+ 14'54 

... 

W Clock 

I - 0.071 

- '07 I 

- '071 

- ' O j 0  

- :oaa 

- -020 

+ 0.108 

+ '115 

+ ' 120  

+ '123 

+ -129 

+ '137 

+ 0.327 

+ '326 

+ '322 

+ '319 

+ ,316 

+ ,314 

+ 0.341 

+ '341 

+ '341 

+ ,341 

+ '343 

+ '342 

+ '338 

+om314 

+ '333 

+ '348 

+ '357 

+ '373 

+ '396 

+o'845 

+ '842 

+ -833 

+ .823 

+ -817 

+ '812 

+ o S f r 7  

+ -716 

+ '717 

+ '717 

+ -7ao 

+ '719 

+ -711 

- .ojo 

- 0 7 0  

- 0.035 

- '035 

- '0.35 

- -017 

- '017 

- '017 

- 0.001 

+ ' 0 0 2  

+ .ooz 

'000 

- '002 

- -005 

+ 0.285 

+ '291 

+ '293 

+ '288 

+ '288 

+ ' 3 1  

+ '287 

-0.102 

- ' ~ o z  

- '102 

- '049 

- '049 

- -049 

-0-003 

+ -005 

+ '005 

'000 

- -006 

- '013 

+oS598 

+ ~ 6 1 1  

+ -616 

+ -606 

+ '606 

+ -611 

+ .602 



244 !Z!ABI;E XXXX DEDUCTION OF CLOCK RATE CORRECTIOKS FROM THE OBSERTATIOKS OF TBAhTSITS. 

Arc 

a 
1 
-=E ;; 
_a _. 

g 4 
1 
h 

a 
9 - - 
555 
2 m 
& .&, 
3 4 
P 
P 

2 

a 
1 - 
8 s  
a: 
-2 FI 
P e 
R 

8 
2 w 

" 8  h a  
4 

i 

Rate Corrections for both Clocks Deduced from Transits Observed at both Stations, &. : 
a, Correction8 for the Intervsla between Nights of Obaeroatione, end 

w 

8 g 
3 +j 

.% 

3 
Z 
P, 

4' 

. rn * 
% 

..r * 
L 

% 
5 
rn 

5 
s 
n 

Intervals 
betaeon Nighta of 

Observationr 

1881 
Feb. 23 to 24 

,, 24 ,, 25 

,, 26 ,, 28 

,, 28 ,, Mar.2 

March B ,, 8 

...... 

March 11to12 

,, 18 ,, 13 

PI 13 ,, 16 

91 16 ,, 17 

,, 17 ,, Zo 

,, 20 ,, 21 

...... 

March28 to29 

,, 29 ,, 80 

8 8 0  1 

,, 81 ,, Apr.1 

April 1 ,, 8 

...... 

April 10 t o l l  

PI 11 ,, 13 

8 ,  18 ,, 14 

1, 1 4 , , 1 5  

I, 16 ,, 16 

...... 

for Nights of 

Astronomical 
Datee of 

Obeervationa 

iaai 
February23 

,, 24 

,, 25 

,, 28 

March 2 

,, 8 

March 11 

,, 12 

,, 13 

,, 16 

,, 17 

,, 20 

,, 81 

March 28 

,, 29 

,, 80 

,, 31 

April 1 

ss 3 

April 10 

,, 11 

,, 13 

,, 14 

,, 15 

,, 16 

8, Howly Correctionr 

a at E Station 
for 

E Clock WClock 

Quantities a. 

B ~ Y A B K ~  

a at W Station 
for 

E Clock W Clock 

Obserrationr, 

B for 

Interpolated by means of the 

Correction to Observed 

E Clock I 
8 

+oe730 

+ ,741 
+ '735 
+ -731 
+ -746 
+ '759 

+oa370 

+ '374 
+ '372 
+ '368 
+ -350 
+ -324 
+ -308 

+o.zgg 

+ -301 
+ '302 
+ '300 
+ '304 
+ -316 

-O.I~I 

- -134 
- '144 
-'142 

- -135 
- -132 

Difference 
of Transit 

E Clock 

8 

+ 0.069 
+ -070 

+ '070 

+ -069 

+ -071 

+ ,072 

+ 0'048 
+ '048 

+ -048 

+ '047 

+ '045 

+ -042 

+ '040 

+ 0-155 
+ ,156 

+ -156 

+ '155 

+ ,157 

+ -164 

- 0.047 
- -052 

- -056 

- '055 

- -053 

- '051 

W Clock 
I 

a 

+ 1.139 
+ I * I I ~  

+I'IO~ 

+ I - I I I  

+I.IIZ 

+I'IO~ 

+o'~zo 

+ '143 
+ -160 
+ -160 
+ '132 
+ -103 
+ '093 

+oSglq 

+ -512 
+ '491 
+ -463 
+ '452 
+ '444 

+oe462 

+ ,453 
+ '453 
+.460 

+ '473 
+ -491 

I 
8 

+17'64 

+17'87 

+5~'08 

+35-48 

+18.07 

.. . 

+ 8'95 
+ 9'08 
+17'46 

+17'63 

+23'92 

+ 9-63 
... 

+ 7'25 
+ 7-29 
+ 7.41 
+ 7.11 

+14'88 

. a .  

- 1-97 
- 6.68 
- 3.65 
-3'33 

- 3-23 
... 

of Timea 
for 

W Clock 

8 

+ 0.108 
+ .I& 

+ 'rag 

+ -106 

+ -106 

+ '105 

+ 0.015 
+ -018 

+ -021 

+ '021 

+ -017 

+ -013 

+ 'OIJ 

+ 0.266 
+ -265 

+ '254 

+ -140 

+ '234 

+ ,230 

+ 0'180 
+ -176 

+ -176 

+ '179 

+ '184 

+ '191 

8 

+a7*12 

+26'61 

+79'72 

+53'44 

+26.67 

... 

+ 3-17 
+ 3'73 
+ 7-71 
+ 7-51 
+ 7'74 
+ 2-43 

... 

+12'35 

+12'25 

+ll'12 

+10'97 

+sr'qg 

m u .  

+11'08 

+21-54 

+ 10.87 

+11'53 

... 

I ,  

1 + 17-66 
I 

+17'96 

+52'00 

+35.50 

+ 18-04 
... 

+ 8-92 
+ 8-98 
+17'88 

+17'58 

+23'87 

+ 7-53 
... 

+ 7-14 
+ 7-13 
+ 7-09 
+ 7-17 
+ 14-92 

... 

- 3.12 
- 6.72 
- 3-45 

-I-11'09-3'24 

- 3-21 
... 

+27'05 

+26'62 

+79'78 

+53'38 

+26.62 

,.. 

+ 3-14 
+ 3.64 
+ 8.16 
+ 7'43 
+ 7'79 
+ 2.26 

... 

+13'29 

+1aa26 

+IIe18 

+ 10.93 

+21'54 

..a 

+10.89 

+11m57 

+ 11.01 
+11'19 

+r1.60 

... 



T D L E  XXXLI. DEDUCTION OF THE DIFFERENCE OF LONGITUl3E, A& 

AXD THE RETARDATION OF SIGNALS, p . 
FROM THE OBSERVATIONS OF !TRANSITS AT BOTH STATIONS WITH THE SAME CLOCK, SEASON 1880-81. 

BOMBAY (E), AND DEESA (m) DEESA (E), AND KUBBdCHEE (W) 

dstronomieal 
Unta 

1881 

J a n u n r ~  6 

11 n 

n 6 

IS 11 

11 7 

21 11 

n 8 

11 #I 

n 0 

n 11 

SJ 10 

II IJ 

Astronomical 
Data 

1880 
Deoember 13 

n n 

IS 14 

11 11 

n 16 

II 19 

n 17 

11 SI 

n 18 

IJ SJ 

n 19 

IJ n 

Instrumental 
Position s t  both 

Btationr 

I .P.E.  

SS 

IS 

IS 

IS 

IJ 

I. P. W. 

o 

I) 

*I 

JI 

n 

Apparent Difference 01 
Longitude by Stars of North Aspot, 

by Obervationa with Instrnmental 
Poaition at  both 

8trrtionr 

I. P. TP. 

II 

SI 

JI 

o 

n 

I. P. B. 

II 

IJ 

n 

II 

$8 

E Clock - 8LN- p 

m r 
a j1.615 

31.696 

31'705 

31.672 

31'647 

31.684 

31.681 

31'756 

31.651 

31.628 

31.648 

31.620 

Mem Values by 

obwrvatiom I. P. E. a 31'767 

. I. P. u'. 31.734 

Mean Valuer by 

obssrvationn I. P. E. 

I. P. Tv. 

General Meam 

W Clock 
.P 8LN+ p 

m I 

a 31.792 

31'744 

31.745 

31'733 

j1.810 

31.780 

31.768 

31 '838 

31'719 

31.666 

31.678 

,.. 

General Meanr 

Apparent Difference of 
Longitude by Stars of North bpect ,  

by Observation8 with 

E Clock - 8LN - p - 8 L N + ,  7 ( I ) .  

m I 
Whenoe ... ... ... 8LN - 20 40'555 

Cormtion for Relative Pemnal  Equation, HN - CN - - o'oj~ 

ALN - 20 40.524 

A gain ... .,. ... 8LS - 20 40.541 

Correotbn for Relative Pemnal  Equation, HB - Os . - + o oog 

ALs a 0  40.550 

Finally 
+n r 

A L  = f (AL, + AL,) = 20 40'537 

p = + 0.065 

ao 40.461 

40' 543 

40'605 

40- 642 

40' 635 

40'732 

40' 316 

40-426 

40.347 

40.359 

40'441 

40'367 

ao 40.376 

40'60.3 

+n r 
Whence ... ... .., 8LN - a 31.709 

Correction for Relative Pomnal Equation, CN -BN - + O - O ~ I  

ALN - a 31-740 

Again ... ... ... 8Ls - a 31';ja 

Correction for Relative Personal Equation, Cs -Hs - - 0-009 

ALs - a 31'723 

Finally 
(I) I 

A L  = f (AL, + AL,) = 2 31-732 

p = + 0'041 

5 

a 31.667 

m I  

20 40-570 

40'61 j 

40' 7 74 

40- 786 

40'754 

40'828 

40'513 

40'496 

40'473 

40'5x3 

40'54 

40'605 

ao 40.518 

40.721 

so 40.619 a 31.751 



FABLE XXXII. DEDUCTION OF THE DIFFERENCE O F  LONGITUDE, AL 

. AND THE RETARDATION O F  SIGNALS, p 

F R O M .  THE OBSERVATIONS O F  TRANSITS AT BOTH STATIONS WITH THE SAME CLOCK, 8EASON 1880-81. 

* 

BOMBAY (E), AND KURR4CHEE (W) 

Astronomical 
Date 

1881 

Jsnua ry 17 

11 II 

II 18 

I I  II 

II 19 

19 II 

91 20 

II )I 

)8 21 

n II 

II 28 

I I  II 

JnBBULPOEE (E), MTD BOMBAY (W) 

Bstrononlical 
' Date 

1881 

February 6 

IS n 

81 7 

IS 31 

II 8 

IJ 19 

II 9 

II  11 

11 10 

n II 

II la 

81 II 

n 14 

II 19 

observations I. P. E. 

,, I. P. v. 

General Means 

Mean Values by 

Instrnmental 

Porition at both 
Stations 

I. P. E. 

II 

II  

I I  

11 

IS 

1. P. TP. 

II 

11 

II 

I I  

II 

Mean V~~lues  by 

Instrlirnental 
Position at  both 

Station? 

I. P. E. 

IS 

81 

n 

II 

II 

II - 

I8 

I. P. ??? 

IS 

II 

II 

II 

II 

a3 11.073 

11'143 

23 11'108 

Apparent Difference of 
Longitude by Stam of North Aspect, 

... Whence ... ... l L N  = 23 ra'z~a 

Correction for Relative Peraonal Equation, HN - CN - - o-03 I 

ALN = 13 ra.181 

Again ... ... ... 8Ls - 23 11.181 

Correction for Belatire Perwnal Equat.ion, Hs - CS - + 0.009 

AL, - a 3 1 a ' ~ p  

Finally 
91s 8 

A L  = 4 (AL, + AL,) = 23 12.186 

P = + 0.104 

by Observations 

E Clock - 8LN- p 

rn 8 

a3 12.068 

11.058 

12.069 

11.017 

12'126 

12'099 

12'131 

1a.086 

12'153 

Ia.097 

11'159 

11'233 

Apparent Difference of 
Longitude by Stan of North Arpeet, 

Whence ... ... ... l L N  = 18 31.846 

Correction for Relative Personal Equation, HN -CN - - 0-084 

AL, -- 18 31';61 

Again ... ... ... 8LS -- 1831.838 

Correction for Rolative Personal Equation, Hs - Cs - - 0.038 

A L ~  - a8 31.800 

Finally 
m a 

AL = 4 (AL, + ALs) = 28 31.781 

P = + 0.092 

with 

W Clock - 8LN + p 

m a 

a3 12'197 

12.158 

11'199 

I 2. 168 

12.189 

11' 286 

12'158 

11.328 

12.316 

I 1.368 

11'451 

11'551 

by Observations 

E Clock 
= 8LN- p 

m a 

a8 31'77a 

... 
31.610 

31'751 

31'730 

31'760 

31 -670 

31.691 

31 '801 

31'75% 

3 I .868 

31.757 

31 '781 

31.815 

28 31'920 

31.%7 

28 31'9.39 

)II a 

23 11.250 

1 2 '380 

1.3 12.315 

m s 

with 

W Clock - a~~ + 
, 

8 

28 31.921 

31'935 

31'988 

31 -885 

31.861 

31'939 

31.870 

31 '938 

31.824 

31.999 

31'980 

31'9i8 

3 1 '933 

31'029 

observations I. P. 3. 

,, 1 P. r. 

General Means 

28 31.711 

31'796 

18 31'754 



W L B  XXXII. DEDUCTION OF THE DIJWERENCE OF LONGITUDE, AL 247 

AND THE RETARDATION OF SIGNALS, p 

FROM THE OBSERVATIONS OF TRANSITS AT BOTH STATIONS WITH THE SAME CLOCK, SEASON 1880-81. 

~ B B U L P O R E  (E), 
+ 

JUBBULPORE p), ~LND AGU (w) 

Whence, ... ... ... dLN - 5 42.982 

Cormtion for Relative Personal Equation, HN - CN - - 0 -084 

a L N  -- 5 42.898 - 
Again .i. ... ... 8LB * -  542.975 

Correotion for &Mire Perrond Equation, HB -OH - - 0.038 

ALB - 542'937 

Binally 

%a S 

AL = 4 (AT& + AL,) = 5 42.918 

P  = + 0.117 
4 

Aatronomical 
Date 

1881 

February 28 

IS IS 

11 24 

IS 11 

n 26 

11 n 

11 28 

IS I S  

Ysmh 2 

11 11 

n 8 

11 n 

A*n0mica1 
Date - 

1881 

March 11 

n 11 

II 12 

st II 

11 18 

11 11 

Is 16 

11 11 

11 17 

n II 

18 20 

11 1 9  

11 21 

,, ,, 

AND BOLARUM (w) 

Apparent Difference of 

Longitude by S t a n  of North Anpeat, 
by Observationa with 

E Clock W Clock 

- 8 $ A ~  - 8 L N + p  7 
Instrumental 

Poaition at  both 

Btstionr 

I. P. w. - 
11 

II 

n 

11 

II 

I. P. E. 

11 

11 

B, 

19 

n 

m a 

5 41'869 

42 ' 934 

4a '880 

42.886 

4a.774 

42.809 

42.868 

41.876 

42.883 

42.821 

41.88% 

42 -893 

5 42'87~ 

41'859 

5 42'865 

Mean Valuea by 

o k a t i o n r  I. P. L 

,, I. P. 7P. 

Gteneml M- 

Instrumental 
Poeition at  both 

8tatiom 

I. P. E. 

11 

11 

11 

II 

19 

I. P. W. 

II 

w 

YI 

II 

11 

II 

)I 

0 )  8 

5 43.051 

43 '077 

43'099 

43'163 

43.068 

43'156 

43 ' 064 

43 ' 040 

43 '088 

43'1x4 

43'078 

43'195 

5 43'097 

43-102 

5 43'099 

Mean Values by 

obwrvations I. P. B. 

,, I. P. T. 

General Yeam 

m 8 

Apparent Difference of 
Longitude by Stam of North Aspeat, 

... Whence ... ... 8LN I 7 41'934 

Oorrection for Relative Personal Equation, ON - HN - + 0.084 

A L ~  - 7 43.018 

... Again ... 8LB - 7 42'929 

Correction for Relative P e d  Equation, CB - H, - + 0.038 

AL, - 7 42'967 

Finally 

m 8 

AL = 4 (ALN + ALs) = 7 42'993 
. p =  + 0.071 

by Obaervationa 

E Clock 
= 8 ~ ~ -  

0) 8 

7 42'915 

43 'o"3 

42'941 

43,018 

43'056 

43-14 

42.654 

42,680 

......... 
42.699 

42'647 

42 ' 746 

42'812 

42 - 786 

7 43-38 

42.718 

7 42'863 

with 

W Clock - lLN + p 

m r 

7 43'109 

43'088 

43'185 

43.111 

43' 254 

43'198 

42' 186 

42.771 

41.851 

42'867 

42.802 

42 ' 799 

42.991 

42'938 

7 43'158 

41'851 

7 43'004 

m a 



248 TABLE XXXII. DEDUCTION OF THE DIFFERENCE OF LONGITUDE, AL 

AND THE RETARDATION OF SIGNALS, p 

FROM THE OBSERVATIONS OF TRANSITS AT BOTH STATIONS WITH THE SAME CLOCK, SEASON 1880-81. 

JUBBULPORE (E), AND DEESA (W) AQBA (E), AND DEESA (W) 

Aotronomical 
Date 

1881 

April 10 

I) 19 

9, 11 

11 11 

I B  18 

81 YI 

9) 14 

9, 89 

YB 16 

n BI 

DP 16 

n 81 

Aotronomial 
D a b  

11istrurnent.l 

Position at both 

Stationo 

Apparent Difference of 

Longitude by Btara of Nortll Aopect, 

Instrumental 

Position at both 

Stationo 

I. P. E. 

II 

BY 

YP 

Y* 

o 

I. p. r. 

I) 

IS 

tt 

II 

n 

- 1881 

Muob e8 

8 )  IS 

W 29 

as n 

n 80 

18 n 

1s 31 

~3 H 

April 1 

n n 

IS I 

YY n 

by Observations 

E Clock 
= l i ~ ~ - ~  

Mean Valuea by 

obwndiono I. P. 1P. 

,, I. P. 7 ~ .  

. General Merrnr 

with , 

W Clock - a ~ ,  + 

Apparent DXerenca of 

Longitude by 8t.m of North Aopeot, 

Whence ... ... ... 8LN - a3 m'c(s 

Oorrsction for Bektivr P e m d  Equation, CN -H, = + 0.084 

ALN + 23 20.529 

Again ... ... ... 1~~ - a3 20-470 

Correction for BeUire P a r o o d  Eqution, Cg -Ha - + oaog8 

&La - a3 ao.5dl 

MY 
I)) J 

AL = f (AL, + Ah) = 23 20.519 

p = + 0.049 

UI 

31 3.280 

3'395 

3'356 

3'413 

3-34' 

3'375 

3.642 

3'559 

3.662 

3'583 

3'586 

3' 581 

by Oboenationo 

E Clock 
-8LN- P 

II) 8 

23 20'375 

20 '433 

10.543 

20.553 

20'578 

2O'SY 

20.319 

20.406 

20' 249 

20.272 

20.261 

2om24f 

a3 ro.501 

20- 292 

10'397 

I m J  

P 3'602 

3'361 

31 3'481 

.I 8 

with 

W Clock 
-a~,+, 

(I) 8 

23 20.512 

20.610 

20.fOl 

......... 
20.645 

20.576 

20'507 

20.418 

20.412 

20'329 

20.344 

aoer65 

23 m.609 

m.379 

23 20.494 

I)) 8 

I. P. 7P. 

n 

IS 

H 

9s 

YI 

I. P. 6. 

11 

n 

18 

n 

11 

Yean Valued by 

obwwationo I. P. I#. 

,, I. P. W. 

General Memo 

Whence ... ... ... 8LN - 31 3.402 

Ca-roction for Belatire P e m d  Equation, CN - HN - + 0.084 

ALN = 31 3 - 4 6  

A p i a  ... ... ... 1% - 31 3'454 

Correction for U t i l e  Pemmd Equation, CS - Hs - + o. 038 

ALS - 31 3'452 

Fiually 
Ul 

AL = f (AL, + Ah) = 31 3.469 

. p = + 0.079 

31 2.94 

3'141 

3.060 

3'237 

3.207 

3 ' 246 

3.532 

3'570 

3'46.3 

3'515 

3'446 

3'468 

31 3'499 

3' 146 

31 3'323 
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248 T D L E  XXXIX DEDUCTION OF TEE DIFFERENCE OF LONGITUDE, A L  

AND THE RETARDATION OF SIGNALS, p 

FROM THE OBSERVATIONS OF TRANSITS AT BOTH STATIONS WITH THE SAME CLOCK, SEASON 1880-81. 

JUBBULPORE (E), AND DEESA (W) 
% 

AGE4 (E), AND DEEGA (W) 

htronomical 
Date 

1881 

April 10 

81 91 

11 11 

,I I1 

IS 18 

II SI 

SI 14 

BV 9) 

I S  16 

n II 

91 16 

18 11 

htronomial 
D a b  

11iatmment.l 

Position at both 

Btatiom 

Apparent Difference of 

Longitude by Btars of Nortll Aopeot, 
Inrtrumental 

Poaition at both 

Stations 

I. P. E. 

18 

t~ 

a1 

II 

11 

I . P . T .  

91 

IS 

1, 

ID 

I) 

- 1881 

March 28 

8s IS 

w 29 

I1 #I 

H 80 

II n 

II 91 

IS H 

April 1 

n 91 

I# S 

DI n 

by Observations 

E Clock 
-8LN - p 

Mean Valuer by 

obwnationr I. P. 6. 

,, I. P. T. 

. General Mssns 

with , 

W Clock - 6LN + p  

Appnrent Difference of 

Longitude by Stars of North Arpect, 

Whence ... ... ... 8% - a3 20.~5 

Oorrection for Relstirr P a m o d  Eqmtion, CN -Ex - + o-OQ 

ALN + 13 ao.5~9 

... ... ... Again l L s  = 13 10'470 

Correction for BeUire  P e m d  Equtbn, Og -Ha - + 0.038 

ALE = 23 10-508 

MY 
I ) ) .  

AL = f ( A h  + A&,) = 23 20.519 

p = + 0'049 

m I 

31 3.280 

3'395 

3'356 

3'413 

3'348 

3'375 

3.642 

3'559 

3,662 

3'583 

3'586 

3.581 

by Observationr 

E Clock 
= 6 L N - p  

8 

33 20.375 

20.433 

30.543 

20'553 

20.578 

20.94 

20.319 

20.406 

20' 249 

10.172 

10.261 

20.247 

23 ao-501 

10- a92 

sf 20'397 

I m a  

31 3'602 

3.361 

31 3'481 

sm . 

with 

W Clock 
= a L N +  P 

a #  

a3 ro'51a 

10.610 

10.701 

......... 
20.645 

~ ' 5 7 6  

10.507 

20.418 

20.412 

20-329 

10'3U 

to. 165 

z j  20.609 

20.379 

23 20.494 

I ) ) .  

1. P. W. 

n 

I) 

I1 

ss 

IS 

L P . 6 .  

IS 

n 

DB 

n 

18 

Mean Valuea by 

obrsrrationr I. P. B. 

,, I. P. F. 

General Means 

Wbbnos ... ... ... 8LN - 31 3.402 

Correction for Relative Perwnd Equation, CN - HN - + 0.084 

ALN - 31 3.486 

..a ... +a ... 8 %  rn 31 3'454 

Correction for Relatire Pamood Equation, Cs - Hs 0 + o. 038 

AJJS - 31 3'452 

Firldly 
m  a  

AL = f (AL, + A h )  = 31 3:469 
. P = + 0.079 

31 a.94 

3' 141 

3'060 

3.237 

3. 207 

3.246 ' 

3'532 

3'570 

3' 46.3 

3'515 

3'446 

3.468 

31 3'499 

3' 146 

31 3'323 
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PART I. 

Detemi?zatwn of the Geodetic Etemertts of Zovagitude Statione. 

All the points used as loilgitude stations were connected with fixed 'stations of the Great Trigonometrical Survey 
in order to determine their geodetic latitudes and longitudes. The longitude stations at Madras, Bnngalore, Mangalore, 
Bombay, Vizagapatam and Deesa were situated so close to fixed stations that simple linear measurements sufficed for their 
connection, and with respect to these statious all the data required, with the resulting deduced elements, will be found in 
Tabk C. 

To fix the longitude stations at  Bolarnm, Bellary, Kurrachee, Jubbulpore and Agra special triangulation was 
necessary in each case. These were all executed by Mr, James Bond, Assistant Surveyor; the results are given in 
Tabks  A, B and C, and explauatory diagrams will be found in Plate V. 

. The latitudes, longitudes and azimuths were computed by the formulse given on pages 121 to 124, Volume I1 of the 
Account of the Operations of the Great 13.igonometrical Survey of India, using the elements of the figore of the earth 
which will be found on page 127 of that volume. All the elements of trigonometrical stations employed are final, and 
either have been, or will shortly be, published in the printed records of the Great Trigonometrical Survey of India. I n  the 
case of those already published precise references are given. All the stations used were clearly identified, and their exact 
positions were recovered without any doubt. At  Vizagapatam and Jubbulpore check methods of connection exactly 
agreed in results with those given. 

Degcriptwna of Points used for Zongikde Stations. 

MADRAS. The longitude station was 65 feet due north from the axis of the Meridian Circle of the Madras Obser- 
vatory, which latter point was fixed in connection with the principal triangulation of tile Madras Longitudinal Series, Great 
Trigonometrical Survey (vide Tabk C). 

BANQALORE. The longitude station was 38 feet due north from the south-west end of the Bangalore Base-line of 
the Great Trigonometrical Survey (vide Ttzble C). 

MANQALORE. The longitude station was 63 feet due south from the Mangalore station of the Great Trigonometrical 
Survey (vide Table C). 

BOMBAY. The longitude station was on the premises of the Col6ba Observatory, 55 feet north, and 53 feet east from 
the Coltiba station of the Bombay Island Triangulation of the Great Trigonometric4 Survey (vide Table C). The transit 
telescope of the Coltiba Observatory was found by measurement to be I 93 feet, = o"'134, west of the longitude station. 

VIZAQAPATAM. Tlle loiigitude station was 26 feet north, and 349 feet east from Meppen h. e., a eecondary station 
of the Bider Longitudinal Series of the Great Trigonometrical Survey (vide Table C). 
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DEESA. The longitude station was 89 feet south, and 56 feet west from the Deesa Telegraph Office station of .the 
Kurrachee Longitudinal Series of the Great Trigonometrical Survey (vide Table C). 

BOLARUM. The longitude station was in the enclosure of the P. W. D. Office, 246 feet due north from the P.W.D. 
Office station. It was marked by a masonry pillar 18 inches square, founded about 12 inches below the surface of the 
ground, and standing about 24 inches above it. The P. W. D. O5ce  station was a point fixed on the roof of the Bolarum 
Office of the Public Works Departmelit, in-connection with the neighbouring hill stations Naubatpahlir and Lachma- 
pur of the Hyderabad Minor Series, an off-shoot from the Great Arc Series of the Great Trigor~ometrical Survey 
(vide Tables A, B and C). The station was marked by a circle and dot engraved on the surface of the roof, atid covered by 
a pillar about 15 inches square and 12 inches high. Bolarum is the cantonment for a portion of the garrison of Hyderabad, 
the capital of the Nizam. 

BELLARY. The longitude station was in the enclosure of the Telegraph Ofice, 97 feet due north from the Tele- 
graph O5ce  statiou. The Telegraph O5ce station was a point on the upper portion of the roof of the Telegraph Ofice, 
Bellary, fixed by means of triangulation emanating from the neighbouring hill stations H6nnlir and GadEkal of the 
Great Arc Series, Great Trigonometrical Survey (vide Tables A, B, C, and figs. 1 and 2, Plate V). It was marked by a 
circle and dot engraved on the roof, while a second circle and dot was engraved on the norther11 parapet of the buildiug, 
zo feet 10 inches due north from the former. 

' KURRACHEE. The longitude station was situate in the enclosure of the Telegraph Office, 61 feet north, and I j2 
feet west from the Telegraph Office station. I t  was 34 feet 6 inches S. E. from the centre of the doorway of the atore- 
room; and 73 feet N.N.W. from the N.W. corner of the block of dwelling quarters standing in the angle between 
Macleod Road and Telegraph Road. The Telegraph Office station was a point on the eastern terrace of the upper 
storey of the block of dwelling quarters referred to above, fixed by one triangle in connection with the neighbouri~~g 
hill stations, A, and Mutrlini, of the Great Trigorlometrical Survey (vide Tables A, B and C). The station was marked 
by a circle and dot engraved on the floor of the terrace, at distances of 5 feet 8 inches, 14 feet 2 inches, 28 feet 9 inches, 
and 34 feet 4 inches from the N.E., N.W., S.W., and S.E. a~igles of the terrace respectively. 

JUBBULPORE. The longitude station mas in the enclosure of the Telegraph O5ce, 87 feet due north from the 
Telegraph Office station. The Telegraph Office station was fixed by two triangles emanating from the stations Ka- 
raundi H.S., and Jubbulpore Hill Mark, of the Jubbulpore Meridional Series, Great Trigonometricat Survey (vide Tables 
A, B, C, and fig. 3, Plate V), and was 84 feet 6 inches from the S. W. corner,of the Telegraph store-rooms, the bearing 
of which point from the station was 27' east of north. I t  mas marked by a masonry pillar about 1% inches square, 
founded about 18 inches below the ground level, and standing 3 feet 6 inches above the surface. 

AQRA.  The longitude station was in the enclosure of the Telegraph Office, 233 feet due south from the Telegraph 
Office station. The Telegraph O5ce statiou was situate on the upper portion of the roof of the Telegraph office, and 
fixed by triangulation emanatiug from the neighbouring hill stations, Madhoni and Usira of the Great Arc Series, Sec- 
tion a0 to 30°, Great Trigonometrical Survey (vide Tables A, B, C, and fig. 4, Plate V). It was marked by a circle and 
dot engraved ou the surface of the roof, at  the follomi~~g measlired distances, viz., 47 feet lo inches, and 40 feet o inchea, 
rcspcctively, from the outer N.W. and S.W. corners of the building; and 16 feet 6 inches, 1 7  feet 4 inches, respectively, 
from the N.W. and S.W. corners of the upper portion of the roof. 

Cmqarbon of Geodetic with Electro-Telegraphic Arcs of Xortgitzcde. 

I n  Table D all the arcs of longitude measured by the +ectro-telegraphic method, during seaeons 1875-76, 1876-77 
and 1880-81, are collated with the corresponding geodetic values, and the differences are shewn. 

C i r ~ ~ ~ z ~ t  Error8 of Observed Arcs of .Longitude. 

The Electro-Longitude operations have always been carried on in triangular circuits, so that each measured arc of 
longitude is decked by the sum, or difference, of two others, and the difference between ita measured and deduced valuea 
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affords a ccircuit error', which may be regarded as an indication of the degree of accuracy of the results obtained. I n  
Table E the circuit eribr is taken out for each simple triangular circuit completed during the seasons 1876-76, 1876-77 and 
1880-81. 

5. 
Beszllts of Id iomter  Observatwlas made duling Seaon 1880-81. 

I n  Table F an abstract is given of all the idiometer observations made during season 1880-81 by Lieut.-Colonel 
Campbell and Major Heaviside, and the resulting N-S equation of each observer is compared with that obtained from 
his observations of zenith stars. The first two columns show the arc of longitude and date. The next four columne 
are devoted to the results of observations by Colollel Campbell, and the four succeeding to those of Major Heaviside. 
Under the head C,, C,, H, and H, the actual errors of observation by the idiometer are given for each observer, tlie subscripts 
n and s indicating directions of apparent motion of tile idiometer star, corresponding to those of real stars of north 
and south aspect, respectively. Each quantity entered under C,, C,, H,, or Ha is the mean of four observations with 
the idiometer, taken so as to eliminate instrume~ltal errors both of the idiometer, and of the chronograph used in connec- 
tion tl~ere~vith. C, - C,, and H, - H, are the values of the observers' N- S equations as deduced from the idiometer 
observations, and these are collated with the corresponding volues-CN-Cs, and HN-H8-of  the same equations aa 
obtained from star observations. The mealla of the N-S equations, deduced from the idiometers and from stars, are 
takeu out for each arc, and small differences will be found between the latter, and the corresponding values given in 
Table XXVIII, owil~g to different methods having been employed in computing them. 

I n  the last three columns of Table F the values of the relative personal equations C, - H,, and C, - Ha, deduced 
from the idiometer results C,, C,, H, and H,, are collated with the correspo~~diug equations CN - HN, and Cs - Hs obtained 
from star observations as given in Table XXVII. I n  the last columu are also entered the relative equations C, - H,, and 
C, - Ha deduced from idiometer observations at  the same times aa those by special star observations-by divided 
transits-abstracted from Table XXVII. There are remarkable discrepancies between the results obtained by the two 
methods on these occasions, showing a fairly constant differeuce between the respective values of the relative personal 
equations deduced. The observations takeu with the idiometers were not so uumerous ay they should have been in order 
to afford reliable results, but they afford some evidence, that if the relative personal equations of two observers can be 
ouce determilled by star and idiometer observations taken at  the same time, indications of changes therein deduced from 
the idiometers alone may afterwards be accepted wit11 confidence. 

Iu Tabk  F results are ouly given for six of the eight arcs measured during season 1880-81, becauee idiometer ob- 
servatio~lls for the last two-viz., Jubbulpore-Deesa aud Agra-Deeaa-were not available. 
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TABLE d. TBIANGULATION FOR THE CONNECTION OF LONGITUDE STATION8. . 
COMPUTATION OF TRIANGLES. 

W e n  from the m l t s  of the final reduction of the Trirrngalation of the Qwat Trigonometrical Sivvey in b u t h e m  India not yet published. 
t Trhgloo Nor. 6 and 6 were each computed by two aides and the included angle. 

Longitude Station 
to be bed 

BOLARUM 

BELIAEY 

' 

Corrections for 
Distance 

Nnmes of Stationr Oblrerved d n ~ l e s  Corrected Angle8 in 
Log Feet 

o 1 11 0 1  n 

Naubatpahk 

Laohmapor 

Bolarnm P. W. D. O5ce 

S 

... Sumr 

H6nn6.r H.S. 

QadEkal $9 

Kategudda 8. 

... Sums 

H6nn6r H.S. 

Qadikd ,, 

Beaaions Court s. 

... Bums 

H6nnbr H.8. 

Oadikal ,, 
Railway Station s. 

... Sums 

H6nnbr H.S. 

Sessions Court r. 

Railway Station 19 

Sums ... 

Qadikal H.8. 

Semione Court a. 

Xategudde #I 

Sumr ... 

Bewious Court 0. 

Railway Station ,, 
Kategudda ,, 

... Sums 

.- 
g 

Inch 

12 

12 

13 

,, 

,, 

,, 

,, 

No. of 

1 - 

2 

8 

4 

t 6 

t 6 

7 

70 55 40.9 

59 47 55'3 

49 16 25.0 

180 o 1.2 

70 to 45'7 

60 51 50.1 

48 47 16.a 

180 o 1.0 

7 1  qg 0.4 

60 6 29.4 

48 4 31.2 

180 o 1.0 

I 18 14.7 

... ... 

. . . . . .  

- 0.7 
- 0'7 
- 0.6 

- 1.0 

- 0'7 
- 0.7 
- 0.6 

- a-o 

- 0.7 
- 0.7 
- 0.6 
- 2.0 

0.0 

... 

... 

70 55 40.5 

59 47 54'9 

49 16 24.6 

180 o 0.0 

70 10 45'0 

60 51 49'4 

48 47 25.6 

180 o 0.0 

71 49 0'1 

60 6 29.0 

48 4 30.9 

180 o 0.0 

I a8 15.1 

97 15 ar-4 

81 16 13.5 

+ 0.3 
+ 0'3 

+ 0.1 

+ 0.8 

0.0 

0.0 

0.0 

0.0 

+ 0.4 
+ 0.3 

+ 0.3 
-- 

+ 1.0 

+ 0.4 
... 
... 

5'0376609 

4'9988249 

4-94175268 

5'0.391896 

5.0066037 

4'9417526* 

5'0479187 

5'0081688 

4'9417516* 

3'41106rr 

5'0081689 

5.0066037 

180 o 0.0 

1 3 54'5 

78 3 47'0 

1 0 0  52 18.5 

180 o 0.0 

67 58 50'4 

45 56 7-1 

66 5 1 . 5  
-- 

180 o 0.0 

... 

- 0'3 
... 
... 

-- 
... 

- 0.1 
0.0 

0.0 

- 0.1 

. . . . . .  

r 3 54.8 

...... 

.,. ,.. 

. . . . . .  

67 58 50.5 

45 56 7'1 

66 5 1'5 

180 o 0.1 

3'3164138 

5.0376609 

5'0392895 

3'4271555 

3-3165089 

3.4~106a1 

... 

0'0 

... 

... 

... 

0.0 

0.0 

0.0 

0.0 
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TABZE A. !l!RIBNGULATION FOR THE CONNECTION OF LONGITUDE STATIONS. 

COMPUTATION OF TRIANGLES.-(Continwd). 

* The mean dintantxi Kntegudda s. to Rai lwa~ Station s., deduced from Triangles Nos. 7 and 8, is need for Triangle No. 9. 
t For distance A :  H.S. to Mutrhni H.S. aids Triangle No. 204, page 47-D of tlie Great Indns Series, Synoptical Vol. I. 
t ,, Kareundi H.S. to Jubbulpore Hill Mark vide Triangle No. 84, page 17--B of tlle Jubbalpore bferidio1:nl Series, Synopticnl Vol. 1X. 
f ,, Xtfadhoni H.S. to Usira 8.9. vidc Triangle No. 37, page 15-A of the area t  Arc Meridional Serien, Rection 24' to 30°, Bynoptical Vol. 11. 

Longitude Slstion 
to be fixed 

BELIARY 

3 Correctione for 

4'407 9803 

4.4442414 

4'5275730t 

3 ' 9i8693 

4' I a9829 

3'868814$ 

3'863912 

3.922413 . 

3'918693 

47 59 32 

53 51 39 

78 7 49 

1 8 0 0 0  

42 59 40 

1 0 5  2 4 

31 $3 16 

- 1 

- 3 
- 3 

- 9  

- 7 

- 7  

- 7 

H.8. 47 59 35 o 

,, 53 52 4% o 

KURRACHEE Telegraph Office s. 18 7 52 o 

Gums ... 180 o 9 o 

Names of Stationr 

Sessions Court 8. 

Kategudda 92 

Railway Sbtion sr 

Sums . 

Knteydda a. 

Boilway Statio~i 

Telegraph Offlce ,, 

Sums ... 

" 

AGE4 

5 

Observed Anglee 

0 1  N 

67 58 50.5 

66 5 2'5 

45 56 7'1 

180 o 0.1 

17 36 31.0 

19 35 20.2 

142 48 8.4 

b 

Inch 

12 

11 

. I 

JUBBULPORE 

- 1'4 
- 1.5 

- 4'4 

Corrected Angles 

0 1 /I 

67 58 50'4 

66 5 2.5 

45 56 7'1 

180 o 0.0 

7 36 I 

19 35 20.3 

142 48 8.6 

-- 

8 

9 

14 

,, 

11 

45 27 52.1 

19 38 38'4 

180 o 0.0 

-21 1 180 o o 

Distance 
i~ :  

Log Feet 

3~4270604 

3'4209670 

3'3164138 

3'1a6qog3 

3'1710594 

3'4zf1080* 

179 59 59.6 

Gpherical 
Excess 

I1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

14 

- 5 
- 5 
- 6 
-16 

- 1.5 

I 

0 bservation 
Error 

N 

- 0.1 
0.0 

0.0 

- 0.1 

+ 0.1 
+ 0.1 

+ 0.2 

18 

14 

K m u n d i  H.6. 

Jubbulpore Hill Blark 

Sid-toria . 8. 

47 42 28 

57 49 16 

74 28 16 

180 o o 

24 53 29.5 

Buma ... 

Jubbulpore Hill Mark 

Sid-toria 0. 

Telegraph Offlce 11 

Gums ... 

Madhoni H.6. 

4.4580199 

4'7052207 

4'7329164 

-0.2 1 31 35 43.5 

- 0.2 67 46 19.5 

Uaira 39 

Panj Afahal s. 

Sums ... 

Uaira H.S. 

Panj Mahd 8. 

Dura 9 

42 59 47 

105 a X I  

31 58 23 

- 0'3 

- 0.7 

o 

o 

o 

180 o 21 

47 42 33 

57 49 21 

74 28 22 

180 o 16 

a+ 53 31.3 

80 37 57'0 

180 o 0.0 

o 

o 

o 

o 

o 

- 0'3 
45 a; 53'9 

109 38 40.3 

180 o 5.5 

31 35 43'8 

67 46 19.8 

80 37 57'4 

- 0'4 
- 0.4 

- 1.1 

- 0.1 
- 0.1 
- 0.1 

8ums ... 180 o 1.0 - 0.3 
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TABLB A. TRIANGULATION FOR THE CONNECTION OF LONGITUDE STATIONS. 

COMPUTATION OF TRIANGLES.-(Continwd). 

The mean dirtance TSj Xahal ?&& a. to Moti Maajid I., deduced from Triangles Nor. 19 and 20, is uaed for Triangle No. 21. 

Longitude Btation 
to be 5xed 

AGRA 

3 

2 ; 
8 a 
G 

Inoh 

12 

ID 

,, 

,, 

,, 

,, 

,, 

No. of 
Triangle 

-- 

16 

16 

17 

18 

19 

20 

21 

Names of Stations 

Panj M&d s. 

Durn ,, 
Akbar'e Tomb IS 

Bums ... 

Pauj Mahal 6. 

Akbar'a Zlomb 11 

Bartirn ,, 

Bull18 ... 

Akbsr'a Tomb r. 

BarLrn ,I 

Moti Ma~jid 11 

Bums ... 
Akbar's Tomb r. 

BarBra 1, 

Tij Mhinl Affnbr 8, 

Bunim ... 
B a r k  0. 

Ttij Mnhal Mintir II 

Moti Masjid I, 

Bumm ... 

Akbar's Tomb 8. 

T4j Mallal Mh/r ,, 
Moti Maajid I, 

8umr ... 

Tij Mahal M f h  1. 

Moti Masjid s, , 

Telegraph Oface 11 

Sums ... 

a 

Observed Angles 

o I 11 

60 30 1.4 

103 46 13.6 

15 43 43'9 

180 o 8.9 

16 7 45.6 

37 15 40.8 

126 36 38-0 

180 0 4.4 

84 37 26.4 

39 27 0'4 

55 55 32'5 

179 59 59.3 

88 9 28.9 

44 24 39'4 

47 15 47'3 

179 59 55.6 

4 57 39'0 

33 3 32'2 

141 58 54'4 

180 o 5.6 

3 31 2.5 

14 aa 15'1 

162 5 33'1 

179 59 50'7 

44 57 25.1 

90 39 42'6 

44 2.2 58.1 

180 o 5.8 

Corrections for 

.. 

Corrected Anglea 

0 1  n 

60 a9 58.4 

103 46 20.6 

15 43 41.0 

180 o 0.0 

16 7 44.2 

37 15 39'3 

126 36 36-5 

180 0 0.0 

84 37 a6.6 

39 27 0.7 

55 55 32'7 

180 0 0.0 

88 9 30.4 

44 24 40.8 

47 25 48.8 

180 o 0.0 

4 17 37.1 

33 3 30'3 

141 58 52'5 

180 o 0.0 

3 32 5.6 

14 ra 18') 

161 6 36.2 

180 o 0.0 

44 57 23.2 

90 39 40.6 

44 2 1  56.1 

180 o 0.0 

Rpherical 
Excem 

11 

- o'a 

- 0.1 

- 0.1 , 

- 0.5 

- 0.1 

- 0 .2  

- 0 2  

Distairce 
ia 

Log Feet 

4.9646304 

5.0122661 

4'4580199 

4'5514386 

4.8897815 

5-0112661 

4'6313300 

4'4362967 

4.5514386 

4.6840686 

4'5292699 

4.5514386 

3'8313903 

4'6313346 

4'6840686 

3'8314498 

4'4362946 

4.5192699 

3'83582~8 

3.9866393 

3'8314to1* 

Observation 
Error 

11 - 2.8 

- 1.8 

- 1'8 

- 8'4 

- 1.3 

- 3 

- 1'3 

- 0 1 - 3 9  

- 0.1 

0.0 

- 0'1 

- 0.1 

- 0.1 

- 0'1 

- 0'1 

- 0'3 

0'0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

+ 0 - 3  

+ 0'3 

+ 0.3 

+ 0'9 

+ 1.6 

+ 1'5 

+ 1.6 

+ 4'7 

- 1.8 

- 1'9 

- 1.9 

- 5.6 

+ 3'1 

+ 3-1  

+ 3.1 

+ 9'3 

- 1.9 

- 2.0 

- 1.9 

- 5'8 
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TABLE B. TRIANGULATION FOB THE CONNECTION OF LONGITUDE STATIONS. 

GEODETIC LATITUDES, LONGITUDES AND AZIMUTHS. 

* The geodetic elements of tile= stations nre taken from tile results of the 5nal reduction of the Triangulation of the Qreat Trigonometrical Survey in 
Bouthem India not yet publisl~ed. 

) For geodetic elementa of A : H.8. and Mutrlni H.S. aids page 47-D of the Great I n d ~ ~ s  aeries, Synoptical Vol. I: 
3 8, II Kareundi H.S. and Jubbulpore Hill Mark vide pages 25-E, 3 2 ~ ~  and 83-g of the Jubbulpore Meridional Series, Syn.Vo1. JX. 
0 I8 18 Madhoni H.S. and Ueira II.9. vide pago 20-A of tho Grent Arc Mcridiounl Series, SccLion 24' to 3% Synoptical Vol. 11. 

Azimuth 

0 I 11 

OfLachmapur h.8. 147 59 59'79 

NaubatpahBr ,, 327 58 a8.88 

Of QadZkrrl H.S. 214 16 34-22 

,, fflinniir ,, 3 4 1 8 4 4 ' 5 4  

11 I, r r  323 18 15'4 

n 8s 8, 322 24 48'9 

In 9, 323 53 10.2 

OfMutr6ni H.S. 292 43 58-13 

o A: ,, 1 12 46 20.38 

Of Jubbnlpore IIilt Mark 63 qg 12 

,, Karaundi 13.9. 24.3 48 44 

), Jubbulpom Hill Mark 318 46 14 

Of Usira H 8. 326 49 52'98 

Madhoni ,, 146 55 26-11 

, ,Usirs ,, 11 24 17.1 

Panj Mahal s. 1243956 .2  

,S 81 II 6 4 1 5 4 6 . 8  

,, Akbar's Tomb ,, 206 58 45.8 

18 II I# 122 24 38.3 

,, II I, 118 53 7'0 

Longitde Station 
to be axed 

BOLAEUM 

Name of Btation 

Naubatpahdr . h.0. * 
Lachmapur 89 a 

Bolarum P.W.D. Office 1. 

No. of 
Trinngle 

1 

D E U A R Y  

KUEEACHEE 

JUBBULPOBE 

AORA 

, 

Latitude North 

0 I I, 

17 24 19.02 

17 31  3'86 

17 30 11'ar 

Longitude 
Enet of Greenwich 

0 I 11 

78 30 39'87 

78 a5 37-05 

78 33 38-41 

HIInniir H.B.* 

Gadikal II * 
Knkgudda 8. 

Railw~~y station 91 

8eeeioi1s Court 11 

Tclegrnpl~ O5ce 81 

A : H.8.t 

llutr6ni ,8 t 

Telegraph Office 1. 

K a m ~ ~ n d i  H.S.3 

Jubbulpore Hill Mark3 

Bid-toria n. 

Telegraph OBice 88 

Mndlloni H.S. 5 
Usira SI 5 
Panj Mahal 1. 

Dura SI 

Akbar'~ Tomb 88 

Badra  SI 

Moti Bfaajid I8 

TBj Mahal Minfir 8t  

Telegrapl~ 0 5 c e  I8 

14 55 18-96 

15 7 15-46 

15 8 32'24 

15 8 4Q.03 

1s 8 52.65 

15 8 3a - lo  

24 55 21-93 

24 53 12.83 

24 51 1-84 

23 l o  40.02 

2; l o  7 7 0  

.a3 11 18.66 

23 10 9-24 

27 13 49'6j 

26 57 6.2a 

a7 5 49-20 

27 3 7'55 

27 13 12.63 

27 7 58.47 

27 lo 47'74 

a7 l o  30.91 

27 9 41-24 

I 

2 

4 

8 

8 

. 
10 

11 

13 

13 

14 

16 

16 

17 

1 8  

21 

77 8 29-78 

77 16 52-59 

76 58 21.90 

76 57 55.80 

76 58 19-18 

76 58 6-76 

67 1 42-35 

67 7 19'90 

67 j za'os 

80 r 10.52 

80 o 59-42 

79 59 52-16 

79 59 29.79 

77 28 8.26 

77 40 19-76 

77 42 28-12 

77 46 49'43 

77 59 33-51 

77 -56 34'60 

3 48'92 

78 5 1.64 

78 3 29'07 
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TABLE C. DEDUCTION OF THE GEODETIC ELEMENTS OF THE LONGITUDE STATIORS. 

h'orx.-The meridional circle of the M d r n r  Observatory was the primnry origin of longitude8 of the Grent Trigonometrical Survey, and waa taken 
as 80' I 7' 21'' east of Greenwich, as determined in 1815. I n  1840 Colonel Everest adopted his Observatory at Kdiinpur ill Central India ns a second 
origiu of longitudes, placing it in 77' 41' 44'"75 by calculation from Madraa througli the triangulation which had been executed up to date by llimself and 
Colonel Lsmbton, most of which was subsequently revised, and the wl~ole l ~ a s  now been finally rrduced. The value Soo I 7' arl'.l;r above adopted ia derived 
from the final reuulta of the triangu:ation applied direrentially to the value adopted nbove for Kaliinpur as cxplained ia the preface to this volume. 

The geodetic elomenta of all the other stations have been 5 a l l y  detcrluiued in thc ealllc manner, but the results for the stntious marked with an* hare 
not yet been publiahod. 

Name of Station 

Madras Observatory (Meridian Circle) a.* 

Reduction to Longitude Station ... 

bladraa Longitude Stntion ... ... 

Bangalore, 8. W. End of Bune.line S.* ... 
Reduction to Longitudo Stalion ... 

Bnngslore Longitude Station ... ... 

Mangnlore S.* ,. . ... 
Reduction to Longitude Station ... 

brangalore Longitude Station ... ... 

Coliba (Bombay) s.* ... ... 
Beduction to Longitude Btation ... 

Bombay Longitude Station ... ..- 

Meppen h.8. ... ... ... 
Reduction to Longitude Station ... 

Vizngapatnm Longitude Station ... 

Dcem Telegraph O5ce s.* ... 
Reduction tohng i tude  Station ... 

Deem Longitude Station ... ... 

Bolarum, P.W.D. O5ce I. ... 
Reduction to Longitude Station ... 

Bolarum Longitude Station ... ... 

Bcllary Telegraph O5ce a. ... 
Eeduction to Longitude Btation ... 

Bellary Longitude Station ... ... 

R ~ m a a x s  

The Longitude Station was 65 feet due north rrom the Bferi- 
dian Circle of the Madree Observatory a. (cide page 251). 

- 

The Longitude Station wan 38 feet due north from the 8.W. 
End of the Baae-line 8. (vide page 25 I). 

The Longitude Station wan 63 feet due south from tho 
Mangalore 8. (vide page 25 I). 

Geodetic Latitude Geodetic Longitude 

0 I I, I 
13 4 3-11 

+ 0.64 

13 4 3'75 

13 o 40.91 

+ 0.38 

13 o 41'29 

121 52 14.76 

- 0.62 

12 51 14'14 

o , , ,  

80 17 21-51 

0.00 

80 17 21'51 

57 37 27'37 

0.00 

77 37 21-37 

74 53 9'89 

0.00 

74 53 9'89 

18 53 48'94 

+ 0'55 

18 53 49-49 

1 7  41 21.83 

+ 0 .26  

1 7  41 22.09 

24 15 30'23 

- 0.88 

24 15 29'35 

17 30 1 1 ' 2 1  

+ 2-44 

17 30 13-65 

15 8 32'10 

+ 0.96 

15 8 33.06 

71 51  15'72 

+ 0.55 1 The Longitude Station waa 55 feet north apd 53 feet east 
from the CoUba 8. (cide page 25 I). 

72 51 16.27t 

83 19 43.39 

+ 3.61 

83 19 47.00 

7 2  13 32-64 

- 0.61 

72 13 32'03 

I 

78 33 38-47 

0.00 

i8 33 38'47 

76 58 6-76 

oSoo 

56 58 6-76 

Vide pnge 59-D, SynopticalVol. X, GI. T. Survey of Illdin. 

The Longitude Station was 26 feet nortli and 349 fect east 
from bleppcn h.8. (vide page 251). 

The Longitude Stntion was 89 feet wnth and 56 feet west 
from the Talegrnyh O5ce s. (vide pnge 252). 

Fixed by speoial triangulation (rids Tabler A and B). 

The Longitude Shtion wae 246 feet due north from the 
Y.W.D. Office a. (vide page 252). 

Fixed by specisl triangulation (vide Table; A and B). 

The Longitude Station was 97 feet due north from tlie 
Telegraph Office a. (vide page 25 2). 
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T D L E  C. DEDUCmON OF THE GEODEmC ELEMENTS OF THE LONGITUDE STATIONS. 

TABLE D. COMPARISON OF GEODETIC AND ELECTRO-TELEGRAPHIC VALUES OF EACH 

ARC OF LONGITUDE MEASURED DURING SEASONS 1875-76, 1876-77 AND 1880-81. 

Name of Station 

... Kurmchee Telegraph Office s. 

Beduction-to Longitude Station ... 

K d e e  Longitude Station ... ... 

Jubbulpore Telegraph O5ce a. ... 
Beduction to Lol~gitude Station ... 

Jubbulpore Longitude Station ... 

Agrs Telegraph Ofece s. ... 
Beduction to Longitude Station ... 

Agm Longitude Btstion ... ... 

R s v ~ s n e  

Rised by special triangulation (aids !lWtar A and B). 

The Longitude Station wae 61 feet north and r5a feet 
weet from the Telegraph O5ce a. (oids page a5a). 

Fixed by special triangulation (vide Tablsr A and B). 

The Longitude Station waa 87 feet due north from the 
Telegraph Offlce s. (u& page 252). 

Fixed by speciul triangulation (aids Tabler A and B). 

The Longitude Station wan 233 feet due south from the 
?ekegraph O5ce 0. (aids page ass). 

Geodetic Latitude Qeodetio Longitude 

a: 5; 1#:84 1 0 I II 

67 3 22 .og 

+ 0.60 - 1-65 

24 51 a.44 6; 3 20.40 

23 ro 9.a4 

+ 0.86 

2.3 10 1o.10 

27 9 41-24 

- 2-31 

27 9 39-93 

Difference by Bubtmcting the 

Eleatro-telegraphic from 

the Geodetic Value 

Bewon of 

Obwrvation 

C1 m 
r( i 
5 { 5 

79 59 a9.79 

o m o o  

79 59 29'79 

78 3 29-01 

o -oo  

78 3 29'07 

8 

+ 0.632 

+ 0.409 

+ 0'230 

+ 0.178 

+ 0.419 

+ o'ora 

- 0 . 0 8 6  

+ 0.294 

+ 0.206 

- 0.783 

+ 0.238 

- 0.461 

+ x 1 2 0  

+ 0.503 

+ 1.055 

+ 0.382 

- 0.716 

rl 
L9 

4 

Electro-telegraphic 

Value (Table8 XIX, XX, 
XXI and XXXII) 

WI a 

aa 48.848 

16 26.957 

6 11.884 

6 54'691 

13 16.564 

2 37'362 

11 9'785 

a5 36.389 

8 7'369 

2 31'732 

20 40.537 

13 11.186 

18 31.781 

5 43'9[8 

7 41'993 

31 3'469 

23 20.519 

Name of Aro 

Bolarum-Bombay .., ... ... 
Bellary-Bombay ... ... ... 
Bolarum-Bellary ... ... ... 
M a d ~ B o l a r u m  ... .. . ... 
MadratiBellary . . . ... .. . 
Bangalore-Bellary ... ... ... 
Vizmgapatam-Madm ... ... ... 
Vkgapatam-Bebry ... ... ... 
Mangalore-Bombay ... ... ... 
Bombay-Deem ... ... ... 
Deeaa-Kurraahee ... ... ... 
Bombay-Xurrachee ... ... ... 
Jubbulpore-Bombay ... ... ... 
JubbulpowBolaram ... ... ... 
Jubbulpo~+Agra ... ... ... 
Jubbulpom-Deem ... ... ... 
A p D e e m  ... ... ... ... 

I# 

+ 9'480 

+ 6.135 

+ 3'450 

+ 2.670 

+ 6.285 

+ 0 . 1 8 0  

. - 1 .290  

+ 4.410 

+ 3.090 

-11'745 

+ 3'570 

- 6.915 

+ 16.800 

+ 7'545 

+ 15.825 

+ 5'730 

-10.740 , 

(aids Tabls C) 

(I) 8 

1.2 49'480 

16 27.366 

6 22.114 

6 54'869 

13 16.983 

2 37'374 

12 9.699 

25 26.683 

8 7'575 

a 30.949 

20 40'775 

a3 11.725 

18 3 n . p ~  

5 43'411 

7 44'048 

31 3'851 

13 19.803 
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DEDUCED VALUES OF ONE ARC I N  EACH TRIANGULAR CIRCUIT . 

Circuit Error 

(a) - (B) 

8 

- 0.007 

+ 0.011 

- 0.040 

- 0.015 

+ 0'044 

+ 0.083 

+ 0'043 

0.035 

Vsluee of A L from Tablea 

XIX. XX. XXI and 

X g X I I  

?I8 8 
6 21.884 

16 26.957 

22 48'841 

22 48.848 

6 54'691 

6 21.884 

13 16'575 

13 16.564 

12 9'785 

13 16.564 

25 26'349 

25 26.389 

5 42.918 

22 48.848 

28 31.766 

28 31.781 

28 31.781 

a 31'732 

31 3'513 

3l 3'4'j9 

2 31'732 

lo 40'537 

a3 12.269 

23 12.186 

7 42'993 

2.3 20.519 

31 3'512 

31 3'469 

Arithmetic Mean ... 

Nnmber of 
Clrcuit 

1 

8 

8 

4 

6 

6 

7 

Name of Arc 

... ... Bolarum-Bellary ... ... ... ... 

... Bellary-Bombay ... ... ... ... ... 

(a) Bolarum-Bombay. deduced ... ... ... ... ... 
... .a.  ... ... ... (B) 91 observed 

... MadrneBolarum ... ... ... ... ... 
... ... Bolarum-Bellary ... ... ... ... 

... (a) Madrae-Bellary. deduced ... ... ... ... 
(s) ... ... ... ... ... I9 observed 

Vizagapatam-Madm ... ... ... ... ... ... 
Mt~dlrrs-Bellary ... ... ... ... ... ... 
- 

... (a) Vkagapatsm-Bellary. deduced ... ... ... ... 
... ... ..a ... ... (a) 9) observed 

Jubbulpore-Bolarum ... ... ... ... ... ... 
Bolarum-Bombay ... ... ... ... ... ... 

(a) Jubbulpore-Bombay. deduced ... ... ... ... ... 
... ... ... ... ... ( B )  SJ observed 

JubbulporsBombay ... ... ... ... ... ... 
Bombay-Deesa ... ... ... ... ... ... 

(a) Jubbulpore-Dee- deduced ... ... ... ... ... 
... ... ... ... ... (8) IS 0bsewed 

Bombay-Dew ... ... ... ... ... ... 
Deera-Kurrwhee ... ... ... ... ... ... 

(a) Bombay-Kurrachee. deduced ... ... ... ... ... 
... ... ... ... ... (B)  19 observed 

Jubbulporebgre, ... ... ... ... ... ... 
Agra-Deem ... ... ... ... ... ... 

... (a) Jubbulpore-Dee* deduced ... ... ... ... 

... ... ... ... ... #I observed 

Circuit Error. 
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T D L E  E! ABS!I!RACT OF TEE RESULTS OF IDIOMElZEB OBSEB;VATIONS, SEASON 1880-81 

AND COMPARISON OF PERSONAL EQUATIONS A 8  OBTAINED FIXOM STAB 

AND IDIOMETEa OBSERVATIONS. 
h 

Arc 

' 

Bombay 

and 

D e e ~  

Deem 

end 

K-hee 

Bombay 

and 

Kurrachw 

Jubbulpom 

and 

Bombay 

Date 

t 
Personal Equatiom 

wia1 
Observations 

vid8 Tdla XXPII 
and by the 

ldiDmetar at, the 
acme timed 

Relative 

By Idiometer Beaults 

Om - Hm 

November 1880 

By Stare 

ON - HN - + om-ota 
C, - Hs - - o -050 

~y Idiometer 

CL - H. - - eeo4a 
a, - H, - -0.100 

January 1881 

B y  8bra 

CN - HN - + d.050 
cs - HB - + 0 '033 

By Idiometer 

C. - B. - - o'.o15 
0. - H. - - o 'oja 

LieuL-Colonel hmpbell's Observations 

0. - H. 

1880 

.oa + '03 .08 + .o7 
'02- '01 -06 .04 ,, 16 -15 '11 

'01 "'5 '05 ,, I7 '15 -11 '03 '05 '10 ' 0.3 

,, 18 '15 -11 '03 '04 -07 -06 'or -oa '08 '* 
,, 19 -13 '11 ' 10 'oa -08 '05 '03 '9 
-- ---- 

Major Heaviside's Obecrvationa 

Means 

1881 

Jan. 6 

$9 6 

,, 7 

8 

,, 9 

,, 10 

Means 

Ja~l: 17 

, 18 

,, 19 

,, 20 

,, 21 

, 28 

Means 

Feb. 6 

,, 7 

,, 8 

,, 9 

,, 10 

r ,  1s 

,, 14 

Means 

By Zenith 
Starr 

CN - Cs 

By the Idiometar 
By Zenith 

stars 

HN - HS 

By the Idiometar 

0. 

... ... ... ... +o.030 +o.ozo +0'052 + o a 0 4  

+oars 

-17 

... 
'15 

'17 

.IS 

... 

H. - H, C. H, 4 - C, 11, 

+o-14 

'12 

... 
'13 

'12 

-1% 

... 

to.16 ' ro.14 

+0.04 

'05 

... 
'oa 

'05 

-06 

+0'044 

'15 

... 
-14 

'14 

-07 

+o.oa 

'02 

... 
'04 

-04 

-oa 

+o.o28 

r.. 

+o-03 

-06 

'04 

'01 

-05 

-04 
----- 

'13 

,.. 
'lo 

'10 

a05 

+o.o~ 

'04 

... 
.oo 

-oa 

'01 

+onoa4 

+oSo5 

-05 

-05 

'02 

-07 

'07 
---pppp--- 

... 

+o.oar 

-0.03 

+ -02 

-01 

'07 

-01 

- '01 

+oeola 

+on06 

-06 

'07 

'07 

-08 

.o8 

... 

to-06 

"4 

... 
'oa 

'09 

'05 

+o.ogq 

... 
+o-06 

'04 

-04 

'04 

'01 

-06 

+O.OI 

'01 

'02 

'05 

-01 

'01 

+o.o18 

+..or 

-03 

.05 

'04 

... 

... 
- - ~ ~ ~ ~ ~ ~ ~ -  

... 

+oso5 

.08 

.08 

'05 

'07 

-07 

-05 

... ... 

... 1 ... 

I 
+oVoa 

'03 

'04 

'oa 

... 

... 

+0.028 

+oeo4 

-05 

-'or 

+.06 

'04 

'oa 

' 0.3 

t0.08 

-06 

-07 

-06 

... 

... 

... 

+o.o; 

-09 

.08 

'08 

-13 

-0s 

'07 

to.042 

+O.OI 

'03 

'02 

'02 

... 
..a 

+o-ozo 

+onoz 

'01 

'00 

'03 

.06 

'01 

'oa 

I to.040 ... 

... 
+oa14 

-17 

'14 

-13 

'14 

'14 

+oao33 

+o'~a 

.[I 

... 

.o8 

'09 

'10 

+o'loo 

... 

... 
+O.II 

- 1  I 

-10 

.II 

'09 

-10 

+o.9 

.07 

... 
'11 

'05 

'05 

+0.074 

+0.08 

' 09 

... 
'08 

... 

.., 

+omo83 

... 
4-0'05 

'09 

-06 

'00 

a06 

'07 
---- 

t0.07 

'10 

... 
-06 

... 

... 

+o-o7g 

... 
+o'o3 

'03 

'05 

'04 

-oa 

'05 

+omo55 +o.og7 
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TABLE E! ABSTRACI) OF THE RESULTS OF IDIOMETER OBSERVATIONS, SEASON 1880-81 

AND COMPARISON OF PERSONAL EQUATIONS AS OBTAINED FROM STAR 

AND IDIOMETER OBSERVATIONB. 

dro 

BolsNm 

and 

Jubbulpom 

Jubbulpow 

and 

A I P  

Date 

1881 

Reb. 23 

,, 24 

,, 26 

,, 28 

Mar. 2 

,, 8 

Means 

Mar. 11 

12 

,, 18 

,, 16 

,, 17 

,, 80 

,, el 

Meanr 

~ieut.-Colonel Campbell's Obmrvationr Major Heaviside's Obmrvationr Belatire Pemonal Equlrtionr 

By the Idiometer 

00 

8 

+oars 

'11 

.13 

-11 

-11 

-11 

... 

+0'14 

.16 

-11 

-16 

-18 

-11 

... 

... 

Observatiom 

Stars vide Tabla XXPII 
and by the 

ON - CB 0. 

8 

+oSog 

'08 

-08 

'07 

'07 

'08 

... 

+ o ' l i  

'09 

-12  

I 

'09 

... 

... 

8 

+o.oq 

-06 

-08 

'07 

'05 

.W 

+oSo57 

+0'04 

-06 

'03 

'07 

'07 

-08 

... 
+oao58 

c n  - c. 

8 

+om03 

'04 

-05 

-04 

'04 

-04 

+oao40 

+oaoa 

'05 

-03 

'04 

.q 

'03 

... 

+oSo35 

8 

+os'06 

.05 

'04 

-05 

.oq 

'01 

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

+oeoq 

'05 

-06 

-03 

'04 

-06 

'07 
---------- 

... 

8 

+0.08 

'08 

'08 

-08 

-08 

'08 

... 
+o-06 

'10 

'10 

.08 

'08 

-08 

-10 

... 

8 

+o.o2 

-03 

'04 

'03 

-04 

'07 

+oao38 

+oaoa 

-05 

-04 

-05 

'04 

-01 

-0.3 

+o.o56 

8 

+omo4 

-06 

'03 

-06 

'07 

.06 

+oao53 

+oaog 

*08 

'04 

-08 

- -04 

+ . 0 7  

-08 

+oeo5f 

8 

+oe03 

'03 

'04 

- 0 2  

'03 

-07 

+oao37 

+om08 

- 06 

'03 

'09 

'10 

'03 

... 

+0.065 

8 

+o.o+ 

'04 

'‘'5 

'03 

'03 

'04 

+oVo38 

+0.08 

-06 

'01 

-08 

'10 

'04 

... 

+oa063 

same times 

April 1881 

By Btam 

cN-H,-  +0..118 

C8 - Ha - + o -043 

By Idiometer 

0. - H. - + om.017 

C. - H. - - o -010 
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CHAPTER I. 

DIFFERENCES OF LONGITUDE BETWEEN BOMBAY, ADEN AND SUEZ DETERMINED 
BY MEAN8 OF THE SUB-MARINE CABLES. 

The necessary sanction having been obtained from the Government of India, for extending the 
electro-longitude operations to Suez, by means of the sub-marine cables in order to connect the Bombay 
longitude station with a point at Suez, the longitude of which had already been determined by observa- 
tions between it and Greenwich, the necessary preparations were entered upon by Captains Campbell 
and Heaviside in March 1877. 

The instruments used were those described in Part I of this volume, but it was not possible to 
continue the system of observing which had been generally adopted when working by land telegraph 
lines in India-via., the practice of using the same clock for taking star transits at both stations of 
observation. The system of comparing clocks at fixed times each night, and observing transits with each 
clock locally between such comparisons, was therefore per-force adopted, and the Directors of the Eastern 
Telegraph Company very liberally conceded the free use of the cables for the time necessary to carry this 
out ; but it was still necessary to devise a method by which the clock comparisons could be made, because 
it wm not practicable to transmit clock signals, or indeed any other signals, from one station through 
the cable for record on the distant ohronograph. 



ELECTRO-TELEGRAPHIC LONGITUDES. 

The Thornon Sypholz- Recorder. 

The great object was to contrive a system of recording mechanically at both stations, signals sent 
alternately from each, so as to obtain a comparison of clocks free from any personal equation, such as 
might be expected to enter into any method of comparison depending on the personal observation of 
signals, either by eye or ear. The ' Thomson Syphon-Recorder', which was fortunately in use on the 
Bombay-Suez cable, offered the means of effecting this, and a few remarks descript.ive of that bertuti- 
ful instrument will not be out of place. 

A very fine syphon of glass is suspended in the most delicate manner, so as to be affected by the 
currents-passing tllrougti the cable, which jerk it in opposite directions according as they are positive or 
negative. The upper end of the syphon dips into a reservoir of ink (aniline blue) and the lower end is 
very nearly in contact with the paper tape on which the record is to be produced, but the calibre of the 
syphon is so very fine that the ink must be forced through it, which is done in the following way. At 
the top of the instrument there is a wheel, of about six inches diameter and nearly the same width, 
technically called the 'mouse-mill', which is driven by an electro-magnet below it. The motion of the 
mouse-mill serves two ends :-(1) i t  draws the paper tape past the sypllon at  a rate which can be regulated 
a t  pleasure; (2) it induces a powerful current of statical electricity, which is conducted by a sharp- 
pointed brass rod towards a disc of brass, the distance of which from the point of the rod can be varied, 
so as to regulate the quantity of electricity received by the disc from the rod. The disc is in connection 
with the ink reservoir, and thus the ink becomes electrified to a degree depending on the distance be- 
tween the point of the rod and the disc. The insulation of the mouse-mill, and of the ink reservoir, must 
be very perfect because the static electricity, which is of high tension, will leak away through the slightest 
opening. The paper tape then affords the nearest conductor for the escape of the electricity in the ink 
to earth, and this suilices to force the ink through the syphon and across the small interval between it 
and the tape. When no current is passing through the cable the syphon remains at rest, and traces a 
straight line along the centre of the tape, which is called the ' zero line.' Positive and negative cur- 
rents jerk the syphon aside in opposite directions, so as to mark signals on opposite sides of. the zem 
line. When working tlie cable on tho ' simplex ' method, all signals transmitted and received are re- 
corded on the tape, the former being very sharply defined as compared with the latter; but when 
arranged for ' duplex' working, the signals transmitted are not locally recorded. 

Method of Comparircg Clocks by 'Xongitzcde Signale.' 

The first plan contemplated was, that at each station tho signals t,ransmitted through the cable 
should be recorded on the local chronograph, as well as on the paper tapes of the local and distant syphon- 
recorders-single signals being sent from each end alternately-and this method was named, comparison of 
clocks by 'longitrude signals'. This arrangement would afford a record on the tape at  each station of a series 
of received signals R, B, each occurring between two transmitted signals A, A, so that by measuring the 
intervals on the tape, and assuming uniformity of its motion, the former, R, R, might be interpolated in 
terms of the latter, A, A, see fig. 1, page ( 5 ) .  Now the signals A, A; R, B, being also recorded on the local 
chronographs, their exact local times become known, and thus the difference between the clocks might 
be arrived at by the observations at each station, only affected by retardation of signals, which would 
enter with different signs at the two ends, and might therefore be considered as cancelled when a mean 
of both results was taken. An apparent objection to this method, besides the fact of the reductions being 
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laborious, waa the necessity of trusting to uniformity in the rate of the tape ; but experience afterwards 
proved that each series of signals (A, A ; B, B) could be transmitted at  intervals of less than three seconds, 
and that for such intervals the rate of the tape was quite sufliciently good. While considering the best 
method of arranging for tlie record on the chronograph of the signals transmitted through the cable, which 
presented some difficulties, another system for effecting the clock comparisons was devised, which promised 
many advantagee over that by longitude signals. 

Fig. 1. 

4. 
The 'Ink-arrest ' lllethod of Comparing Clocks. 

It has been already remarked, that great attention is always requisite to keep the ink reservoir of 
the syphon-recorders perfectly insulated, failing which the flow of ink is at  once arrested. It was noticed 
as an interesting fact that a touch of the finger, or even of a pencil, on the reservoir sufficed to stop the 
flow of ink, and the inference was drawn that tile clock might be so connected with the reservoir as to 
put the ink to earth at each second, tliereby marking the seconds on the tape by breaks in the ink line. 
This was accomplished, with some little trouble owing to difficulties of insulation, by placing a polarised 
relay on the table beside the syphon-recorder, and passing the signals from the clock through the relay 
so as to work its armature at each beat. The contact-stud on one side of the armature was then con- 
nected with earth, and the armature itself was put in connection with the ink reservoir by a fine wire, so 
that at  each beat of the clock the reservoir was put to earth, and a, beautiful record 'of seconds on the 
tape, by means of little breaks in the ink line, was obtained. 

The comparison of clocks then took the following form and waa named, comparison by the 
'ink-arrest ' metliod. Hand signals by key were transmitted from each station in alternate series (instead 
of in series of alternate signals, as would be the m e  when employing longitude signals) and recorded on 
both recorder tapes, while on each tape the seconds were marked by the local clock, and thus the l o d  
and distant times of each signal could be found with great facility by comparing the two tapes. The 
advantages of this system over the former mere several :-(1) the rate of tlie tape mas only relied on for , 

intervals of one second ; (2) the results of the comparisons could be deduced with very much less labor; 
(3) a comparison could be carried on without in any way interfering with the work in the observatory, 
because the connection of tlie clock with the relay was under the control of an assistant in the Telegraph 
Office who made the comparisons when required, taking care to mark certain times on the tape-by a 
clock which had been compared with that of the observntory-in order that the observatory clock's record 
ol'seconds might be' properly identified as regarded minutes. The beginning of each minute was of course 
marked on the recorder tape, just as on the chronograph sheets, by the omission of one signal. It is 
evident that nothing in the shape of a personal equation of observation enters into either of the two 
methods of comparing clocks above described, though it is possible that personal peculiarities of using 
the signalling key may produce minute variations in the retardation of the signals. 
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Adoption a ? ~ d  Sdsequent Failure of the Ink-arrest Method. 

The success of continued experiments with the ink-arrest method at  Bombay before commenc- 
ing operations was most satisfactory, and it was decided to adopt it for the observations, but when put 
in practice between Bombay and Aden great difficulties were found in working it. The difEculty of 
preserving the necessary insulation of the ink was greater than usual at Aden in consequence of the ex- 
treme dampness of the atmosphere, and it was found that while the electric tension was sufficiently 
great to maintain the flow of ink, it often failed to start it again after interruption. The result was 
great delay in making the comparisons, which interfered so seriously with work in the observatory, that 
for that reason alone it would have been advisable to make a change if possible; and, moreover, the 
amount of time during which the cable mas occupied in effecting the comparisons, and the consequent 
interference with its ordinary business, was too great to be permitted to continue. 

Elaboration and Final Adoption- of the Method of Comparison by Longitude SignaZ8. 

When describing the method of comparison by longitude signals, as being the first which was 
considered for use, mention was made of a difficulty in effecting the simultaneous transmission of the 
signals through tlie cable, and to the local chronograph, and this was the only thing that prevented the 
adoption of that system instead of the ink-arrest method, when the latter proved too troublesome to be 
continued. An arrangement was devised by Captain Campbell to get over this difficulty which proved so 
successful on trial that it was at  once adopted, the necessary alterations being fortunately simple and easily 
carried out. The new method will now be described. 

An ordinary polarised relay was introduced into tlle cable circuit, between the cable battery and 
earth, as shewn in fig. 2, page (7), so that every signal transmitted through the cable passed also through 
the coils of the relay, and worked its armature. The ordinary signalfing key, K, used for the cable is 
double, the members being so connected with the battery that the use of one puts zinc to earth and 
copper to cable, giving positive current, while the other does the reverse and gives negative current, but 
owing to the position of the relay the effect on it was the same in either case. I n  the secondary circuit of 
the relay-;. e., the circuit made and broken alternately by the armature action--one of the chronograph 
pen-coils, C, was included, so that the action of the armature made a signal on the local chronograph, 
and thus every signd transmitted by the cable was also recorded on the chronograph. It took very little 
time to carry out this arrangement at both stations, and it proved quite successful, removing entirely any 
difficulty in making the comparisons. The relay was placed close alongside of the syphon-recorder, and 
could be cut out of the cable circuit altogether by the transposition of a contact peg from P to Q. This 
was always done when the cable was used for talking purposes, but its omission in no way interfered with 
the cable's action, so that there was no risk of the ordinary business of the office being interfered with 
by the introduction of the relay. 

It may be remarked, that in neither of the methods just described was there any connection be- 
tween the cable and land lines, which would be strongly objected to, owing to the danger of introducing 
lightning discharges into the cable. 

All the observations used in the reductions were obtained under the system of comparing clocks 
by longitude signals, and it may appear that a description of the ink-arrest process was therefore 
somewhat superfluous. It. has been inserted because under more suitable climatic conditions it might 

practicable, and if so a large amount of labour in reducing the comparisons would be ssved. 



Relative Advantages of Wbrkit~g o9r the ' S h p l e x '  or  'Duplex' System. 

When employing tlle simplex method of working, the connections of the cable for receiving, re- 
quire alteration for sending signals, which is effected by a switch alongside of the signalling key. For 
clock comparisons by longitude signals therefore, the switch had to be moved after receiving every 
signal, and again after sending the return, and this was the only part of the process which gave any 
trouble, requiring some little practice at  first. The use of the switch also interfered'with the record, 
because, on putting it over after transmitting a signal, there always occurs a discharge from the con- 
densers-technically known as a ' kick'-which causes a violent disturbance of the syphon. An exact 
copy of the tape record is given in figures 4 and 6,  page ( lb ) ,  where the transmitted signals are marked 
(generally) A, or B, and Ulose received b, or a, the unmarked digressions being the effects of the kick. 
The kick can only be traced on the tape at  the distant end of the cable by a slight displaoement of the 
zero line. It would be a great advantage to avoid the use of the switch, both in order to get rid of the 
kick and for the convenience of the signaller, and it is possible to do so by adopting a rnodifbtion of the 
duplex system of working, in which the switch is never used. It is intended when working by duplex 
that the transmitted signals should not be marked on the local record-tape, but this is only absolutely 
the case when the electric balance (the secret of the duplex system) is perfect, and when that balance 
is thrown out, the transmitted signals are locally recorded in a degree de~ending on the amount of the 
disturbance. This exactly suited the purpose of clock comparisons, as the balance could be disturbed 
just sufficiently to obtain well-marked local signals, and it was tried bith excellent results but found 
impracticable for a continuance, because, as the ordinary work of the cable was generally done on the 
simplex system, alterations were required for working .by duplex which were not under the observers' 
control, and caused delay and trouble to the telegraph officials. The less perfect record of comparisons 
obtainable with the simplex arrangement was therefore always used. 
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Clock Cmpari80ras. 

The retardation of a signal through a sub-marine cable is so large a quantity compared with that 
on a land line, that every precaution was called for wliich might assist in elirriinating the effects of varia- 
tions in its value, and thereby increase the safety of the assumption, which unfortunately cannot be 
avoided, that it equally affects signals in both directions. With this view systematic changes of the cur- 
rent used were introduced, and the comparisons were executed as under. 

Eaoh comparison consisted of four sets of signals, known as A,B,C,D exchanges, each of which 
should contain 32 individual signals, sent alternately from the two stations, p'ositive and negative currents 
being generally used as shewn below ; 

For A exchange, current from E positive; from W positive. 
yS B as 9,  ,, E negative ; ,, W negative. 
s 0 3, 9, ,, E positive; ,, W ,, 
3, D 3, a, ,, E negative ; ,, W positive. 

The whole operation only occupied about eight minutes from first to last. 

Reduction of the Clock Comparisons. 

I n  the reduction of the clock comparisons the interpolation of the received, between transmitted 
eignals seemed likely at  first to prove very laborious, but as the work proceeded and settled habits of using 
the keys and switches were acquired, the regularity of signalling became so great that it was found quite 
feasible to effect the interpolation by means of a glass scale of converging lines, similar to that which is 
always used for reading the chronographic records. With such a scale the operation became very simple, 
the interval of B after A being read off at once in decimal parts of the interval A A, and converted into 
seconds by multiplying by the known (chronographic) time interval A A ;  vide fig. 1, page (6). 

With regard to reading off the tape records of comparisons, the question arose as to which past 
of the disturbance in the zero line caused by the signal received through the cable should be used, and 
the choice lay between two ; viz., the first departure of the syphon from the zero line, which was designated 
the 'initial disturbance'; and its maximum divergence, which was called the 'crest '; vide figs. 4 
and 6, page (15). The retardation of the latter ie of course much greater tban that of the former, but 
this affords no argument in favor of either so long as the constancy of both retardations is considered 
equally good. Caterie paribue, the variations of the greater quantity must be more serious than thoue 
of the smaller, and- there seems moreover good reason for suspecting more irregularity in the retardation 
of the crests, as this must surely be more dependent on the manner in which the key is used, the force 
with which contact is made, and the interval of time during which it is maintained-as also on the state 
of the batteries and condensers. For the above reasons the use of the initial disturbance of the received 
signals would be preferred, but unfortunately these are not nearly so well defined as tlie crests, and a 
much greater uncertainty of reading enters; on the whole however the balance of advantage seemed to 
be in favor of the initial disturbance, which was accordingly adopted as the signal. The foregoing re- 
marks apply only to the signals on the tape record which are received through the cable (see a, b, fige. 
4 and 6,  page (16) ). Of the transmitted signals A, B, (figs. 4 and 6) the first indication was always 
used, not only as more reliable in itself, but because it agrees most nearly with the corresponding signal 
on the local chronograph. As a large personal equation might probably obtain in reading these tape 
records, its effect was guarded against by the same person reading the whole set. 
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The Efect  of Retardation oti Land -Lines Connecting the Cable with the Obsef*catories. 

There is a feature in the retardation of signals, involved in the clock comparisons as carried out, 
which calls for recognition, although it can have had no appreciable effect on the work between Bombay, 
Aden and Suez. The situation 

Fig. 3. 

is sketched in fig. 3, showing the cable M N, wit11 retardation R, lying between the land wires con- 
necting the cable office.and the observatory at each end, the retardations of which are called r, r,. 
Now a signal made at M is recorded on the chronograph at E, and on the cable tape at  N, after intervals 
r and R respectively, so that (R being always greater than r or r,) the record at  N is R - r later than 
that at  E. Again, the record of a similar signal a t  M is later than that at W by R - r,. Thus it 
appears that this method cannot be used on the theory of equal retardation in both directions unless it 
may be assumed that r = r,. As the distances between the office and the observatory were only about 
3 miles a t  Bombay, 150 yards at Aden, and 1 mile at  Suez, this assumption was of course safe, but the 
point might call for recognition in case of the system being carried out wit11 long land lines between the 
ends of the cable, and the observatories. 

11. 
The Loftgitude Statiotts at Botubay, Adelt and Suez. 

The same station was used at Bombay for connection with Aden as had been employed in the 
measurement of the Indian arcs, the account of which is contained in Part I of this Volume. 

The longitude station at  Aden was placed close to the Eastern Telegraph Company's Office, a t  
the shore end of the cable. I ts  latitude was fixed by astronomical observations, and it was connected by 
triangulation with some prominent points of the island, as also with the station a t  which pendulum 
observations were made by Captain Eeaviside in 1873, and the point used by Lord Lindsay's party for 
chronometrical determinations of differential longitude with Suez, a t  tlie time of the Transit of Venus in 
187.1. A brief description of this triangulation with an abstraot of the results obtained will be found 
in the Appendix. 

At Suez the same point was adopted as that used for the observation of the Transit of Venus 
in 1874, when the observatory mas placed on an elevated mound about 40 feet hjg11, on which a building 
known as the Khedive's Chalet is situated. The longitude of this point was determined electrically in 
connection with Greenwich, for the reduction of the Transit of Venus observations, with results which 
will be found in the Appendix. This station mas connected by a traverse with the point used by Lord 
Lindsay's party at  Suez for the observations between Aden and Suez already alluded to, vide Appendix. 

The mound on which the Suez station was situated is not natural but of artificial erection, 
and though its origin must be of ancient date, the made earth did not afford so good a foundation for the 
instrumental pillars as could be desired. 
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Progress of the Observations. 

All preliminaries having been settled as far  as possible at Bombay, Captain Campbell sailed for 
Aden on April 16tl1, and arrived there on 23rd, when he found the preparations for observing nearly com- 
plete. I t  has been already described (Section 5, ante) how the great diaculty in carrying out the method 
of comparing clocks by the ink-arrest method as had been arranged in Bombay, led to its supersession 
by another system, and two days were lost owing to this failure. Lorn-lying clouds were very troubleoome 
at Aden, interfering with observations for azimuth, both of circum-polar stars and of otars near tlie 
southern horizon, and the determination of deviation correction was consequently difficult, 'and not 
always so satisfactory as could be desired. 

The observations between Aden and Bombay were brought to a close on the night of May 9tI.1, 
and on the 14th Captains Campbell and Heaviside sailed for Buez and Aden respectively. 

The former Of3cer reached Suez on May 20th, and experienced no delay in getting ready for ob- 
servations. Captain Heaviside arrived at Aden on 2lst, and occupied the station vacated by Captain 
Campbell, but dBIculties of carrying the instruments caused some delay, and observations could not be 
begun until May 26th. Fortunately the weather at both stations was all that could be wished, and the 
observafions being carried out without a check on six successive nights were closed on May 30th. The 
Suez party sailed for Bombay on June lst, picking up Captain Heaviside and his party at Aden on the 
7th, and reached Bombay on June 13th. I t  was a matter of much congratulation that the observations 
were completed with so little difficulty, considering the lateness of the season. 

U8e of the Cables altd -Liberality of tlie Di~ector8 of the Xmtemt Telegraph Cor~qaty .  

There were two submarine cables throughout the distance between Bombay and Suez, but while 
'the longitude observations were being made between Bombay and Aden only one of theoe was readily 
available, owing to a fault in the other which rendered working through it diflicult, and therefore only 
the sound cable was used for longitude signals. Between Aden and Suez both the cables were equally 
used. 

Much gratitude is due to the Directors of the Eastern Telegraph Company for their Liberality in 
free concession of the use of the cables for the longitude observations, and also to the various 10-1 
oibials for the ready co-operation which they rrfforded throughout. 



CHAPTER 11. 

DETAILED DESCRIPTION OF THE MEFHOD OF REDUCINOt THE OBPERVATIOWS, WITR FULL 
EXPLANATIONS OF THE TABLES COWTAININfB THE RESULTS. 

Table I.-*' Abstract of D e t e m t h ~ t h s  of Collinaatwta atzd Zeael Cotr*ect~hta- Coraefank." 

The determinations of collimation and level corrections were carried out exactly as in the case of 
land measurements, as fully explained in the first five sections of Chapter VI, Part I, and the results are 
embodied in Table I ,  which differs in no respect from the corresponding table of Part I. 

Table 11.-" D e d w t h  of DevMtion Correct&* fim Stat* Obeematioras." 

known 
which 

The deviation correction was determined nightly by the observation of at  least one pair of well- 
L circum-polar stars whenever possible, and the results are given in Table II ,  the arrangement of 
is exactly the same as that of Table'll, Part I, as explained in Section 8, Chapter VI,  Part I .  

Weights were assigned to the observed values of a, in accordance with the system followed 

* In the heading of Tabk 11 the word wError" WM wed by an orenight hmhd of "Correction." 
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during 1876-77, as explained in Section .ll, Chapter VI, Part I. When only one value ef a, was 
obtained-on any night, its weight, not being required for combination, was omitted. Again at  Suez, where 
there was generally a decided change in the azimuthal adjustment during the course of observations- 
partially due it is believed to bad foundations-it mas considered best to use the arithmetic mean of the 
two values of deviation correction deduced for each night, and therefore no weights were required for 
these. The mean of a,-when there is more than one value deduced-is entered for each night in the 
last column but one of the table, t h i ~  mean being computed by combination weights when these are 
given. 

Dzsculties in Determinigig the Deviation Correction at Aden. . 
It has been already mentioned, that at Aden, during the measurement Bombay-Aden, low-lying 

clouds gave very great trouble, and rendered the observations of any star near the pole, or of large southern 
declination, extremely uncertain. Owing to this cause, on 1st and 7th May no star observations for 
azimuth were obtained, and on 3rd May only an unsatisfactory value of deviation correction waa secured 
from the observations of 9 Bootis, and /3 Centauri. 

Comparative-azimuth star observations-as employed in the reductions contained in Part I-were 
unfortunately not available, as they mere also lost on these nights. It may be noted here that such obser- 
vations-though made-were not used at all for the reductions of the work at Bombay, Aden and Suez, 
because the determinations of azimuth by well-known stars were amply sufficient, except in the case of 
Captain Campbell's observations at  Aden, when the series of comparative-azimuth star observations was 
so incomplete as to be useless. 

. .. 
Under the~e'ci~umstances, in order to obtain deviation corrections for 1st and 3rd May, recourse 

was had to the readings of the collimators from 1st to 6th May, while the transit telescope was in 
position I. P. W.; and the second group of such readings, on 7th, 8th and 9th-when the transit 
telescope was I. P. 3.-was used to deduce the deviation correction for 7th May. The two groups of 
readings cannot be combined, because there is no certainty that the collimation axis remains constant 
when the telescope is reversed on its pivots; indeed it may be considered certain that it is altered to 
some extent by the change of strains at  the joints connecting the different parts of the instrument. 
The collimator readings are treated for this purpose in Table 111, the arrangement of which will now be 
explained. It should be mentioned that the collimators mere in the horizon of the transit telescope. 

Explanation of Table III.-" Dedzcction of Deviation Correction* at Aden on l s t ,  3rd 
and 7 th  May from Beadings of Collimators." 

Tlle first three columns give the dates, position of instrument, and values of deviation correction, 
a,-abstracted from Table 11-with their mean for all days, the imperfect value obtained on 3rd May 
not being included. Columns 4 and 5 contain the daily readings of North and South collimators-these 
readings being called here N and S-with their means, while columns 6 and 7 show the differences 6N, and 
6S, the former obtained by subtracting the mean from each daily value of N, and the latter similarly from 
the values of S, but with the signs changed as will be presently explained. I t  must be noticed, that 

* In the heading md dso ill the last column of Table 111 the word "Error" was u e d  by an oversight instead of Correction." 



in taking the means of the quantities N and S those entered for lst, 3rd and 7th May, on which days 
there were no corresponding values of q, were not used, as remarked in a foot-note to Table III. If 
this had not been attended to, the mean azimuthal position of the telescope as indicated by the collimator 
readings would have been cqmpared with that afforded by the star observations for a different period. 
The quantities 6 N  and 8 s  are different values of the same thing, viz., the difference between the azimu- 
thal position of the telescope on each day, and its mean position on all days included in taking out the 
means of N and 5, and when applied to the mean value of a, they will afford values of the absolute de- 
viation correction on each day. This is done in the ninth column, the mean of 6N and 8 s  having been 
first taken out in the eighth column. The values of deviation correction for 1st and 7th May, deduced 
in this way from the collimator readings, are adopted for those days. For the 3rd May the value obtained 
in Table III, &z., - 7d.6, is combined with the value, - 8d.4, which was derived from star observations in 
Table 11, and'their mean, = - 8d.o, finally adopted for that day. 

It remains to explain the rule for the signs of 8N and SS. The former, being derived from readings 
of an object to the north of the transit t,elescope, follow a law which is reversed in the case of the latter, 
obtained from readings of a southern point. If the telescope be turned in azimuth towards the east of 
north, the effect on its readings of a northern object is to increase, or decrease them, according as its 
position is I. P. E. or I. P. W., respectively ; hence if N on any day' be less than the mean reading of 
the group in the position I.P. W., it follows that the transit telescope must have been directed in 
azimuth on that day to a point north-east of its mean position on all days, and therefore 8N must 
be applied with the negative ~ i g n  to t l ~ e  mean of a, on all days to deduce the deviation correc- 
tion for that day. Tlie reverse of this reasoning applies when the position is I.P.E. It need hardly be 
remarked, that in carrying out the process of reduction contained in Table I11 it was necessary to 
assume the stability of the collimators for the wlrole period for which their readings were made use 
of, during which time they were of coume carefully guarded against movement. The close accordance 
between the quantities 6N and 8 s  for each day affords evidence that this assumption was justifiable. 

Table IP.-" Palues of Decktion Correction*, a ,  Fia&lly Adopted. " 
I n  Table IP  the values of the deviation correction, a, are abstracted from Tables II and III 

for convenience of reference. These are the quantities used throughout the reductions of star transits. 

Table P.-" Transcript and Reduction of Clock Compari8ons. " 

Table 7 contains the transcript of the clock comparisons, as read off the chronograph sheets and 
cable tapes at both stations, with their partial reduction, the arrangement of which mill now be explained. 
Two complete comparisons were made every night, each such comparison consisting of four sets of 
(generally) sixteen signals in each direction-the signals being sent alternately from each station-which 
sets are known as A, B, C and D 'exchanges', the nature of the current being altered for each exchange, 
as explained in Chapter I. A preliminary column of Table P contains the date, the number of compa- 
rison-No. 1, or No. 2 of fhe day-the distinguishing letter of the exchange, the nature of current, and the 
value of pen equation at  each station. The cable employed is also noted for the comparisons between Suez 
and Aden. The numbers a t  the heads of the following thirteen columns will now be used for reference. 

+ In the heading of T& l 7  the word " Error" WM wed by an oremigl~t h a t e d  of " Comation." 
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Column 1, contains the local time recorded on the chronograph at  east station, for the signals sent 
througli the cable to west station. The mean time of these signals ia taken out at  the foot of 
the column and called t,. 

,, 2, contains a similar record for west station, the signal recorded in this column being always 
made after, and as the response to, that entered in the same line of column 1. 

Colllmnn 3 and 4, contain the time intervals between tlie signals successively recorded in columns 1 
and 2, respectively. 

,, 6 and 7, contain the transcriptions from the cable tapes, sl~owing the position of each signal 
received through the cable between two locally recorded signals, in decimal parts of the inter- 
val between the latter. Thus the quantities in these columns are fractions of the intervals 
entered in seconds of time in columns 3 and 4, respectively. 

,, 6 and 8, contain the equivalents in seconds of the quantities in columns 5 and 7, obtained 
by multiplying each quantity in column 5, or 7, by that in the same line of ~o lumn 3, or 4, 
respectively. 

,, 9 and 10, contain the time by east, or west clock of each signal received through the cable 
from west, or east station respectively, being the sum of columns 1 and 6, or 2 and 8. The 
absence of a quantity on the first line of column 10 is due to the fact, that the first signal 
sent from east, being the first of the whole series, did not fall between two local signals on 
the tape at the west station, and therefore could not be interpolated. For a similar reason there 
is one quantity wanting at  the foot of column 9, because the last signal sent from west was 
the last of the whole series. 

,, 11 and 12, contain the difference between the two clocks, subtracting west from east time, 
for each signal timed by both, being the difference between columns 9 and 2, 1 and 10, res- 
pectively. The mean is taken out at the foot of each of these columns. These mean clock 
differences still require correction for the pen equations, which is carried out in one operation in 
the last column of the table, where the means of columns 11 and 12 are entered after correc- 
tion for the combined effect of the two equations. This correction can easily be followed if 
it is borne in mind that the pen equations are properly applicable, with the signs given, to 
the quantities in columns 1 and 2. LastJy, the mean of the means of columns 11 and 12, 
after correction of tile latter for the pen equations, is taken out, and this quantity, called d, 
is the difference between the two clocks at  an instant which is represented in terms of the 
east clock by t,, the mean of column 1. The values of pen equation liere used were obtained 
by direct measurement, as explained in Section 11, Chapter IV, Part I. 

Column 13, contains the differences between tlie corresponding quantities in columns 11 and 12, and each 
such difference represents double the amount of the retardation of a signal through the cable, or 
rather the sum of the two retardations in opposite directions which must be considered equal 
to each other. The accordance of the quantities in this column inter sr! affords some mea- 
sure of the accuracy of the method, on the supposition that the retardation of successive 
signals may be considered constant. 

The whole process carried out in Table P will be rendered clearer by reference to the diagrams on 
next page, figures 4 and 6, which represent two corresponding portions of the cable tapes a t  east, and west 
stations, respectively. The arrow shows the direction of the taps's motion. 
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fig. 4. 

Clock Comparison Signals on Cable Record Tape at  East Station. 

Fig. 6. 

Clock Comparison Signals on Cable Record Tape at  West Station. 

A, , A,, As, ... are the signals recorded locally on. the tape at  east station, while a,, a,, a, ,... are 
oorresponding signals produced on the cable tape at the west station by the same action of the key, 
therefore the latter are absolutely later than the former by the retardation of a signal passing through 
the cable from east to west. Similarly B, , B, . B, ,... are the signals locally recorded at  west, and 
b , ,  b,, b,, ... their corresponding effects at  east station. 

Each signal A, or B, (generally) is also recorded on the local chronograph a t  east, or west station, 
whence its time by the local clock is obtained, and these times are entered in columns 1 and 2, and the 
time intervals A,- A,, A,-A, , h., and B,-B, , B,-B, , kc., are taken out in columns 3 and 4, 

4 6, 4 , 6 ,  respectively. I n  columns 6 and 7 respectively, the fractions -9 --- Bl a, B2 a~ , $c, 
44 a , a s  

9 h., and - 
Bl B, ' B, BS 

are entered as decimal quantities, with their equivalents in seconds in columns 6 and 8. It is evident 
then that the quantities in column 9 give the times by east clock of the signals b,, b,, &c., while those 
in column 10 give the west clock times of am, a,, kc. 

Table PI.-cc Reduction of Comparisons of Clock. " 

The reduotiom begun in Table P are completed in Table PI, the h t  nine columns of which 
contain merely an abstract of the former table, and the means of the quantities in columns 7, 8 and 9 are 
taken out. I n  the tenth column, the relative hourly clock-rate correction is computed by using the meana 
of the quantities &, and d given in columns 7, and 8 ; the result is called R, axid its a i p  is such that 
if applied to the rate of the west clock, it would cause it to keep time with the east clock. By using 
R in combination with the m a n s  of the quantities d, clock differenoes, D, arecomputed for certain 
epochs, T., a t  which they will be required in the future course of the redu~tiom, and entered in the last 
column of the table. 
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While Captains Campbell and Heaviside were together in Bombay, before commencing the opera- 
tions by sub-marine cable, they took observations on four nights-iz., 4t11, 6th, 7 th and.9th April-for 
the determination of their relative personal equations for stars of north, and south aspect; and the re- 
sults were adopted for use in the reduction of the longitude observations between Bombay, Aden and 
Suez, because there was no opportunity for obtaining another determination after the completion of the  
work. Tile determination was made by means of observing divided transits at  the same telescope, as 
described in Section 2, Chapter V, Part I, and the results are embodied in Tables IX and X of Part I, 
because they were required for the foregoing land measurements in'India, as well as for the work now 
under notice. 

Table 711.-a Abstract of Observed Values of the Absolute (N-S) Equations of Captains Camp- 
bell and Hea,viside."-corresponds exactly to Table X I ,  Part I, and requires no further explanation beyond 
what is given for that table in Section 20, Chapter VI, Part I. At tlie foot of the table, the sdopted 
values of the relative personal equation used in the subsequent reductions are entered in a note. 

flystem followed in the Obseroatwn of Stars f o r  Diference of Longitzcde. 

The method of observing the same stars at  both stations-which were termed ' longitude stars '- 
and combining the differences of their corrected times of transit with the absolute clock-differences ob- 
tained by the clock comparisons, which was partly used for the first measurement contained in Part I, 
was also adopted for the work between Bombay, Aden and Suez; but owing to the different circum- 
stances of the latter measurements, as compared with those executed in India, it was found advisable 
to supplement this system, as will now be described. The large difference of longitude between Bombay 
and Aden, of nearly two hours, made it inconvenient to use only the same stars at both stations, for in 
that case the observer at  Aden would have had nearly two hours of idleness at  the beginning of the 
night's work, after taking the first clock comparison ; while at  Bombay there would have been a similar 
interval of inactivity after the observation of transits, before the second clock comparison; because 
it was considered advisable to include all star observations in the interval between the two clock dom- 
parisons of each night. 

It was therefore decided that each observer should occupy his available leisure in observing a 
group of well-known stars-hereafter spoken of as ' clock stars '-for the determination of the error of 
his own clock, the two errors thus found being used in combination with the results of the clock com- 
parisons to afford the difference of longitude. 

I n  the case of the measurement Aden-Suez the same method was followed, for although the differ- 
ence of longitude was much less than that between Bombay and Aden, the great difference of l a t i t u d e  
about 17"-was held to be an objection to depending only on the observations of longitude stars. 

The observations between Bombay and Aden comprised generally, two groups of longitude s b  
by both observers, and one group of clock stars by each observer, on each night, but the completP~iess of 
the series was unfortunately considerably marred by the prevalence of clouds at Aden. The Aden-Suez 
observations consisted nightly of one small group of longitude stars observed at both stations, and two 
groups of clock stars by each observer. 



Table PIII.-" Obeervatwras of Tramits with Local' Clock8, and Deductiort of the Corrected 
D%rerence of the Observed Times, MN." 

Table P I I  contains an abstract of the observations of ' longitude stars ', and the reduction of 
the results as far as the determination of MN. This table corresponds in all respects with Table XII, 
Part I, and requires no explanation beyond that afforded for the latter table in Sections 21, 23 and 24, 
Chapter VI, Part I, except aa regards the two last columns. 

I n  the table now under notice the method was adopted of applying the absolute, N-8, personal 
equations, which was followed in Tablee X P a n d  XPI,  Part I, (see Section 25, Chapter VI, Part I )  and 
the result of the reduction effected is called MN, instead of M as in Table XII, Part I. MN is a suppo- 
sititious mean difference between the times of observation of a group of stars by the two clocks, arrived 
a t  by correcting the times of all the stars observed under a south aspect by the N-S equation of the 
observer, so as to afford results such as would have been obtained had these south stars been all observed 
under north aspect. T h  correction of MN for the observers' relative personal equation remains to be 
done in Table XI. 

Table IX.-c6 Tranaite o f  Clock Stat-8, and 'Dedzcction of the Clock-Correction." 

Table IX contains an abstract of the observations taken to ' clock stars ' for the deter- nation 
of the error of each clock. The arrangement of the table is so similar to those already explained, that 
only the last two columns appear to call for any remark ; a t  tlie head of these columns, the observer's 
N-S equation, abstracted from Ta6Ze PII, is entered, and used to compute a correction-contained in 
the last column but one--which, when applied to the mean apparent clock-correction obtained from a 
group of stare, affords the supposititious clock-correction which would have resulted if all the stars had 
been observed under north aspect. The latter quantity is entered in the last column under the head 
of uClock-Correction by North' Aspect ", and it is considered to belong to the mean time of transits 
of all the stars from which it is deduced, which is entered in column 7 as t,*. 

Bight Ascemiob of Clock Stars. 

The apparent right ascensions for the clock stars used were arrived at  in the following manner. 
The mean riglit ascensions on 1st January 1877 were obtained from four catalogues, viz. 

" Greenwich Seven-Year Catalogue of 1860 " 
66  

9 9 9 9 9 8  1864 " 
C6 

9' Nine-Year ,, 1873 " and the " Oatalogue of Stars 
Observed at  the United States Naval Observatory, during the years 1845 to 1877." 

I n  the last catalogue the mean right ascensions are given for 1860.0, and the mean year of the 
observations on which each place depends is entered, but no proper motions were employed in the 

* This mean time is by a misprint called tg in thow part8 of Table' IX which contain the observations made at Aden, in wnnection with Bornbar, 
and at Bues, wherw it should have been printed tW. 
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reduction from the mean year of observation to the epoch 1860.0. All right ascensions taken from the 
Washington Catalogue were therefore first corrected for the intervals between these two dates, by means 
of the proper motions of the Greenwich Catalogues; and the Greenwich constants for precession, 
secular variation, and proper motion were employed to complete the reduction to the required epoch, 
oiz., 1st January 1877. 

A value of the mean right ascension on 1st January 1877 of each etar observed having been 
obtained from each of tbe four catalogues-or from as many of them all contained the star in question- 
these were combined with weights in direct proportion to the number of observations on which the 
place in each catalogue depended, and the final mean was adopted for use. The apparent right as- 
censions for each day were deduced by " Airy's Day Numbers" in combination with the constants of 
the Greenwich Catalogues. The results obtained from each catalogue mill be found collated in the 
Appendix. 

Proper lllotione of Clock Stcal.8. 

The proper motions used for the clock stars were always those given in the three Greenwich 
Catalogues referred to above, which agree in this particular as concerns all the stars employed for the 
longitude observations except two. 

(1). 14 Draconis. The proper motion given for this star in the Greenwich Catalogues of 1860 
(star No. 1334) and 1864 (star No. 1868) is + 0~023, which is apparently taken from the British Associa- 
tion Catalogue; but in the Catalogue of 1872 (star No. 1491) it is entered as +o*oo5, with a reference to 
Miidler's Bradley. The latter value was accepted, but it does not appear to be a satisfactory determina- 
tion, aa the results obtained by it from the different catalogues show much greater discrepancies than ia 
generally the case with other stars, although the place depends on a larger number of observations than 
usual in each catalogue. It is, however, better in this respect than the older value of + o"oz3. 

(2). 60 Herculis. The proper motion is given in the Catalogue of 1864, as + 0-005 (star No. 
1922) ; and in that of 1860, as + 0 ~ 0 0 7  (star No. 1382) ; while the star does not occur in the Catalogue of 
1872. No reason is assigned in the later catalogue for the change, nor is the point referred to in 
the list of errata of either catalogue. The value + o"007 was adopted, as it afforded a slightly better 
agreement in the places deduced from the three catalogues employed, viz., those of Greenwich for 1860 
and 18641~ and the Washington Catalogue. 

Table X.-" Deduction of Clock Rate Correcth." 

The rate-corrections for both clocks are deduced in Table X in two ways, as follows. (1). The 
clock-corrections found for each night in Table IX are abstracted in Ta6le X, each with the date and 
epoch (under the head "Time ") to which it belongs, and from these quantities hourly rate-corrections 
for each night are interpolated. I n  the lower portion of the table, which refers to tlie observations 
between Aden and Suez, each of the clock-corrections, and corresponding value of time, is the mean 
of two obtained on the same day. (2). By comparing the times of transit of longitude stars on 
successive nights-as given in Fable 7111-a second series of hourly rate-corrections is found by in- 
terpolation for each clock, and entered in Table X under the head of "Hourly Rate Correction by 
Longitude Stars." 



The two rate-corrections thus found are considered of equal weight, and their arithmetic mean 
is accepted as the rate-correction obtained from all star observations, and entered in Table X as re, or r,, 
meording as it belongs to the clock at east, or west, station. 

These laat values of r~tecorrection are now combined by means of the relative clock rate-correc- 
tion deduced from the clock comparisons in Table PI, exactly as was done in Table XPIII, Part I (see 
Sec. 26, Chapter VI, Part I), and the final values r, and r, are obtained. The last oolumn of the table 
contains the corrections for clock-rate which are used in Table PIII. 

The general agreement shown in Table X between the two values of the same ,correction--a&., 
re and r,, r, and r-is very satisfactory, except on one or two nights of the observations between Aden 
and Suez. The maximum difference in any case is o"018, equivalent to a discrepancy of 0~~432 in 
twenty-four hours. This cannot be considered very large when it is remembered that the relative clock- 
rate correction, R, was obtained from the rates durkg two hours only in the middle of the night, while 
the values r, and r, depend on the behaviour of the clocks during twenty-four hours from night to night. 
It should abo be remarked that the conditions were very unfavourable, as the clocks were most inade- 
quately protected at both stations, and at Suez in particular the range of temperature in the clock hut 
between day and night was very great. 

Table XI.-rr Dedwtion of the Darereme of Zongitude, A L  , f m  Obeervations of !Dunsite zaith 
Local Clock8, combined by Clock Comparieom." 

Table X I  corresponds closely with Table XIX of Part I ,  (see Section 27, Chapter VI, Part I )  
the chief difference being that the sum of MN, abstracted from Table PITI; and D, taken from Table 
PI, gives 8L,, from which 8LS is deduced by applying the difference of the two observers' N - S equa- 
tions, with the proper sign. From 8L, and 4Ls, ALN and AL, are obtained by applying the relative per- 
aonal equations HN - CN, and Hs - C, , respectively ; and Iastb the final value (so far as this table is 
concerned) of difference of longitude, AL, is the arithmetic mean of ALN , and ALs. During the observa- 
tions between Bombay and Aden, it unfortunately happened, that, owing to a misunderstanding between 
the two observers, the instruments were reversed on different dates, and therefore the results cannot be 
treated in two separate groups. 

It was not necessary to show the division of the observations between Aden and Suez into two 
groups, according to the positions of the instruments, because the quantities in each group are equal in 
number. 

Table XII.-" Deduction of tRe Dzrerelzce of Zongitude, AL, from the D e t e r m h a t h  of 
Locat Clock Correct im copnbthed by Chck Campatbsone." 

I n  Table XII the clock-corrections deduced in Table IX for both clocks are combined with the 
clock-difference, D, found in Table PI, to obtain the apparent merence of longitude ALN. The cor- 
rection for each clock is abstracted from Table IX with the time to which it belongs, which in the 
case-of -the west clock is first converted into east clock time by applying the known clock-difference, 
The final clock rate-corrections r, and rw obtained in Table X are also entered for m h  clock, and by 
means of these, the clook-corrections in columns 4 and 8 are reduced to an epooh TE-given in column 
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2-which is the mean of the two times entered in columns 5 and 9. The deduced clock-corrections are 
entered in columns 11 and 12 under the heads of ATE and ATw, respectively; in column 13 the clock: 
difference, D-found in Ta61e PI for the epoch T,-is entered, and in the last column the apparent 
difference of longitude 6L, is found by the formula, 6L, = D + ATE - AT,. 

From A h ,  the two values AL,, AL, are deduced as in Table XI, and the mean of these gives 
the value of difference of longitude AL, as afforded by the process carried out in this table. 

Lastly at  the foot of the table the value of AL obtained in Table XI is entered, and the arith- 
metic mean of the two values of AL is adopted as the final difference of longitude. 

The "transcribing equation" applied in Tables XI and XI1 to' the results obtained between 
Aden and Suez was determined a,s explained in Section 8, Chapter V, Part I. 

The Hethod of Applying the N- f l  Equations. 

The method of using supposititious quantities, arrived at by reducing the observations of stars 
taken under a south aspect, as if they had been observed as north stars, and vice versd, has been remarked 
upon in Section 31, Chapter VI, Part I. 

1 If such a system had not been followed in reducing the observations between Aden and Suez, the 
use of longitude stars for that measurement would have been almost wholly precluded, owing to the 
great difference of latitude betmeen the two stations. Again, in reducing the observations of clock stars 
for the determination of clock-corrections, carlied out in l'ahle IX, the existence of the observers' N - S 
equations could not be neglected. 
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( a )  T D Z l  I, ABBTRACT OF DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 

HoTn-Eor an explanation of the ~ymbols used in this table, see Part I ,  page 2. 
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FABLE II. DEDUCTION OF DEVIATION- ERROR FROM STAR OBSERVATIONS. ( 3 )  
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TABLE n. DEDUCTION OF DEVIATION ERROR FROM STAR OBSERVATIONS. ( 5  ) 



( 6 ,  TABLE 11 DEDUCTION OF DEVIATION ERROR FROM STAR OBSERVATIONS. 
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TdBLE II. DEDUCTION O F  DEVIATION ERROR FROM STAR OBSERVATONS. ( 7 )  
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T D L E  III. DEDUCTION OF DEVIATION ERROR AT ADEN. 

On l s t ,  3rd and 7th May from Reading8 of Cotlintators. 

The values of deviation error deduced above for 1st and 7th May are adopted for use on tho80 daye. The value deduced for 3rd May 
is combined with that derived from star observatione lbbls II, and thew arithmetical mean is-adopted. 

Not inoluded in taking out mean. 

TABLE TP. VALUES OF DEVIATION ERROR, a, FINALLY ADOPTED. 
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T D L E  *P; TEANSCRIPT AND REDUCTION OF CLOCK COMPARIBONS. ( 9 )  

Bombay (E) and Adelz (W). 
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1 o . a ~  

13.68 

17.36 
20.87 

24-40 
28.00 

31'55 
... 

'70 

.65 

'70 

'67 
.66 

.66 

'65 
'60 

14 a3 50.14 

5.3'96 

57 8 1  

rq  1.47 
4-81 

8 -  16 

11'54 
15.00 

18-71 

22-04 

25 '6.3 

38.93 
32.61 

36'05 

39-35 
.. . 

.52 

-46 

'49 

'50 

'50 

. so  

-50 

'51 

4-50 

3'60 

3-90 

... 1st 5o'M 

12 32 2-41 .42 1 -50 

a.34 
1.66 

1.91 

1-67 

1.67 

1.68 

1-70 

1'77 

11.05 3.34 
I 

14.40 3-34 

I 3 3 6  

a1.18,3..39 

24.651 3-47 

5'99 

9 ' 93 

13'a9 
16.60 

ao.01 

23'44 
16.84 

30.42 

33'77 

37'31 
40.86 

44' 24 

47-70 

51-27 

28.30, 3-59 3-32 

-4 s  

'41 

'43 

. 36 
'35 

'41 

'42 

'43 

-32 

' 43 

'44 

'45 
... 

31-62 

35'20 
38.61 

41.18 

45-61 

48'90 
52-60 

3-36 

3.54 

3'48 

3.46 

3'49 

3'46 

.64 '56 
, '60 

zeo: 

3-58  1-51 1.75 

1 -41  1.56 

3-59 

3'43 

3-19 

3-10 

1.98 1 -62 

1-74 1-63 '50 

-56 

'55 

'50 

1.94 
1-92 

1-73 

'60 

.66 

'64 



TdBLE ?? TRANSCRIPT AND REDUCTION O F  CLOCK COMPARISONS. 

Bornhay (E) anti Aden (TV). 

Astronomical Data 

and Dewriptire 

Details 

1877 
April 80 

C 0 m p h n  NO. 1 

Exchange C 

Current used 

at  Ellet, Positive 

at Weat,, ,,, 

Pen Equation 
J 

a t  Emt + I .go1 

at  Weet + I -456 

Moan 

1877 

April 80 

Comparison No. 1 

Exchat~ge D 

Current w d  

at  East, Negative 

a t W 4  n 

Pen Equation 
8 

at %rt + 1'901 

at  Weat - 1.456 

Mean 

Intarrals 
Interpolation of 

Timw of Local between Times of 
Received, betwcen Local, Oboerved 1)iITerences 

Bipals recorded on success~ve Bignals in Terms of 
Signals recorded on of Clocks at 

Cl~rotiogmph at h n l  Signuls Distunt C l d  Deduction 
Cable Tapes 

aa recorded at 
Reanlting of d, the 

Valueo of 
Signnls frornl~i~nals fron~ double DiEerence 

West on Eust on West East Retuddion 
bt,,- the 

Eaet 'rape West T a p  Sig~~als Signala 
lbst West East West Erst West Clwks at 

d by Eust by West 

Clock Clock E ~ l l  t, 

1 8 9 ( - 1  + G )  lo ( -X+8)  11 (=9-2) 12(-1-10) 13(-11-12) 

h m  s h  r a 
14 a5 0-17 la  33 12-60 . . . 

4-21 5'95 '2  33 15'22 '55 1 5149-00 0.60 

7'83 9'62 18.90 -60 48.93 -62 Z5,  Z 
11'15 12-88 22.16 '51 '99 .61 * 1 - 

16.27 25.61 
111 1 

14.60 '50 '99 '52 P a 

17'94 19-72 29.00 '47 '94 -56 - 0 I .- 
23'31 32'53 -56 '97 '50 s 2 

24.91 26.75 35.98 -46 ' 93 a =  a '63 
g 1 

30'33 39'63 '55 -96 '50 

32-15 43.19 -51 -96 '59 
";: 

0 

37'1.1 46.63 '53 '97 '54 .- 5 
38.92 51'08 3'49 3'34 '49 1.71 '70 2'34 40 ' 63 49'97 '55 ' 95 '58 2 2 

42-41 54.42 3-17 3-28 '49 1-60 -70 2.30 44"" 53'42 - '59 '99 -56 8 
4 ~ ' ~ ~  57'70 

48.99 

52'5' 

3.31 3.62 -48 1.59 '64 2'32 47-27 56.52 

34 1.32 
4.68 

-57 

3'52 

:96 

14 a5 26 - t, 

'63 

3.36 

... 
1 2  34 34'86 

38- 58 

42.07 

45'57 

48.89 

52'24 

55'76 

59.29 

35 2.83 
6.67 

10'21 

13'88 

17-68 

21 ' 4 0  

1 51 49'5.19 1 51 48'96.5 '574 

... 
0.51 

'59 

'53 

-58 

-51 

-54 

'55 

'54 
-58 

'53 

-56 
-61 

'48 

14 a6 42 - t 

14 26 19.23 

22.95 
26.38 

39-97 

33 ' 33 

56.58 

4 0 . 9  

43'57 

47.12 

50.56 

54-51 
58'01 

27 1.83 

5-21 

... 

I 5146.6.~ 

m6.4 

-58 
-62 

-61 

'67 

'59 

'59 
-64 

'63 

'67 

'64 

'54 

-50 
... 

I 51 46.611 

'53 

I 
... 

I 51 46-12 

'05 

'05 

'04 
-10 

'I3 

'04 

'0.5 
-06 

'10 

'11 

'03 
-06 

-02 

I 51 46.069 

'61 

'65 

.64 

.66 

.68 

'65 

'65 
'66 

-68 

'10 

'67 

-64 

'70 

-73 

14 26 17'40 

20.98 

24-63 
28-12 

31.61 

34.99 

38'37 
41.80 

a 

1.87 

2.26 

2-27 

2-17 

2 .22  

2'17 

2-33 
1-26 

2.31 

2..?5 

2.74 

2-37 
a's1 

2-39 
2-69 

'a 34 31-60 

36.31 

39-80 

43'35 

46.72 

49'91 

53.50 

56-98 

00- r c n  

* " m m  
t b  

$:;; 
4 - - 

I I  

-542 

1-83 

1'97 

1'75 
1-85 

1.72 

1-59 
1-72 

1-71 
1-78 

1-67 

1-74 
1-69 

1'92 

1-47 

h 
m ' m 
t 

- 
I 

- 03 
4- 

$ 
I. - 
0 - 
ii a 

5 

'66 

'51 

'54 

'SO 

'53 

-51 

'47 

-50 

'50 

-50 

-43 

'49 

'47 

'50 

-40 

3'58 

3.65 

3'49 

3'49 

3'38 

3.38 

3.43 

3.54 

~ ' 5 5  

1.88 

3'55 

3'59 
3'8.3 
3-68 

'a 
I .- 

O i2 
a I 
g x  a 
a 3 
P( c 

$ 6  

'1 t 

8 

45..z4 35 0.48 

48.89) 3-93 

3-71 

3'49 

3-55 

3'37 

3-19 

3'59 

3.48 

3.50 

3-45 

3.91 

3'53 

3'92 

3'42 
3'68 

52'7i 

56.32 

59.9' 

3'74 

7.42 

a'aa 

7-84 

11.37 

15'29 
18'71 

22.39 

50'86 

... 
34 0 .02  

3'54 

'54 
... 

'97 

'97 

'& 

'57 

.z 
2 -  "- 

Ti ... - 
0 - 



l!DLlZ I? TRANSCRIPT AND REDUCTION OF CLOCK COMPARI80NS. (11) 

Bombay (E) and Aden (W). 

A&ronomiml nab 
and 1,ewriptive 

Uetaih 

1877 

C o m p h n  No. 2 

Exchange A 

Current uwd 

st bt, Poeitive 

wert, 9, 

Pen Eqlmtion 
8 

at East + I .goo 

at We& + 1.456 

Mean 

1877 

April 80 

Comparieon No. 2 

Exchange B 

Current used 

at  East, Xegtive 

s t  w* ,, 
a 

Pen Equal ion 
8 

& E a t  + 
st We& - 1 -456 

Yean 

Values of 

dollh10 

12(=1-10)13(-11-10) 

. a  ... 
0.60 

'45 

-57 

'55 

'55 
.60 

'55 

-48 

'53 

'53 
-61 

'53 
.60 

-58 

'54 

'551 

... 
0.54 

'53 

'53 
.63 

'49 

'55 

-53 

'54 

.43 

-55 

.57 

-41 

: 
'54 

-521 

Timea of h l  
8ignals recorded on 

Chronograpli at  

Observed Differences 

Deduction 

of d, the 

FS 
Diaerence 

between I lie 

Clocks at  

Epoch f ,  

East 

of 

East 

l l ( u 9 - 2 )  

b  8 

151 49.91 

'84 
-88 

'90 

'9" 

'91 

'87 
'8 I 

'85 

'84 

'92 

'87 
-86 

'8.3 

'83 
... 

I 5149'868 

I 51 46-95 

-95 

'95 

-96 
-88 

'99 

87 

'89 

.@ 
'97 

'95 

'91 

'91 
. '89 

'90 
... 

1 51 46.930 

w -. -yl 

m c- . ' % %  
E > = , &  
4 - - 

1 1  

W e d  

Iutervab 

between 

rucoc~ive 

Local Signab 
Clocke a t  

Went 

b m  8 ... 
I 51 49-31 

'39 

'31 

'35 

'35 

-31 

'32 

'33 

'32 

-32 

'31 

'34 
'26 

' 25 

'39 

I 5149.317 

... 
I 51 46-41 

.42 

-42 

'34 

'39 

'44 

'34 

-46 

'44 

'42 

'38 

'50 

'40 

'41 

'36 

I 51 46.409 

h 

m 0 

R 
- 
I 

1 

h m  s 

ao 

East 

Icterpolation of 

Received, between Local, 

Signals recorded on 

Cable Tapea 
recorded at 

Weat 

a "  I 
1 

5 2  5 
m ,  5 

g 3 0 4 
2 = 

4 
M -" c( 

$ 
a,. - 
0 - 
9 
g 

Times of 

Sigllnls in Terms of 

Distalit Clock 

\our 
%R . * . 
% 3  

E - -  urn 
e - -  

I I  

4 

West 

Sigl~als 

by Enet 

Clock 

9 ( - l + 6 )  

h m  8 

Signals frotl~ 

Weet on 

5 l!L----- a 

0 ' 

% - 
ur - 
U 

17 46 49-17 

53-60 

57.10 

47 0.63 
4-00 

7.40 
11-61 

14'92 
18'38 

31.90 

as-'7 
38'bo 

31.90 

35'34 

38.7.3 

4f.yo 

E~pl 
Signala 

by Weet 

Clock 

l o ( - 2 + 8 )  

m  8 

17 46 51-88 

55':815 

58.87 

47 2.32 

5'7O 
8.92 

13-21 

16-55 
20.25 

23'54 

37'09 

30'35 

33'69 

37'17 
40-22 

... 

East 

.- 

6 

8 

Signals from 

East 011  

7 

h m  s 

a " .s I 
5 - 

3 = Si 
= 2 
t g 8 0 
c 

$ - 
b 
0 

4 
- # - a  

3 
6 2 

t? 
a 

... 
55 4-19 

7'7' 
I 1-32 

1 4 . ~ 5 '  

18-05 

' 22.30 

25.60 

29.05 

32'58 

35'85 

39' 29 

42.56 
46.08 

49'48 
52.61 

Tape 

2 . 3 :  
2 2 s  ------ 

Weat - 
- 

8 

s 
'67 

.64 
'68 
.66 

'70 

' 7 j  
-66 

.63 

.66 

62 

'64 
'62 

'64 

'70 
'.66 

s 

17 47 1 6 - t ,  

Tape 

r2 

2'32 

2-27 

2'33 
2'23 

2'25 

3.29 
a.ao 

2-31 

2.18 

2-15 

2 - 1 2  

2-08 

1-25 

2.14 

2 .22  

17 48 1-84 

5'46 
8-70 

1 2 ~ 0 0  

15'23 
18.50 

2r.69 

34-91 
28-14 

31 '41 

34-52 

37'82 
41-20 

44-82 

48-19 

51-48 

15 55 1-97 

5.44 

8'99 
12-42 

15.80 

19-01 

33'40 

26.74 

30'40 

33'70 

37-17 

40'48 

43-83 

47'34 

50'39 

53'75 

3'83 

3.50 

3'53 

3-31 

3'40 
4'21 

3'31 

3.46 

3.51 

3-27 

3'43 

3-30 

3'44 

3'39 

3-17 

17 48 a7 - tn 

2 ' 1 1  

1-68 

1'77 
1-69 

1-70 

1-52 

1-66 

1-63 

1-87 

1-64 

1'92 

1-71 

1'79 
1-83 

1'49 

. I  3'47 '55 

15 56 16-81 

20.10 

23-40 
26.66 

39'99 

33-20 

36.40 

39.51 
42'80 

45-90 

49-19 
5a-60 

55-88 

59.51 

57 1-80 
6.07 

3'55 

3'43 

3-38 
3-21 

4-39 

3'34 
3-66 

3-30 

3-47 

3-31 

3-35 

3'51 

3'05 

3.36 

'48 

'50 
50 

.36 

'50 

'47 

'53 

.so 

-56 

'53 

'52 

'54 

'47 

'53 

'49 

'50 

'50 

'50 

'53 

'49 
' j6  

'50 

-47 

'51 

'50 

'44 

'47 

'46 

3.62 

3-24 

3-30 

3.23 

3-27 

3 - 1 9  

3'2.3 
3-22 

3-21 
3-11 

3.30 

3-38 
3-62 

3'37 

3-29 

3.29 

3'30 
3-16 

3.33 

3-21 
3'20 

3.11 

3-29 
3.10 

3.39 

3.31 
3.a8. 

3-63 

3-29 

3.27 

17 48 3-76 

7'05 

10.35 
13-62 

16.87 

20.19 

23.27 
16.40 

29-18 

32-67 

36.24 

39'51 

42.79 

46.40 

49'70 
. . . 

1-92 

1-59 
1.65 

1-62 

1.64 

1.69 

1'58 

1-48 

1'64 

1.46 

1.72 

1.69 
1'59 
1-58 

1-51 

... 
15 56 19-05 

13.28 

25'58 
18-89 

32'11 

35'25 

38.58 
41 '68 

44'97 
48.10 

51 '44 

54-70 

58.42 

57 1'78 
5.12 

-68 

'66 

'67 

.67 

.66 

-64 

-70 
.66 

'70 

-65 

2-24 

"18 

a.18 

3-29 

2 . 1 2  

a-05 

2.18 

2-17 

2.17 

2 - 2 0  

'65. 2.15 

'64 

- 7 0  

'691 
"71 

3.10 

a-54 
2.a7 

a.32 



TABLE tT: !TRANSCRIPT AND REDUCTION OF CLOCK COMP1LB,TSONS. 
n 

Bombay (E) and Adesr (W). 

Times of h l  

Signals reoorded on 
Chronograph st 

Interpolation of 

Received, between Local, 

Signals recorded on 

Cable Tlrpea 

Intervals 

between 

successive 

Local Signals 

as recorded at 
~ i ~ ~ d  

1)ifferenm 

between the 
ClwL a t  

E~och t, 

251 -d 
n -  o s. . 

Deduction 

of d, the 

Times of 

Signals irl Terms of 

Diato~rt Clock 

Valum d 
double 

Retardation 

13(-11-12) 

8 
... 

Aetronomical Data 
S i p a 1 ~  fromi~ignals from 

m d  Dmriptive 
West on Elrston West 

Dehils 

--- 
8 4 9 (-1+6) 10 ( - 8 + 8 )  11 (-9-2) 

1877 J h m  8 h n ,  8 h n ,  8 

-69 2'34 17 49 24'21 ... 151 53-61 

West 

12 (-1-10) 

h m  8 ... 

O b r v e d  Differences 

of Clocks a t  

Ralllting 

15153'12 

- 1 2  

-08 

'11 

'08 

'13 

'07 

-09 

'09 
• 10 

-06 

'10 

'09 

'14 

'09 

- 
151 53'098 

... 
I 51 50.21 

'25 
'18 

'19 

.I9 

'17 

-24 
- 28 

-20  

'20 

' 2.3 

-13 
- 2 2  

'P I  

a1 

I 51 5oaao7 

Comparison No. Z 

Exuhange C 

Currant used 

at East, Positive 

at  Went, ,, 

Pen Equation 
a 

at Eaet - I .goo 
at West + I -456 

&fean 

1877 

April 80 

Compariwn No. Z 

Exchange D 

Current ured 

nt Eaot, Negative 

at  West, ,, 

Pen Equation 
8 

at IS-t - I .goo 

at West - I '456 

Mean 

'57 

'52 

'57 

'57 
'48 
-53 

'54 

'63 

-56 
.a0 

'54 

26.06 

29.30 

32'34 

35 49 

38.70 

41.99 

45'23 

48.48 

51.76 

55.00 

58'1.5 
50 1.31 

4.62 

8.02 

11.63 

a m  
.S I 
2 5 
g :  a a - - 

-5 = e 
Q 

33'99 

37'07 
40'20 

43'45 
46.60 

49-08 

53'23 

56-40 

59.69 
58 2.85 

6.09 

9-30 
11.68 

15-97 

'54 

'51 

'543 

1-24 

3'04 

3.15 
3.21 

3.29 

3.24 

3.25 
3'28 

3'24 

3-15 
3.16 

3-31 

3'40 
3'61 

151 53'641 

15150'70 

-65 

'77 

'65 

'71 

-77 
-68 

'67 

'7' 
' 63 

-70 

'71 
'72 

'74 

-78 
... 

I 51 50'706 

~ H 

d 
* 
0 = 
g 

51 
17 49 47 ' t, 

3.08 

3-13 

3'25 

3-15 
3-20 

3'35 

3'17 

3-29 
3-16 

3'24 
3-21 

3-38 

3'29 

3'57 

... 
0.49- 

1 7  51 o tl 

2-25 

2 - z 8  

2.22 

2 - 2 2  

2.17 

2.2; 

2.13 
2-11 

2-23 
2 - 2 2  

2.26. 

2 - 2 0  

2-11 

2 - 2 0  

2.26 

38-12 '46 

'46 

.sa 
-60 

'44 

' 39 

'51 

'43 

'47 

'58 

-9 
'53 

'57 

- 4 9  

.5o 

'45 

'49 

'50 

-46 

' i 6  

'50 

.50 

'49 

'48 

'50 

'49 

'50 

'43 

' I 
1.77 
1.60 

1-64 

1-57 
1-66 

1.56 

1.56 

1'52 

1'52 

1-53 
1'65 

1'69 

1-82 

1-41 

1-76 

41 '60 

44-87 
48.20 

51-51 

54" 70 

57'95 
51 1-19 

4'43 

7'75 
11.19 

14'50 

17 9.3 
2 1 ' 0 2  

24.4; 

-g -c . I 
.a a g 
G '=  H 

3 
3 
g .- Y 

= 
2 

L'2 

f 
% "  

1 s 

17 50 3 6 . 6  

39'72 

43-24 

46-44 

49-86 

53'07 
56.26 

59'47 
51 2-71 

5'96 

9'40 
12.88 

16.32 

19'35 
22.78 

... 

'66 

.67 

-67 
'66 

.69 
'68 

'66 

'66 

'67 
'66 

'65 

.64 

.7o 

.651 

.69 

1-62 

1-37 

1-54 
1.61 

1-51 

1.49 
1.63 

1-64 

1.59 
1-51 

1.5'8 

1.62 

1-70 

1'55 

... 
15 58 41-91 

51'35 

54'69 
58-01 

59 1'32 

4'53 

7-71 
10.91 

14' 2.3 

17'55 
. 20.96 

24'37 

27.71 
30.81 

34-26 

55'79 

59-15 

59 1'30 

5'5R 
8.80 

I Z ' W  

15'33 
18'70 

22.1; 

25.60 

28.61 

32'00 

35.28 

.71 

'70 

-67 

.69 

~ 6 9  
'68 

.68 

~ 6 9  

-70 

'69 
.66 

.66 

67 

'72 

3.33 

3.31 

3.19 

3.25 

3.24 

3-24 

3'32 

3.44 

3.31 

3.43 

3.09 

3'45 

3-36 

3.15 
3-28 

3-22 

3-20 

3'33 

3'37 

3'47 

3-43 
3-01 

3-39 
3-28 

2.19 

2.19 

2-18 

2.17 

2-16 

2-28 

2-16 

2.27 

2-31 

2-24 

2.12 

2.23 

a.ao 

2'57 

'50 

'47 

'50 

-49 
'48 

'47 

'47 

'46 

'48 

'51 

.53 

'46 

.51 

15 57 32'94 
36.18 

39-16 

41-38 

45'62 
48.86 

52.16 

55'39 

58.67 
58 1-90 

5-09 
8.21 

11'53 
14-88 

18.54 

27-68 

3 0 . ~ 7  

33-08 

37.10 
40.21 

43'48 
46.86 

1jo.12 

53'35 

56-51 

59'73 

50 2'93 
6.32 

9'57 ... 

-69 
-60 

68 

'65 
-61 

-60 

'63 

-52  

-66 

-66 

' 64 

'63 

'64 
-60 

... 



TdBLE ?? !l!RANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Bontbay (33) and Aden (W). 

Astronomiml Date 

and Deacripbive 

Deb& 

1877 

May 

Comparison NO. 1 

Exchange A 

Cnmnt  used 

at Rnst, Poailire 

at  West, ,, 

Pen Equation 
8 

at Ellst + I -903 

at  We& + 1.449 

Mean 

Times of Local 

Signals recorded on 

Chronograpl~ at  

Tim- of 

Bignula in Ternis of 

Distant Clock 

Intervals 

between 

~ucceesive 

Looal Signals 

ns recorded at  

1877 

May 1 

Comparison 3 0 . 1  

Exchange B 

Current used 

at Ed, Negative 

st Wmt, ,, 

E d  

1 

h m  8 

14 16 50'9.3 

55'50 

58.98 

,7 - 40 
6-13 

9'50 

13-05 
16-34 
19.80 

a3.21 

26-50 

30.00 

33'40 

.16'77 

40.3, 

43.79 

Interpolation of 

Received, between Looal, 

Signals recorded on 

Cable Tapes 

Wed 

2 

m 8 
1 2  25 1'17 

5-41 
8'90 

1l.50 

16-10 

19-58 
a.z'oz 

26-51 

29'90 

33-33 
36-60 

39'98 

43'47 

46-90 

50.36 

53.84 

h -  

a.5 
9 . .  
n -  
VIVI 

E Z Z  - = - -  
1 1  

Pen Equation 

st Rnst - r '903 

at  Wert - I '449 

Resulting 

Valu08 of 

double 

Returdation 

IS(-11-12) 

8 ... 
0.52 

'53 

.46 

.54 

'51 

-56 

-56 

'47 

.5a 

.56 

-58 

-54 

'55 

-58 
'64 

'541 

Obmwed 1)iffere.n~ 

14 17 17 - t 

Dednotion 

of d, the 

Binal 

DifIerenca 

betw-n the 

Clocks at  

E P O O ~  t, 

0 

+? - 
Y1 

3, - 
1 

... 
0'47 

'55 

'49 

'57 

'54 

-53 

-51 
-60 

-48 
-61 

'53 

of 

Ewt  

11(-9-2) 

8 

I 51 51.63 

.66 

-58 

'65 
.61 

-62 

-61 

-56 
.6r 

'64 

'65 
'62 

-6a 

'65 

-70 
... 

I 51 51.627 

Rust 

3 

VI- 

S G G Z  
4 - -  

1 1 1  

'a i n .- 
f i i  
g f  E 
g -g pc 6 
$ 0  

g 

Clocks at  

Wed 

l2(-1-10) 

h a r  ... 
I 51 61-11 

'13 
-12 

- 1 1  

' 10 

.06 

'05 

'09 

*.~g 

-08 

'07 
- 08 

'07 

'07 
-05 

I 51 51.086 

... 
151 52'05 

' 00 

'05 
-01 

-01 

51-97 
52.01 

'00 

'05 

51-99 
52.02 

-02 

West 

4 

Signals from 8ignnlm from 

East Tape West Tape Sigt~als Sigllals 

a by East by West a 

------ 

"7 

- 

14 18 12-1.3 

16-00 

19-40 
22.60 

a5'95 

19.34 

32'72 
36-10 

39.16 

42'50 

45'91 

49'13 

52-35 

6 

2 - 
.P I - 5 

5 1 
PC 

6 
cO 0 

.- 8 
$ = 
3 
9 
- - 
z 
% = 
B a 

' 0 2  

51'99 

52'05 

h m  8 ... 
1 2  25 4'39 

7'8.3 
1 1 . s  

15-01 

18-40 

21.99 

25'29 
28-71 

31-12 

35'62 

38.93 

42.32 

45'70 

49'25 

52-73 

8 

4-51 

3'48 
3-42 

3.73 

3'37 

3-55 

3-29 
3.46 

3.41 

3.49 

3-30 

3-40 

3'37 

3'55 

3.41 

55-12 

59'03 

'54 

-59 

'47 

I 51 52.016 

6 

ra a6 2 1 ' ~ 1 /  3'87 

25.08 3-40 

U 
k 
4 
4 z4 
C - 

'535 

8 

4.24 

3'49 
3.60 

3.60 

3.48 

3-44 

3.49 

3-39 

3.42 
3.28 

3-33 

3.49 

3'43 

3.46 

3.48 

a8.40 

31-70 

I 51 5a.551 

"s 
*.( - 
0 - 
i 
a Meen 

7 

11.56 

3'77 

3'3a 

3-30 

3'40 

3'43 

3.36 

3-05 

3-36 

3-41 
3.21 

3'27 

3-29 

3-31 

3-20 

3-35 

4.80 

8.20 

14 18 37 - tm 

'41 

'45 

'44 

'47 

'47 

.48 

.q8 

'50 

'50 

'50 

'47 

'47 

'50 

'50 
.501  

2.64 

1'32 

2-15 

1.24 

2-23 

a . 2 ~  

2.20 

2 .22  

a.15 

2 . 2 1  

2.19 

2-14 

a - r z  

3.31 

3-37 

t 

8 

3-40 

3-36 
... 

35-10 3'39 
38'5.31 3-38 
41.893 '38 

1 44'94 3-06 

48-34 1-34 

8 

1'87 

1-57 
1-50 

1'75 
1-58 

1'70 

1-58 

1-73 
1 - 1 1  

1'75 

1-55 
1.60 

1-69 

1-78 

1'74 

'70 

'70 

'65 
-66 

'65 
-66 

.jra 
'66 

.6,3 

'69 

'67 

'65 

'67 
2 ' 2 4  

2-15 

10'35 

14 18 13.8.3 

17-63 

20 94 
aq* aR 

27-65 

31 '03 

34'41 

37'54 

40.83 

44'31 

47'49 

50' i 4  

54.04 

'44 

.48 

'48 

'50 

'50 

-50 

-50 

'47 

'50 

-5.3 

'49 

'50 

-50 

51'71 

54'92 

58.19 
a7 1-48 

'J ( - 1  +6) 

1.70 

1-63 

1'54 
1-68 

1.70 

1.69 

1-69 

1'44 
1.67 

1.81 

1'58 

1.61 

1-69 

3'41 
3.22 

j.aa 

3.37 

lo(-?+A) 

a76 

'70 
a66 

-66 

'70 

-65 

-65 

'65 

. l o  

.69 

.6; 

'65 
'68 

.68 

.66 

'64 

57.38 
60.72 

'50 

'50 

... I 51 5a.51 

1 2  26 23.95 '55 

1-66 

1-69 

27'40 

30'55 

33 ' 94 

37'3.3 

40' 75 

44'09 

47-16 

50'45 

53-91 

57'1' 

27 0.33 

8 

3-22 

2'44 

2.38 
2'52 

2.30 

1-41 

2.27 

2.20 

2 . 2 1  

2-30 

1-33 

2.34 
2-23 

2-35 

1'37 

-58 

'55 

-50 

'52 
-60 

'53 
-60 

'57 

'55 

.56 

3-70 

7'04 

A m  8 

14 16 52.80 

57-07 
17 0.48 

4-15 

7'71 
r1.20 

14'6.3 
18.07 

ar.51 

24-96 
28.25 

31.60 

35'09 

38.55 
42-06 

... 

-5s  

-52 



TABLE V. TRANSCRIPT AND BEDUCmON O F  CLOCK COMPARISONS. 

Bombay (E) and Aden (W). 

Astronomical Date 

and Demriptire 

Detaib 

1877 

Mry 1 

Cornparinon No. 1 

Esohmge 0 

Current used 

at &st, Poritive 

at Weat, ,, 

Pen Equation 
8 

at Emt + 1 

at Went + 1'449 

Mean 

1877 

May 1 

Comparison No. 1 

Exchange D 

current ured 

n t  Ewt, Negative 

at W e  I, 

Pen Equation 
8 

at R u t  - I ~903  

at Weat - 1.449 

Ymn . 

Times of Local 

Signals recorded on 

Chronograph at 

Er 1 w: 

h n s  r  h n ,  8 

1 " - 0 ~ 1  
1 4 1 9 4 7 - t  

Intervals 

between 

suoesasive 

h l  Signals 

14 19 21-55 

25'89 

29'39 

32.75 

36 o j  

39'39 

42.72 

46 0.3 

49-32 

53-71 
56.02 

59'37 
ao 2.72 

6.08 

9'67 
11.91 

b u l t i n g  

Valuea of 
double 

Retardation 

IS(-11-12) 

8 ... 
0.62 

'56 

.63 
-61 

'53 

'54 

.so 
'59 

'69 

.s6 
'53 

-5" 

.s6 
'53 

'575 

Interpolation of 

bceived, between Local, 

Signals recorded on 

Cable Tapee 
ae recorded 

Er -- 

8 

4-34 

3'50 

3-36 

3.30 

3-34 

3-33 

3.31 

3.19 

3.39 

3 . ~ 1  

3-35 

3'35 

3.36 

3'59 

3-14 

1 2  a7 32.11 

35'97 

39-41 

42'72 
46-10 

49-43 

5a.71 
56-02 

59-30 
a8 1.80 

6.16 

9'59 
12.80 

16-29 

19.69 

... 
0.55 

'52 

'59 

'47 

'53 

'57 

'49 
-62 

-56 

'53 

-46 

- 55  

'53 

-54 

'53 

-536 

at 

wyq 
8 

3'86 

3'44 

3.31 

3-38 

3.33 
3-28 

3'31 
3.28 

3-50 

3-36 

3.43 
3'21 

3-49 

3-40 

3-35 

Timen of 

Signals in Terms of 

Distant Clock 

151 51-57 

-52 
-61 

'49 

'55 

.58 

'51 

'63 

'57 

'55 

'50 

-57 

'51 

-56 

'55 ... 

I 51 52-552 

Signals from 

West on 

Enst Tape 

rn 

6 
------ 

8 

Deduction 

of d, tLe 

~ i ~ a l  

Di5e-m 

betreen the 

E~ocl l  Clock@ at t, 

a .c, .S 
O C -  o . ? ? I ?  

West 

Signala 

by Clook East 

9 ( - l+6)  

A m  s 
14 19 13'81 

27-68 

31.10 

' 34-40 

37'72 
41'06 

44-28 

47'68 
51.02 

54-43 

51-70 
20 1.21 

4-40 
7.88 

11.26 .. . 

... 
I 51 52-02 

'00 

-02 

-02 

'02  

-01 

'02 

-01 

'01 

'02 

'04 
'02 

51'99 
52.02 

.oa 

I 51 52.016 

Obwrved Differen- 

Signnls from 

Ewt on 

'52 

'51 

'51 

'50 

'50 

-50 

'47 

'50 

'50 

-52 

-50 

' S j  

-50 

'50 

'49 

n -  V i m  

EL;: 
* " - "  

1 1  

14 a1 5 - t 

'50 

'45 

-50 

'45 

-50 

-48 

'45 

'50 

'48 

'45 

.46 

'49 

'47 

'47 

-49 

14 ao 40-991a 

44'35 

47.60 

50'79 

53-90 

57'12 
ar 0.19 

3'68 

6.78 

9-80 

13-02 

16-21 

19'40 

22 55 

25.76 
ag-00 

1-68 

1-46 

1.60 

1'40 

1'61 

1-47 

1-67 

1-55 

1'45 

1-45 

1.47 
1-56 

1'48 

1.51 

1.59 

3s 
* ' p l -  ' 

ViVi 

8 ~ t ;  
* - - 

I 1  

Rant 

Bignab 

by Clock West 

lo(-2+R) 

A m  s ... 
la a7 34-81 

38'24 

41.69 

44'98 

48-30 

51-63 

54-96 

58.25 
18 1-68 

4'95 
8.36 

I I .68 

15'07 
18.64 

%I-87 

of Clocks 

Eaat 

11(-9-2) 
P 

h m  a 
I 51 51'70 

-71 
'69 
-68 

-6a 

'63 

'57 
-66 

'72 

'63 

'54 
-62 

-60 

'59 

'57 ... 

151 51.635 

West 

4 3 4  

--- 
7 

'70 
'66 

-69 

-67 
'66 

'67 
'68 

.68 

'68 

'64 

.64 

'65 

-65 

'69 

-65 

2-26 

1-79 
1.71 

1-65 

1-67 

1.67 

1.56 

1-65 

1.70 

1 - 7 2  

1-68 

1-84 
1.68 

1.80 

1.59 

- 
.o 

Z 

I 

a - 
m 

; - 
I 

at 

West 

12(-1-10) 

h m r  ... 
I 5151.08 

'15 
.06 

'07 

'09  

'09 
'07 

' 0 7  
'03 

'07 
'01 

'04 
'01 

'03 

'04 

I 51 51.061 

Tnpe 

m 

8 

8 
2.70 

2-27 

2-28 

2-26 

2 - 2 0  

2.20 

2.25 

2-23 

2-38 

a-15 

2.20 

2.09 

2.a7 

1-35 
2-18 

- a 
.S I 

5 
W = g  - - 
6 2 

PI 
g 

2 Q 

.- * 
E = 

4 
c 00 
HFl 

%! .. - 
0 - 
0 
a 

1 50-10 

53-19 

56-59 

59-70 
a9 2-96 

6-01 

9'25 
12-60 

15.66 

18.70 

21-99 
a5'zo 

28.36 

31'50 

34'80 

31-91 

"70 

.7o 

"70 

'67 

-70 

-67 

'72 

-71 

'70 

-70  
.68 

'69 

'70 
'68 

'70 

B 
.S I 
a 8 
4 

$4 
$ 3 
2 g 
EI 

3 = 
& 
4 
-r( 
9-l w 

"s 
e.. - 
0 - 
3 a 

3-36 

3-15 

3'19 
3.11 

3.22 

3'07 

3'49 
3-10 '  

3.02 

-3.22 

3.19 

3.19 

3'15 
3.21 

3-24 

2-23 

2-31 

2.18 

1-18 

2-14 

2.17 

1-41 

2-17 

2-13 

2-30 

2-18 

2-18 

2 - 2 0  

2-14 

2-18 

3-19 

3'30 
3.11 

3.26 

.qao5 

3'24 

3'35 
3-06 

3.04 

3-29 
3.21 

3.16 

3'14 

3.30 
3-11 

14 a0 42.67 

45'81 

49'20 

51-19 

55-51 

58-59 
21 1-76 

5-23 
8-23 

11-25 

14'49 

17'77 
10.88 

y - 0 6  

17-35 
... 

... 
12  28 52-33 

55-60 

58.77 
29 1-88 

5'1° 

8-18 

11-66 

14'77 

11-79 
1 1 ' 0 0  

24'17 

17-38 

30'56 

33'74 

36-98 



T D L E  P. TRANSCRIPT AND REDUCTION OF CLOCK COMPIIl1.ISONS. 

B o d a y  (E) and Adm (W). 

. 

Astronomical Date 

end 1)eacriptire 

Detda 

1877 

ay 1 ' 

Compuiron No. 2 

Exchange A 

Oarrent wad 

at Enat, Poeitive 

w-t, " 

Pen Equation 
8 

at East + I -899 

at West + 1.449 

Mean 

Times of h l  
Signals recorded on 

Chronograph at 

1 

Elst 

1 

h t n  8 

17 30 47'69 
51'2.3 

54'81 
58.01 

31 1 -18  

4'33 

7'64 
10.91 

14-51 
18.31 

a1 -98 
25 ' 5.3 

28.94 
31'20 

35-81 

39.29 

I 17 31 13 - 

Observed Differenom 

of Cloch st 

Intervab 
Interpolation of 

between Timed of 
Received, between b l ,  

sumwive Signala in T e r m  of 
Sign& recorded on 

L d  Signab Distant Clock 
Cable Tspea 

as recorded at 

Signals from S i p a b  from 

h t  

East West 
by East by West 

Clock Clock 

-- --- 

Values of 

dot~ble 

Beturdation 

IS(-11-12) 

8 . . . 
0.54 

'49 
. 
'57 

'51 

's6 
'53 

'44 

'45 

'49 

'55 
'59 

'51 

-52 

-51 

'512 

Wed 

a 

h  J 

15  38 57-50 

39 0.85 
4-38 

1-44 

13'94 

17.30 

20.53 

24.55 
28.21 

31'91 

35-11 

38'50 
41'85 

45-69 

49.00 

t 

East 

11(-9-4) 

h m  8 
I51 51'92 

'85 
'81 

52-00 

51-90 

'91 
88 

-86 

'87 

'93 
'92 

-98 

'87 

'83 

'8 
... 

151  51'895 

1 5 1  52'85 

'85 

-79 

-78 
'83 

'77 
81 

'9' 
-86 

'87 

' -88 

8 

3-54 

3'59 

3'19 

3.17 
1 0 - 7 0 3 ' 1 5  

3-31 

3.17 
3 - 6 1  

3.80 

3.66 

3'55 
3-41 
3'26 

3 .61 

3-48 

.. . 
0'55 

'63 

'51 

-51 
-53 

'45 
.46 
-60 

-56 

'56 

'55 

.57 

-52 

'59 

'49 

'539 

Wed 

IZ(-1-10) 

h + n  8 ... 
1 51 51-38 

-36 

'40 

'43 

'39 
'35 

'35 
'42 

'42 

'44 

'37 

'39 

'35 
'3' 

-38 

151 51'383 

... 
I 51 52-30 

.22  

'28 

'27 
'30 
-32 

.36 
'31 

'30 

1877 

May 1 

Compuiwn No. 2 

Exohange B 

3-35 
3'53 
3-06 

3.26 

3'24 

3'36 

3.23 
4.01 

3-67 

3.69 
3-31 
3-18 

3'35 
3.84 

3-31 

Deduction 

of d, the 

~ i ~ ~ l  

 iff^^,,,,^ 

betreen 1~ 

Clocks at 

Epoch t, 

1 7  32 15-99 
20- 14 

2.3 - 60 

17'31 
30.71 

34-00 

37.26 
40'6.3 

Meall 

15 40 25-41 
28.88 

32'78 
36-10 

39-49 

42'79 

46.09 

49.40 

- -  
YIY) 

E Z L  
* " - 

I I  

1 7 3 1 4 2 = t  

Current used 

a t  Enst, Septive 

at We&, ,, 

Pen Equation 
r 

at En& - 1.899 

8t We& - 1.449 

2-qa 

2-50 

1.26 

2.34 
2 - 2 1  

2 .15  

2-18 

1 - 2 7  

1-36 

2.28 

17 32 18.17 

21.73 

15-57 
18.88 

32'32 

35'56 

38'91 

41'31 

45 ' 7 0  
4 9 ' 4  

52.50 

55.88 
50'44 

33 2.85 
6.21 

... 

m OLY) to . ?* 
n -  
"aY)  

U! - - 
I 1  

.86 

'87 
-81 

... 

151 51'84.3 

-49 

'41 

'43 

'45 
45 

'46 

'47 
-41 

-50 

'50 
'51 

-49 

'44 

'41 

-51 

n Y) 

L 
" 
I 

... 
15 40 17-84 

31.38 

35'04 

38'44 

41'50 

44'94 

48-17 
51-67 

55.20 

58.49 
41 1'85 

5-16 

8-81 
12.26 

15-69 

.7o 
'64 
'68 

'69 

-67 
-65 
-66 

-66 

-70 
'67 

4-15 
3-46 

I 3.72 

3-39 
3.19 
3.26 

3-37 
3'35 

'55 
'46 
-5.3 

.46 

-49 
'48 

'49 
.so1 

'49 
'48 

-t n 
F 
n 
Y) 

& - 
1 

'31 

'34 
- 28 

'33 

I 51 51-30: 

P '0 

g 1 
p 

= a 

8 
& 2 

" b 
L 

f 
.4 -- 
i 
8 
L. - 
0 - 
B 

3-46 

3-90 
3-31 

3.39 
3-30 

3'30 

3-31 

3'44 

2-28 

1-59 

1.97 
1-56 
1-61 

1-56 

1-65 

1.68 

1-72 

1.58 

3 7 .- Y - 
Z 

& : s  
G 2 

C4 c 

4 z 
g .- 
$ 2  

i; 
U 

3 
I - M w 

3 
% 2 

3 
a 

1.73 

1'47 
1-31 

1.43 
1'42 

1'51 

1 -54  

1.48 
1.90 

1-83 
1-85 

1-67 

1-43 
1-48 

1-77 

'50 

'so 

'51 

'50 

'48 

4.3'981 52.84 
47.501 56.21 

3-51 

3'30 

3.39 

3'38 

1'59 
3.38 

3-48 

1.70 

1.69 

1'87 

1.69 

1-67 

50-80 

54-19 

57'57 
33 ' ' 16 

4'54 
8'01 

'66 2.14 I 
-6.3 1.26 

'70 

'74 
"13 

'71 
-69 

-70 
' 7 0  

'64 

-64 

63 
-68 

.71 
' 7 0  
-69 
-67 

3'37 

3'40 

j -39  

3-58 

.3-40 

3.41 

3-43 

59-61 
41  3-00 

6-58 

9'98 

13-39 
16.81 

-66 

-67 

-67 

1-24 

2-18 

1'30 

J 

2'35 
2-61 

1.23 

2-31 

2.14 

2-35 
2-26 

1-57 
1-35 
1-32 

1-25 

o-33 

1-35 
2.65 

2 . 2 2  

h m  J 

17 30 49'42 

53'70 

56-19 

59-44 
31 1'60 

5'85 
9 "  8 

12'39 
16-41 

20.15 

23'83 
27-ao 

30'37 
.?3.68 

31-58 
... 

A m  8 

..- 
15 38 59'85 

39 3-46 
6 -61  

9'75 
12'94 
16-29 

19-56 
13' 10 

26-90 

30'54 

34' 16 

37'55 

40'85 

44-50 

41-91 



TABLE 7. TRANSCRIPT AND REDUCTION O F  CTJOCK COMPARISONS. 

Bombay (E) aacl Aden (W). 

- 

Aettonomid Date 

and Descriptive 

Detailr 

1877 

May 1 

Compcuison No. 2 

Exohange C 

Current ured 

at  East, Positive 

a t  Wert, Negative 

Pen Equntion 
8 

a t  East + 1.899 

s t  West - 1'449 

Moan 

1877 

Yay 1 

Cornparim No. 2 

Exchange D 

C u m n i  used 

at Enst, Negative 

st wert, ,, 

Pen Equation 
r 

I& Elut - 1.899 

at Weat - 1 - 4 9  

Mean 

Times of Loal 
Signals recorded on 

Chronograph a t  

East 

1 

h m  r 
17 33 26'43 

31.03 

34' 78 

38.30 
41 '60 

44'81 

48.14 

51 '40 

54.98 
58.60 

34 '93 
5' lo 

8 . ~ 4  

11'7.3 
15-10 

18.71 

Illterrals 

between 

suwesslve 

Local Signals 

West 

Z 

b  a 
15 41 39.96 

43-48 

47.31 

50'70 

54.01 

57-40 
41 0.60 

4-02 

7'70 
11.18 

14-34 
17-60 

20.90 

24.30 

27'78 

31'27 

as recorded 

East 

a 

r 
4.60 

3.75 

3.52 

3.30 
3.21 

3.31 
3.16 

3.48 

3'72 

3.33 

3.17 

3-24 

3-39 

3.37 
3-61 

Interpolation of 

Received, between Local, 

Sign~~ls recorded on 

Cable Tapes 
Deduction 

of d, the 

~ i ~ ~ l  

nifersnce 

ktween the 
Clocks at 

Epoch % 

'530 

... 
0-54 

'5.3 

-51 

'59 

'5O 

'51 

.58 

.48 

.56 

'49 

a56 

' 5 3  
'49 

'50 

'51 

'530 

at 

West 

4 

r 
3'52 

3-83 

3-39 

3.31 

3.39 
3-20 

3.42 

3.68 

3.48 
3-16 

3.26 

3.30 

3-40 

3.48 

3.49 

2%. 
mu2 

" L L  
VI Y, 

SC,Z  
4 - - 

B l  

4 

Times of 

Signals in Terms of 

Distant Clock 

I SI 48.501 

... 
I 51 52-18 

' 19 
'35 
.16 

'17 

-32 
26 

'33 

'30 

- 34 
-28 

' 15 

' 29 
'30 

'32 

r 51 52.196 

Signals 

l\'est on 

" - 
; 
u) 

- 
I 

w w  - 'c 
r.m 

* M~ . 
.nu) 

, - - 
I S  

Weat 

Sigllalm 

by East 

Clwk 

9 ( - 1 + 6 )  

h m  r 
17  33 28.96 

32-53 

36'43 

39-75 

4-3-08 

46-30 

49-64 

5.3'14 

56.6.3 

34 0.1: 

East - 
------- 

5 ------ 

'55 
'40 

'47 

'44 

a46 

'47 

-46 

-50 

'47 

-47 

-46 

.47 

'47 

'47 

-47 

fromlSignlrls from 

Eust on 

- ' a  
0 I .- * - 

f w": - 
~l ". 
L C 
.E a 
g .- 
I: 
$ 
L 

.z 
4 00 
- 4  

t 
% z 
E 

I 51 49'0.32 

151 52.82 

-82 

-87 

'85 

"77 
' 8.3 

'84 
-81 

'86 

'83 

'84 

'8.3 

"78 
-80 

'84 
... 

I 51 52'826 

17 33 53 - t, 
- - 
N 
u) 

;, - 
I 

h " l t i n g  

Values of 

double 

Retardation 

8 
... 

0.53 

-51 

.67 

-50 

'63 

-48 

-50 
'62 

Emt  

Signals 

by West 

Clock 

lo(-2+8)  

A m  8 

... 
15 41 43'56 

46.24 

49-15 

53.05 

56.38 

~ 5 9 . ~ 4  
41 2-86 

6.38 

10.14 

Obsewrd Differences 

'hpe  

; j j 4  
'" B m B m  

6 

8 

2'5.3 
1.50 

1'65 

1'45 
1-48 

1.56 

1.50 

1.74 

l ' i5  

1-57 
1-46 

1'51 

1-59 
1'58 

1 - 7 0  

West 

.- 
u 

7 

'74 

'71 

' 7 2  

' 71  
' 7 0  

'70 
-66 

'64 

' 7 0  
'70 

'69 

'69 

'69 
.66 

- 7 0  

.q a I 

3 B 
g'" x 
2 1 
$ ; .. 
a 
" 

P = 

9 
.-i ,-l 

-i 
c. - 
0 - 
9 
5 

4 7  '45 

'54 

-56 

'55 

'51 

'53 

3'39 
6.62 

9'9.3 
1.3'31 
16.80 

... 

of Clocks 

East 

h m  r 
151 49'00 

'05 
- 1 2  

'05 

'07 

48-98 

49.04 
-12 

4 - 9 3  

'99 

Tape 

E 

8 

r 
2.60 

2.76 

1-44 

2.35 

1-37 

2'aq 
1.26 

2-36 

2-44 
2 - 2 1  

2-25 

2-28 

2-35 
1.30 

1-44 

at  

West 

11(-9-~)12(=1-10)13(-I1-12) 

A m  r 
. . . 

151 48'47 

'54 

'55 

'55 

'44 

' 5 0  

'54 

'50 
.46 

1 7 3 5 1 1 - t  

2.32 

1-62 

1'6.1 

1-56 

1.59 
1.63 
1.66 

1.66 

1-65 

1-57 
1-56 

1-68 

1-59 
1.63 
1.60 

17 34 46-43 

50'50 

53.94 

57'19 

35 0.45 

3'70 

f '0 .3 

10..35 
1.3.81 

1 7 - 1 0  

20.24 

23 ' 43 
26.98 

29.95 

33' 14 

36.33 

'68 

'69 

'67 
'68 

'67 
'66 

'67 

-67 
'68 

'66 

'66 

.68 

'65 
-66 

.66 

'54 

'5' 

-46 

-48 

-50 

'49 

13-39 49'05 
16.59 1 -01 

17 34 48.75 
52-12 

55-57 

58.75 

35 2-04 

5'5.3 
8.69 

12-01  

15-46 
18.67 

21 -80 

25'11 

28-31 

31'58 

34' 74 
. . . 

2.19 

3-35 
2.14 

1.29 

1-16 

2 . 1 1  

2.14 

2'28 

2 - 2 0  

1-06 

2-19 

2.25 

2.07 

1.06 

1.11 

15 42 55-93 

59'30 
43 2 . 7 0  

5.90 

9'27 
11.50 

15'85 
19'20 

22.60 

23.84 
28.96 

32.18 

35'.i9 

38.78 

41.90 

45.10 

19'88 

23'15. 
26.60 

30'12 

... 
15 qa 58.22 

43 1-65 

4'84 
8.19 

11-43 

14.71 
1 8 . q  

21-48 

24.80 

17'90 

31.15 

34'53 

37'66 

40.84 
44'01 

'03 
-01 

'02 

... 

'57 

'47 

'50 

'48 

'49 

'.49 

'50 

'48 

-50 

'50 

'49 

'50 

'50 

. j r  

'50 

4-07 

3'44 

3.25 
3.26 

3-25 

3.33 

3.32 

3'46 

3.29 

3'14 

3.19 

3-35 

3'17 

3'19 

3.19 

3'37 

3'40 
3.20 

3.17 

3-23 

3.35 

5-35 

3.40 

3.24 
3'12 

3.32 

3.31 

3'19 
3.12 

3.20 





(18) T ! L E  V. !I!RANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Bombay (E) and Aderc (W). 

h u l t i n g  
Vnlnee of 

double 

Xatardation 

IS(-11-12) 

8 . . . 
0.56 

'55 

'49 

-5s  

'58 

'44 

.56 

-54 
-60 

'56 

'53 

'44 

.71 

'54 

-548 

.. . 
0-57 

'51 

'52 

'53 

'57 

.56 
-60 

'52 

'57 

'53 

'49 

'5O 

-5% 

'55 

'52 

'537 

Oboewed Differenma 

of Clocks a t  

Aetronomicd Date 

mid Descriptive 

Datsile 

1877 

a 

Comparison No. B 

Exchange C 

Current used 

a t  Ewt,  Positive 

a t  West, ,, 

Pen Equation 
a 

at East + ~ . g o r  

East 

Times of 

Signals in Term0 of 

Distnnt Clock Deduction 

of d, Lhe 

 id 

Diaemnce 

between the 

Clockn a t  

Epoch t, 

1877 

a 

Cornpariaon No. B 

Exchange D 

Current used 

s t  East, Negative 

a t  West, ,, 

Pen Equation 

a tEa r t  - 1 . ~ 1  

* 

a t  West + I -427 

Mean 

- 

Wwt 

Weat 

Signals 

by East 

Clwk 

9 ( -1+6 )  

h m  8 

17 36 9 '51 
12-9015 

16-16 

19-83 

13-30 
26.44 

29-10 

32'75 

35'98 

39-25 

42'56 

45'87 

49-45 

52.74 

55'91 ... 

mu, - 0  

UP' 
sz  

E z:, 
4 " "  

I 1  

at  West - I '427 

Mean 

Eart 

Signal8 

by West 

Clock 

lo(-Z+8) 

h m  6 ... 
44 20.67 

21-95 
17-13 

30'79 

34-31 

37'40 

40'71 

43'79 

47 '00 

50'37 

53'58 

56.8j  

45 0.48 

3'74 

6.95 

Intervals 

belween 

successive 

Local Signals 

Times of Local 

Signnla recorded on 

Chro~~ograph a t  

E 
r 
d 
> - 
I 

Interpolation of 

Received, between Local, 

Signals recorded on 

Cable Tapes 
as recorded 

Ewt  

3 

8 

3-94 
3-26 

3.25 

3-65 

3.45 
3.18 

3.22 

3 -13  

3'19 

3.36 
3.26 

3.29 

3-51 

3 -31  
3.22 

East 

1 

h m  6 

1 7  36 7'30 
11.24 

14'50 

17'75 
21-40 

W.85 
28-03 

31.25 

34'38 

37'57 

40'93 

44'19 

47'48 

50'99 

54'30 

11 

h m  6 

151 51-13 

-10 

'11 

"3 
'11 

'07 
-10 

'13 

'17 
-12 

'14 

-07 

'24 

'14 
-11 

... 

I 51 51.125 

151  57-77 

-74 

'72 

'73 

'77 

-76 

'74 

'77 

"79 

'77 

'74 
-66 

'73 

'75 

'7s ... 

15157.744 

at 

West 

4 

J 

3-42 

3.25 

3-65 

3.49 
3.18 

3'2.3 
3'oa 

3.19 

3.32 

3 '29 

3.38 

3-41 

3'39 
3-20 

3-21 

West 

2 

h m  8 

15 44 18'38 

21-80 

25'05 
28.70 

32.19 

35-37 
38-60 

41-62 

4 . 8 1  

48-13 

51.42 

54'80 
58.a1 

45 1.60 

4.80 

57'52 

(-9-2)112(a1-10) 

h 6 

... 
I 51 50.57 

'55 
-62 

-61 

'53 

-63 

'54 

'59 

'57 

-56 
-61 

'63 

'5' 

-56 

'57 

I 51 50'577 

... 
151 57-20 

'23 
'20  

' 20 

' 20  

-20 

'14 

-25 
- 2 2  

' 28 

-21 

'16 

-11 

'20 

'20 

15157'207 

... 
15 45 28'03 

31.56 

34'59 

37.59 

40'90 

44-00 

47-05 

50.03 

53' l6 

56.22 

59'57 
46 2.69 

5'85 

9'14 

12-43 

- 5  

. I 
d g :  4 
.I 2 0 - 
r 

$ 6  
9 
E 
8 
U 

4 
d m  - d 
H ... .. 
0 - 
a 

d 

8.011 

Sig~~als  from 

West on 

17 37 46 - tE 

17 37 22-0015 

25-23 

28' 79 

31'79 

34' ;I) 
38'10 

41 -20  

44.19 

47 ' 28 

5 0 . 3 ~  

53'50, 

'EE - " -4.- 
-.a 

6 : :  * " m 

17 36 32 - t 

Signals from 

East on 

Enst 
- 
C ------ 
5 

'56 

.51 

.51 

.57 

.55 

'50 

.52 
a48 

'50 

'50 

-50 

.51 

-56 

-53 

'50 

2 
2 
I, - 

West 

7 

.67 
'66 

'57 
-60 

-67 

'6.3 

'70 
-68 

'66 

.68 

-64 
.60 

-67 

'67 

-67 

Tape 

; < ; +  
'" 

6 

8 

2 - 2 1  

1-66 

1-66 

2-08 

1-90 

1-59 
1'67 

1-50 

1'60 

1'68 

1'63 

1.68 

1-97 

1.75 
1.61 

3.26 

3-37 
3'oa 

3-22 

3.08 

3.01 

3.07 

3-07 
3-16 

3.20 

~ ' r o  

3.22 

3'33 
3.22 

3-28 

I I '  I 

: ' d  .z I 

: 5 
p $ = $  
2 3 

E 
n o  
.P 
P 2 

5 
U 

4 
- O U  H t+ 

;z 
2 2 

a 
i 

45 25.9 3.23 I 29.20 3.56 

32.51 3-00 

35'59 3'00 
38.81 3.31 

41.89 3.10 

Tape 

8 

8 
2-29 

2'15 

2-08 

2'09 

2'13 

2'0.3 
2.11 

2 ' 1 7  

2'19 

2'24 

2'16 

2.05 

2'27 

a.14 

2-15 

-53 

'48 

'50 

-51 

'54 

'50 

'48 

.50 

'50 

'51 

'50 

-45 

. j o  
-5.3 

'50 

44'90 

47.9; 

51.04 

54-20 

57.40 
56.78, 46 0.50 

59-85 3-72 

3' 3 . 0 ~  7.05 
10.27 :::I '3'55 

1.71 

1.71 

1.50 

1 -53  

1.79 

1-55 

1-44 

1'55 

1-55 

1 '59 
1.64 

1-38 

1.60 

1.74 
1-65 

2.99 

3'09 
3-10 

3'12 

3-28 

3.07 

3-21 
3.28 

3.29 

'64 

'70 

'67 
'62 

-68 

'70 

'70 

'67 

'67 

'63 

.70 
'68 

.64 

.65 

.66 

2.09 

2.36 

2.02 

2 ' 0 0  

1-09 

2.11 

2-15 

2-06 

2 .12  

2 ' 0 2  

2.17 

2.19 

2'13 

2.- 

2.16 

17 37 23.71 

26-94 

30.29 

3.3'32 

36-58 

39-65 

42'64 

. 45'74 

48 ' 8.3 

5I.97 

55'14 
58-16 

38 1'45 
4.80 

7'99 
,.I 



TABLE P. TRANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. (19) 

Bombay (E) and Adea (W). 

Astronomical Date 
and Ilewriptive 

DetIaila 

1877 

May 8 

Cornparillon No. 1 

Exchange A 

Current used 

at East, Positive 
at Went, ,, 

Pen Equation 
8 

at East + 1.892 
at Went + I -459 

Mean 

Deduction 
of d, the 

1877 
May 8 

Cornparkon No. 1 

Exchange B 

Current used 

st Enot, Regatire 
at Went, ,, 

Pen Equation 
6 

atEast - 1.892 
at Weat - 1'459 

Mean 

Interpolatioii of 
Received, between Local, 

Signale recorded on 
Cable Taper 

Intervnls 
between 

succesrive 
Llml Siguala 

l'imea of Locd 
Bignals recorded on 

Chronograph at 
as recorded 

Eaat 

3 

8 

3'39 

3'23 

3-14 

3-03 
3-18 

3'40 
3'12 

3-30 

3-21 

3-03 

3-44 
3.20 

3-18 

3-16 

3-15 

Tiu~es of 
8ignals in l'erma of 

Distant Clock 

East 

I 

h m  8 

14 16 26-43 

29-82 

33'05 

36.19 

39.22 

42-40 

45'80 

48-92 
52.22 

55'49 

58.52 
17 1.96 

5.16 

8'34 
11-50 

14-65 

at 

West 

4 

8 

3'25 

3'15 

3-15 

3.15 

3-30 

3'17 

3.33 
3.18 

3.20 

3.34 

3.23 

3-24 

3.19 
3-12 

3-19 

W& 

2 

h~ 8 

12 24 32'30 

35-55 

38.70 

41'85 

45.00 

48'30 

51-47 

54-80 

57'98 
25 1-18 

4.52 

7.75 
10-gg 

14-18 

17.30 

30.49 

Observed Differenom 
of Clocb at 

14 16 51 - t 

Wrat 
Signals 
by ~ a s t  

Clock 

9 (-1+6) 

h m  t 
14 16 28-13 

31-37 

34'53 

37-64 

40.75 
44' I 0  

41-17 

50'57 

53.79 

57-01 
17 0.31 

3.53 

6'75 
10.01 

13'08 

. .. 

Signals from 
West on 

Enat Tape 

I 51 56-65 

-60 

-62 

'67 
'62 

'65 
-66 

-68 

'69 
'65. 

'59 

-6.3 
.61 

- 6 2  

-66 

... 

I 5 1  56.640 

bultinf3 

.- 

6 

Signnle from 
East on 

14 18 2 - t  

'70 

-73 

'76 

-74 

-76 

'75 

-74 

'73 

"/a 

'70 

'73 
'68 

'73 

'70 
-73 

14 17 41-05 
44'45 

47-50 

50.38 

53-20 

55'99 

58.71 
18 1-55 

4.30 

7'1.3 

9'94 
12.88 

15.67 
18-60 

21-44 

24-35 

l a a a  
E: 

o f - 8  
d m d m  ------ 

6 

West 

. 

7 

'70 

'72 

-72 

'70 

'66 

'71 

'68 

'69 

'71 

-64 

'69 

'69 

-69 
-68 

'69 

Values of ~ i ~ ~ l  

double Differenve 

8ig11nls 
~ e t a d ~ t i o n  between tlie 

Weat Clocka at 
by West 

Epocli t, 
Clock 

h m  8 h f l l  8 h m  8 ... I 51 55'83 ... ... 
12 24 34'58 

37'82 '83 '23 

3'40 

3'05 
2.88 

2-82 

2'79 
2.72 

2'84 

2.75 
2-83 

2-81 

2.94 

2-79 

2-93 
2.84 

2'91 

12 25 46.20 

49-25 
52.20 

54-95 

57'84 
a6 0.59 

3-33 
6.22 

9.00~ 

11.80 

14'70 

17.56 

10.53 

23-31 
26.~1 

29-oa 

Tape 

8 

8 
2-28 

2.27 

2-27 

2-21 

2'18 

2'25 

2.26 

2-19 

2'27 

2-14 

2-23 

2.24 

2.20 

a.ra 

a'ao 

40'97 

44-06 

47'18 

50.55 

53'73 

56.99 
a5 0.25 

3-32 

6.75 

9'99 

13-19 
16-30 

19.50 

1 5 1  55-19' 

... 
I 51 56.11 

-10 

-09 
'11 

.06 

-06 

-08 

a 05 
'II 

'11 

'09 

'09 
'04 
' 10 

'09 

I 51 56.086 

'50 

'48 

-47 

'4 
'4 
'50 

'4.4 

'50 

'48 

-50 

'52 

-49 

'50 

'53 

-50 

... 
0'54 

'50 
'53 

-56 

-56 

'59 

.58 

'63 

.58 

'54 

'50 

'51 

'57 

'52 

'57 

'554 

... 
12 25 48.34 

51'40 

54'29 

57'09 

59'93 
26 1'65 

5'47 
8.25 

II'O~ 

'3'8.3 

16.79 

19.58 
22.56 

a5 ' .?4 

28.26 

2-14 

2-15 

2'09 

9-14 

2.09 

2'06 

2-14 

2-03 

2.02 

2.03 

2-09 

2.02 

2-03 

a'o.3 
2.05 

3'05 

2.95 

2-15 

2.89 

1-75 

2.74 
2.89 

2.78 

2.80 

2-90 

2.86 

2-97 
2-78 

amgo 
a.81 

h O W  w. 
N ID 
' ' 

' O m  ", .n 

s ~ z ;  
*,.- 

U U  

1-55 
1-48 

1-45 

1'53 
1-70 

1-37 
1.65 

1-57 
1-52 

1'79 

1-57 

1-59 
1.67 

1'58 

'79 

'75 
'80 

'70 
'77 
'81 

'83 

"79 

'78 

"76 

'83 

'78 ... 

- 
1 5 1  55'204 

14 17 42'85 

45'85 
48'82 

51.62 

54'46 

57'24 

59'99 
18 2-90 

5.69 

8'45 
11-19 

14'19 

17-14 

19-93 
22'87 

... 

% 
p 
V) V) 

- 
I 

'587 

'53 

e46 

-46 

-44 

'45 

'46 

'45 

'49 

.49 

.47 

.46 

'47 

'50 

'47 

'49 

5 

.O II 
4 

5 
g : ;  d 

T 
S 2 

$3 .- 
4 2 = 
L. 

6 

4 
rl El 4 4  

2 
% 2 

9 

1-80 

1-40 

1.32 

1.24 

1.26 

1-25 

1.28 

1.35 

1-39 
1-32 

1'35 
1-31 

1-47 

1.33 

1.43 

a a .z 0 
a n % =  g 

8 7 
w 

$ 3 
.- fl 
4 

P :: 
$ 
0 & 

4 
H *  " ,-i 

% 
% 2 

.a2 -61 

-16 '63 

'22 '53 

'55 

'51 

'24 
-10 

-21 

'17 

-1 5  

-20 

"5 

'57 

'63 

'58 
.61 

-61 

'63 

'63 



(20) FABLE P. TRAXSCRIP'P AND REDUCTION OF CLOCK COMPARISONS. 

Bombay (E) and Aden (W). 

lLstronomioa1 Dnte 
and 1)escriptive 

Details 

1877 

Comparison No. 1 

Exchange 0 

Current used 

s t  Enrt, Positive 

a t  West, ,, 

Pen Equation 
a 

s t  Rust + 1 '892 

s t  West + I '459 

Mean 

1877 
May 8 

Comparison No. 1 

Exchange D 

Current used 

a t  Enat, Negative 

nt West, ,, 

Pen Equation 
a 

at Rnst - 1'892 

a t  Went - I '459 

Mean 
i 

Times of Local 
Bignnls recorded on 

Chronogmph st 

Esst 

1 

h m  r 
14 18 39,7812 

43 ' 0 7  

46-17 

49' 18 
g a  lo 

54'88 

57'68 
19 0.50 

3'40 
6.22 

9-10 

11.94 
14-80 

17.62 

20.59 

2.3 ' 40 

West 

a 

h m  r 
26 45'79 

48.76 

51'87 

54'80 

57.71 

27 0.54 

3-31 
6.16 

9-00 
11.86 

14'75 
17-60 

10'40 

23.31 
26-10 

29'15 

14 19 a - t  

Inhwsla  

between 

auccemive 

Local Signnla 

... 
0.57 

'53 

'64 

-50 

'65 

-64 

-63 

'55 

... 
I 51 56.10 

'12 

- I  I 

' 1.3 
'06 

'07 

'05 
-06 

'08 

' l o  

ss 

Enst 

Interpolstion of 

Received, bet ween hcn l ,  

Bignr~ls r e ro~ lcd  on 

Cable Tnpra 

Times of 

Signals in  Torma of 

Dimtnnt Clock 

I 

recorded s t  

Weat 

a 

Signnls fi-on1 

Weat on 

Enst Tape 

Weet 

Signnls 

by En& 
Clock 

9 (=1+6) 

I 51 56-61 

-65 

'75 

'63 

'71 

'71 
.68 

'62 

'63 
-66 

-60 

-60 

r 
. . . 

0.60 

'57 
.b1 

-58 

-56 

'54 

.59 

'56 

-56 

-58 

'58 

-59 

'57 

-58 

-64 

'581 

?,n r 
... 

I 51 55-20 

' 2.3 

-23 
-26 

'a2 

'20 

* 19 
'20 

'22 

' 1 2  

'19 
'18 

'18 

'22 

' 20 

1 5 1  55.209 

Observed Differences 

of  clock^^ at 

J 

3'29 
3-10 

3.01 
2-92 

2.78 

2'80 

2.82 

2.90 

2'82 

2.88 

2'84 

2-86 

1-82 

2-97 
2-81 

Yigl~nle from 

E:iat on 

West Tape 

E n d  

Bignula 

by \Ve& 

Cll)ck 

I~(=!!+fj) 

26-84 -66 '57 

29'58 
31-52 ... -58 + ,-I- 01 

-i 
L .. 
0 - 
c 

... 
27 52.68 

55'53 

58.39 
28 1-27 

4.02 

6.83 

9.67 

11-54 

15.52 
18.29 

21-17 

24'03 
22-90 

25-70 
28.60 

14 19 45.75 

48.78 

51.65 

54'50 

57-40 
20 0.08 

2-90 

5.72 
8-60 

11-60 

14'39 
1:.26 

20'  13 

2% "* - . 
'%z 

E;: 
* - -  

I S  

Reaulting 

Vulurs o i  

Rotnrdation 

1~(=1-10113(=11-121 

Ellat 

tl (-9-21 r 1 s 

14 20 7 - t  I 51 56.657 I 51 56.089 -569 

0, 
p 
2 
& - 
I 

'56 

Deduction 
of d, the 

~ i , , d  

Difference 

between tire 

Clocks a t  

Epoch t, 

Wert 

151  55-790 

- I D -  

B " .- 

m u  n +  ." 
V) w. VI V. 

gz&  ' - - 
I 1  

- -0 

. I * 
2 5 
$ = $  

$ 5 
g 

0 
.- 

------ 
6 

J 

2-97 

3'" 

a-9.3 
2'91 

1-83 

2.7; 
2'85 

2'84 

2'86 

2-89 

2'85 

2-80 

2'91 

1-79 

3'05 

m rs 

?' 
v. V1 

z - 
I 

27.56 

30.40 

33'34 

12 27 50.60 

53'45 

56.30 

59.20 
a8 2.0.3 

4.75 
7-60 

10'48 

13.47 
16.28 

19-00 

2z.10 

24.89 

'51 

m 

7 1 8 

r 
1.81 

1-49 

1-54 
1.46 

1.39 
1-40 

1-41 

1'42 

1'38 

1-44 
1'42 

1'43 

1'35 

1-49 

1'35 

'55 

'48 

'51 

-50 

'50 

'50 

'50 

'49 

'49 

'50 

'50 

- j o  

-48 

'50 

'48 

f 5 
6 . 1 
d r 
5 :  - 
a . G  

c e - 
& g 
g 

0 
.- 
Y 

! =  
6 
L 

2 
:co 
r(r( 

3 
LI - 
0 - 
z 
J 

2-80 

2.90 

3-03 
2'87 

2'85 

a.90 

2.68 

2.82 

2-82 

2.88 

3.00 

2.79 
2.87 

2-87 

2.77 
24-22 

27'06 

... 

2.8; 1 .5o 

.7o 

'70 

'71 

'70 

-69 

'70 

- 7 0  

-71 

'70 

"70 

"70 

'72 

. f o  

'74 

'69 

2 .02 

2 . 1 2  

2'85 

zmgo  
2.83 
2-72 

2'85 

2'88 

a-99 
2'81 

2-72 

3.10 

2'79 
2.67 

14 19 47.21 
50-1012 

53'05 

55'83 

58.74 
2 0  1.46 

4-18 

7-10 

10.10 

12-94 
15-60 

18.70 

21 -52 

'71 

-72 

'46 

-49 

.46 

'50 

'49 

-49 

-48 

-50 

'48 

-42 

. so  

.50 
2.84 

2 

2.08 

a-08 

2.09 

2.07 

1'99 
Z'OR 

2-07 

2.06 

2'05 

2 .01  

2'17 

1'9.1 

1'95 

1-52 

1'32 

1-40 

1'3.3 

1'34 

1-38 
1'38 

1'38 

1'50 

1.34 
1 - 2 1  

1-44 

1.39 

.47 1'32 
4 7  1 3 6  

' h m  J 

15155.80 

-80 

'84 

'84 

'78 

'74 

'78 

-76 

'78 
'80 

'77 

'77 

'75 
-80 

'84 
... 

a 

.73 

'73 

"72 

"7.3 

'73 

'73 

'72 

'69 

'73 

'74 

'70 

'63 

'73 

2-18 

2-08 

2.04 

1'95 

1 '94 
I 

2-00  

2.04 

2 . 0 0  

2 ' 0 2  

2 '00  

2'02 

2'04 

2.06 

'2 .10 

47.71 

50'64 

5.3'49 
56' 211 

59-09 
19 1.92 

4-33 
7.66 

10.52 

13'37 
16-13 

19- 1 I 

11 '94 
... 

5O.94 

5.3'95 

56.84 

59-66 
27 2-48 

5.31 
8 '20 

11'00 

13'88 

16-75 
19-62 

22-44 

25-37 
28-20 



TABLE ?? TRANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. (21) 

Bombay (E) and Aden (W). 

Astronomical Date 
and ~ e s n i p t i v e  

Detail0 

1877 

Muy 8 

Comparison 190.2 

Exchange A 

Current used 

at Eaet, Yusitive 

at  West, ,, 

Pen Equation 
; 

at East + 1 .882 

at West + I -459 

Mean 

1877 

May 8 

Comparison No. 2 

Exchange B 

Current nned 

Timelr of Local 
Signals recorded on 

Chrunograph at  

Rmt 

a 

------ 

Values of 

IZ(-1-10)1S(-11-12) 

J ... 
0.58 

'54 
.66 

'63 

'55 

'53 

'55 

'63 
-62 

'59 
-61 

-61 

'54 
-61 

'65 

'593 

. . . 
0'59 

'48 

'57 

-58 

Went 

'89 

'g2 
'88 

'97 

.98 
... 

I 51 56.918 

Observed Differences 

Deduction 

of d, the 

~ i ~ , , l  
Difference 

between t11c 

Clocks at  

Epoch t, 

a t  Rast, Segntive f 2  o .o j  2.85 

s t w e  ,, ¶*go 2.75 

5'65 2-17 
8'42 2.98 Pen Equal ion 

11'40 2-99 
at Enst - 1.882 

14'39 18.97 
at  West - 1'459 

32 1.39 
4'22 

6-98 

9'97 
12'90 

... 

Times of 

Signals in Terms of 

Dia t a~~ t  Clock 

Intitrvab 

between 

succesclive 

Local Signals 

ns recorded at 

'39 

'33 

'33 

'35 

' 36 

'37 

I 51 56.353 

of 

East 

11 (-9-2) 

h m  J 

I 61 56.06 

'03 

'I5 

'13 
-06 

'07 
-16 

' I 2  

-12 

'10 

'10 

'11 

-06 

* I 3  

-14 ... 

151 56.103 

I 51 56-91 

-82 

'88 

'93 

'90 
-88 

94 

w n  
N w. 

.?P 
% Z  

E:& 
* - -  

I I  

2.80 

2-80 

2-90 

2-92 

3'05 

3.66 

6'57 

9'32 
12-07 

15.04 
18.02 

'58 

.56 

'59 

'53 
-61 

-61 

-565 Mean 

-60 

'55 

Interpolation of 

Received, between Local, 

Signale recorded on 

Cable Tapes 

West 

Siplab 

by Enst 

Clock 

East 

Clocks a t  

West 

m a ... 
I 51 55'48 

'49 

'49 

'50 

'51 

'54 
-61 

'49 

-50 

'51 

'49 

-50 

'52 

'52 

-49 

151 55.509 

... 
I 51 56-32 

'34 

'31 

'35 

'33 

-38 

-96 

'94 

'97 

m 
N 

? 
v) 

t, - 
I 

' 74 )  2.07 
2 - 0 2  

.68 / 1.97 

'508 2'04 

'691 2 - 1 0  

'47 

.48 

.48 

-52 

.50 

4 2 
5 
'3 
E z  
g 
U 

2 
& OJ " - 
$ 
C - 
0 - 
i! 
a r 7 3 I 52 - tx 

1 

i n  8 
17 30 22.7315 

a6.82 

30.11 

3.3 ' 05 

35-90 
38.80 

41 '69 

44'67 

41-42 

50'40 

53'42 

56.32 

59'40 
31 a.50 

5'55 
8.70 

17 p 46 - 

Signals from 

West on 

East Tape 

Emt 
Signale 

by West 

Clock 

West. 

-38 

-36 

'39 

1-34 
1'32 

1-33 

1-55 
1'50 

k 

Bignala from 

East on 

West Tape 

e a .s S 
2 
- 2  E 
m s  

3 a 
2 8 
d 
.9 * 
f =  
8 
% 
C 

F 4  CJ 
&-I 

-i 
C - 
0 - 
i! 
sl 

- 0  m -. m - 
. P P  " 

\ g w w  
V)VI "7 

hL=,;, 
.e , - 

I 1  

lo( -2+8)  

h m  J 

... 
38 31.341 

34'62 

37'56 

40'40 

43'29 

46.15 

4 9 . 0 ~  

51'93 

54'9O 

57'91 

39 0'83 

3-90 
6.98 

10.03 

13'21 

B 4 6 6 7 8 , 9 (-1+6) 

II 

a - 

i n  s / ; 
38 29-08 4-09 

3 2 . 1 ~ '  3.29 
I 

35'43 2'94 

17 31 31-59 
54-41 

37'37 
4om.32 

43'17 

45'98 

48.84 

52'93 

55'93 

58-67 

t 

8 

3-09 
3.26 

2'92 

2-85 

1-98 

2-81 

2.80 

2.97 

3.14 
2-87 

3.07 

1-99 

3.07 

3-09 

3-31 

38.351 
41.20 

44'18 

46.99 

49.79 

52.76 

55-90 

58.77 

39 1-84 

4'83 

1-90 

10.99 

14.30 

... 
15 39 36'72 

39'68 

42-64 

45-52 

48.31 
51.12 

55'07 

57'99 
40 0'89 

15 39 34.68 

37'59 

40'49 

2.85 

2-00 
2.89 

2.98 

2.75 
2-98 

3.02 

2'90 

3.08 

3.10 

3'05 

3'15 

3-22 

2.98 

2'93 
2'92 

2.77 
2'86 

3'95 
2-90 

'55 

.46 

'46 

'47 

'47 

'47 

'34 

'51 

'54 

.50 

38.95 

41'87 

44.64 

47-50 

51-45 

'59 

-42 

'50 

'50 

47 

'50 

'49 

'45 

'49 

'53 

'50 

'53 
'48 

'50 

.50 

2.91 

2.90 

2'90 

1.88 

2'83 

2.80 

4-07 
3.02 

54'35 1-93 

2.77 

.7o 

'72 

'74 

'74 

'72 

'72 

'78 

'67 

'70 

'70 

1.77 

1.37 

1-35 

1-37 
1'30 

1-34 

1'34 
1-48 , 

1.58 

1.39 

43'39 

46.27 

49.10 

51'90 

55-97 
2-71 

2-80 

2-04 

2'09 

2'15 

2.13 

2-04 

a.02 

3-17 
2 .02  

1-90 

1.96 

; 
2'41 

1.38 

1'47 

1.43 
1.36 

1.45 
1-46 

'73 

7 5  

1 ' 7 3  

a72 

.70 

.7o 

-74 

s 
5-26 

2.45 
1-13 

2-05 

2.09 

1.97 
2.07 

1.24 I s i 2  

I 
h a  J 

17 30 25-14 
28.2015 

31-58 

34'48 

37'26 
40.zj1 

4.1'15 
2-14 

2-14 

2.01 

2-06 

2.06 

2-15 

2-13 

2 - 2 2  

1.46 
1.60 

1-45 
1.63 

1-49 

1.53 
1.58 

45'9I 
48.88 

52-00 

54'87 

57'95 
31 0.89 

4 ' 0.1 

1-13 
... 

.68 

70 

'67 

.69 

.70 

'69 

.67 



TABLE V. TBANSCRIl'T AX11 REllUCTIOS OF CLOCK COJIPARISONS. 

Bon~buy  (E) aftti Adept (W). 

Aetrononlicnl 1)ato 

aud Uescriptive 

Detnila 

1877 

May 3 

Comparison No. 2 

Exclrsuge C 

Ct~rren t used 

at E I I B ~ ,  Positive 

at West., h'egutive 

I~lterrals  
I~~terpolation of 

Times of Locul betwren Times of 
Received, between Locnl, Obwrrrd Differences 

Sigunls recdrded on euccesalve Sig~~nls it1 Ten-me of 
Signals recorded on of Clocks a t  

Cl~ro~lograpli at Locnl Sign& Uista~it Clock I 
Cable Tepee 

na recorded at 1 h @ l l l t i n l  
Vuluee of 

k! z c 
6 .. 
o c 

5 2  
2 .. - 
0 - 

East 

Clwk 

----.--- 

Enst 

I , 

l)edudion 

of d ,  the 

liinal 

1)ifference 

b w w n  tlIr 

Clocks at 

Epoch t, 

'59 

-69 

56 

-64 

.56 

u. 0 - .r W C  
9 . .  

U w. v. u. 

sz:. 
* - - 

8 1  

l 1 dollble 

'53 

.4H 

i '53 

-46 

'51 

"5 CI " 
G 
.r. 

:. - 
I 

I 33 1.0' - 1 ;  

I West 

-e 
.3 1 
2 E 
5 :  E y g - 
3 2 
$ E - 0 
.- 8 
.A 

Peu Equation 
8 

at  Enst + I -882 

a t  \Vent + I -459 

1letard&i011 

13(-11-12] 

. 

... 
0.61 

'57 
.bl  

'5' 

.54 
-62 

'57 
-61 

'55 

'55 

151 55.507 
I 

1 1 2  5 6 7 1 8 9 ( - 1  + 6 )  ~ 1 0 ( - 2 + 8 )  11(=9-2) 1~2 ( - ! - 10 )  

4 . 5  5.69; 8.6; 

7 ..?O '10 

14'44 '07 

13.40 18.95 ... 17.80 ... 
I 
! 

Blcan 1 1  7 32 50 - t '585 
, E 

... gzl : 
0'5.3 .D ' ' & 

.O V. .C. 

'52 

.j I ... i E  = 
-56 

, 5 :  Z " B 

-1- 

A m r A n, ! h a  
I; 32 2 6 . 6 9 1 ~  40 I 51 56.16 

30m19 3 1 . j 4 ~ 1 ~  40 34.64 '09 

3; ' 78, ' lo  

36-33 3;'92' 40.841 -02 

43'99 ' 0.3 

47'03 ' I 0  

45'5.3 47-11 '09 

51.75 '04 

'10 

57'90 ' 1 2  

I 1 

' 51  56.092 

'59 

'59 
~ 6 1  

-56. 

-61 

-61 

'54 
-61 

a 
... 

I 51 55'55 

-52 

'49 

'5' 

'49 

.48 

'52 

49 

'49 

'55 

L - 
2 a2 t - 
.- 

jj = 
8 
S 
Z 
4-1 - 
2 
c. - 
0 - 
9 
# 

1.5.3 

1 ..35 
1.46 

1877 11, 33 jp 'ro ' l5 42 3-72 
M y  3 34 2 . ~ 8 ~  6-70 

5 . ~ 1 ,  9.70 

. -  1 2-18 I17 34 0 .64  ... 1 I 51 56.91 ... 

::: / -36 

2.19 

69 2.19 

3 -18  

2.93 

-3.04 
8.251 l2.88 

z.98 .48 
3.00 .46 ' 
3.18 .48 

3'6.3'15 
6-67 

.69/  2.14 

42 5.90: '93 / 151 56-38 
8.89' -32 

I 
3.11 

Comparison KO. 2 
11 ..36~ 15-98 3'02 2.98 "50 1-51 .671 , 2 . 0 0  

! 
1 4 . ~ 8 ,  1 8  8 a . 1 . 7 4  3.W 

Exchal~ge 1) ' 19'20 

22.82 

C u r r e ~ ~ l  used 

at K~tst, Ncgutirc , 32.22 

at Wesb, Yositire ~ 5 . ~ ~  + 

38.50 

PCII F,q~tntion 41.62 

r 44'40 49'42 3.18 1 3-42 ' ~ 8 ,  1.53 '64, 2'19 
n t  Rnst - I .88a 

4; '081 52.81 3-34 / 1-46 .5.3 1.17 .63 2 .18  
at \treat - 1.459 

I 

3.10 / ' 48 ,  1'49 9'14 

Mean 17 34 25 - t,x 
I 

I I -89, 

1 12.81 

... 
21 '12  

24.32 

27'43 
3o.Go 

33 ' ;8 

36.92 

40'03 

4.1'21 

46..?.? 

49.75 
. . . 

15.02 '89 , '34 

17 '98, ... I '40 
I 

22'84 '92 , -36 

26.46 '9.1 

29'57 ' 9.3 

3 2 Y j  -96 

35'851 .98 

38.971 .8R 
42- 18' '94 

45'29 
48.481 '91 

51.61 

... 

as6 
'37 

-34 

' 3 7 

'3 i  

'32 

'33 

'32 

'37 

'30 



TABLE P. TR.iSSCRIPT AND REDUCTIOX O F  CLOCK C03fPAltISONS. 

Bonzbay (E) ancl Adeta (W). 
A 

I 

Times of LocnI 

Signals recorded on 

Cbronogrspl~ s t  

Iutervnls 

bet ween 

suecessire 

>ocnI Sig~~nle 

:IS recordetl nt 

Drdoction 

of d, the 

Interpolation of I 
Tittles of 

Rewired, betwcet~ I d ,  Obsewed Difereucen 
Signald i l l  l 'ern~s of 

~ ignnls  reco~icd  on / of Clocks a t  
Distant Clock 

Cnble Tapes 
- pillal 

Diffeere~lce 

between the 

Clocks s t  

Epoch t, 

Rmllltink! 

Vducs of 

dollble 

Retardation 

Antronomical Date 
S~grials  fro^^^ Sigr~tlls from 

and Dracril~tire I 
West OII Eart on 1 West 

Details 
West Eaat West Eaet 

by Ewt by West 

Clock Cloek 

West 

i - -- 
1 1  9 (-1+6) 10( -8+8)  11(=9-2) 

I 

IN77 r h n  J h r 

I I 51 51.81 
1 19 2-78 

I 4'31 1 2  27 5'471 '91 

7'351 8'581 58.04 
 omp par is on Ho. 1 ro..qo/ 11.47 5;'9o 

I 1r.80' 15.31 2'92 3-00 ' 52 ,  1.52 '69 2'07 I .  14.54 58-01 

... 
151  57'31 

'35 

'33 

'30 

'34 Excllange A I 14.72 18'31 

. . . 
0.54 

-60 
?! 5 

Y 

12(=1-10):13(-11-12) 

20.9.3 24'80 3'30 3-09 '54 1'78 2.3 '60 '9' '33 .62 t 
Current used I 24-23 27'89 3.09 3 - 1 0  ' j o  1'55 '68 2 . 1 1  ag.78, 26.90 '89 '33 '58 8 3 

at  x~~nt, Poaitive 28.911 30.00 '92 '32 '57 2 g 
33'20 '9' '30 nt West, ,, '62 .g 

L. 

33'71 -82 .27 '64 
J 2 ' 

383s i  39'77 '85 '35 '47 s 
Pen Equation U 

; '93 -38 '47 2 
:kt Enst + I .goo 43.48 45-08 46'17 '91 -31 .62 

at  W e 3  + 1'454 46.68 50'28 ... 49'34 ... '34 5' 
8 
C - 
0 - 
3 a 

151 57'9'4 ' 5 1  57'323 '591 
I 

1857 I 51 58-75 I ... ... -'o OI 

May 4 ... ... a -  a 0 0 . .  

I O W  "7 

12-73 '25 , '54 &,- , Comparisun No. 1 
25'63 - 2 2 1  -53 I P II 

-26 5 
18.52 18.83 

Exchange B 31 ' i.3 '12 

32'84 34' 1 0  34.56 "701 '28 -49 

35-64 38.11 2 4  2.9; -46 1..31 .7.3 2.17 36.95 - 26 
Current used 

41.08 2.86 11 -83  .48 1.37 .7z 2.04 
a t  Rsst,  Negative ' 2 2  '55 
st \Vest, ,, 'an '62 

47'18 48.93 -56 

'84 ' 2 0  Pen Equalion 50' '9 52-90 3.09 1-97 '50 1.55 '72 2.14 1 51.74 51 '99 
J 5.7 ' 28 55.87 3-02 3.27 -45 1.36 -66 1 2.16 ; 54.65 ~ 5 . 0 4 '  ..- I I '24 -60 

'3' '59 

h n  

I 21.37 3'23 3.43 .SO 1-62 19.331 20.39 '95 

2.98 

nt Enst - I yoo 

J 

58'03 ... 

-3.06 

t 

'50 

nt Went - I '454 

Afmn 

1'49 'G8 2'08 16.211 17.381 57'90 

56 30 59 ' i4  

I 51 58.242 

1 I 
I-- 

14 2 0  34 - t I 51 58'787 

'27 $4" C1" 

A 
8 
L- - 
0 - 



(24) TABLE V. TfCANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Bombay (E) m d  Adem (W). 

-8lllfing 

Vnluea of 

double 

Retardation 

Is(-11-12) 

8  . . . 
0'57 
-61 

.b5 
'64 
-61 

Times of Local 

Bignala recurded on 

Chronograph at Deduction 

of d, the 

~ i ~ ~ l  
1)iEerence 

between the 

Clocks at 

Epocl~ t, 

sq 2 
.?? O 

c o h  ,.A m .o 
S Z L  G, 
* - 1  - 'il I 

a 
.S .a n 

Interpolation of 

Received, between Local, 

Signale recorded on 

Cable Taper 

l~iterwls 

between 

sucoessive 
Local Signals 
as recorded at 

Current urad 

nt Emt, Negative 

at Went, Positive 

Pen Equntion 
8  

st  East - I -900 
s t  West + I -454 

Mean 

Tinlea of 

Bignals in Terms of 

Distant Clock 

'72 

'73 

-69 

'65 
... 

I 52 1.689, 

Astronomical Date 
and Deecriptive 

Details 
East Wed Eset West 

by East by West 

1 

1877 h m  8  h m  8  8 8  

'54 
C 

Observed niffewncee 

of Clooke at 

Eost 

11 (-9-2) 

h m  8 

151 57'94 

'96 
58.00 

57'95 

'92 

'94 

'94 

'89 

'95 
-88 

'90 

'91 

'83 

'91 

'90 
... 

151 57'921 

I 52 1.63 

.67 

'65 

'71 

'75 
-66 

-66 

'75 

Cornparimn No. 1 

Exchange O 

Cumnt used 

at East, Positive 

at West, Negative 

Pen Equation 
8  

at Emt + I .goo 

at Weat + I -454 

Mean 

1877 

l a y  4 

Comparison No. 1 

Exchange D 

-60 

West 

12 (-1-10) 

A n , *  
.., 

15157.37 

'35 

'35 

'31 

'3 

. 38 
'40 

'29 

'34 

'37 

-38 

' 29 

'34 

'34 

'37 

151 57.346 

... 
I 52 1-04 

'07 

'13 
-16 

'09 
'c6  
-08 

- - - 
% g 

53'94 

56.95 

-12 

'64 $ g 
'03 .- 
.16 '53 

15.89 19.431 3-00 2.97 '50 1.50 '71 2.11 11-39 1 2  a9 18.52 

14 22 48 - t 

-12 

I 52 1'095 

18.89 

21.90 

24 94 

37 90 

30'95 

3.3 .90 

36'72 

39.82 
42.80 

45'85 

48.83 

52'07 

55.21 

-61 '. a 
'51 .- +l 

-62 

. 53.8d . 
56.92 

'" 

'57 

'53 

-575 

. . . 
0.59 
-60 

'51 

3.01 

3'15 

3.10 

3.07 

3." 
3-10 

2-05 

2.15 

2.05 

2.08 

'53 

'594 

22-40 

25.38 
28-50 

31-49 

34.46 

37'34 

40.32 

43.40 

46.43 

49.43 
52.68 

55'89 

59'19 4 
-a 
F4d 

Ti 
% z - 
0 
# 

s G -  - .. - 

3.10 

3-10 

'53 

'54 

'51 

'50 

1.60 

1- 7 0  

1-58 

1.55 

23 o. 10, 59.99 
3.20 31 3-10 

8 

w m  - v-4 * 
C - 
0 - 
ii s 

58.56 6a*3zl 

'55 
-66 

i! .S 2 : = I 

-60 * 
"I ; -58 g = g  

-66 

.TO 

.66 

'65 

55'54 

58.65 
a3 1-68 

4-15 
... 6-30 

3.01 

3.04 
2.96 

3-05 

2.95 
2.81 

3.10 

2.98 

3.05 
2.98 

3'24 

3-14 

3'35 

51-82 

55'87 

59'07 
31 2-04 

5'18 6-30 

... 

2'98 

3.12 

2'99 

2'97 
2.88 

2.98 

3.08 

3'03 

3.00 

3'25 
3.21 

3.30 

3'1.1 
30 1-19 

14 21 36 = t 

'50 

'47 

'50 

'50 

'49 

'47 

-50 

'49 

'50 

'50 

.52 

'55 

'56 

14 22 30.31 

33'20 
36.10 

39-10 

42.00 

44.97 

47.93 

50'91 

1.51 

1.43 
1-48 

1'5.3 

1-45 

1'33 

1.55 
1.46 

1-53 

1'49 
1.68 

1-73 
1.88 

1 2  30 30.18 

3.3'01 

35.98 

38-90 

41-76 

44'79 

47.76 
50'68 

2.89 

2.90 

3.00 
2.90 

1.97 
2.96 

2.98 

3'0.3 

2.83 

2-97 
2.92 

2-86 

3-03 

2-97 
1.92 

3'14 

198 

2.02 

1-99 

1.94 
2-12 

2-08 

2.07 

2.14 

'72 

'72 

.7o 

'70 

-71 

'70 

'70 

'67 
.68 

'65 

a64 
'60 

-64 

'52 

'51 

'51 

.52 

'51 

'50 

.50 

'50 

1.50 

1'48 

1.53 
1.51 

1-51 

1-48 

1-49 
1-52 

-68 

'68 

-68 

'70 
'70 

'71 
.68 

I 8 ... 

2-15 

2-25 

2-09 

2.08 

2-04 

2-09 

2.16 

2.03 

2.04 

2.11 

2-05 

1-98 

1.00 

34'68 

37'63 
40.61 

43.5' 

46'45 

49'42 

52'43 

1 2  30 32-16 

35'03 

37'97 

40'84 

43'88 

46'87 

49-88 

20.40 

23.33 
26.42 

29'43 

32-40 

35' 23 

38'27 
41 '28 

44'33 

47'34 

50'51 

53.80 

57.09 

21.54 

24'55 

17'63 

30.59 

33'57 

36.50 

39'43 

42.48 

45 '43 

48.47 

51'54 

54-13 

57'87 



TABLE l? TRANSCRIPT AND REDUCTION OF CLOCK COMPARISON9. 

Bombay (E) and Aden (W). 

Times of Local 
Signals recorded on 

Chmnogmph at 

Aetronomioal Date 
and Ilewriptive 

Lntervale 
between 

a~rcoeaaive 
L m l  Siguals 

1877 

M,r 

Oomparison No. z 

Exchange A 

Current used 

at East, Positive 

.- ! 

aa 

Eaat 

3 

J 

3.37 

3-05 

3.64 
3-02 

2.90 

2-98 
2.81 

2.91 

2-97 

3.04 

Deduckion 
of d, the 

~ i ~ ~ l  
Difference 

between the 
Clocks at 
Epooh t, 

recorded at 

West 

4 

3'04 
3-08 

3'02 

3.00 
2.90 

2.90 
2.88 

2-w 

3.08 
3.02 

Interpolulio~~ of 
Received, between Local, 

Signals reoorded on 
Cable T a p  

Signals from18ignsle from 

at Wrst, ,, 

h 8 

17 32 10.92 

14.29 

17'34 
20.38 

23'40 
26.30 

zg.28 

32.09 

35-00 

37-91 

E'O, 
.'?? 

m m  
V1- 

8::: 
* U U  

I I  

h " l t i n g  
Valuea of 

double 

Ti~nes of 
Signals in Terma of 

Dietnnt Clock 

Obserred Differences 
of Clocka st  

Welt on 
East Tape 

h m  8 

15 40 14-56 
17.60 

20.68 

s3.;0, 
26.70 

~9.60 

32-50 

35'38 

38.32 

41-40 

F 
7 
m 
V1 

- 
I 

8 ... 
0'55 

'57 

.56 

'59 

-49 

-54 
-62 

-58 

-58 

'53 

West 
Sign& 

East 

- 

Elret on 

West Tape 

Pen Equation 
a 

at East + I '893 

at West + 1.454 

41 -01 

44'07 

E -  .s I 
.: g ' ;  

2 8 

East 
Sigl~als 
by Wcet 

Clock 

lo(-8+8) 

3.06 
3-16 

Wast - by East 
g " "  

44.41 

47'58 

11 ( - 9 - 2 ) j l ~ ( - I - l 0 ) 1 3 ( - 1 1 - 1 2 )  
------ 

6 

47'23 

50'50 

53'80 
56.80 

I 

A m  ... 
15 40 16.66 '15 151 51-63 

19'76 '15 .58 

43'33 

46.44 

1 ;  
-54 1.82 

.481 1-46 

'49, 1-49 
-50' 1-51 

-49 1-42 

'50 1-49 
.so1 1-41 

3.27 

3-30 

3-00 

.69 

-70 

'70 

'70 
'68 

'70 

'70 
- 7 0  

'67 

.64 

Mean 

1877 

May 4 

Comparieon No. I) 

Exchange B 

Current u.4 

at Ellst, Negative 
at West, ,, 

Pen Equation 
8 

at East - I -893 

st West - 1'454 

Mmn 

5o.go 

54.00 

57-10 
60.20 

22-79 

28'67 

31 '6.3 

34.52 

37'44 

40'38 

'49 

'50 

'54 

-58 

-55 
-61 

'565 

6  

49'57 

52'95 
56.20 

59-21 

-21 

'20 

1'4.3 

1'49 
1-64 

L U 

4 03 .- -I 
3 
'g:  

9 
3 

... 
0.60 

-62 

.64 
'60 

I 
a A 9 n  J 

-68 

'63 

I 51 58.171 

-12 

'I9 

'19 

'14 

'17 

-11 

1.62 

1-71 
3.16 1.53 

-51 

'57 

'57 

.49 

7 

2-10 

2.16 

2.11 

2.10 

1'97 
1-03 

2.02 

2-06 

2.06 

1.93 

I 51 57.607 

'59 
'60 

'63 

'65 

'57 

-56 

'59 

"3 

-15 
' 20 

... 

3.32 

17 -32 .M - t, 

S r n  
.S I 
3 g :  e 

2 

8 2 

-66 

'71 
68 

'I] 32 12-74 

15-75 
18.83 

21.89 

24.82 

27.79 

30'69 

33'5' 

36.49 

39.61 
2.02 

1.99 
-66 

'55 
-60 

'59 

1 51 59'07 

'07 
-08 

'of 
-08 

'06 

'04 

'03 
'01 

'00 

'10 

.07 

' 0.3 

'05 
-01 

... 

151 59.051 

1.80 

1.65 

1-50 

'54 
3.10 

3-10 

3-10 

8 

42'6.3 

45'78 

. . . 
I 51 58.47 

*5= 

-51 

'45 

'57 

'49 

'47 

'54 

'45 

-49 

'49 

'51 

'4 
'50 

'52 

151 58'497 

'55 

'50 

-50 

fi c 

'5' c 
-61 3 

'55 

9 ( - l + 6 )  

2.05 

a'ao 

2-11 

17 33 45 - t, 

'66 

.64 

'63 

'67 

'71 

'70 

-67 
'60 

'69 
.68 

-66 

.68 

.54 

'70 

a70 

'49 

'554 

49'03 

51-15 

55'30 
... 

... 
15 41 27'58 

30.58 

33.64 

36.74 

39'62 

41-43 

45'28 

48-15 

51-38 

54.21 

57'05 

59'99 
42 2.90 

6.60 

9'38 

1-98 

1.98 

1'94 
1-96 

1-92 

2-02 

1'98 

1-90 

1.97 

1'94 
1.92 

1.95 

1-99 
1.00 

1.92 
, 4 0 3  ,4* 

3 
C " 
0 "  
C 

17 33 14-67 

27.67 

30' 78 

33'85 

36'78 

39'47 

41-34 

45 ' 28 

48.42 

51'27 

54'23 

57.1 I 

59'94 

34 3.65 

6-47 
... 

'54 

'53 

'55 

'56 

'53 

'47 

'50 

-52 

'55 

.5o 

.54 

'53 

'50 
'61 

'49 

17 33 23.04 15 41 25-60 
a6.05( 28.60 

I 

29'10~ 
31-70 

3-01 

3.05 

3'05 

3-04 

3.00 

2'73 

a.83 

2-94 

3.14 
2.87 

a.84 

2.96 

1-88 

-3.72 
2'80 

1-63 
1.62 

1.68 

1-70 

1-59 
1.28 

1.42 

1'53 

1.13 

1-44 

1.5.3 

1.57 

I.G( 
2-27 

1.~37 

32' 15 

35'19 

38'19 

40'91 

43'75 

46.69 

49'83 

52.70 

55'54 

58.50 

M '38 
5.10 

1-90 

3.00 
3.10 

3'08 
2-92 

zm71 

2.89 

z.95 
3-16 

2.86 

2-86 

2.91 

2-87 

3.69 
2.86 

2-74 

.~"78 

3;-70 

40'41 

43.30 

46-25 

49-41 

52.27 

55-13 

58.04 
4a 0.91 

4-60 

7'46 
IO*ZO 



TABLE P. TRANSCRIPT AND REDUCTION OF CLOCK COMP.IRISOR'S. 

Bolnbay (E) m d  Aden (W). 

9 

Times of Local 

Signals recorded on 

Chronogruph a t  

Observed Di5erenaea 

&lilting 

Values of 

double 

I b t ~ ~ d t i o n  

l2(-1-lo)la(-Il-q 

a 
. . . 

0.52 

'51 
. . . 
'5' 

'55 

'55 
-61 

'55 

'55 

-58 

.58 
-61 

'64 

.S6 

-56 
-4 

-569 

... 
0.50 

... 
'55 
60 

.56 

.60 

of Clocks 

East 

11 (-9-2) 

i n  r 
I 5158'13 

-18 

... 
' 14 
- 1 2  

'19 
' 2 2  

'15 
.16 

' 2 0  

- 2 2  

'24 
- 2 2  

-16 

.18 

"9 
... 

I 51 59'08 

... 
'05 

'07 

' 0 7  

'O7 

' 0.3 

'55 

'63 

.56 
-60 

'65 

'55 

'57 

'57 

'52 

'572 

st 

West 

h m  a 
... 

15157.61 

'67 

-6.3 
'62 

'57 

'64 
-61 

-60 

-61 

.62 

'64 

'63 

.58 
-60 

-62 

'55 

15158 .18015157 '613  

... 
r 51 58-58 

'43 

'50 

'47 

'5' 

'47 

' 48 

-46 

.5O 

-46 

'45 

-48 

'55 

'49 

-46 

I 51 58'486 

Current used 

at Ewt, Negative 

at West, Poaitive 

Pen Equation 
8 

at East - 1'893 

at Wert - 1.454 

Mean 

$, c. z 
0 
2 8 
-" - 
P :: 
& 
U 

.4 CP C1 M 

$ .- - 
0 - 
a 

Times of 

Signals ill Te1.m~ of 

Diet~rnt Clock 

Astronomicnl Dnte 
Signals from Signals from 

and 1)escriptire 
Weet on E u t  on 

Details 
Eest Tape Weet Tape 

E I I S ~  West 

.- 
a" 

I i~brvals  

between 

successive 

Loml 8ig11als 

as recorded at 

1)eduction 

of d, the 

lilnal 

Difference 

between the 

Cloclia at 

Epoch t, 

Interpolation of 

Recelred, between Locnl, 

6ign1ds recorded on 

Cable ybpe8 

a n  
- V )  

c o  .. . 
D C D O  W Y .  

E Z L  
4- . .  

I I  

West 

Sigt~nle 

by East 

Clock 

vl 
m "2 

% 
& - 
I 

'09 
-06 

8 ' 2 0 1  -06 
11'161 14'0'-/ lo  

16.80 '03 

19-76 -12 

22.61 I 
25.56, 58-98 
a8.59 ... 

Eaat 

Signals 

by W e s t  

Clock 

- 1 1 3 r a 6 7 1 8 I 9 (-l+s) 

5'a91 
8 .16  

11 '10 

13'90 
16.69 

19.81 

22.66 

25'55 
... 

l o ( - r + 8 )  

naw 

2-06 

2'04 

2 . 0 0  

2 .10  

1.91 

1-96 

a'oa 

'5 e 
. I 

.I g $ 
E s 

3 o 

5 :  
8 
2 
: w 
-44 

Ti 
$ ' 
a : 

1 7 3 6  3 - t  

-. h N t  

- \ f ?  
",", 

EGG 
4 - - 

I I  

3.80 2.90 

2.94 
2-76 

12'54 a 86 

I 51 59'062 

ui "Y 

Ir, 
", 

3, - 
I 

1877 ; 
-70 2.03 

.69 
'70  

'74 

. 7 0  

.69 

.66 

a66 

'67 

. 8 <  I - 
5 5 

. j a  

. so  

'50 

.50 

.s8 

.54 

I ~ . z ~ '  17-66 

h I, ; Ih m 8 

Cornpariaon No. a 

Exchange 0 

Current used 

a t  Esst, Poeitive 

at Weet, Negative 

Pen Equation 
8 

at Esst + I .893 

a t  West + 1.454 

1-49 
1.50 

1'44 

1'36 

1-44 
1'58 

2.99 
2.92 

2.89 

3.00 

18.24 

21.16 

24.05 

27'05 

17 34 27.93 
30.88 

... 
38-14 

41.27 

44'30 

47'32 

50'37 

53' 46, 

56.40 

59'32 

35 2.36 

5-41 

8.45 

11'59 
14-70 

... 

Mean 

1877 

May 4 

Comparison No. 2 

Exchn~~ge D 

'521 1.50 

'50 1-50 

3.04 

2-90 
2.97 
3.02 

ao.jo 

23 6 0  

26.57 

29'59 

... 
15 42 31.83 

34.76 

38.99 

42.1f 

45'25 
48.20 

51'19 

54' 22 

57'30 
43 0.26 

3 .18  

6.2; 

9 ' 3.3 
12.38 

15-58 
18.65 

29'44 

32'4.7 
36.62 

39'79 
42'82 

45'84 
48 '80 

5 I '82 

54'91 

57.88 
35 0.82 

3'90 
6-91 

9'98 
1 3 . ~ 0  

16-20 

I 7 34 51 - t, 

35.60 
40.00 

43.15 
6 

49'10 
52'22 

55-30 
58-20 

43 1.10, 

... 
15 43 43'92 

50.78 

53-87 

5 6 ' f i  

~ 9 . ~ 4 ,  

44 2.43' 

17 35 39'6015 

42-50 

49.21 

51-37 

15'24 

58.1; 
36 0.90 

2-90 -48 1-44 '71 2.06 

4'19 

3-11 

3'0.3 
0 2  

2.96 

3.02 

3-09 

2.97 

2.94 

4.40 

3.15 

4 '12i3 .08  

7-19 3.01 

10 .29  3.07 

43 42.09 

44-90 

51-90 

54-71 

57-57 

44 0.48 
3-26 

... 
'48 

13-41 
16-51 

19-56 

2-90 

6-71 

3-16 

2-87 

2-91 

2-75 
2.90 

3-22 

3-00 

17 35 41-17 
... 

50.95 

53.78 

56.64 

59.55 
36 2.29 

... 
1-52 

2-96 -49 

2.99 / 4 9  

2-81 

7'00 
2.81 

2.86 

1.48 

1.48 

1-48 

1.57 
1-64 

1.49 

3-12 

3-08 

2.90 

2-90 
3.02 

3-01 
3.10 

3.12 

3 - 1 0  

3-05 

.gq 
... 
'55 

'49 

'7; 

'69 

'50 

'52 

'53 

'50 

-49 

'50 

-50 

'50 

-50 

'50 

1-83 

5-88 

1'97 
2.06 

1-57 
... 

1-74 
1.41 

3'39 
2.17 

'71 

'70 

.67 

'65 

'69 

' 7 1  

2.07 

1-95 
2.06 

2'91 

2.78 

2.94 

.65 

'84 

- 7 0  

'72 

2 - 1 0  

2.09 

2.09 
2.00 

2.00 

2.06 

1.08 

2-15 

2.14 

2.09 

2.17 

2-14 

1-44 -69 

1'54 
1-51 

1-54 
1.61 

1'50 

'71 

'70 

'70 

'48 1.40 1 1.40 

' 7 0  

-69 

'67 

.70 

'70 

.48 1 -39  



IPdBLE P. TRANBCRIPT AND BEDUCTION OF CLOCK COMPAILISON8. 

Bon~bay (E) and Aden (W). 

Astmno~nical Date 

end Deffiriptive 

Detaib 

1877 

May 

Comparison No. 1 

Exchange A 

C w n t  used 

at East, Positive 

ntWeet, ,, 

Pen Equation 
J 

a t  East + I .886 

a t  West + 1'449 

Resulting 

Values of 

double 

Betarhtion 

IS(-11-12) 

J . . . 
0.47 

'54 

.55 
'57 

-61 

., 
'52 

'53 

'51 

-46 

'63 

'58 
'62 

'59 

'558 

... 
0-55 

'54 

'55 

.56 

'54 

'39 

'59 

'59 

'54 

'59 

'54 

'54 

'54 

'53 

'53 

'541 

Mean 

1877 

May 6 

Cornparkon No. 1 

Exchange B 

Cllrnllt usecl 

a t  Euat, Negative 

a t  welt ,  ,, 

PenEqnation 
8 

at  East - I -886 

a t  W e d  - 1 - 4 9  

Mean 

Interpolntion of 

Received, between Local, 

Signals recorded on 

Cable Tnpea 

Intervnls 

between 

successive 

Local S ig~~als  

as recordrd trt 

Obaerved Differences 

of Clocks at Deduction 

of d, the 

~ i ~ , , l  

Diflercllce 

between the 

Clocka a t  

Epoch t= 

Tim- of Local 
tiignals recordrd on 

Cluonograplr at 

Esat East 

11 (-9-2) 

A m  J 

I 51 59'89 

'95 

'94 

'99 

'99 

'99 

'95 

'93 

'97 

'94 

' 89 
60.07 

59.98 
60.02 

'04 
'02 

... 

1 5 '  59'973 

I 51 60.82 

'83 

076 

'79 
-82 

'83 

'87 

-84 

'91 

'9O 

'83 

'8.3 
.81 

mag 
'83 

... 

I 5160'83; 

Times of 

Signnls in Ter~ns  of 

Distant Clock 

2 ;  
.?m 
2 %  

ELL  - - - 
B E  

Ea8t 

1 

h m  s 
14 15 5.65 

9.92 
12.72 

15-61 

18-60 

21.60 
. 

24'54 
27.62 

30'70 

33'91 

31-14 
40.28 

43'58 
46.82 

50.09 

53-31 

56.50 

West Weat 

12(-1-10] 

A m  s 
... 

15159.42 

'4I 

'39 

'42 

'37 

'38 

-36 

-41 

'44 

'43 

'43 

'44 

'44 

'44 

'4 2 

'43 

151 59'4'4 

... 
151  60.27 

' 29 
'21  

'2.3 
'28 

'44 
-28 

'25 

'37 

'31 

'29 

'29 

'27 

'36 

'30 

I 5160.296 

Weat 
Sigr~als 

by East 

Clock 

9 {-1+6) 

A m  r 
14 15 8.21 

11.18 

14'14 
17-08 

20 07 

23-19 
26.08 

19'10 

32'31 

35'46 

38.58 

42'03 

45-10 

48-52 

51'70 

54-91 ... 

Signals from 

West on 

Eaat Tape 

a a 

s 6 m n m  ------ 
6 / 6 

: 
r 
3 
: - 
P 

1 4 1 5 3 1 - t E  

Weat 

B 

h m  8 

1.2 23 8.32 
11.23 

14'20 

17.09 
20.08 

23.20 

26-13 

29'17 

32.34 

35-52 

41.96 

45.22 

48-50 
51.66 

54.89 

58-52 

East 

Big~ials 

by West 

Clock 

l o ( - 2 + 8 )  

A m  r 
... 

1 2  23 10.50 

1.3'31 
16.22 

19.18 

22-23 

25.16 

28.26 

31 '29 

34'47 

37-71 

40.85 

44-14 

45-38 

50.65 

53'89 

57-01 

-60 

'45 

'49 

49 

'49 

'54 

'50 

'48 

'50 

'48 

'46 

'53 

'50 

'52 

.so 

'50 

Signals from 

Elrst on 

Weat Tape 
-- 
-;d 

g l  , 
7 8 

J 

2.56 

1'26 

1'42 

1'47 

1.47 

1'59 

1-54 
1'48 

1-61 

1'55 

1'44 

1-75 
1 -62  

1-70 

1.61 

1.60 

'75 

'70 

"70 

'70 

'69 

'67 

'70 

-67 

'67 

'69 
'66 

'67 
.66 

'68 

'69 
.60 

a 1 4 

2 -  
. 1 

5 -  c ! 4 - d  
2 5 
$ " 
g 6 ." 
g = 
Q 

4 
52 
3 
.;j n 

B a 

J 

2.18 

2-08 

2 '02  

2.09 

2'15 

1-96 

2-13 
2 - 1 2  

2.13 

2'19 

2-16 

2'18 

2.16 

a.15 

2.23 

2-18 

J 

4-17 
2.80 

2 . 8 ~  

2.99 

3.00 

2.94 

3-08 

3.08 
.3-21 

3-23 

~ 8 . 6 9 ~ . 1 4  

3-30 

3.24 

3-27 
3.22 

3.19 

I 

14  16 45 tz 

-70 

-70 
'68 

'64 
.6a 

'61 

-66 

'68 

.66 

' 7 0  

' 7 0  

'7.3 

.67 

.66 

'65 

8 %  
o m  
?40 
wu) 

Ez;: * - 
P I  

8 
I 

2.91 

2'97 
2.89 

2.99 
3.12 

2.93 

3-04 

3-11 
3-18 

3'17 

3.27 
3.26 

3-18 

3 -16  

3-23 

3-63 

14 16 21.91 

25 '09 
18.00 

30'83 

33'74 

36.78 
40.02 

43' 14 
46. 26 

49'29 
52'32 

55'" 

58.50 

I I 

4'40 

7'41 

.5.% 

'49 

'47 

.53 

'55 

'63 

.5.? 

.52 

'54 

-50 

.49 

-43 

-49 

'53 

-49 

% 
o 
7 
w 

- 
I 

2.04 

2 - 0 2  

2-05 

1-93 
1-91 

1-91 

2.06 

2.09 

1.93 
2 .10  

2 - 0 2  

2-41 

2 . 0 0  

1-95 
2.07 

3'18 

2'91 

2'83 

2-91 

3-04 

3.24 
3-12 

3-12 

3'0.3 

3-03 
2'90 

3-20 

2-87 

3-03 
3-01 

12 24 22.78 

25.69 

28'57 

31.58 

34.59 

37'67 
40.80 

43.92 

46.99 

49'91 

52-91 

55.80 

59-10 
25 2'09 

5-04 
8-22 

1.69 

1'4.3 

1'33 

1-54 
1-67 

1-92 

1.65 

1.6.- 

1-64  

1'52 

1-42 

1-41 

1-41 

1-61 

1-47 

' a  
. B 

3 5 
w"" s 
a - 
; - 

E 
2 4 - 
0 ." 
$ 2  
h 

S 
L 

2 - OJ 4 -  - e 
8 2  

5 
s" 

2-91 

2'88 

3'01 

3-01 

3'08 

3-13 
3.11 

3.07 
2.92 

3-00 
2.89 

3-30 

2.99 

2'95 
3.18 

14 16 23.60 

26.52 

29 ' 33 

32'37 

35'41 

38'50 

41 '67 

44. 56 

47 '9O 
50.8 I 

53'74 
56.63 

59'9' 
17 2-98 

5.8; 

... 

... 
12 aq 24'82 

27.71 
30.62 

33'51 

36.50 

39'58 
42.86 

46.01 

48'02 

52'01 

54'93 
58.21 

25 1.10 

4'04 

7 ' "  



TABLZ V. TRANSCRIPT AND REDUCTION O F  CLOCK COBPARISON8. 

Bombay (E) and Aden (W). 

Astronomical Date 

and Descriptive 

n , a  

1877 

May 6 

Comparison No. 1 

Exchange C 

Current used 

at Enat, Positive 

at West, Negative 

Pen Equation 
J 

at East + I -886 

a t  West + I -4.49 

Mean 

1877 

May 6 

Comparison No. 1 

Exchange D 

Current nsed 

a t  Eaet, Negntire 

at West, Positive 

Pen Equntion 
8 

at East - I 8116 

a t  West - 1.449 

Mean 

Times of Locnl 

8ig11ale recorded on 

Cl~rooograpl~ a t  

East 

1 

h m  8 

14 1) 26.79 

30'30 

33'42 

36-70 

39'72 

42'67 

45'71 

48.72 

51.70 

54'73 

57'90 
18 1.10 

4.21 

7'42 
10.69 

1.3'80 

Interrala 

between 

successive 

Local Signals 

West 

2 

h m  J 

'a  25 28'75 

31'8.3 

35'01 

38.27 
41.20 

44'27 

47.21 

50'23 

53.30 

56.43 

59'55 
a6 2.10 

5'79 
9.08 

12'30 

15.40 

Interpolation of 

Received, between Local, 
Signnls recorded on 

14 17 50 - t 

Deductio~l 

Times of 

Bignals in Tern18 of 

Distun~ Clock 
Cable Tapes 

as recorded a t  ofd,Lhe 
- Vnluen of ~ i ~ ~ l  

Bigl~als fro111 Signals from 

West on Elrst on West Difference 

Eaat T n p  West 'l'ape Signnla Signals 
R&a~&tion botween thr 

East Went Clocks u t  

clock ~ O C L  Epoch t, 

8 4 

... 
I 51 60.32 

'29 

-32 

'54 

-2.3 

'35 
'30 

'35 
'32 

'31 
'28 

'30 

'35 
'a8 

'27 

I 51 60.307 
1 

... 
0-52 

'54 

'58 

.56 

'6.3 

'49 

-5" 

Obeewed 1)Berences 

of Clock8 a t  

8 

3.51 
3 -12  

3.28 

3.02 

2'95 

3.04 
3-01 

2'98 

3.03 

3-17 
3-20 

3-11 

3.21 

3'27 
3.11 

I 51 60.84 

.83 

'9O 

'90 
-86 

'84 
-88 

'84 

'90 

.96 

.84 
-88 

-84 

'9O 

'87 ... 

I 51 60'872 

14 18 40'02 

4.3' 13 
46 .m  

49-22 
Sa' 18 

55'20 

58.24 
19 1 '25 

4.20 

- 0 1  2 

J 

3.08 

3 -18  

3.26 

2'93 

3.07 

2.94 
3.02 

3'07 

3'13 

J ' I Z  

3'15 

3-09 

3'29 
3.22 

3.10 

12 26 40'80 

43'80 
46.81 

49'80 

53'71 

55.76 
58.80 

a7 1-83 

4-72 

3-11 

3.07 
3-02 

2.96 

3-02 

3'04 
3 -01  

2.95 
2.96 

m .- - ?90 
2 %  

S Z & Z  
4 , - 

I I  

-58 

'65 

-56 

.58 

'49 
-62 

-60 

'565 

7-16 

10.25 

r 
% 

, 
I 

$4 c 

b2 6 
g 
2 = 6 v 
L 

4 - ea I 
r( 

2 
"0:  

151 59'976 

3.00 

3-01 

2-99 
a.91 

3-05 

3'04 

3'0.3 
2-89 

3.03 

rn 3 3 .z 1 
3 2 

= g 

'55 

.50 

'47 

-50 

.50 

'52 

-50 

'50 

'53 

.54 

'49 

'50 

'49 

'49 

$50 

151 59'415 -561 

7.751 3.09 
10.~71 3.11 

'67 

.67 

.:o 

'70 
'68 

'69 

' 7 0  

.67 

-65 
a66 

'68 

.68 

'67 
.68 

.68 

c 
1.93 
1'56 

1.54 
1-51 

1'48 
1-58 

1.51 

1-49 
1'61 

1-71 

1'57 
1.56 

1'57 
1.60 

1-56 

s 

I 
13.37, 13'96 2.93 
11.30 1 6 . ~ 2  3.04 

19'34 19'971 3-05 

22.391 21.91) 2.94 

a.5'33, 15'9.5 

.52 

'49 

-50 

.50 

-46 

'46 

-48 

.48 

'48 
3'22 

a.99 

J 
2.06 

2-13 

2-28 

2-05 

2 . q  

2'03 

2 -11  

2'06 

2.03 
a.06 

2'14 

2.10 

2 ' 2 0  

2.19 

2.11 

14 19 3 - t= 

2.96 

3-05 
3'02 

2.96 

'50 

'50 

1.62 

1-50 

1-51 

1 '48 

1.39 
1-40 

1.a 

1-42 

1-42 

.50 

4 8  

'50 

.so 

.67 

'70 

' 7 0  

-70 

'74 

. 7 0  

'71 

'70 

-70 

... 
1 2  a6 42-81 

4.5'91 

48.90 

51'84 

54'97 

51-89 

27 0.95 

3-85 

2.01 

2 .11 

2.09 

2-04 

2.26 

2-13 

2-15 

a'on 

2 - 1 2  

I r  r ... 
15159'49 

-46 

'41 

'40 

. 38 

-41 

'40 

'41 

'40 

'41 

'41 

-41 

'43 

'42 

'39 

h n  
14 17 28.72 

31.8612 

34'96 
38'21 

41'20 

44'25 

47'21 
50.21 

53.31 

56.44 

59'47 
18 2-66 

5-78 
9.02 

12'15 

.. . 

J ... 
0.48 

1.55 
1-56 

14 18 41.64 

44-63 

47'71 

50.70 

53'57 
56-60 

59'68 
19 2-67 

5.62 

'54 
'61 

'57 
-61 

'57 
.61 

.60 

'68 

'71 

1-47 
1.46 

1-53 

1-47 

r ' h m  8 

... 
a5 30.81 

33'96 

37'29 

4 0 . j ~  

4.3'29 

46.30 

49'32 

52.29 

55'33 

58-49 
a6 1.69 

4.80 

7'99 
1 rea7  

14'41 

E"" 
. I 
5 2 
g =  J 
PI 0 -  e 
L a 
2 g 
.S E O  

6.84 

'69 
6 8  

'71 

.70 

2-19 

2 - 1 2  

h * 
151 59'9; 

60'03 

59'95 

'94 
60-00 

59'98 
60.01 

59'98 
60.01 

'01 

59-91 

-96 

'99 

'94 

'95 ... 

9'94 

13.09 
16-00 

18-99 
12 '  11 

15.06 

8 -71  

2-04 

2-07 

2-14 

2-07 

'55 Q 

I 1-81 

14'84 

'7.76 
20.87 

23-06 

... 

'52 

.56 
z 2  
$ 
C - 0 - 



TABLI 7? TRANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. (29) 

Bombay (E) a~ad Aden (W). 

Astronomical Date 
and Descriptive 

DetaiL 

1877 

Muy 6 

Cornparkon No. %! 

Erohangs A 

Current ased 

at ht, Positive 

&We& ,, 

Pen Eqc~ation 
J 

at East + I '885 

at West + I '449 

Mean 

1877 

May I 

Compuiaon No. B 

Exohange B 

Qorrent 4 

at  East, Negative 

rt Welt, ,, 

Pen Eqontion 
J 

at Enat - I '885 

at Wert - I '449 

Mean 
. 

Obeerved Differences 

Rmulting 

Values of 

double 

Retardation 

I Z ( - ~ - ~ O ) I ~ ( - ~ ~ - I P )  

8 ... 
... 

O.57 

Timea of 

Signds in Term of 

Dbtant Clock 

Times of Load 

Signalr recorded on 

Cl~ronogruph at 
of Clocka 

Eest 

11(-9-z) 

h a  8 ... 
I 51 60.32 

'30 

at 

Wed 

A n  8 . . . 
I 51 59'73 

Intervalr 

betwecn 

successive 

Local Sign& 

ar recorded at 

East 

1 

h m  6 

1 7  30 32'50 

36'31 
39 ' .?o 

42'50 

45.49 

48.39 

51.19 

84'03 
56.8.3 

, 9 7 7  
31 2.63 

5-50 
8. .z8 

1 1 - r ~  

rj 'oo 

1 6 . 9 ~  

'32 

'3' 

'27 

'35 

-36 

'.3 1 

'34 

'31 

'32 

-32 

'27 

'33 
... 

I 5160.316 

151 61-13 

-10 

'16 

'21 

-18 

-11 

I I 

'19 
-20  

' 1 7  

-20 

*I4 

'13 
'20 

-20  

I 51 61.169 

Deduction 

of d, the 
~ i ~ , , l  

Diferenoe 

between the 

Clwb at 

Epooh t, 

Interpolation of 

Received, between Looal, 
Signals recorded on 

Cable Taper 

n m  
w.02 h -  

*&i 
g:& 
4 " -  

I I  

East 

by East by Welt 

Clock Clock 

e ILL----- 
o 
h 
d 

k 
& - 
I -81 

.81 

'77 

-73 

'74 

"75 

.7a 

'76 

'74 

-72 

'75 

.f6 

I 51 59'752 

... 
I 5160.67 

-62 

'63 

'63 

'55 

'54 
-60 

-58 
-62 

.66 

'59 

.56 

'50 
.6 r 

'65 

I 51 60.601 

h a r  J 

15 38 35'74 

37'43 

40.41 

43'68 

46'5.4 

49.46 
52.26 

55'10 

57.99 

39 0.89 

3-70 
6.61 

9'55 
12.30 

15'ia 

18.01 

.56 

'51 

'50 

'50 
'62 

-62 

-56 
-62 

'55 

-58 
-60 

'5 l  

'57 

-563 

... 
0.46 

-58 

-53 

.58 
'63 

'57 

'51 
-61 

-58 

'51 
-61 

.!i8 

'63 

'59 

'55 

'568 

17 30 55 - t 
17 31 42.67 

45.60 

48.31 
51-00 

5.3'67, 

a 
.- Y 8 ,  

3 
Q . 4 ,  

$ 2 
4 
g = 
3 .. 
2 
:c.a 
,-id 

"s 
8 :: 

$4 
3 

J 

3-81 

2.99 
3'20 

2.99 

z.go 
2.80 

2.84 

1.80 

2.94 
2.86 

2'87 

2.88 

2.87 

2.75 

2 . p  

2: . 
$3 

s := , t ,  
e - -  

I I  

3 
.i 
- 
I 

8 

3.69 
2.98 

3'27 
2.86 

2.92 

a.80 

2'84 

2.89 

2.90 

2.81 

1-92 

2.93 

2.75 
2.81 

2.89 

15 39 43.06 

45'81 

48.50 
51.21 

53-81 - 'a 
.$ u " G ' =  

2 
i i  z 
5 ." 

8 
p = 

- - -- 
"s ." - 
0 - 
9 
5 

56.32, 56.60 

. 
.48 

'4 

.50 

-47 

.4R 

'50 

'51 

'50 

'51 

-48 

'50 

'52 

.48 

-50 

1732 3 - t  

'52 

.ga 

'30 

'53 

'50 

2-93 
2.71 

2.69 

2'67 

2.65 

-50 

.ga 

1.75 
2-69 

2 .71  

2'61 

a.78 

2'78 

17 31 44-19 

47'01 

49'66 

52.42 

55-00 

J 

... 
1-44 
1'41 

1'50 

1.36 

1.34 
1'42 

1'4.3 

1-47 
1.46 

1.38 

1.44 

1.49 
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.5s 'Sf 

-58 

'577 

A 
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1.55 

1-53 

1'5.3 
1.61 

5.181 56-21 

8.29, 59'27 

14 a9 50.80 

53.70 

56.55 

59'20 
30 1'91 

4.65 

1-50 

10'33 
13.26 

16.20 

19.10 

22-09 

15'92 

29.40 

.g 1 

'67 
'60 

'70 
'70 

'70 

'68 

'67 

'69 
'67 

'67 

'67 

'69 
'68 

.66 

11.43 

14'57 

17'65 

20.73 

33'78 
26.91 

... 

35 ' 7.3 

38-90 

41.40 

1.54 

1.43 
1.40 

1-38 

1.48 

1-43 

1-44 
1'58 

1-71 

1-45 
1'58 

... 
1'95 

1-74 

37 2-47 

5'56 
8.66 

11.71 

14'84 

17-97 
21.02 

32.63 

'67 

'70 
.69 

- 7 0  
'66 

- 7 0  

'65 

'63 

'64 

'64 
'61 

.66 

'64 

.67 

.53 

'50 

' j 3  

'51 

'54 

.50 

.51 

-54 

-58 
' .50 

'53 
... 
.56 

32.17 

35.79, 

1 2  37 47-28 
50.08 

52.80 

55.49 

58-30 
38 1 . 0 2  

3-84 
6.86 

9'81 

12.68 

15-60 

18.70 

12-78 

'691 19-12 

26.09 

3-11 

3-50 

2.90 

2.85 

2.65 

2.71 

2.74 
2-85 

1-83 

2.93 

1.94 
2.90 

2.99 
3.83 

3-48 

3.62 

3.21 

2-80 

2 . 7 2  

2.69 

2.81 

2 . 7 2  

2.82 

3-01 

2.95 
1-87 

1'92 

3.10 

4-08 

3'31 

3.10 

i .23 

3'05 ' S O  1.55 

-3.03 1.54 



TABLE P. TElANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. (33) 

Bombay (E) and Adert (W). 

Reaulting 

Valuee of 

double 

Betardation 

IS(-11-14) 

8 ... 
0.64 

-51 
.&, 

-66 

.58 

-58 

'55 

'52 

-58 
.60 

-50 

'71 

lntarvnls 
Interpolntion of 

T~mm of Local between Tinlea of 
Received, between Local, Obaewed Differenoen 

Signala recorded on successive Signals in Terma of 
Signals recorded on of Clocks at Deduction 

of d, the 

~,,,,l 

Difforel~ce 

betneen the 

Clocks at 

Epoch t, 

rn- 
lor- . ?? * *  

1 E & G  " " "  
1 1  

West 

I2(=1-10) 

h n  8 ... 
I 52 3.91 

'93 

'95 

'89 

'92 

-98 

'93 

'99 

'94 

'92 

-96 

'93 

'97 

Chronogmph at Local Signals Distant Clmk 
Cable Tapes 

as recorded at 
Astrpnomicel Data Signals from Signals from 

Detailr East Tape Weat Tape Signals Signals 

by East by West 

Clock 

F, m ------ 
1 Z 8 4 6 6  

n 
.n 
'? * 

" 
1 .  

'95 

152 3.941 

... 
15s  1-01 

O'99 
1-05 

'09 
.lo 

'04 
'11 

'07 
-08 

'05 

'03 

'O5 

'07 
'00 

-01 

I 52 1'050 

2 a .s 6 

$ g 
n a  .s 
I =  
b! 

8 

'55 

'582 

... 
0.53 

'53 

'53 
'52 

'54 

'57 

'49 
-60 

1877 

May 7 

Oompcuison No. 2 

Exchange A 

Current used 

at East, Positive 

at Wmt, ,, 

Pen Equation 
8 

at  East + I .895 

at Wmt + I .465 

h n  8 

41 24.90 
28'11 

31.00 

34.02 

37-10 

39.90 

42.90 

45.77 
48-68 

51'50 

54-25 

57.12 

59.94 
42 2'76 

5-11 

h 8 

17 33 27'6815 
31'03 

34'09 

37.00 

39-91 

42-98 

45'17 

48'70 
51.62 

54'45 

57-11 
34 0.10 

2.91 

5'69 
8.60 

Z!: 

3 
'i; t 

9 
4 

Mcmn 

1877 

May 7 

Oomparimn No. 2 

Exchange B 

Owrent used 

a t E a f J t , N ~ ~ t i v e  

at Wed, ,, 

Pen Equation 
r 

st Enet + I '895 

st Wwt - 1.465 

Yean 

c? 
* er+ " 

t ? & z m  " "I 

I I U  

'53 

'54 

'53 

'51 

-58 

'49 

'537 

I 

r 
3-34 

3-07 
2.91 

2.91 

3.07 

2-79 

2.93 
2.92 

1-83 

1-76 

2'89 

2-81 

1.78 

2-91 

... 

i? 

'? .r 
n 

I 

I 

E 

4 2 2 

L 

6 

4 
M r n  M - 
B 
h 
0 = 
B 
5 

a a 
.S 1 

j,, 5 
w $ .  

r 
3.a1 

2'89 

3-01 

3-08 
2'80 

3.00 
2.87 

1-91 

2-82 

1-75 
2-87 

2.81 

2.82 

1.95 

I 52 4'523 

152 1'54 

-52 

-58 
-61 

-64 
'61 

-60 

'67 

'63 

-58 

'57 

.58 

'59 

-58 

-50 
... 

I 5% 1-58; 

4-65 

17 33 48 - t, 

... 

'53 

'50 

'50 

54 

-55 

'53 

'55 

-54 

.56 

'57 

'52 

-59 

'56 

'54 

17 34 31.3415 

34'34 

31-21 
40.08 

42'97 

45.77 

48.72 
51-60 

54'38 

57'18 

35 0.00 

2.91 

5'91 
8-85 

11-83 

14-78 

1 7  34 53 - t, 

42 31'48 

34'37 

31-18 

40.03 

42.84 

45.75 
48.68 

51-46 

54.26 

57-09 
43 0.00 

2.98 

5'97 

8.94 
11-89 

15.19 

8 

1 ' 7 1  
1.54 
1.46 

1.57 
1-69 

1.48 

1-61 

1-58 

1-58 

1'57 
1.50 

1.66 

1.56- 

1-51 

17 34 33.02 

35'89 

38.76 

41.64 

44'48 

47 - 36 
5 0 . d  

53'13 

55'89 

58.67 

35 1.57 

4.56 

7'56 
10.52 

13'39 
... 

1-85 

1-85 

1-85 

1-85 

1-83 

1.93 
1.81 

r S 8 j  

1-84 

1.86 

1-88 

1.88 

1-81 

1-89 

1-88 

... 
15 42 33'33 

36.22 

39-03 
41 '88 

44.67 

47-68 

50.49 

53-31 
56-10 

58-95 
43 1-88 

4.86 

7-78 
10.83 

13'77 

3-00 
2.87 

2'87 

2'89 

2'80 

2-95 
2.88 

2-78 

2.80 

2.82 

2.91 

3-00 

2-94 
2-98 

2.95 

'69 
' 7 1  
.68 

'65 

.7o 

'63 

'65 
-64 

-65 

'65 
.66 

-66 

'63 

-64 

1-89 

2.81 

2'85 

2.81 

2-91 

2-93 
2'78 

2'80 

2'83 

2-91 

2.98 

a.gg 

2'97 

2-95 

3-30 

h m  r 
17 33 29.45 

32'56 

35'55 

38.57 
41.60 

44'46 

47'38 
50.28 

53-20 
56.02 

58-71 

34 1-76 

4'47 
7-26 

r 
2.21 

2-05 

2-05 

2.00 

1-96 

1.89 

1'87 

1-86 

1'8.3 

1-19 
1'89 

1-86 

1.78 

1.89 

'64 
-66 

'65 
.66 

'63 
'66 

-65 
-66 

'65 

'64 

-63 

'63 
-61 

'64 

'57 

-56 

-54 

'54 

-54 

.gq 

.54 

.54 

'55 

-54 

-53 

-54 

-55 

'56 

.56 

-53 

1.68 

1-55 

1-55 
1.56 

1-51 

1.59 
1.56 

1-53 
1-51 

1-49 

1.57 
1-65 

1-65 

1.67 

1-56 

h m  8 ... 
15 41 27.11 

30.16 

33'05 
36.02 

3 9 ' 4  

41.79 

44'77 

47'63 

50'51 

53'29 

56'14 

58-98 
4% 1-72 

b m  r 
152 4'55 

'45 

'55 

'55 

'50 

-56 

.48 

'51 

-52 

-52 

.46 

'64 

'53 

'5" 



(34) FABLE V. TUNSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Bombay (E) and Aden (W). 

Astronomical Date 

and L)eacriptive 

D e w  

1877 

M~~ 7 

Comparison No. 2 

Exchange 0 

Current used 

at  Enst, Positive 

a t  Wwt, Negative 

Pen Equation 
a 

at East - I '895 

at West + I '465 

Mean 

1877 

May ? 

Compsrieon No. 2 

Exchange D 

Current used 

a t  East. Negative 

a t  Weat, Positive 

a 
Pen Equution 

at Rant - 1.895 

a t  West - 1.465 

Yean 

Times of Load 

Signals recorded on 

Chronograph a t  

East 

1 

Observed Differences 

of Clocks a t  

- 

E-t 1 " 
Resulting 

Vsluw of 

double 

B e t u b t i o n  

I 
s 
... 

0.56 

'58 

.59 

'53 

'51 

'52 

-56 

'55 

'46 

'54 

.56 

'5" 
-60 

'53 

'53 

Intervals 

between 

successive 

Local Signals 

Went 

2 

Times of 

Signals in Terms of 

Distant Cloak 

'541 

... 
0.64 

'5' 

'51 

.5a 

'55 
~ 6 0  

-58 

'56 

'49 

' 69 
-52 

'45 

'51 

-51 

.48 

'541 

as 

East 

3 

a 
3-36 
3'08 

2.83 
a.87 

2.92 

a.98 

a.93 

2-79 
1.87 

2'93 

3.13 
a.87 

2'83 

2.97 
3.90 

Interpolation of 

h i v e d ,  between Local, 

Signals recorded on 

Cable Tapes 

West 

Signale 

by East 

Clook 

I 52 7.691 

... 
I 5a 4-69 

'75 
-8a 

-80 

'83 

'78 

'78 

'76 

-78 

'74 

'74 
-8a 

'77 
'82 

-80 

152 4.779 

reoorded a t  

West 

4 

a 
1-98 

2-85 

a.90 

1-88 

a.95 

2.95 
2.89 

2-87 

1'87 

3'14 
2-90 

1.80 

2.91 

'1.95 
a.87 

East 

Signals 

by West 

C l d  

9 (-1+6) 

h m  a 
17 35 37-65 

40.66 

43.50 

46.35 

49'24 

52'19 

55'15 

58'03 
36 0.89 

3-82 

6.89 

9'77 
12.62 

15'52 

18'45 
... 

I 52 8.233 

1 52 5'33 
.a6 

'33 

.3a 

-38 

.38 

'36 

'32 

'a7 

'43 
-26 

'27 
-28 

' 53 
'28 

.. . 

15a 5.320 

Deduction 

of d, &he 

l?ipd 

Difference 

betwmn the 

Cloeke a t  

Epoch t, 

h n  r I h m  a 

17 35 5 8 -  t, 

Signals from 

West on 

Eaat Tnpe 

i?; 
COO ". 

d.b 

EGC.: 
e - -  

111 

1) 35 3j .64 

39'oO 
42.08 

44'91 

47'78 

50.701 

53'68 
56.61 

59'40 
36 a '  '7 

5.20 

8 -33  
11.20 

14.03 
17-00 

19'90 

i 

- 
'B 

5 

Signals from 

Emt on 

g " 
t 

- 
1 

15 43 ag-40 

3a-38 

35-23 

38.13 
41'01 

43'96 

46.91 

49'80 

51.67 

55'54 
58'68 

44 1'58 

4'38 

7.29 
I O : Z ~  

13.11 

% $  
9 m  +b. ? 

y& 
-c , - 

I I  

z $ v ?  
a $ % m  ------ 

6 

West 

'd 

7 

'65 

.7o 

.69 

.68 

'67 
.68 

'70 

'67 

-64 
'61 

.69 

.69 
'69 
'68 

.69 

( - 9 - ~ ) ~ 1 2 ( - 1 - 1 ~ ) ~ 1 3 ( = 1 1 - 1 2 )  I 

h m  a 
... 

I ga 7.66 

'70 
'68 

'69 
'71 

'71 

-68 

'68 

.76 

'74 

'65 
'69 

'64 

'70 
-68 

10(==2+8) 

h m  a 
... 

15 43 31.34 

34-38 

37'a3 

40'09 

42-99 

45'97 

48'93 

51'72 

54'51 

57 '46 
44 0.68 

3-51 

6.39 

9'30 
1 2 - 2 2  

I 'a 
.I 8 I 
d 
5 :  9 w 
2 2 

s 
.g 6 
g 
3 
E = 
Q 

4 
C N  - - 
$ 
C - 0 - 
a 

17 36 38.55 

41 '48 

44'40 

47-20 
50'0.3 
5a-80 

55'51 

58-41 

37 1-23 

4-03 

2 " -t 

: 
, 
I 

Tape 

P 
8 

r 
1'94 
a . w  

a ' w  

1.96 

1.98 

2.01 

2.02 

1'92 

1.84 

I '9a 

2.w 

1-93 
a'or 

a'or 

1-98  

Ill 

h m  s 
I 51 8.21 

-18 

'a; 
- 2 2  

'23 

'23 

'a4 

' 2.3 
' Z Z  

. 28 

'11 

'19 
'24 

' 2.3 
'11 

... 

15 44 34-80 
37 ' (~8  

40'50 

43-30 

46.09 

48'78 
51.60 

54'50 

57.36 
45 0.10 

z.91 
a-91  

2.80 

2.83 

1.77 
2.71 

2.90 

1.82 

2.80 

2.67 

1.58 

1.46 

1'4.3 
1 . q  

1'44 
1.36 

1-45 
1.41 

1.40 

1-50 

a .2 I 
2 s 
$ r g  ?I 

2 $ 
g 

a a  

3 - 
5 
0 

4 
c 83 #4 4 

i 
% 2 

a 
J 

I B  

6 .  jo 

'69 

'70 

'67 

'69 

'70 

.69 

'70 

.69 

'69 

'69 

1.99 
1.97 
1'88 

1-93 
1-88 

1-95 
2-03 

1 1.97 
1'89 

1.86 

'59 
'54 

-50 

. j o  

'50 

.5o 

.50 

'51 

-5s  

'53 

'54 

'50 
.50 

'50 

'50 

I ;  37 o - t, 

2.80 a.72 

2.68 

2.82 

2-80 

2.98 

2.88 

2-82 

a.80 

a.79 
a069 

2.82 

2.90 

a-86 

1.74 
1-70 

1-98 

1.66 

1.4a 

1.44 
1-46 

1-49 

1.47 
1'4a 

1.49 

1'55 
1.69 

1-44 
1'42 

1.49 

I ' 4 j  

' 5'49 9.421 

1 2 - 1 0  I 8 '20 

~ ~ . ~ a /  1 1 - 0 2  

a 13.96 
20.70 I7* l9  

-54 

'50 

.51 

'50 

'52 

'50 

.50 

. so  

'50 

-56 

17 36 40 .13  ... 

a.69 

a-71 

1-82 

2.94 

3.23 

4a'94I15 

45 ' 8.3 
48.61 

51'47 

54' 16 

56-96 

69-82 
37 2.63 

5 ' 5.3 

44 36'79 

39'65 

4% '38 

45 ' 23 

47 '97 
50'7.3 

53'63 

56.47 

59 ' l5  

.50 

.50 

.49 

'51 

.51 

8-06 

10.76 

13'48 

1 6 . 3 ~ ~  

19'21 
... 

45 1-96 
4.68 

7-28 

10.15 

12.90 

15'90 





TABLE P. TRANSCRIPT AND REDUCTION OF CLOCK COMPARISON9. 

Bombay (E)  and Aden (W). 

Astranomid Date 

and 1)emriptire 

Details 

1877 

May 8 

Comparison No. 1 

Exohange 0 

Current d 

at Enct, Positive 

at  W&, Ne@ire 

Pen Equation 
8 

at E d  - 1.891 

a t  W& + 1'433 

Times of L d  
Bignals recorded on 

Chronograph at  

Mean 

1877 

Yay 8 

Comprhon No. 1 

Exahange D 

Current w d  

at   EM^, Negat.ive 

s t  Wert, Positive 

Pen Equation 
1 

at E M ~  - I '891 

at W0.t - 1'433 

Msan 

Esat 

1 

h  r  
14 29 9 . 9 9 1 ~  

13'41 
16-64 

19-96 
23'20 

26.30 

29-59 

32.67 

35 '90 

38.92 

41'07 

45-21 

48.39 

b1'70 

54'99 

Obwned Differenwe 

West 

8 

h 8 

37 1-60 

5-09 
8-28 

11-60 

14.76 

17'98 
Zl.19 

14-40 

27-15 

30.52 

33.69 
36'80 

40'08 

43'46 

46'79 

Intewals 

between 

succesrive 

Local Signals 

Times of 

Signals in Terms of 

Distant Clock 
Resulting 

Valuea of 

Retardation 

# ... 
0.56 

'49 

'47 

-56 

'67 
.61 

'67 

'56 

'64 

'65 
-61 

'67 

'6" 
.5a 

of Clocks 

Eart 

11 

I 52 9'89 
-81 

'89 

'95 

-96 

'97 

'94 

'92 

-96 

-98 
'95 

10.00 

9'97 

'85 
... 

1 5 %  9'93' 
I 

I 52 6-98 

... 
7"w 

... 
'14 
-08 

'08 

-06 

'10 

'03 
'02 

'10 

- 10 

.06 

'15 
-18 

'03 
... 

I 52 7.080 

M 

East 

3 

r  
3.42 

3.23 

3-32 

3.24 
3'10 

3.29 
3.08 

3-23 
3-02 

3-15 

3'14 
3.18 

3-31 

3.29 

zk 
by East 

Clock 

Interpolation of 

Rece~ved, between Local, 

Signals recorded on 

Cable Tapes 

Signals imm Signals from 

w i e  1 

14 29 Sa - t= '595 

... 
0.48 

... 
'64 
... 
-71 
-62 

.as 
-60 

-56 

-52 

:: 
.68 

.60 

-69 
68 

'55 

-611 

at 

Weet 

( - 9 - 2 ) ~ l Z ( = 1 - 1 0 ) l S ( - 1 1 - 1 Z ) i  

h m r  
... 

I 52 9.33 

'32 

'42 

'39 

' 19 

-36 

'27 
. '36 

'3% 

'33 

'34 

'33 

-32 
'33 

'52 9'336 

... 
I 52 6-50 

'52 

'45 

'59 

'43 

-46 

'39 

-46 

'54 

'51 

'52 

.46 

'42 

-46 

-46 

'50 

' 48 

I 5' 6.479 

recorded ut 

West 

4 6  

r  
3'49 

3'19 

3.32 
3.16 

3-22 

3-21 

3-21 

3.05 

3-07 

3'17 
3'11 

3-18 

3.38 

3-33 

Emt 

Sigtluls 

by West 

Cluck 

'M 
'46 

-46 

.49 

'49 

'50 

'50 

'51 

-50 

. j o  

. j o  

-50 

.5o 

'49 

14 30 16.76 

19'92 

~ 3 . 5 8  

26'79 
30. ao 

33'35 

36.65 

39'82 

43.10 

46-30 

49.42 
52-68 

55'9a 

59' 13 
31 1-30 

5-60 

8.76 

12.06 

Deduction 

of d, the 

~ i ~ ~ ~ l  

Difference 

between the 

Clocks at 

E@ t, 

9 (-1+6) 1 l o ( -2+8)  

b a o -  
. O ?  

r0.n 

s%% 
. e r r .  

I I  

14 j o u =  t 

Z1 

'" 

8 

8 
2.48 

2.23 

2.26 

2 - 2 1  

2.25 

2-25 

2 - 2 1  

2.14 

2.15 

2.22 

2.18 

2.26 

a-.qo 
1 - 2 0  

m d m  

7 

h c n  J 

14 29 11.49 
14'901a 

18.17 

21-55 

24-72 

21-95 

31 ' 13 

34'32 

37'41 

40 ' 50 

43'64 
46-80 

50'05 

53'31 
... 

$ 
.? 
.n 

z 
r 

I 

... 
1 2  38 13-42 

17.06 

20'34 
23-61 

2 6 . 9 ~  

30'19 

33'43 

36.64 

39' 76 

42.91 
46.16 

49'46 

52'7l 

55'84 

59'14 
39 2.26 

5-58 

1 2  38 11.33 

14'40 
18-10 

21-30 

24.60 

27.92 
31-16 

34-40 

37.60 

40.77 

' 43'96 

47'20 

50'43 

53'59 
56.80 

39 0.00 

3.38 
6.66 

n -  - N  

,'?? 
YIVl 

sf: 
. r c - -  

D l  

r  
1.50 

1-49 

1-53 

1.89 
1-52 

1.65 

1-54 
1.65 

1-51 

1-58 

1-57 

1-59 
1.66 

1-61 

h  8 

... 
37 4-08 

7'32 

'0'54 
13'81 

17'01 

20. 23 

23'40 

16-54 
29.60 

32'74 

35'87 

39'06 

42-38 

45-66 

I 5  

.8 - 1 

Q 5 = Si 
c 2 E 
9 6 
.- 2 
3 :  
" 6 

zoo 
9 4 - 4  

3 
.r - 
0 "  

9 

n n 
? 
.a 

z - 
I 

'71 

-70 
-68 

'70 

'70 

-70 

-69 

'70 

'70 

'70 

.7o 

-69 
'68 

-66 

3-16 

3.66 

3-21 

3.41 

3.15 

3.30 

3.17 
3-a8 

3.20 

3.12 

3.26 

3.24 
j ' a l  

3-17 

3'30 
3-16 

3-30 

- 5 

. I - 
5 % 
w"=3 2 " 

e 
c .- 

1: 
0 

4 
-4-4 - oo 
2 
w - 0 - 
9 

14 30 18.31 

... 
25.19 

... 
31'74 

35'00 

38.24 

41.46 

44.70 

47'80 

50.98 

54.30 

57'5.1 
31 0.65 

3'95 
7-18 

10.41 

... 

2'09 

1-66 

2.24 

2.31 

2.32 
2.27 

''a7 

2.24 

2-16 

2-14 

r 'ao 

2.26 

'1'28 

2'25 

2.34 
2.26 

2 - 2 0  

3.07 

3.70 
3.20 

3.30 

3-31 

3'24 

3.24 
3-20 

3-17 

3-19 

3.24 

3'23 

3.16 
3.21 

3'20 

3.38 
3-18 

1.55 
... 

1-61 

... 
1.54 
1-65 

1-59 
1.64 

1-60 

1.50 

1.56 

1-62 

1.61 

1-52 

1-65 

1'58 

1'65 

-49 
... 
'50 
... 
'49 

'50 

.50 

.so 

-50 

.48 

'48 

'50 
' .so 

'48 

'50 

.50 

'50 

'68 

' 7 2  

' 7 0  

'70 

-70 

.70 

'70 

.7o 

.68 

-6; 
.68 

.70 

'72 

'70 

-73 

.67 

'67 



T D L E  P. TRANSCRIPT AND REDUCTION OF CLOCK COMPARJSONB. 

Bombay (E) atid Aden (W). 

At Bombay, daring thk  Exchange, the l d  battery wan not acting properly, and the "mouse mill" war turned by hand. All the Welt Bigdo on E d  
%pa of Exohmge A ue ill detlned m d  difecalt to read with mmraoy. 

Astronomical Data 
and Descriptive 

Detailn 

1877 

May 

Compuhm No. S 

Exchange A* 

Current ured 

st East, Positive 

atwWert, 9, 

Pen Equation 
J 

a t  E d  + I -894 

.t West + I '433 

Mesn 

1877 

May 8 

Qompnriean No. B 

E x h n g e  B 

Cumn t mod 

at East, Negative 

.t W-t, ,, 

Pen Equation 
r 

at Eaet + 1.894 

at werf - 1'433 

Mean 

T~rnea of L o d  
Bignals recorded 011 

Ohronograph at  

In tenah 

between 

8uceemire 

Loarl Sign& 

M reoorded J 

East 

1 

A n ,  J 

17 33 58.48 

34 1.63 

4-70 
7.66 

10.60 - 
... 
... 
... 
... 

27'73 

30'54 

33'22 

35'90 
38.51 

41'25 

West 

Z 

A m  r 
15 41 53.62 

56-70 

59.85 
42 2-73 
... 
... 
... 
... 
... 
... 

az.88 

25.61 

28.27 

30.85 

33.60 

36'30 

Interpolation of 

Reoeived, between Local, 
Bignals recorded on 

Cable Tap- 

1 7 3 4 a a - t E  

Timer of 

Signals in Termr of 

Distant Clock 

I sa 6.398 

152 3-51 

-50 

'53 

'57 

.56 

'5' 

'53 

-45 

'54 

'57 
... 
... 

-60 

'52 
-60 

... 

152 3.538 

Emt 

 EM^ West 

Clock 

I 52 5.804 

... 
I 5a 3-00 

2.96 

3-00 
'01 

1-96 

'91 

'93 

'94 

'97 
... 
... 
... 

' 9.3 

.96 

'9.1 

15a 2'959 

J 

3.15 

3'07 
2 . ~ 6  

1.94 

a.81 

2.68 

2-66 

a.61 

2.74 

.596 

... 
0.51 

'54 

'53 

.56 

.60 

17 35 16 - t, 

17 34 57-40 
35 0.10 

2.70 

5-41 
8-01 

10.60 

13-10 

15'90 
18.54 
21-29 

24'01 - 
19-40 

31-03 

34'75 

31-50 

Obaened Differenm 

of Clocks at 

Erst 

11 (-9-2) 

A  J 

I 5a 6-44 

'37 

'33 

-46 
... 
... 
... 
.a. 

... 

... 
-42 

'40 

-42 

-38 

.36 
... 

2 - 7 0  

a.60 

2.71 

a<&,  

2.59 
2.60 

2.70 

2.64 

2-75 
a.7. 

2.63 

2'72 

2-15 

15 42 55.a4 

57'90 

43 0'53 
3-14 
5'80 

8-39 
11-10 

13.7; 

16.35 
1 9 0 8  

... 

... 
27-22 

29-90 

32.72 

35'38 

-50 

.so 

'50 

-50 

.ga 

'50 

Valuer of 

double 

R.eMation 

lZ(~1-10)13(-11-12)  

J ... 
O.59 

'61 

.54 

... 
*. . 
... 
... 
... 
... 
... 
'67 

'57 

West 

h a  a ... 
152 5'85 

.76 

'79 
... 
.*. 
... 
..a 

... 

... 

... 
'75 

'8; 

'90 

'79 
'76 

r 
3'08 

3'15 
2.88 

... 

2-73 
2.66 

2.58 

2.75 
2-70 

'70 

'70 

'7% 
'70 

'71 
' i o  

-70 

2-66 

2.63 

1-61 

a.66 

a-59 
a-71 

2.67 

2-58 

1-73 
. 

2-68 

2.8% 

1-66 

1-35 
1-30 

1-36 

1-30 

1.35 
1'30 

a 

&su'ting 

a 
,90P 
w w  

a z z  
& n u  

I 1  

'57 
... 
... 
... 
'67 

.56 
a 6 6  

'576 

xi 
C 
0 = 
B 

Deduction 

of d, the 

.5o 

'47 

-50 

-5a 
. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . a  

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

'56 

'55 

'55 

.gr 

'53 

1-86 

1.84 

1.88 

1.86 

1-84 

1-90 
1.87 

'o  ̂
? 
w 

c, 
I 

I 

5 8 
." 
0 - 
L - 
2 
( 
cua 
c" 

2 
C 
0 = 
8 ' 

' 53 ,  1-4.3 
-50 1'32 

'49 1'3s 
S o  1.36 

' 

r inal  

Difference 

between the 

Clock8 st 

Epoch t, 

8 1  
a 

." 

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

. . . . . . . . . . . . . . . . . .  
.54 

'51 

'57 

mu) mw 
,? P w w  

e z z  
4 " "  

D l  

17 34 58.75 

35 1.4015 
4-06 

6-71 

9'36 
11.90 

14'63 

1.42 

1-39 

1.57 

. 7 1  1.83 ' 
'7% 1'97 
. . 

m 
w " 
w 

' 
I  

... 
42 57-10 

59'74 
43 2.41 

5-00 

7'64 
10.29 

17.21 

19-89 
12.6; 

... 

... 
30'82 

3.1'42 

36'31 
... 

'70 

'67 

-69 

A m  J 

17 34 0.06 

3-07 
6 18 

9-19 
... 
... 
... 
... 
... 
... 

29'30 
3s-01 

34'69 

37'23 

39'96 
... 

J 
1.16 

a'aq 

a'oa 

. . . . . .  

1'91 

1-78 

1-73 
1-87 

1-89 

J 

1'58 

1-44 
1'48 

1'53 

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

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

. . . . . . . . . . . . . . . . . .  
1.57 

1-41 

1-41 

1-33 

1-45 

a .B 1  

1.1 

3 
8 r 
8 

12-97 
15.60 

18'32 

... 

... 

... 
29' I 0  

31'79 

34.56 

1.88 

1.89 

1-84 

A m  a 
... 

15 41 55-78 

58.94 
qa 1.87 

... 

... 

... 

... 

... 
..a 

... 
24'79 

27'39 
30.00 

3a.71 

35'49 

'70 
"71 

'70 

"70 

'67 

'67 
.68 

'70 



(38) PdBLE P. !l%ANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Bombay (E) and Aden (W). 

- 

Astronomical Date 
and Descriptive 

Detailr 

1877 

May 

Comprhon No. 2 

Exchange 0 

Current u ~ d  

.t East, Positive 
at Wert, Negative 

Pen Equation 
J 

at Esmt - 1'894 
st Went + I -433 

Times of Local 
Sig~~als  recorded on 

Chrouograph at 

Mean 

1877 

&J 8 

Comparison No. S 

Exohange D 

Current wed 

at Ear& Negative 
at Wert, Poaitive 

Pen Equation 
J 

st h t  - I '894 
at West - 1'433 

Mean 

Besulting 
Vnlnea of 

double 
Behdation 

1P(-1-10)13(-11-12) 

J ... 
0.59 

.58 

.GI 

'54 
-60 

-58 

'54 

.58 

.56 

'59 

'73 

'63 

-60 '" 

-60 

E.et 

1 

h m  J 
17 36 a.03 

4'89 
1-68 

10.40 

13' 10 

15-82 

18-35 
30.88 

23.37 

15-98 
a8.5a 

31 -07 

33 ' 70 

36'36 

39-00 
41 *81 

'598 

... 
0.56 

'57 
-6% 

'52 
-61 

'57 

'52 

'65 
..a 

*.a 

... 
'54 
-60 

.58 
-66 

'583 

Intervals 
between 

suoaessire 
Local Signals 

Went 

2 

h m  8 

15 43 53-50 
56-a2 

58-92 

u 1-70 
4'40 
7-08 

9-50 
12-00 

14-60 

I7'lr 

19-78 
22'38 

24.96 

27.58 

30.36 

33-10 

as 

Ewt 

3 

J 
a.86 

2.79 
2.72 

2.70 

r.71 

1.53 

a-53 

1-49 
2-61 

2'54 

a.55 

am63 
1.66 

1-64 

1-81 

Interpolation of 
Beceived, between Local, 

Bignals recorded on 
Cable Tapes 

Times of 
Signala in Termn of 

Distant Clock Deduction 
of d, the 

~ i ~ ~ l  
Difference 

between the 
ClocLs at 
~ ~ o c h  t, 

recorded at 

West 

4 

8 
2.72 

2-70 

a.78 

2.70 

2.68 

a.42 

a's0 

2'60 

1.52 

2.66 

2.60 

1.58 

2-61 

am78 

1-74 

Weat 
Signals 

by East 
Clwk 

152 9'539 

... 
151 6-72 

.76 
-66 

-78 

-70 
'70 

'77 

.76 
... 
... 
... 

'74 

'73 

'73 

'73 

1 sa 6.731 

Observed DiffRrencen 

,OC 
*OD" 
YIYI 

e s G  - - 
I I  

i 

East 
8ignalr 
by Went 

clock 

of 

Esmt 

Bignals from 

Weat on 

1.52 10.137 

I 5a 7.28 

-33 
-28 

'30 

'31 

'a7 

'29 

'41 

'42 

... 
a s .  

-28 

'33 

'31 

'39 ... 

152 7'323 

= 
rD 

% - 
0 

17 36 ra = t, 

\ o -  n -  
m n  

*&& 

E Z Z ;  
NI , , 

111 

Clock# at 

West 

~ . h m  J ... 
151 9-51 

'57 

-56 

'59 

'54 

'53 

-58 

'55 

'59 

'54 

-44 

-51 

-51 

'50 

-56 

East - a 
a" 
6 

-53 

'52 

'53 

-53 

'54 

-50 

'50 

'53 

.50 

a56 

'55 

'53 

'50 

-54 

Signals from 
East on 

9 ( - l + 6 )  1 l o ( -2+8) !11 ( -9 -2 )  

a 
g I 2 E g :  s 

a 
2 ? 

2 $ 
.- * 
& r 
Q 

-4 
:$? 

d 
% z 

9 

r~ - ur 

\b 

, 
1 

Tape 

5 
'" 

m ------ 
6 

8 

1.57 
1'48 

1'41 

1.43 

1.44 

1-37 
1'27 

1-25 

1-38 

1.27 

1.43 

1-45 
1.41 

1'3a 

1.51 

West - 
.g 
H 

6 
7 

'69 

'70 
-69 

'67 

'70 

'71 

'71 

-70 
'71 

-70 
'71 

'70 
-7a 

'69 

-69 

h J 

17 36 3-60 

6'37 

9.09 
11-83 

14'54 

17'19 
19.62 

21-13 

24'75 

27-15 

29'95 

32'52 

35'11 

37-68 

40.52 

... 

17 37 0'9215 
3-80 

6.25 

8-90 
11'70 

14'32 
16.82 

19'45 
22.09 

34.79 - 
1 

"n -2 I 
: E gz a s e 
2 2 :: 

6 
3 :  

=a 
$ 
C - 
0 - 
'i! x 

Tape 

5 
$ m 
8 

8 

1-88 

1-89 

1.91 

1.81 

1.88 

1-74 
1-80 

1.8a 

1'79 
1.86 

1'85 

1'81 

1.89 

1'92 

1.89 

17 37 so - t, 

u 55.~0 
57.70 

.(J 0'30 
3-11 

5-70 
8-30 

10.90 

13-44 
16-10 

... 

... 

h n  J 

... 
15 43 55'38 

58.11 

u 0.84 
3'5' 
6.28 

8.82 

11.30 

13'8a 

16'39 
18.98 

ar .63 

24'19 
26.85 

19-50 

32-a5 

1.88 

a.45 
a.65 

an80 

1.62 

2.50 

2.63 

2-64 

a.70 

2.76 

2-64 

2.61 

2.78 

hu, 
I ga 10.10 

-15 

-17 

'13 

'14 
* I  I 

'12 

'13 

''5 

-13 

'17 

' 14 

'15 
-10 

'16 

... 

14-50 
30'40' 33'16 21-20 

... 
15 44 57'08 

59'49 

45 2-24 

4'92 
7.62 

10.11 

1a.68 

15.33 
... 
... 
... 
26.42 

29'07 
31.68 

34.46 

2.50 

2-60 

1.81 

2.59 
a.60 

2.60 

2-54 
2.66 

... 

2-70 

2.6 

2.69 

2-81 

1.56 

1-23 

1-53 
1-51 

1-31 

1-25 

1.37 
1.40 

1'43 

1-38 

1-37 
1-31 

1-47 

35.80 

38-41 

41-19 

'54 

.5o 

.5o 

'54 

'50 

.50 

'5a 

.53 

.53 
. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  

.so 

.52 

'50 

'53 

29-80 

3a-49 

35'30 

'75 

.69 

-69 

'70 

'74 

-70 

'70 

'71 

'71 

'7' 

'70 

'70 

1-88 

1.79 

1.94 
1-81 

1'9a 

1.82 

1.78 

1.89 

. . . . . .  

1-92 

1.87 

1.88 

1'97 

17 37 a.48 

5'03 

7'58 
10.41 

13-01 

15-57 
18.19 

20.85 

23.52 
... 
... 
31-78 

34'53 

31-11 

39'88 
... 



TABLE P. TRANSCRIPT AND REDUCTION OF CLOCK COMPARISONB. (39) 

Bombay (E) and Aden (W). 

h u l t i n g  
Valuee of 

double 
btardstion 

12(-1-lO)l8(-11-12) 

8 ... 
0.53 
-60 

.S3 
'41 

'56 
'61 

'51 

-56 

Deduotion 

ofd, the 
~ i ~ ~ l  

DifPerence 
between the 

Clocbs at 

Epoch t, 

v1 

- .  
I$% 
4 " "  

I I  

Times of L o d  
Bignals reoorded on 

Chronograph at 

Obrerved DiEerancee 

% - 
I 

Interpolation of 
&ceived, between Local, 

Bignals recorded on 
Cable T a p  

Interrule 
between 

suooevive 
Loosl Sigiials 
an recorded st  

of Olookl 

East 

11 (-9-2) 

h m  # 

151 1-91 

'94 

-87 

'83 

'93 ' 

'91 

'87 

'90 

'97 

'91 

t *  
1  

% z il 
kl zl 
d 1 

'55 

'54 

'57 

'556 

... 

... 

... 
omsa 

'54 
-61 

'65 

Times of 

Signale in Terms of 
Distant Clock 

&t 

Wed 

hVS 8 ... 
151 7'38 

'34 

'34 

'41 

'37 

'31 

'35 

' 34 

'35 

'90 

.96 

'95 

'9a 

'91 ... 

'5' 7.915 

... 

... 
I 51 5'03 

. -05 

.06 
- I I  

'03 

-01 

3-85 
6.61 

9'55 
11-40 

15-26 

18'ao 

at was 1, 

Pen Equation 
8 

&En&, + 1.899 
&t West + 1'443 

'35 

'39 

'32 

'40 

'38 

'35 

'5% 7'359 

... 
1 51 4-48 

'51 

'51 

'51 

-45 

'46 

'49 

'48 

East 
8ipulr 
by West 

Clock 

lo(-Z+8) 

h # S  8 ... 
12 33 38.11 

41-06 

43'98 

46.91 

49'73 

51-64 

55'45 
58.a6 

34 I.03 

Astronomical Data Signals from Sipnls from 
and Dewriptire Wwt on E a ~ t  on Weat 

East Tape West Tape Signale 
E.st Weet a by East 

---- , % m -- 
8 4 6 6 7 8 9 (-l+6) 

2 
H OJ - 4 

"s ." 
0 = 
i 
4 

I 

'49 

-46 

'48 

'50 

'43 

'42 

.+I 

152 4'477 

1877 

May 9 

Oompnriaon No. 1 

Emhauge A 

Carrent wed 

at East, Pwitire 

aument used 

at East, Negative 
s t  Wmt, ,, 

Pen Equation 
8 

at E d  + 1'899 
at W& - 1'443 

Mean 

Mesn 

I877 

=Yv 

Compriwn No. 1 

Erobnge B 

11'ao 

14'00 

16-87 

19.80 

1a.64 

35'55 

$? . ?OO 
00- 

GZ,: 
-e - .. 

I I  

... 
'51 

-61 

-56 

-58 

'63 
-61 

'51 

'574 

F 
: 
00 

: - 
I 

2 51 
g " 0 

8 
.j 

m 
rt m Fld 

$ 
8 :  

B s 

h n ,  8 

14 25 4a.a1 

45 '60 

48-40 

S"3a 

54.34 

57-10 

59'95 
a6 1-80 

5.60 

8-38 

4.70 

7-59 

10.39 

13.30 
16.18 

19'06 

14 a6 4 - t  

! y ." 4 

1a.87 

15.70 9' '04 

-06 
24.21 18.27 '04 

ar.08 '00 

... ... 23.81 

h  8 
la 33 36.20 

39-09 

41-99 
44.88 

47-79 

50.619 

53-48 

56.30 

59.10 

34 1.85 
1.80 

2'87 

2.93 
a.84 

2.91 

a.00 

1-88 

1.93 
1'9a 

1.91 

1-91 

... 

... 
14 a6 53'42 

56-15 
58.86 

17 1.71 

4'39 

1-95 
a-oa 

1'90 

1'89 

1.96 

1'93 
1.84 

a.15 

1.89 

'70 

'67 

'67 
'68 

.7o 
'66 

14 a7 7 = t, 

8 

3-39 
2.80 

a.91 

3'0a 

1.76 

a.85 

1.85 

2-80 

a.78 

2-82 

as89 

1.80 

2-91 

2-88 

2.88 

... 
11 34 44.61 

47'52 

5o'ag 

52'99 

55-76 

58'53 

'69 

-70 

'70 
'70 
'70 

-70 
'70 

a69 

'70 

1'39 

1'44 

1.53 
1'51 

1-51 

1-40 

1 52 5.048 

... 
10.11 

. . . . . .  

. . . . . .  
1-39 

1'35 
1.36 

I-SO 

1.40 

. . . . . .  
1-49 

.so 

'52 

'53 

-54 

'54 

.so 

11.48 

14.26 

17.0~ 

19.90 
aa-fo 

a5'50 
18.30 

a.89 

a.90 

1-89 

2-91 

1.90 

a.79 
a.8a 

a.80 

a.75 
2-85 

'50 

-54 

'50 

'50 

.so 

'50 

-50 

'50 

-54 

'52 

.ga 

s 

49'10 

52.03 

54.80 

57'50 
37 0.11 

2-99 

5-69 
8.62 

'56 

'51 

-50 

'46 

-50 

'53 

'49 

.so 

'53 

'50 
1-40 

1-55 

1.47 
1'4a 

1.46 

2-86 

a.81 

1-88 

a.8a 

a-73 
a.90 

7.80 

10.66 

13-47 

16.35 

19-17 
11.90 

a4.80 

1-98 

a.76 

a.88 

1.80 

1-80 

1-80 

1.90 

1-43 
1-46 

1-39 
1'38 

1-51 

1-40 

1-40 

1-47 
1'41 

'66 

'70 

.69 
-68 

.to 

a-71 
a-70 

a-80 

a-76 

1-63 

3-11 

a-70 

48.39 
51-10 

53-80 
56-60 

59-36 

35 1.99 
5-10 

1'77 
a.70 

1.71 

am78 

a'fo 

2-93 
a.86 

"70 
'68 

'69 

-70 
'67 

'70 

'70 
'70 

'70 

'70 
1'91 

1.96 

2.01 

1-96 

a-oa 

11-60 

15'55 

18.34 
a1'1a 

14- 10 

... 

8 
a'oa 

1'97 

1.99 
a.04 

1'94 

1'95 

1.97 
1-96 

1-93 
1'00 

h  8 
14 a5 44.11 

47-03 

49.86 

5a.7l 

55'7a 
58-61 

a6 1'35 

4- 20 

7-07 

9'79 



P ! L E  P. TRANSCRIPT AND REDUCTION OF CLOCK COMPARISON9. 

Bombay (E) and Aden (W). 

Times of Local 

Signals reuorded on 

Chronograph at  

Intervals 

between 

rncceeaive 

Local Signals 

as recorded at  

Observed Differenoer 

of Clocks at  

Aetronomid Date 

md Dwcriptive 

Det.ila 

1877 

May 

Comparison No. 1 

Exchange 0 

Current need 

.t Eamt, Positive 

at  West, Negative 

I 

' Pen Equation 
J 

&Enat - 1.899 
st w ~ t  + 1.443 

Mean 

1877 
May 9 

Comparison No. 1 

Exohange D 

(Repetition) 

h n t  osed 

s t  Esst, Negative 

at West, Positive 

Pen Equation 
s 

d Esst + 1.899 

WOOt + 1 '443 

Meur 

Bea"1tin8 

Values of 

Returdation 

lZ(-1-lO)lS(-11-12) 

8 

. . . 
0'57 

-44 

. 5 5  
'47 
'43 

-56 

'52 
.. . 
'53 

'57 
'53 
'63 
'62 

'55 
'54 
-62 

'542 

... 
0.56 

'53 
'63 

'52 
.60 

'64 

'55 
-66 

-60 

. '54 

'55 
'64 

-63 
-62 

-56 

E& 

11(-9-2) 

A m 8  
I 52 11.67 

'59 

'71 
-70 
'63 

'74 

'65 

'69 

'65 

'67 
-66 

'78 

- 7 2  

'69 

' 7 0  
'78 

... 

I 5r 11.689 

152 7'97 
-9.3 

'96 
'93 
-98 

-96 

'97 

-98 

'94 
'91 

'93 

'97 

'95 

-96 

'96 
... 

Interpolation of 

Received, between Local, 

Signals recorded on 

Cable Tapes 

Wert 

h a r  
... 

1 5 2 1 1 ' 1 0  

'15 
-16 

'23 
'20 

-18 

'I3 
... 

- 1 2  

- 1 0  

'13 

'15 
• 10 

'14 
.16 

-16 

I 52 11.147 

... 
1 5 %  7-41 

'40 
'33 

-41 

'38 

.3a 

.42 

'32 

'34 

'37 

-38 

'33 
-32 

'34 
'40 

Times of 

Signals in Terms of 

Distant Clock Deductior~ 

of d, the 

 id 

Differenoe 

bstW- tb 
Clocks a t  

Epoch t, 

Signals froul SignJa from 

' Esst 1 wy 

Er wr 
n m 

$2 w.m e .  
m h  

8 : :  
* - -  

I I  

fit 1 ;[gt 
-- 

9(-l+6) l o ( - 2 + 8 )  

'oh P 
00 

%, - 
I 

1 

h m  8 

14 27 55'20 
58'08 

28 1.01 

3'92 
6 .64 

9'64 
12.60 

15'65 

20.55 

23'73 
26.76 

29.86 

33' 14 

36.29 

39'44 
42-11 ... 

14 28 19 - t, 

8 

3.42 
2-82 

2.98 

2.90 
2.89 

1'93 
2-68 

3 -10  

5.00 

3-00 
3 .12  

3.08 
3.12 

3.16 

3 .13  
3'" 

h m  8 

14 a7 53'28 
56.70 

59-52 
28 2. 50 

5-40 
8.29 

11.22 

14' 10 

17.20 
aam zo 

25.20 

28.31 

31-40 

34.62 

37.78 
40.91 
44.02 

h a ,  0 

... 
11 35 45.60 

48'37 

51-34 
54' 1 7  

57 '09 
36 0.04 

1-97 
... 

1 1  -08 

14' lo 

17-19 
20.25 

23-52 
26.64 

29.75 
32.86 

14 33 4-85 
7-80 

10.59 
13'34 
16.29 

19.08 
21.90 

24'80 

27 '53 
30'49 

33'41 

36.14 

39-10 

4 2 . 9  
44'99 
48.12 

.D 5 

.2 I 
a 5 
5: s 
I3 'g 
& g 
.- 
E = 
Q 
L 4 

C o J  
- 4  

'Si 
0 = 
9 s 

h m  8 

11 35 43-53 

46.49 
49-30 
5ae2a 

' 55.01 

57'90 
36 0.95 

3.96 
8.90 

12-06 

1 5 - 1 0  

18.08 

21-42, 
1.4.60' 

27.74 
30'93 

33'99 

g& 
act. " 

E % $  
e-.. 

I 1  

J 

2.96 
2.81 

2-92 

2.79 
2-89 

3'05 
3.01 

4-94 
3.16 

3.04 
2-98 

3-34 
3 . 1 8  

3 - 1 4  

3 - 1 9  
3-06 

1433  2 6 - t n  

12 40 58.30 
41 1-29 

4-01 

6.91 

9-76 
12'53 

15.50 
18.19 

21.07 

24.04 
26.90 

29-70 

32-10 

35 70 

38.85 

41.96 

2 
ac ' 
% - 
I - 5 

.B I 
.a 

8 1 
g ' z  m x E 2 - B e Q 

1 .  

-" 4-0 

-i 
C 
0 = 
0 

a56 
-49 

-50 
'49 

'43 
'4 
-48 

'50 

'67 

'51 

-50 

.50 
'54 

-53 

'53 

.58 

2.95 
2.79 

2-15 

2.95 
2-79 
2-82 

2-90 

2'73 
2.96 

2.92 

2.83 
2.86 

2'99 
2-90 

3 .13  

8 

1 .92  

1 -38  

1 .49 
1.42 
1'24 

1'35 
1.38 

1.55 

3.35 
1'53 
1-56 

1 .54  

1-74 
1-67 

1-66 

1.80 

2.99 
2 . 7 2  

2-90 

2-85 

2-77 
2-97 

"69 
1-88 

2.97 
2.86 

2.80 

3.00 

3.00 

3-15 

-3.11 

'70 
'67 

-70 

.70 
' 7 2  

' 7 0  
'67 
... 
'69 

'67 
.7o 

-65 
.66 

'65 

.63 

.63 

'48 

'51 
'50 
'51 

'52 
.50 

'54 
-50 

'50 

.50 

'50 

'50 
1'51 

'54 

'58 

8 

2.07 
1.88 

2.04 

1-95 
2.08 

a - 1 4  
2-02 

.. 
2.18 

2.04 

2-09 
2.17 
2.10 

2.04 

2 - 0 1  

1'93 

2.09 

1-90 
2 . 0 0  

"97 
1-94 
2.05 

1-88 

2*01 

2.08 
z'oo 

1-96 

2-07 
a'o7 

1'95 
1'87 

1'42 
1.41 

1.38 

1-50 

1-45 
1.41 

1 .51 

1.37 
1-48 
1-46 

1-42 

1-43 

1'55 

1-57 
1.82 

1 
14 33 6-27 

9 ~ 1 2 1 1  

11-97 
14'84 

17.74 
20'49 

13-47 
r6.17 

29.01 

31'95 

34'83 

37'67 
40.65 

43.66 
46-81 

... 

' 7 0  

' 7 0  

'69 

.69 
' 7 0  

'69 

' 7 0  
' 7 0  
.7o 

' 7 0  

- 7 0  
-69 

'69 
-61 

.60 

... 
41 0'39 

3.19 
6-01 

8 .88 

11.70 

14'58 
17.38 
20.21 

23'15 
26.04 

28.86 

31-77 

34'77 

37'65 

40.72 



TABLE P. WNSCRIPT AND REDUCTION OF CLOCK COMPARISON8. 

Bombay (E) and Aden (W). 

Intervals I~terpolation of 
Times or Local between Times of 

Received, bebeen Local, 
Bignals in Terms of 

Signals rerorded on 
Distant Clock 

and Descriptive 
East 

Details 

by East by Went 
Clock Clock 

1 2 3 4 6 6 7 E! 9( -1+6)  ------ 
1877 J J h m  J hrcr J 

Mny 9 
23'40 15 39 14-31 

Comparison No. B 

Exohange A 

Current used 

at East, Positive 

west, I, 

Pen Eq~letion 
J 

at East +  goo 
at West + I - 4 3  

Mean 

1877 

Reslllting 
Values of 

dollhle 
Retardation 

8 ... 
0.59 

.65 

.54 

'51 

Observed Differenom 

Deduction 
of dl the 

~ i ~ , , l  
Difference 

between the 
ClocL at 
Epoch t, 

26.46 11-35 

1 52 4-15 

'67 

'73 

.TI 

'77 
'69 

'71 

.la 

'75 

'71 
'70 

.66 

'72 

-69 

1 52 4'713 

of Cloclrs 

East 

Am J 

I 52 8.18 

'ao 

'15 

'9 

'09 

"3 
, '??  

S Z Z G  
* - I  

I 1  

9 

Comparison No. S 

Exchange B 

Currelit uned 

at East, Kegatire 

West, ,, 

Pen Equation 
J 

at Enst + I .900 

at West - I -443 

Mean 

30-80 

34' 10 

37'19 

40'30 

43'31 

46-50 

49'& 

52-50 

55.w 

58.31 
ja I '30 

4.19 

o.5a 

'58 

'53 

'53 

'49 

'59 

.5O 

'so 
-52 

-50 

'57 

-53 

-58 

.48 

.56 

'531 

at 

West 

l o ( - ? + 8 ) 1 1 ( - 9 - ! ! ) 1 ~ ( ~ 1 - 1 0 ) ~ 1 8 ( = 1 1 - 1 ! 2 )  

h a  r 
... 

I 52 7-59 

'55 
-61 

-58 

' 19 
-18 

-14 
'21 

'20 

'I4 
-aa 

"7 
'I1 

-16 

... 

I 52 8.162 

152 5-27 

s, 
". 
a 

I  

*68 

'59 

'55 
-62 

'58 

'57 
.61 

.58 

-58 

'55 

'63 

I 52 7.591 

... 

a 
'41 

'52 

'63 $ 3 
'63 

ta 

'64 6 

m ? ?  
a m  

E Z ~  
a - -  

I I  

a4*36) 3.30 

'53 

-571 

... 

17 31 41 - t, 
". 
m 

z - 
I  

3-22 

3-11 

2.98 

.?-IS 

3'17 

5-94 

2-19 

3.07 
3'01 

2.81 

2'94 

27'58 

30'6q 

3.3.67 
-36-80 

39.9;1 

42'91 

45'70 

48'77 

51.78 

54'59 

57'53 

~8.3415 
31-16 

33.85 

36.56 

39-35 

42-11 

44-90 

47'64 

50.35 

53-08 

55'92 
58.6 

3.3 1.4; 

4-40 

... 

- a 

3 I 
s 

5, & 
w s " 
3 jj 
8 '" 

2 = 
& 
D 
s. 
2 
~2 
2 
C - 
0 - 
5 z 

3.9 
3.11 

3-02 

3'18 

3.10 

2'90 

2.90 

2'91 

2'99 
2.89 

2.81 

2-71 

2'69 

2.77 
2.89 

a-73 
2.71 

2-70 

2'70 

2-90 

2.70 , 
2-88 

2-81 

2-84 

u m  

$ 
.r - 
0 - 
B s 

17  32 45 - t, 

27'03( a3.y 2.67 
29' 70 25.90 2.80 

I 
3a'50 28.61 aV;o 

35'20 ~ I - J O  2-58 

34'071 1.80 

36.96 1.72 

39.6912.8~ 

43'50' 46.30, 42.40 2.68 

-50 

'54 

'54 

'.;3 

.54 

'50 

'49 

'53 

'53 

'50 

1-94 
1'87 

1.88 

1.91 

2.02 

1-8.3 
1.90 

1.86 

1.86 

7 32 6 

I 

17 32 0 1  40 2 0 0  283 

'49 

-52 

.50 

'49 

'49 

-51 

0 0 -  I-V) 

152 5'244 

40 22-28 '25 

25-03 I .26 

48.98 

51.71 

54'34 

Sf'21 
33 0'01 

2.89 

5.80 

... 2 9  

1-31 .69 

1-46 '69 

1'35 '70 1 
1.36 .69 

1-31 "i0 

1.39 1 -67 

n - 
27'77 

30'59 

33'21 

36.9 

38.79 

41 '59 

44'a6 

46.96 

49'63 

52.51 

55'36 

58'17 
41 1.11 

19-38 20.34 

8 5 2  

'24 
-26 

.28 

21 

'21 

'24 

'15 
.a8 

-22 

'24 
'20 

'25 
... 

45'10 2'7.3 

47.80 2.63 

50'70 2-87 

53.4: 2.81 

56.281 2.87 

1-65 

1.67 

1-68 

I 
1 0 

'63 1'8.3 

-67 1.81 

.68 1-96 

-66 1.89 

.69 1-96 

.50 1-40 

.SO; 1-31 

'50 1-37 
I 

59.15 

41 1.99 

'51 1-31 

-5.5 1.j8 

.SI, 1.43 
'51 1.46 I 

.70 

.6g 

'69 

2.91 '52 

-64 

-65, 

-69 

1-51 

2-06 

2.02 

2.06 

1.51 1 .65 2.03 

1.12 

2.06 

1.98 

2.12 

1.96 

1.97 

1'97 

1.69 

1-67 

1'43 
1.42 

1'54 
1.58 

1-45 

32.45 

35'77 

38'87 

'67 

70 

'71 

'69 

-65 

'70 

'67 

23' 22 

26.42 

29-60 

41 '81 

45.01 

48.17 

51 '0j 

53'92 

56.94 

59'89 

3% 2-75 
... 

32'75 

35-70 

38.92 

42'03 

44'89 

47'82 

50'73 

53'75 

56.56 



TABLE P. TRANSCRIl'T AND REDUCTION OF CLAOCK COMPARISONS. 

Bontbay (E) and Adel8 (W). 

&8ulting 

Times of Locnl 
Bignds recorded on 

Cllro~~ograph at 1)erluction 

of d, Lhe 

111tervals 

between 

successive 

Local Signale 

ne recorded UL 

Interpolation of 

lbceived, between Local, 

Signale recorded on 

Cable Tapes 

Astronon~ieal Date 

and Descriptive 

Detcrile 

1877 

May 9 

Comparison No. 2 

Exchange C 

Current used 

a t  Enst, Positive 

a t  meet, Negative 

Times of 

Signals in Tern~s of 

Uietut Clock 

xillal 

i~ i t ienuea  

between the 

Clocks a t  

Epoch t, 

8Z1 2 

Pen Eqnntion 
J 

at Enat - I '900 

at  Wost + 1.443 

rkiean 

1877 

May 9 

Comparison No. Z 

Exchange D 

C u r r e ~ ~ t  used 

s t  Enst, Negntive 

s t  Weet, Positive 

Pen Equation 
J 

nt Enst - 1.900 

at West - 1 - 4 3  

Meall 

Obserrpd Differences 

of Clocks at 

East Weat gust West 
by Bl~st by West 

Clock 

-- 

w.0 - .  . 
ccm 

ES.2. 
* " ' -  

Y O  

IT' 
ao 

% 

I 

Past 

E: - "c 
.S 1 

." 5 &"' g 
2 7 

ti 
L c 
2 d - 
.- ii 

7.60 - 
13-27 
16.40 

'4' 
... 
... 

-36 

i Values of 1 double 

1 Retardation 

1 8 4 7 8 9 (=1+6)  lo ( -2+8 )  1 1  (=9-2)  

meat 

12(=1-10) 

k n r  J 

... 
152 11.46 

'43 

.42 

.46 

'35 

-40 

'36 

'35 

'40 

-38 

'42 

19'44 

22-44, 
I 

' 

13(=11-12) 

J ... 
0.41 

'55 

.48 

'43 
-61 

'55 

'59 

'59 

'54 

'51 

'5.1 

-- 

h m . 8  
I ga 11.87 

-98 

'90 

'89 

-96 

'95 

'95 

'94 

'94 

u J h m  r h m  J 

... 

5 . 0 - 
42 3.06 3.13 3.00 

6.06, 3-04 I 3.04 

'53 

35'87 
38.66 

41 '53 

44.40 

47'30 

50' I i 

53'02 
56.00 

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

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

::: 
... 
,.. 

58.82 

34 ' 75 
4'64 

1.6a 8.10 -96 '34 8 .58 
c.. 

'.Z7 0 - .59 ; 

9. ro  3.00 2-99 
! 

1a.09, 
I 

L 
a2 
C .. R 

5i 
17 33 57 - t, 

37.18 15 41 24.41 

... 

... 

-54 

.57 3" 

a8.28 

31'10 

33-98 

.66 1.98 

48.40, 2-93 

51.30 2.89 I 
54'30 2.96 

56 -19  ... 

I I 

. 6 8 ' 2 . 0 5  

2.87 

2.87 

2.90 

::;: 1 .67 a.o4 17.98 42 5'04 '92 
14-99 

... 

49'04 '53 1.55 -6.3 1.93 

51.96 '55 1.62 .63 1.82 

54'9' '53 1.60 - 6 ;  1.98 

. i o i  a.30 . . . . . .  
35 ' 'a1 . . . . . .  '6; 2-15 

.69 .  2'30 . . . . . .  
.50 1'53 ' 7 0  2-04 

'50 1-19 ' 69 '  2 . 1 0  

22'59 

3 0 . 9 ~  

33 ' i o  
.- 

I 

1.39 

17 34 4 ... I 52 8.99 ... 

1.47 
1.50 

1'60 

2-90 

3 -00  

a-go 

... 

5 0  

-49 

--- 

... 1 gz % 
I, : "? I  7 

4i .59  

50.59 

5.3 ' 58 

56'51 
... 
... 

1 7  35 9 - t, 1 I 52 9.052 

2.8a 1 .53 

a.88 - 5 1  

2.89 ;53 

1-97 
1.92 

1.89 

.68 

'6.1 

'65 

36.87 2.87 I .53 

-51 

'50 

'52 

'54 

... 

2 . 4  
3-01 0'50 

,60 

-56 

I 5' 8-518 
1 -5.36 

42'69 

45'53 

'93 

a 
2.84 

7 34 4 . 3  4 6 

IC21 = 
= , ,  N - --I  - c . . -  - 

15 42 31'71; 9-09 152 8'49 

40'55' .08 1 '49 
43'44! '00 ' -5a 

3 

34 0.29 

3-25 
6.24 

I - j z  

1.45 
1.61 

1.4; 

46. t o  

46.401 '04 

..a 

4 9 ' 4 5 ~  52.72 ... 

L 

1.90 

1.99 
1.96 

1.89 

47-42! '89 

50'37 '95 

53-22 

.6H 

.66 

.69 
'66 

1-52 

1-46 

1.54 

2.98 

2.82 

38-50 

'5' 

'47 

-49 

.58 

'50 

-48 

'49 
-46 

'49 

-49 
.61 

'59 

.56 

-58 

I I 1  I 

... 56.05 ... 
35 9'53 

9.10 

'5'52 ' 0 2  

1.83 

1 - 8 4  

1.97 

'65 

'64 
'68 

'57 
- ... 

... 

... 

-61 

.56 

' 52 

'52 

'47 

'49 

'55 

'55 

18.11 

2 1 ' 2 1  

24.0.: 
26.84 

29.64 

48.82 

51.62 

54'63 

57-47 

a.84 

2.87 

.S I + 
5 5 g =  g 

2 1 
2 i g c 

g 
Y 
'- 

K = 
8 
F 

2 
.-, 4 
.. N 

-i 
L I 
0 - 
5 

.OI  8-53 I 
1 '  '33; ' 0 1  

I 14.10, .08 

16.691 '08 
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TABLI P. TRBNSCRIPT AND REDUCTION OF CLOCK COMPARISONS. (45) 
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1.60 

1-56 

1-57 
1.68 

1-61 

1.87 

1.69 

1.73 

1-58 

1-54 
1-62 

. . . . . .  

2.28 

1-75 
1-83 

1-75 
1-76 

1.8a 

1-79 
1'83 

1'86 

'60 

'50 
'66 

'69 
'64 

'65 

.63 

.63 

46-15 

49-01 
51-60 

4.00 

18 37 13-33 
16.09 

19'05 
z1.6a 

... 

... 
44'45 

47'84 

50'56 

53.42 
56.18 

58-94 
38 1-84 

4'53 

7'44 ... 

54'4 1 

57-5 

59-93 
36 2 . 7 0  

5-15 
8-18 

11-20 

... 

1.65 1.64 

1.65 l.65 

1-55 1 .64 

6.85 

9'75 
l a -51  

-06 

1-64 

... 
17 '87 
20.76 

2.4'48 
26-21 

29.03 

31-77 

34'83 

.63 

'13 
-11 

'10 

-52 

-10 

-06 

'1.3 
'10 

37-99 
38.10 

'10 

... 

-61 I I  I 

'50 

'55 

'51 ... 
'53 

-48 

'49 

'47 

-47 

'53 

'49 

-56 

-58 
a 6 0  

O a 
.E! I 
3 
W 6 r  s 

... 
'57 

-58 
.a4 
'63 

E 3 
L. - a g 

Q 
!ii 
2 E = " 

'57 
-61 Z1 

Ti 
% 

9 



P ! L X  I? TRANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Aden (E) and Suez (W). 
. 

btrmomical  ate 
and Descriptive 

D e m  

la77 

hy 26 

Oomparbon No, 1 

Exchnnge A 
(Repetition) 

Oarrent med 

at Eart, Negative 

d W %  m 

Pen Equation 
8 

at East + I '704 

a t  Wert - I .306 

a b l e  140. 1 

Mean 

1877 

=YM 

O o m p a r h  No. 1 

Exchange B 

Cvrent ased 

a t  Ed, Poaitive 

at  w* ,, 

Pen Equation 
8 

at East - 1.704 

at West - 1.306 

Oable No. 1 

Mean 

Timw of Looal 
Signals reoorded on 

Chronograph a t  

Interpolation of 
Received, between Loeal, 

Signala recorded on 
Cable Tapes 

S; ;[ 
from 

West on East on 

Deduction 
of d, the 

ginel 
Difference 

between the 
Clocks at 

IcPwh ts 

Intervals 
between 

auccerive 
Local Signals 

End 

1 

h m  J 
16 50 22'4016 

25.66 

28'59 
51-50 

37-61 

40'51 

43'42 
46-50 

:$ .. . 
hh m U. 

E m =  bb 
. C o o  

P I  

9 

Times of 

Signale in Terme of 

Distant Clock 
as 

East 

8 

J 

3'26 

2'93 

5'99 
3'03 

2.90 

2.91 

3.08 

Weat 

t 

h m  J 

o 49.50 
62-61 

58-30 
I 1.60 

4.60 

7.50 
10.40 

13.50 

Tape 

5 s 
m 

8 

8 

1'93 
... 

2.05 

1-80 

1'74 
1-71 
1-98 

East 

n 
6 

'59 

'57 
'74 
-60 

-60 

'62 

'57 

5 . 
&. rn 

or b 

o 
I 

e m  
2: 
h h  
rnm 

a $ %  
d o 0  

1 0  

Went 
Signalr 
by East 

Clock 

9 (-1+6) 

h m  J 

16 50 2.1'32 

21-33 
33-02 

36.40 

39'35 
42-31 

45 -18  
... 

recorded at  

West 

4 

J 

3.11 

5.69 
3-30 

3-00 
2.90 

2-90 

3 .10  

2 * 
-2 I 
d g =  s 

% 2 
', 2 
G 6 8 .- 4 

E ' 
8 

4 
z1 
Yi 
'i: t 

9 

16 50 35 - tm 

x 
h ? 
rn 

$ 
o 
1 

-tine 
Values of 

double 
Re-ion 

l8(=11-12) 

J ... 
0'59 ... 

. '49 

'59 
-58 
-66 

a66 

East 
Bignab 
by West 

Clock 

l o ( - 8 + 8 )  

A m  8 ... 
16 0 51-43 

... 
I 0.35 

3-40 

6'34 

9-27 
11-38 

Obmwed Differences 

Tape Went 

-8 a m ------ 
6 7 

a * 
3 a 
3 -  3 

& 1 
w - x  

a $ 
4 
8 '  ' 
4 
HcO Hr( 

1 
rr o f 

B x 

'595 

... 
0.58 

'52 
.60 

'73 

'59 

.I1 
-51 

-63 
... 
... 
-63 
-60 

-66 

-60 

-61 

-613 

of 

East 

11 (-9-2) 

h m  J 

04934'8a 

'72 
-72 
.80 

'75 
'81 

'78 ... 

04934'771 

04938'17 
'10 

'15 

'24 

'14 
'26 
'10 

'14 
-18 

-20 

-18 

'14 
- 1 8  

'19 
'14 

... 

P 

049 38.181 

J 

1'92 

1-67 

4-43 
1 .82 

1'74 
1'80 

1.76 

16 34 59.9015 
35 2.93 

5-86 

8-85 
I I .go 

15'14 
18.10 

2 1 . ~ 7  

14.40 

27'50 
30.41 

33'49 

36.70 

39'67 

42-71 

45'92 

Clockr at  

West 

l2(-1-10) 

h m  J ... 
04934'23 

... 
'13 
'21 

'I7 

'15 
- 1 2  

049 34'185 

... 
04931.59 

'58 
'55 

'51 

'65 

'55 
'59 
-61 

... 

... 
'55 

'54 

'52 

'59 

'53 

049 37.566 

-61 

... 
'62 

'60 
-60 

a61 

'64 

16 35 23 - t, 
- 

'60 

-58 
-60 
'61 

'63 

'59 
'59 
~ 6 0  

... 

... 
-58 
'63 
'62 

'57 

-63 

45 23-46 

26.59 

29.50 

32-50 
35.601 

38.60 

41-90 

44-91 

48.05 

51-19 
54.08 

57-18 
46 0.27 

3.30 
6.50 

9-50 

1'88 

1.69 

1 .80 

1-89 
1.89 

1'95 
1-18 

1.88 

... 

... 
1-86 

1'88 

1.88 

1.82 

1-89 

-57 
-60 
'60 

-6a 
'60 

'58 
'60 

-60 

'59 
-65 
-60 

-60 

'59 
'60 

.60 

1-13 
1.76 

1-79 
1.89 

1-94 
1 ' 7 2  

1.90 

1-88 

1'83 

1'89 
1-85 

1-93 

1-75 
1.81 

1'93 

3-03 

2.93 

1-99 
3-05 
1-24 
2.96 

3-17 

3 -13  
3-10 

2'91 
3.08 

3'21 

2-97 

3-04 
3-21 

16 35 1.63 

4-69 

7'65 
10.74 

13-84 
16.86 

20.00 

23.15 
26-23 

19'39 
32-16 

35 '4' 

38 ' 45 

41.49 

44'64 
... 

3-13 
2-91 

3'00 
3-10 

3'00 
3'30 
3.01 

3.14 

3 .14 
2-89 
3-20 

2-99 
3.03 
3-20 

3.00 

... 
15 45 25-34 

28-28 

31-30 

34'39 
37.49 

40' 5.5 

43-68 

46.79 ... 
... 

55'94 

59'16 
46 2'15 

5 .12  

8-39 



(48) P U L E  P. !l!RANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Aden (E) and Suea (W). 

* Strong elvtlr current# parning during thin Exchange. 

Artronomid Date 
and Dercriptive 

Details 

1877 

y,, 

Cornplviron No. 1 

Exchange 0 

Current wed 

at Eart, Negative 

at Wat,  Poritive 

Pen Equation 
8 

at East + I '704 

+ 1'306 

Csble No. 1 

Mean 

. 1877 

May 26 

Cornpariron No. 1 

Exchange D * 

Current wed 

at E&, Poritive 

at W-t, ,, 

Pen Equation 
J 

at East - I .  704 

a t  wert - 1.306 

Oable No. 1 

Mean 

Intervals 
Interpolation of 

Times of Local between Received, betwwn Lad, Timer of 
Obwrved Differences 

Big~~alr reoorded on suocesaire Signals in Termr of 
S iguh  recorded on of Clocks at 

Chronograph at Local Signnls Dirtant Olock Deduction 
Cable Taper 

as recorded at h u l t i n g  of d, the 
Valuer, of ~ i ~ d  

Signals from Signals from double 
~ 8 ~ -  

Retardation betwcen tb 

East Wed lkst Wert Cloch at  
by Eamt by West 

clwk Olock Epoch t, 

1 a 

h J 

1637 aa.a71547 

15-83 
28-80 

31-74 

34'72 

7 - 7 1  
40.81 

43-82 

46'79 

49'80 

52'95 

55'68 
58-41 

38 1 -20  

4'39 

7-23 

h  8 

46.71 

50.19 
53.18 
56-26 

59.17 

48 a-as  

5.30 
8.21 

11-10 

14-38 

17'37 
ao'og 
22'86 

25-19 
18.74 

31-10 

J 

3.56 

2-91 

2.94 
2-98 

1.99 
3.10 

3-01 

1.97 
3.01 

3.15 

2-73 

2-73 

2.79 

3-19 
2.84 

3!58 
2.89 

3.08 

2.91 

3.08 

3-05 
2.92 
2-98 

3-18 

1.99 
2.72 

2.77 

1.93 

2.95 
2-96 

1 6 3 7 4 5 - t ,  04937.391 

04938'1.3 

-24 

'25 

'19 
-22  

' 23 

'09 

'19 

'23 
-20 

'20 

o 49 38'206 

... 
15 49 25.40 

29' 15 

32-69 
36.21 

40'09 

44-03 

41-58 
51'21 

55'04 

59'27 

50 3'59 

04936'782 

... 
04937'60 

-62 

'59 

'57 
-60 

'53 

'52 

-51 

'65 

'53 

'54 

o 49 37.560 

-54 
-62 

'61 

-61 

'60 

'61 

'63 
.61 

-60 

.61 

'67 

'65 

'65 

-64 
-62 

16 39 SO - t, 

16 38 58.8815 

39 3-00 

6 
10.28 

13-78 

17-69 
11-56 

25-10 

28-72 

32'59 
36.80 

41 ' 13 

-65 
-60 

'58 
'60 

.58 

'57 

-59 

'59 

'56 
'60 

-56 
... 
-53 
'61 

-59 

8 
1-92 

1'84 

1-79 
1'85 

1-79 
1'89 

1.90 

1-84 

1'81 

1'9a 

1-83 

1-71 
1-81 

3.04 

1.76 

49 22.96 
26-83 

30.70 

34'19 

37-67 

41.10 

45-59 

48-97 

52.70 

56.87 
50 1'15 

5-02 

-611 

... 
0.63 

-62 

-66 

-62 

-62 

'70 

8 

2.33 

1'73 

1-19 

1'75 

1.79 

1'74 
1-72 

1-76 

1.78 

1'79 
1.52 

... 
1.55 
1-80 

1-75 

1-44 
a - j a  

1.99 
a.oa 

2-41 

2.33 

1-99 
2-24 

1'34 
2-40 

2-44 

4-12 

3.77 

3-51 

3.50 

3-91 

3.87 

3.54 
3-62 

3-87 
4 . ~ 1  

4-33 

16 39 1.19 

5'07 

8'95 
11.38 

IS '& 

19'93 
23-68 

27.16 

30'93 

35'07 

39'35 ... 

2-31 

a-07 

2.18 

a - l o  

a.11 

1.24 

a-12 

2-06 

2 - 1 1  

2.48 

2.55 

a 

. hh h 

h 8 

1637 a4.19 

17'67 

30'59 

33'59 

36'51 

39.60 
42-71 

45'66 
48.60 

51.72 

64'i8 

57'45 
38 0 ' 2 1  

3'24 
6.15 

am. 

3.87 

3-81 

5-49 

5-48 

4.03 

3-89 

3-38 

3.73 

4-11 
4-18 

3-87 

-63 
-60 

'57 

-58 
a60 

.60 

-59 
.60 

.56 

'56 

-63 

m m  

* o o  
I I  

'57 
-68 

-66 

'56 

-55 
-62 

.60 

-54 

-58 
'60 

-57 

'57 

.59 

'59 

m 

$ 
o 
I 

'646 

h J ... 
15 47 49.04 

62.02 

54'97 
58.01 

48 0.96 

3'99 
7.02 

9-98 
12-98 

16.17 

18.89 

... 
14.41 

27'59 

30'49 

a -  
3 1 

3 

~3 
Yi 
$ :  
1 
J 

h n ,  8 

0 4 9 s r 4  

-38 

'41 

'33 

'34 

' 35 

'41 

'44 

'40 

.34 

'41 

-36 

-36 

'45 

'41 

h m  J 

... 
04936.79 

'78 

'77 

'71 

'is 
-82 

-80 

'81 

-82 

' 78 

' i9  
... 

'79 
-80 

'74 

J ... 
0.69 

' 60  

.64 
-62 

'59 

'53 
'61 

0.0 m m  
sf: 

I.h 
e m  

E $ $  
k 0 0  

I I  

.O m 
? 
h 
m 

$ 
0 

I 

-58 

-56 
-62 

... 

k! y .- 
Z 

2: 5 
W si 

& 2 
a a  

0 
6 ' 
0 

'67 - 4 

"8 
'g 2 

3 



T D L E  I? !L%ANSCRIPT AND REDUCTION O F  CLOCK COMPARISONS. (49) 

Aden (E) and Suez (W). 
b 

Observed Differences 

Values of 

dO1lble 

Retardation 

12(-1-lO)lS(-11-12) 

J ... 
0.66 

-64 

.b3 

'67 
.60 

'63 

-58 
'62 

-66 

.62 

.66 
'" 

'57 
.68 

-62 

'635 

... 
0.60 

'58 
-66 

-66 

-59 

-618 

of Clocb 

East 

11(-9-2) 

h  J 

04937.35 

-43 

'41 

-32 

-36 

'35 

'31 

'33 
..36 

'33 

.36 

.36 

'41 

'37 
-38 

... 

04937'362 

04938.06 

'09 
la 

'14 
-11 

... 

o 49 38.104 

Astronomical Data 

and Deucriptive 

Det& 

1877 

Muy 26 

Cornparkon No. 2 

Exchange A 

Current used 

at  East, Negative 

at W-t.8 ,J 

Pen Equation 
8 

at Eaat + 1 . 7 0 0  

at Wed + 1.306 

Cable No. 1 

Times of 

Signals in Terms of 

Dintant Clock 
at 

West 

h m 8  ... 
04936.69 

'79 

'78 

'65 

-76 
'72 

'73 

'71 

'70 

'71 

'67 

-70 

'84 

'69 

-76 

049 36.717 

... 
04937.46 

'51 

-46 

'48 

-52 

o 49 37.4136 

Mean 

1877 

May Z6 

Cornpariron No. B 

Exchange B 

Current uwd 

a t  E M ~ ,  Positive 

a t  west, ,, 

Pen Equation 
8 

at Ewt - 1'700 

a t  Wmt - 1'306 

Cable No. 1 

Mean 

- 

Weat 

Sign& 

by East 
Clock 

9 (=1+6)  

h a ,  8 
18 a6 56.11 

59'25 
27 2 .11  

4-92 

7.73 
10.48 

13.01 

15'73 
18-46 

21.23 

23'96 
26.81 

29'46 

32-a; 

35'18 
. . . 

Deduction 

of d, the 

~ i ~ , , l  

Difference 
betaeen the 

Clocks at  

Epoch t, 

Times of Looal 
Signals recorded on 

Ohmnograph at 

East 

Rignals 

by West 

Clock 

lo ( -2+8)  

h n  J 

... 
17 31 20'721 

23.49 
26.32 

29.29 

31'97 

34' 70 

37 ' 35 

39'99 

42.75 

45'52 
4 8 . ~ 1  
5 1 . 0 1  

53'79 

56.67 

59'53 

Intervsls 

between 

successive 

Loarl Signah 

'%: 
h - .. . 
hh rtn: 

s %' 
" 0 0  

! I  

Interpolation of 

Received, between Local, 
Signals recorded on 

Cable Tapea 

E.st 

1 

h m  r 
18 a6 54-17 

57 '41 
a7 0'28 

3.10 

5'94 

8.73 
11'4a 

14.08 

16-70 

19'45 
ar'a3 

24 ' 98 

27'71 

30'6.3 

33 ' 36 

36.29 

M recorded 

Enat 

8 

J 

3-24 
2.87 
2.82 

2.84 

2'79 
1-69 

2.66 

2.62 

2'75 
2-78 

2.75 

1-73 
2'92 

2'73 

2.93 

% 
? 
h n: 

$ 
0 

I  

1 8 2 7  1 5 - = t =  

Went 

Z 

h  8 

17 37 18-56 
21-82 

24-70 
27-60 

30.31 

33-13 

35.71 

38.40 
41.10 

43.90 
46-60 

49-45 

53.05 

54'90 

57-80 
38 0.64 

at 

Went 

4 

8 
3.06 

2.88 

a.go 

2-77 
2.76 

2-58 

2.69 

2.70 

2.80 

2.70 

2'85 

2.60 

2.85 

2'90 

2.84 

Signals from 

Weat on 

18 a8 50'50 

53'28 

56.29 

59'20 
a9 2.10 

4'99 

a 8 ,, ." a 
$.. 5 

m - ~  

& -g 
4 8 
.s E! 

!= 
2 
:a 
9 4 - 4  

-i 
% 
1 
5 

East 

------ 
5 

------ 

'60 

-64 

.65 
'64 

'64 

. 6 j  
'60 

'6.3 

'64 

'64 

'63 

'67 
.6o 

'60 

'62 

Signals from 

East on 

18 a8 58 - t, 

18 a8 5a.17 

55.09 

58.09 
29 1.06 

3'81 

... 

o n  
K8' 
hh . 
rnm 

~ $ 3  
e o o  

I 1  

Tape 

S Z j !  
. g p j s  a m , $  

6 

J 

1.94 
1.84 

1'8.3 
1.82 

1.79 

1.75 
1.60 

1.65 

1.76 

1-78 

1-13 

1.8.3 

1.75 
1'64 

1.82 

West 

7 

.64 

'58 

.56 

.61 

.58 
'61 

-61 

'59 

'59 
60 

'60 

.60 

'61 

.61 

.61 

... 
17 39 15'82 

18.78 

21-74 
24.61 

a7 '47 

- 
h 
m 

% 
o 
I  

Tape 

8 

J 

1.96 

1.67 

1-62 

1-69 

1'60 

1.57 
1.64 

1-59 
1.65 

1.62 

8-71 

1.56 

1.74 

1-77 

1.73 

17 39 14.11 
17'00 

19-97 
12-92 

25.70 
18.70 

'0 

.# I 
Y 

9 = 8 -  e x 
-g 

2 8 - z .- I :  
o i; 

8. 

9 
22 
"s 
C - 
0 - 
9 
5 

r.;r  

1.78 

1.77 
1.70 

1.77 

1.78 

3.01 

2.91 

a-go 
2-89 

-59 
a60 

.60 

.6r 

-59 

2.89 

2-97 

2-95 
2-78 

3.00 

-60 

-60 

'62 

'64 

'59 

1.67 

1-81 

1.80 

1'86 

1-71 



TABLE P. TRANSCRIFT AND REDUCTION OF CLOCK COMPARISONS. 

Adept (E) and Suez (W). 
- 

Astronomical Date 

and Descriptive 

Detaila 

1877 

May 26 

Comparieon No. 2 

Exchange C 

Ourrent umd 

at  Eaat, Negative 

a t  Weat, Poaitive 

Pen Equation 
8 

a t  Bast + 1'700 

a t  West + I '306 

Cable No. 1 

Obwrved Differences 

of Clocks a t  

Besulting 

Values of 

double 

BetardatiOn 

12(-1-lO)lS(-11-12) 

8 ... 
0'55 
... 
... 
'64 
-60 

'53 
*44 

'51 

'55 

'45 

'49 

'53 

.58 

Mean 

1877 

hiay 26 

Comparison No. 

Exchange D 

' Ourrent wed 

at East, Positive 

at Weat, Negative 

8 
Pen Equation 

at Eaat - 1.700 

nt West - I .so6 

a b l e  No. 1 

Mean 

Interpolation of 

Received, between Local, 

Bignaln recorded on 

Cable Tapes 

E w t  

11(-8-21 
- 

h m r  
0 49 37'32 

... 

... 
'34 

'31 

'37 

' 23 

'23 
-26 

'24 

'30 

'24 

'32 

'35 

Intervale 

between 

aucceesive 

Local Signals 

aa recorded at 

-60 

'27 '59 
... .5r 

Times of 

Bignals in Terms of 

Distant Clock 

Signals from 

West on 

East Tape 
West 

h m  8 ... 
04936.77 

... 
-70 

-70 

'71 
'84 

'79 

'72 

'11 
'79 
'81 

'71 

Times of Local 
Bignals recorded on 

Chronogr~ph a t  

East 

3 
rtol 
--I 

$ 
% .. o - 

West 

Sig~lals 

by Eaat 

Clock 

9 ( -1+6)  

h 9 l ~  8 
18 29 4 1 . a ~  

... 

... 
49'84 

52-56 

55'36 
58.08 

30 0.87 

3'64 

6.44 
9.28 

12.07 

14'9.3 
17-80 

20.66 

13-56 
... 

Signals from 

Eusl ou 

Went Tnpe 
Eaet 

1 

h  8 

18 29 39.35 
42' 30 

... 
48.13 
50.80 

53-60 

56-40 

59'20 
30 1.98 

4.15 

7-52 
10.16 

13.21 

16.08 

18-94 
11.80 

24.89 

West 

Deduction 

of d, the 

final 

Difference 

between the 

Clocka at 

Epoch t, 

as1 " 

18 30 3 - t, 

Eaat 

Signals 

by \Test 

Clock 

LO(-218) 

h m  8 ... 
17 40 5'53 

8-66 

11-43 
14-ro  

16.89 

19-56 
22'41 

25.26 

28'04 

30'73 

33'55 

36.50 

39'34 
42'19 

45'03 

48' 13 

West 

2 

h m  8 

17 40 3.89 
6.81 

9-75 
12-50 

15.25 

17-99 
20'85 

23'64 
a6.38 

29.20 

31-98 

34'83 

37.61 

40'45 

43.30 

46.29 

49'35 

,'?? 
W. -. h h  

ESZ 
- 0 0  

I I  

+ 2 z 2 
.c 8 ' E ;  

3 1 4 

? 
m 
h 

S 
o 
I 

6 

'63 

'64 

'63 

.63 
'60 

'60 

'60 ,  

'61 

.61 

'60 

'60 

'60 

'60 

'57 

8 

1-95 
... 
... 

2.67 

2.80 

2.80 

2.80 

2.78 

2.77 

2.77 
2.84 

2.85 

2.87 

2.86 

2.86 

3-09 

P - 
.s I 

8 q .g = g 

2 2 
g 

4 
!i 

18 11 22 - tE 

18 31 0.28 

3-15 
6-00 

8-90 

11'75 

14'4.3 

04938.07 

'09 
'04 
'08 

'14 

'13 
-02 

'02 

-06 

-08 

'04 
'10 

'O9 
.06 

'05 
... 

049 ~ 8 . 0 7 1  

8 

2.92 

2-94 

2.75 

2-15 

2.74 
2.86 

2-79 

2'74 
2'82 

2.78 

2.85 

2.78 

2.84 

2.85 

2-99 
3.06 

'61 

'62 

'59 
'60 

'58 
'60 

.19 

'56 
.60 

'55 
'61 

'60 

'61 

.61 

'60 

'62 

'63 
-61 
.62 

'61 

.60 

'58 
'60 

.63 

'63 
.62 

'6.3 

... 
04937.46 

'40 

'49 

'53 

'53 
-48 

'43 

'53 

'52 

'65 
.48 

'47 

'47 

'47 

'49 

0 49 37'493 

'541 

... 
0.61 

r, 

'69 

'55 I R  0 

------ 
6 

------ 
8 

1-86 

. . . . . .  

. . . . . .  
1-71 

1.76 

1.76 

1.68 

1.67 

1.66 

1-69 

1.76 

1'71 

1-72 

1-72 

1'72 

1.76 

18 31 2'0.3 

4.8917 

7'74 
10.67 

13'44 
16-18 

19.02 

21.81 

24' 69 

27-58 

30'57 

33 ' 47 
36.21 

38-95 

41-74 
... 

1-13 
1'80 

1'71 

1 '63 

1'60 

1.77 
1.65 

1'59 
1.72 

1.67 

1.73 
1.65 

1'75 
1-74 

1.74 

1.77 
1.69 

1.75 
1.72 

1.73 
1.78 

1.71 

1-75 

1'1.3 

1-72 

1-13 

1-73 

17 41 23.96 
16-80 

2g' io 

32-59 

35'30 

38.05 -61 

'65 

'59 

'49 

'54 

'43 

... 
41 25.69 

28.60 

3I.41 

64'22 

36.90 

39'82 

42'65 

45 ' 38 

48.35 

51'17 

54'26 

57'03 

59'75 

42 2.54 
5 - 2 6 .  

g w  
3 I 

E 
g = i  
2 2 L a $ 
tI 
'3 

7 

-56 
'6.3 
'61 

.58 
'60 

'55 

.56 

'59 

.59 

.SC. 

'55 
'60 

'61 

'61 

' j H  
a60 

2-87 

2.85 

1.90 

2.85 

2.68 

2'87 

1 7 . ~ ~ ~  .+I.OO 

43.79 
20'08 22'91 46.63 

Z j ' 8 i J  49.50 

.58 

8 

r 
1-64 

1.85 

1-68 

1.60 

1.64 

1-57 
1 . ~ 6  

1.62 

1.66 

1.53 

1-57 
1.67 

1.73 

1-74 

1'73 
1-84 

2'84 

2.90 

"89 

"71 

1-15 

2-95 
2.78 

2.83 

2.96 

2.95 
2.92 

2.75 

2.73 

28.82 

31'74 

34'49 

1.57 

.56 

'578 

2.79 
2.84 

2.87 

3-01 
2.84 

2'75 

2'77 

52'53 

55.37 
58'12, 

,+-I "OU 

"s 
.;I = 
i ' 

2-80 

2-71 
3 7 . 2 ~  
40.01 

4 3 ' i j  

42 0 .8~1  2.79 

3.69 
6.40 

2.74 



P ! L E  P. !FXANSCBIP!C AND REDUCTION OF CLOCX COMPARISONBI. 

Aden (E) and Suez (W). 

Interrals 

between 

suecemive 

Looal Signals 
as recorded at 

t 

Interpolation of 
Reoeived, betweell Local, 

Bignala recorded on 

Cable Tapes 

Times of Local 

Siplala recorded on 

Chronograph s t  

l'imes of 
Signaln in Terms of 

Dietant Clook 

~ m a o t u i c a l  Date 

and Descriptive 

DetoiL 

1877 

May 87 

Comparison No. 1 

Exohnnge A 

Current used 

et Eaat, Negative 

s t  West, ,, 

Pen Equation 
8 

at East + r . 7 ~  

s t  We& + I -302 

Cable ?So. 1 

Mean 

Deduction 

of d, the 

Obrerved Di5erenoes 

of Clocb at 

ReeultinE 

1877 

Ibst 

1 

h m  8 

16 37 58-70 
38 1-51 

6.65 

9'90 
12.89 

lS'i5 

18'77 

21'75 

24.74 
... 
30.60 

33'57 
... 
39'66 

42.70 

Valuea of ~d 
Signals fronl Signals from 

double Difference 
Retardation betaaen the 

East Tape West Tape Bignab 
E& Went -- Clocka at 

by East by West 
Epoah t, .5 Clock 

--- ----- 
------ 

Wwt 

2 

h + n  8 

15 48 23-60 
28'61 

32.00 

34.9.3 

37.90 

40-95 

43.70 

46.71 

49.65 

53-58 

55-51 

58.58 

49 1'58 
4.66 

7-68 

m 
00 

& 
m 

$ 
0 

8 
2.81 

5-14 

3.a~ 

1-99 

16 38 ao - t, 

8 

5.01 

3'39 

2-93 

2.97 
111 2.86 

I 
04937'52 5-29 

1 

8 

1-81 

3-05 

... 

-58 

-50 

'53 

'51 

.58 

'51 

'52 

'53 

'49 

'55 

'57 

'59 

'51 
-60 

'5' 

'51 
... 

0 49 37'534 

1-65 

1.69 

1-73 
1.81 

1'79 

.59 
Y a y  27 13'02 3'00 

3-02 

2.98 

2.99 
5.86 

... 
2.97 

6.09 
... 

3.04 

. . . . . .  
h m  

0.61 

'54 
'61 

'55 

-7'' 
-61 

'64 
... 
'64 

'71 
... 
..a 

... 

1.63 

04936'91 

-96 

'91 

'97 
-88 

'91 
-88 

... 
'85 

'84 
... 
..a 

... 
-86 

-88 

'86 

0 49 36.893 
-- 

16 39 21.82 1.72 / .55 
.65 

- 6 4  
'60 

'61 

.61 

Cornpariaon NO. 1 

... 
25'09 
28'12 

30.97 

33'91 
36.88 

w m e  u. 

Exchange B 

Current uead 

at &set, Poaitive 

at wmt, ,,, 

Pen Equation 
8 

btE& - 1'700 
at West - I '302 

Oable No. 1 

2.75 
3.01 

1-94 

2'93 

1.93 

3'07 

3.00 

3'08 
3-02 

16 38 0.33 
8 h m i #  

-58 

'75 

'65 
.60 

15 49 46.11 

49.24 
5a'as 

55'18 

58.15 

39'76 

4a.93 
46.86 

50.35 

53'46 

56.89 
40 1'30 

5.60 

8'51 

11.68 

... 

2 ' ? 
1-w w. w. 

E $ $  
4 o o 

I I  

26-20 2.86 
a.07 / .55 
1-92 , '59 

1-71 

1.86 

1.~6 

r.78 

049a6'71904936'159 

3'86 '55 I 2.11 .60 

1.79 '60 

50 1.15 

4'17 

... 
1rma9 

14'76 
... 
... 
... 
30'04 

33.12 

36. 19 

* 
w -. 
% 
o 
I 

Mean 
- -  

19-20 

32' 15 

35'03 
38.06 

41'05 

44' 14 

48.14 

5I.59 

54'70 

58-17 
40 2.70 

, 6.90 
10.00 

13.05 

1.77 
1'76 

' 63 

'65 

-636 

... 
h t n 8  

'565 

1 1-66 

3 y ,  ." a g 

d 2 
3 $ 

5 

16 39 46 = t, 
--- 

'60 

-60 

- - .A w 

d 
.A. - 
0 - 
0 a 
- 

14-55 

5'37 
8-76 

11-69 

'63 

'55 

'59 
-28 

'77 

'57 

.27 

'77 

.56 

a56 

53-45 

56.33 

59.36 1.85 , .62 
50 2.24 2-99 3.16 

. . . . . .  

1.65 

1-87 

1'88 

. . . . . .  
1-86 

1-90 

. . . . . .  
1'94 
1-87 

04936.73 
h m 8  

15-89 

19'30 

13-79 

36.71 

. .a  

15 48 30'47 

33'76 

1.90 

1-64 

1-76 

1-64 

3-51 
1'69 

1.64 

4-69 
1-70 

2.95 I 2.88 

17'65 
20.41 

23.51 
16-38 

19'25 

32'29 

35.21 
38.26 

41'36' 

... 

... a 

.60 

'62 

'64 

-64 
'62 

'63 
-62 

2'88 

3.03 

-3.1 I 

3-47 

4'5.3 

'65 

-76 

.76 

'76 

3'03 
2.88 

a8.00, 4.20 

31.00 3'10 . 
3'05 

39-61 
41.60 

45'57 

48'59 
... 
54'46 

57'41 
... 

49 3'52 

6.53 

ha. ... 

'18 

... 
049 36-18 

'14 

h 
- v )  
- .o 

3-41 1 '60 

-70 

'71 

'80 

'73 

-67 
'78 

'63 
'68 

'70 ... 

-58 

1.87 

a.19 1 

3-13 

4'49 
4'21 

3.00 

3.17 
3.02 

... 
0.58 

-62 

. . . . . .  

. . . . . .  

. . . . . .  
'63 

'69 

'69 

'52 

'55 

'14 

'I7 

'18 

'15 
... 

'14 
-16 

... 
'14 

'I7 

"& 
mn: 

L $ %  
* 0 0 

2.04 

2':2 

2.02 

a.90 

1.61 

1-68 

.68 

'67 
"67 

'51 

'53 

'53 

'65 
... 
'53 
-62 

... 
'54 

'53 

0 m 
. 6 0 

2 ;  8 2 
d 1 
& $ 
g 

1 = 
B 
3 
5 2  

C - o - 
B a 



(5%) TABLE V. TRANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Aden (E) and Suez (W). 

Antronomical Date 

and Descriptive 

Observed Differences 

of Clocks a t  

Renlllting 

Values of 

double 

Times of Local 
Signals recorded on 

Chronograph at  Deduction 

of d, tl,e 

~i,,d 

Details 

Intervals 

between 

successive 

Local Signals 

aa recorded at 

Betardation 

Interpolotion of 

Received, between Local, 

Signals recorded on 

betaeen the 

4 (-9-2) 1 

Cable 

Signals from 

West on 

Timer of 

Signals in Terms of 

IS(-11-12) 

1877 

Msy 27 

Cornparkon No. 1 

Exchange 0 

Current used 

at  East, Negative 

at  West, Positive 

Pen Equation 
8 

at East + 1.7w 
st West + I ' 302 

,, - 1'302 

Cable No. 1 

Mean 

12(-1-10) 2 

Tapes 

Signnls from 

East on 

Diata~~L 

West 

Clocks at 

Epoch t, 

a ... 
0.65 

-58 
... 
-60 

... 
-58 

'70 
'48 

'67 

'609 

... 
0'57 
'60 

.&, 

.$, 
-50 
-66 

'57 

'577 

&,w: 

Enat 

Clock 

Esst 

by East 

Clook 

9 (-1+6) 

.- u 
------ 

6 

West 
by West 

Clock 

10(=2+8)11 

2 " ' g "  
fl g 

d S 2 m  
6 

.s 

7 

East 
East Tape 

1 
8 

m W -  - - V. 
5 '  ' 

h \O  'P. ". 
a 
il?= 
m 0 

2 2  
L; 
m rr. 

95 
' e o o  

1 1  

West 

h m  s 
16 40 46-65 

49'9' 
52.80 

55'80 

58.90 
41 1-88 

4'88 

7'84 
10.70 

13.61 

16 41 47'1015 

50'40 

53'42 

56.41 

59'42 

4% 1-47 
5.60 

8.70 

16 41 26 - 

West Tepe Signals 

S 
Q 
.c. 

0. * 
0 

I 

h m  r 
15 51 11.80 

14'85 

17.78 

ao.97 
... 
26-90 

29.81 

32-71 

35.69 
38.60 

52 14-89 

17.99 
21-00 

13-95 
17.00 

30.01 

33-19 

36.40 

t, 

Sig~lals 

3.26 

2.89 

3-00 
3.10 

2'98 

3.00 
2.96 

2.86 

2'91 

3-26 

3-oa 

1-99 
3.01 

3'05 

3'13 
3'10 

; - '  
'3 11 
a c g =  4 
$ 
2 3 
.E 8 
B .- Y g z 

8 

4 ,, 
nd 

1 
Ir - 
0 - 
fl a 

' 60  

.58 

'53 
-60 

'60 

-60 

.59 

-53 
-60 

'56 

-59 

.58 

'55 

-56 

'55 

-56 

3.05 

2'93 

3.19 

5'93 
... 
1.91 

2-90 

2.98 

2-91 

3-10 

3'01 

2.95 

3-05 
3.01 

3.18 

3-21 

h w ~  J 

... 
04936.16 

-16 

... 
'09 

... 
"20 

'12 

'17 

'09 

o 49 36.141 

... 
04933'53 

'59 

'55 

.58 

-6j 

'52 

-58 

04933'569 

h  r 
16 40 48.61 

51.5915 

54'45 

57.66 
41 0.69 

3-68 

6.63 

9'36 

12-45 ... 

16 41 48'99 
52.18 

55-15 

58.07 
42 1-13 

4-19 

7'34 .,. 

----- 

8 
1.96 

1.68 

1.65 

1-86 

1.79 
1.80 

1-75 
1.52 

1-75 

1-79 
1-78 

1.73 
1.66 

1.71 

1-72 

1.74 

'64 
-61 

... 
.31 
... 
-61 

'66 

'61 

-63 

.64 
'61 

'63 
.62 

'61 

'65 
'60 

s 
1.95 

1-79 
... 
1-84 

... 
1-78 

1.91 

1-82 

1-83 

1-98 

1.84 

1.86 

1-89 

1-84 

2.07 

1-93 

h m  r h m  r i ... 
5 '  13.i.; 

16-64 

... 
22'81 

... 
28.68 

31'72 

34'53 

31-52 

Mean 

... 
15 52 16.87 

19.83 
22.86 

15-84 
28.84 

32-08 

35.11 

-- 

049 36.81 

"74 

'67 

-69 
... 

-78 
. -82 

'65 

'76 ... 

o 49 36.740 

04934'10 

'19 

'15 
-12 

'13 
-18 

'15 

04934'146 



T U X 3  I? TRANSCRIPT AND REDUCTION OF CLOCK COMPARJSONS. 

Aden (E) alzd Szcex (W). 

* flignal~~reoeived at Aden during this Exchange very weak. 

Times of Local 
B@ah recorded on 

Ohronograph et 

Intervals 
between 

r u ~ i v e  
L a d  Siglials 
an recorded at 

Interpolation of 
Raceived, between Looel, 

Signals recorded on 
Cable Taps 

Timea of 
Signals in Terms of 

Distnnt Clock 

Observed Differences 
of Cloch at 

Astroaomioal Date Signals 
and Dwcriptite West on 

East Tape 
Enat West - 

5 4 
'B 
" B 
n g n m  ------ 

8 4 6 6 

hl l l t ing  

West 
Bignnla 

by East 
Clock 

9 (-1+6) 

East 

Deduction 
of d, the 

Values of 
double 

Ratahtion 
East 

Bignals 
by West 

Clock 

10(=2+8) 

Weet 

from!9igds from 
East on 

Weat Tape 

ginal 
Difference 

between the 
Clocks at 
Epoch t, 

l l ( - 9 - z ) ~ l 2 ( - l - l o ) l ~ i ( - ~ l - l 2 )  

; 
.g 

7 

J ... 
0.74 

1877 

May 27 
15-78 2.86 1.86 -60 1.72 

18.64 3.00 3-04 '60 1-80 
Cornpariaon NO. 1 11-68 3-07 r9r '59 1-81 

+ 
g 
8 

-66 

'64 

' '59 

-56 
-6" 
-66 

'59 

... 
-60 1-71 '& 04936.85 

-6.3 1-92 56.20 17.5 ' 90 

-66 1-92 59.21 '53 '84 

Exahange D 

Ourrent used 

s t  Enst, Positive 
at Wwt, Negative 

d 

Pen Equation 

atEast - 1.700 
at We& - I '302 

Cable No. 1 

. 0 
: a  

5 :  3 
2 
-g 

.* 8 

.- E! 

'68 

'64 

'64 

'64 

-67 

'64 

'64 

'65 

.64 

'67 
-66 

-66 

Mum 

1877 
May 27 

Comparkm No. 2 

ICxchange A* 

Current d 

at East, Negetive 
atwest, " 

Pen Equation 

a4.59 2-91 2.81 .56 1-63 1-92 

1-91 

1.86 

1-78 

1'83 

1'85 

1.82 

1'80 

1-88 

1.85 

1-85 

rmg9 

-68 
e 

.rl 
' 

0 49 37.528 0 49 36.885 

8 
a t E d  + 1-697 
at West + I-3oa 

Cable No. 1 

M w  . 

3'38 
6.24 

9-19 
IZ'OO 

14'79 
17-60 

M.37 
23.11 

26.02 

19-00 

31-77 

34'65 

'63 

'69 

'64.3 

... 
0.65 

'58 

'64 
-62 

16 43 12 - t, 
04936.65 

'64 

' 72 

.64 

'63 
.61 

'57 

- 63 
-56 
-66 

-62 

-6a 

-60 

43 a.xo 

4-91 

7'89 
10.82 

13.62 

16-34 

'9' 23 
22.02 

24-81 

27.81 

30' 5 5 

33'35 
,.. 

2-86 

2-95 
2.81 

2-79 
2.81 

2.77 

2-84 

2.81 

2.98 

2'77 
2-88 

27-41 

30.40 

33.30 
36.08 

38-81 

qr.70 

44.54 

47.31 

50.24 

53-00 

55-80 
58.81 

... 
o 49 36.00 

-06 

-08 

-0 I 

'03 

'04 

35'99 

36.04 
-08 

0.3 

- 05 
'05 

18 29 51-40 

55'48 

58.30 
3O 1'38 

4.21 

7'07 

9'91 
12-90 

15'90 

18'77 

1'74 

24-13 

~ 7 . 4 4  

rt 03 - rt 
"8 *.. 

, o -  
3 
3 

'51 '87 

2.99 
2.90 

2.78 

2-13 
2.89 

2-84 

2-71 

a.93 
2.76 

2-80 

3.01 

17 40 17.40 
20.50 

23.40 
26.41 

29-38 

32.05 

34.89 

37-95 
40'80 

43'80 

46-70 

49.65 

52.41 

30'30 

33-17 
*,, 

39-10 

em - W. 

* l-m ? ? 
rnm 

s$$ 
* o o  

111 

-60 

'57 

-59 { 

... 
'7 40 19-48 

22.24 

25-30 
28-19 

31-04 

33'87 

36.91 

39.56 

42.69 

45'71 
48'68 

55-30 
58-zz 

41 1 - 1 0  

4-11 

w f' m 

q 
o 
1 

'48 

'63 

'57 

'57 

'53 

-63 
. . . 
'48 

.j81 

'87 

'92 

' 93 

26-51 

29-31 
32.26 

-54 

-56 

.58 

.58 

'gj 

'59 

'58 

'57 
'66 

-56 

'55 

'07 
-06 

... 
'04 

4.08 

2.82 

3'08 
2.83 

2-86 

2'84 

2.99 

3'00 
2.87 

2-91 

2'99 
2'71 

3 5 
g 

a 
... e s :  

%, 

8 

4 
rta ,-I.- 

C - 
0 - 
9 

'51 

'49 

'52 

1.54 
1.65 

1.63 

1-61 

1-55 
1-63 

1-65 

1-60 

1.79 

1.55 
1-58 

049 36.043 

'67 
-60 

a63 
'60 
.62 

'64 
-66 

-67 

'63 
.66 

'67 

'6.3 

2.87 

5-93 
... 

18 30 14 - t, 

35'08 

31'91 
40.66 

43'52 

' 46.34 

49'19 

52'09 

54'85 

5i.79 

-62 

.62 

'65 

2.86 

3-10 

2-90 

3-01 

2.97 
1-67 

2.84 

3-06 

1-85 

3-00 
2-90 

1-95 
2.76 

04936.619 

'92 
-88 

'53 ‘ 94 

'85 

'87 

'8.3 

'91 

'92 ... -86 

-6.3 

1-08 

1-74 
1-90 

1.78 

1.66 

1-82 

2.02 

1.91 

1'89 

1-91 

1'98 

1.74 

2-91 

2.88 

3'01 

18 39 51.05 

57-14 
30 0.1% 

3'05 
6.01 

8.66 

I I -46 

14' j8 

17'36 
20.46 

23'32 
26.27 

1-81 

1-79 
1-96 

1-89 

-65 

'59 

'59 

'59 

'63 

-56 

'52 

'56 

'51 

'57 
'53 

.57 

'69 

57.11 '55 
37.62 41 0.01 '52 

... 3-06 ... 

1-82 

2-65 

1.66 

1-82 

1.67 

1-80 

1-59 

1.55 
1.68 

1-46 

1.69 

1.58 

1.54 

'59 

'a7 

'75 

51'3 
1.69 

1-60 

4.45 

'55 1.57 



(54 ) !L?!Lli  TRAJYSCRIPT AND REDUCTION O F  CLOCK COMPBaISONB. 

Aden (E) and Suez (W). 

* Bignab w i v e d  at Aden duriug thew Exchugel very weak. 

Times of Local 

Signals recorded on 

Chronograph at  

Obaewed Differences 

of Clocks at  

Times of 

Bignals in Terms of 

Dietant Clock 
M t i n g  

Valum of 

double 

Retardation 

12(-1-10)13(-11-12] 

a ... 
0.60 

'53 

.,, 
-61 

-61 

Intervals 

between 

successive 

Local Signals 

aa recorded at 

E u t  

l l ( - 9 - 2 )  

h m r  
0 49 37'43 

'43 

'53 
'40 

'40 

'40 

'41 
'28 

.46 

'41 

'41 

'35 
'43 

'38 

.46 

.46 
... 

049 37.415 

04936.59 

-6.3 

'59 
.66 

-61 

-61 

... 
'62 

-59 

'55 
-60 

-68 

-48 

-54 

Ititerpolntion of 

Received, between Local, 

Signals recorded on 

Cable Tapea 

West 

h m ~  ... 
049 36.8.3 

'90 
-82 

'79 

'79 

-76 

.76 

-78 

'84 

' 78 
'81 

'75 

-76 

'83 
... 

'79 

049 36'799 

... 
04936.1, 

'03 

'07 

'03 

'07 
-02 

... 
'04 
-08 

'oa 

'04 

' 04  

-61 

... '54 

Weat 

Signals 

by Enat 

clock 

9 (=1+6) 

h m  
18 3 r  27.26 

30.33 

3.3*.74 

3 6  ~b 

39'19 
42.20 

45.20 

47'97 
50'66 

53'61 

56-31 

59'02 
3a 1'83 

4-66 

7'44 
10.36 

... 

Deduction 

of d, the 

 id 
DXerenee 

between the 

Clocks a t  

Epoch t, 

Astronomicnl Date 
Signals fro111 

snd Descriptive 
West on 

Detail8 
East Tape 

Beet West 
$ G - -  
.- o 

a " $ ; *  ------ 
1 / 3 

4 6 6 

"e * 
0 = 
5 
Si 

L 

East 

Signals 

by West 

clock 

lo ( -2+8)  

r h m  r  
... 

17 41 51'67 

54'70 
57.68 

42 0'71 

3'78 
6.89 

9'65 

12.37 
15.06 

18.01 

20'70 

23'55 

26-33 
29'06 

... 
54-82 

Y ignala from 

East on 

g8 
S P  

ha w. w. 

E ? $ $  
4 0 0 

111 

1877 

May 27 

Comparison No. 2 

Exchange B * 

Current uaed 

at Eaat, Positive 

at Weat, ,J 

Pen Equation 
8 

at Esst - 1.697 

a t  West - I '302 

Cable No. 1 

Mean 

1877 

May 27 

Comparison No. 2 

Exchange C * 

Current wed 

at Enat, Negative 

at Weat, Poaitire 

Pen Equation 
8 

at  Eaet + I .697 

at Weat + r - 302 

Cable No. 1 

Mean 

'64 

West 

a i Z  .n 

7 

'60 

'62 

-6.3 

'64 
'66 

'70 
-64 

'67 
.62 

'67 

' 6 j  

-69 

-67 
'66 

... 
'65 

Z " 
LC *. 

0 

1 

',CO 

-62 

'63 
-60 

-60 
' 

'67 

'55 
... 
'67 

'613 

... 
0.4 
'60 

'52 

'63 

'54 

'59 

Tape 

z 
8 

r  
1-84 

1.80 

1.87 

1.93 

1.99 

2 . 9  

1.86 

1-68 

1.86 

1-81 

1.80 

1-88 

1-93 
1.78 

... 
1-92 

2 u 

h m  r  
18 31 25.54 

28.50 

31-60 

34'50 

37.50 

40'57 

43.65 

46'41 

49'15 

51-90 

54'79 

57'S1 
3a 0'30 

3'09 

5'89 
8.70 

11.61 

18 31 49 - tl 
18 3a 51'8317 

54-92 

57'80 
33 0'61 

3'29 
6.13 

8-95 - 
19'42 
22.40 

25'47 
28.30 

31'34 

34'40 
... 

40'52 

43'30 

46-30 

49'30 

a - 
$ E 
g 
* c 

.- 
4 

l =  
g 
4 
a 
- m  HH 

-i 
'ii ' 
5 s 

h  a 
17 41 49.83 

52-90 

55'81 

58-78 

42 1.79 
4'80 

7.79 
10.69 

13-20 

16-20 

18-90 

21-67 

14-40 
27-28 

29.98 

32.90 

35-86 

r r +  Qlb 

"" y1e 

rc w. 

Eszs 
4 0 0  

I 1  

... 

'51 2 5 
'53 8 

18 33 20 - tl 

43 16.97 

19.99 
22.90 

25-50 
28'30 

. ~ I ' I O  

33 ' 96 - 
44.50 

47-50 

50.50 

53'37 

56-34 

59-45 

e, 2.5; 

5'47 

8'39 
11-31 

xq'zz 

h - 
w 
ec 

o 
I 

'64 

-50 

r  
2'96 

3.10 

2-90 

3.00 

3.01 
3.08 

a.76 

2-74 

2.75 
2.89 

2.72 

2-19 

2-79 
2.80 

3.81 

2.91 

- "a 

.g I 
4 

* 
U 

M el r( -4 

3.09 
2.88 

2.81 

2-68 

2.84 

a.82 

. .. 
2-98 

3-07 
2-83 

3-04 

3.06 
6.12 

... 
2'78 

3-00 

3'00 

3-07 
2-91 

2-97 
3'01 

3 . o ~  

2.99 
2.90 

2.51 

3-00 

2-70 

2.77 

2.73 
2.88 

2.70 

1-92 

2.96 

'58 

'59 
-60 

-56 

'55 

'53 

-56 

'57 

-55 

' j 9  

-56 

'54 

.g j  

'56 

.55 

'57 

1'72 

1-83 

1.74 
1.68 

1.69 

1-63 

1-55 
1.56 

1.51 

1.71 

1'52 

1-51 

1'53 

1.57 

1-55 
1.66 

18 32 53'56 
56.62 

59'49 
33 2-16 

4-91 

7.71 
.. . 

2 1 ' 1 2  

24-09 

27'05 

29'97 

3.3'02 

35'93 
39.11 

42'05 

6-98 

47'92 
... 

3-02 

a.91 

2.60 

2-80 

2.80 

2.86 

. .. 
3-00 

3.00 
2.87 

2'97 
3.11 

3-12 

2-90 

2.92 

2-91 

2.91 

... 
17 43 18'81 

21.77 

24'54 
27.26 

30.06 

32-93 
... 

46-36 

49'39 
52-28 

55-30 

58.36 

44 1-42 

4'48 

7'25 
10.29 

13'2.3 

1.73 
1-70 

1-69 

1-55 
1-62 

1'58 

... 
1.70 

1.69 

1.58 

1.67 

1.68 

1.53 

4-71 

1-53 
1.68 

1-61 

.56 

-59 
.60 

'58 

'57 

.56 
. .. 
-57 

'55 

.56 

'55 

'55 

'25 

.77 

'55 

.56 

.54 

'61 

-61 

.63 

'63 

'63 

'64 
. . . 
'62 

.63 
'62 

'65 

'65 

'63 
-66 

'61 

.65 
~ 6 6  

1.84 

1'78 

1-64 

1-76 

1.76 

1'83 

. . . 
1.86 

1.89 

1-78 

1-93 
2 . 0 2  

1-97 
1.91 

1.78 

1 . 9  

1'92 





T ! X X  P. TJ&BNS(;?1IPT AND REDUC'I'ION OF CLOCK COMPARISONf3. 

Aden (E) and Suez (W). 

Altronomical Date 

end Dewriptive 

Detailr 

1877 

May 28 

O o m p h n  No. 1 

Exchange B 

Current a d  

at Eaat, Positive 

at Weat, ,, 

Beaulting 

Values of 

double 

Retardation 

13(=1-10)13(-11-12) 

... 
0.63 

'56 

.64 

.56 
-62 

... 

... 
-58 
~ 6 1  

Interrale 

between 

euocessive 

L o d  Signals 

Times of 

Bigllals in Terms of 

Distant Clock 

Times of Local 
Bigmals recorded on 

Chronograph at 

I 1 
as 

Enst 

8 

8 
2.63 

2'74 
1-58 

1-67 

2 -11  

2.92 

2-93 

2.75 
2-82 

Weat 

Bignals 

by East 

Clock 

9 ( - l + 6 )  

h m  8 

16 34 57.30 

59'94 
35 2.64 

5'27 

7'97 ... 
... 

25'07 
28.09 

30' 9.1 

33'64 

East 

1 

h 8 

16 34 55.7215 

58.35 

36 1 '09 

3'67 

6-34 

9 '05 - 
23'29 
26.21 

~ 9 ' 1 4  

31-89 

Interpolation of 

Received, between Load, 
Biglials recorded on 

Cable Tapes 

Oblwwed 1)Xerences 

of Clocks at 

11 (-9-2) I- A M  8 h m  8 

Pen Eqnation 
8 

st Ennt - I -696 

at West - 1.318 

Oable No. 1 

recordcd at 

West 

4 

8 

2.70 

2-63 

2.65 

2-67 

1 .70  

2.97 

1-77 
2 - 7 1  

2-96 

Signals 

by \%'eat 

Clock 

lo(-2+8) 

h a  East 8 ... 
15 45 22.02 

24-26 

27'35 

~ 9 . 9 ~  

31-70 
a,. 

... 
49.90 
52.R1 

55'55 

West , 

2 

h m  8 

45 20.35 

23-05 
25-68 

28-33 
31.00 

33-70 - 
48.18 

sr.15 

53'9a 

56.64 

04936.95 

-89 

' 96 

' 94 

'97 ... ... 
'89 

'94 

Deduction 

of d, the 

FA 
 iff^^^^^^^ 

between the 

Clocb at  

Epoch t, 

I 
1877 

May 28 

C o m p h n  No. 1 

Exchange 0 

Current used 

at East, Negative 

at West, Positive 

Pen Eqnntion 
a 

at East + 1.696 

at Wed + 1.318 

Cable No. 1 

Mean 

36.47 34'71 

Signals 

West on 

... 
04936.33 

'33 

'32 

'38 

'35 
0 . .  ." 

-3 1 

m,% 
."P 
wu; 
v. m 

% $  
& 0 0  

Mean 

-51 

"' ... 
-56 

'604 

'99 
a*. .., 

'82 

... 

0 49 36'9.36 0 19 36'334 

2.65 

2.89 

2.78 

58-42 

39-19 

41'99 

44'62 ... 

59.60 
37.55 
40'20 

43'09 

45-81 

East 
- 

.- 
----- 

5 

-60 

'58 
-60 

-60 

-60 

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

. . . . . . . . . . . . . . . . . .  
'61 

-64 

'65 
-62 

froml~i~naln from 

East on 

37-01 , 

$ 
I' 
w 
m 

%' 
0 

I 

1 6 3 5 a z - t ,  

8 
f = 

4 
- C P  
I" 

3 
C .% 

o - 
E 

si 

5-60 

... 
1-78 

2.84 

46 1-19 

... 
6.68 

9.61 

46 a'ao 

... 
7-80 

10.58 

Tape 

- g < ; s  
. : P  
% m % d  

6 

8 
1-58 

1-59 

1.55 
1-60 

1.63 

1'78 

1-88 

1-19 

1-15 

West 

7 

-62 

'65 

'63 
-61 

-63 

'58 
-60 

'60 

'60 

. I 
B ' "  

a 2 
g ' 3  
PI 8 - c 
$ $ 

2-60 
-6a 

-62 

'55 

!Cap 

8 

8 
1-67 

1'71 

1-67 

1-63 

1 - 7 0  

1-72 

1-66 

1-63 

1'78 

... 
0.51 

'4' 

'52 

'50 

'47 

'49 

.56 
-62 

-55 

'55 

'53 

-4 
.58 

.57 

'54 

'64 

'54 
. 

'534 

1.64 

1'79 

1-53 

-62 

.80 

-65 

1-76 

. . . . . .  
4-48 
1.81 

'61 

16 36 18.4015 

21-33 
14'10 

27-38 
30. a8 

33-03 

35-70 
38.60 

41 '-10 

44-06 

47'04 

049.16.11 

'og 

'15 
"22 

-12 

-11 

'12 

-20 

• 10 

'15 
'10 

-08 

-18 

'15 

'IS 
'a2 

'16 

... 
o 49 36'148 

1.j9 

16 36 43 - t., 

2-93 

2.77 
3.28 

a.go 

2-75 
2.67 

2 . 9  

2.70 

2.76 

1-98 

2.60 

3.86 

3-41 

2.79 

2.94 
2.96 

2.80 

46 43-93 

46.79 

49'52 

52'90 

55-67 

5 8 . ~ 9  
47 1 . 2 0  

3'99 

6-73 

9-67 
12.40 

... 
04935.60 

'67 

'63 

-72 

'65 
-61 

.56 

-58 

'65 
.60 

'57 
-60 
-60 

-58 
-61 

-58 
-62 

0 49 35.614 

% g  
v r D  
WV: - - 
m r. 

1 $ 3  
4 o o 

I I  

% 
N 

w - 
c, 

z 
o 
I 

8 
- a 
.s 1 
a 
g : 5 zi : -g 
$ 6 0 z 
3 

4 
I -a - 
i 
3 2 

% 
ZI 

49.641 15.10 

53-50 19-40 

2.86 

2-73 

3-38 

2-71 
2.72 

2.81 

1-79 

2'74 

2'9.4 

2-73 
2.70 

4-30 
2.89 

2'91 

3.00 

2'89 

2.81 

56.91 

59' 7 0  

-56 

-56 

'48 
-60 

-55 

'55 

-56 

'59 

'59 

'59 

.56 

. G I  

.55 

.56 

.60 

'59 

12.29 

z5-ao 

... 
15 46 45'73 

48'43 

51-15 

54-56 

57.38 

47 0'08 

3'04 

5'72 
8-41 

11-44 

14.07 

17.90 
11-31 

24'12 

27.03 
30.02 

32-78 

37 2'64 28-20 

31.09 
8.40 33-90 
5.601 

1-64 

1'55 

1-57 

1-74 
1-51 

1.47 
1.62 

1'59 
1-63 

1-76 

1.46 

1.54 
2.08 

1.53 
1.65 

1-78 

1-65 

'6.3 
-60 

'66 

.60 

'63 
-60 

-66 

'63 

'57 

'65 
'62 

.65 

.66 

'6.3 
'61 

'6.3 
-60 

1-80 

1.64 

1-23 

1-66 

1-71 

1'69 

1-84 

1'73 
1'68 

1.77 
1.67 

2.80 

1-91 

1.83 

1'83 

1-82 

1-69 

16 36 20.04 

22.88 

15-67 
29' I a 

31.79 

34-50 

37'32 

40' 19 

42'93 

45-82 

48'50 
51.18 

55'58 
58-44 

37 1.35 

4'42 

7.25 ... 



T ! L E  V. TRANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. (57) 

Aden (E) and Suez (W). 
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1 I 

A a h n o m i d  Date 
and Dewriptive 

Detsilr 

1877 

May 28 

Gomprirm No. 1 

ICxohange D 

Current used 

at East, Positive 
at West, Negative 

Pen Equation 
8 

at Eaot - 1.696 
at Weat - 1.318 

Cable No. 1 

Deduation 
of 4 the 

li-illd 
Differenoa 

beheen the 
Clockr at 
Epoah t, 

Mean 

Interrala 
between 

au-ive 
Local Signals 

Interpolntion of 
Reoeived, betweeu Local, 

Signals recorded on 
Cable Tapes 

Signals frornl~i~tials from 

ul* W. h 

,?P 
w -  v. w. 

8 3 %  
* 0 0 

I I E  

049 36'933 049 36'352 '581 16 38 1 1  - r, 

Reaulting 
Vnluea of 

double 
Retardation 

l 2 ( - 1 - 1 0 ) 1 3 ( - 1 1 - 1 2 )  

J ... 
0'45 
'61 

.59 

.63 

'57 

-59 

'64 

'59 

'59 

'54 

'59 

'56 

'" '67 

.58 

Times of 
Signals in Terms of 

Dietsnt Clock 

Observed Diffewrioes 
of Clocka at 

Times of Local 
Signals recorded on 

Chronograph at 
as recorded 

East 

3  

J 

2.88 

2.62 

2'59 
2-69 

2-81 

2.63 

1-96 

2.94 
2-98 

3-02 

1-95 
1-90 

1-88 

2.80 

3'00 

ul w 
? 
w 

$.' 
0 

B 
H 

West 

Signals 
by East 

9  ( - 1 + 6 )  

A m  8 

16 37 51'80 

54'49 

57-02 

59'69 
38 2.51 

5'17 
8.05 

10.96 

13-96 
16.84 

19'79 
22.83 

15-75 

18-55 

31-55 

East 

1 1 ( - 9 - 2 )  

h n s r  
049 36-88 

'95 

'9l 

'89 

'9l 

'97 

-94 

-96 

-96 

-92 

'99 

'93 

'93 

.96 

'87 

Ba& 

1 

h  a 
16 37 50.0415 

52'9a 

55-54 

58' 13 
38 0.82 

3-64 
6-17 

9.23 
1a.1; 

15.15 
18'17 

21-12 

24-02 

26.90 

at 

Wedt 

4 

J 

2-61 

2.56 

2-70 

2.79 
2.61 

2.91 

1-89 

3-00 
1-92 

1-88 

3-10 

2-91 

2-77 

1-89 

3-02 

West on 
Enat Tape 

4 

2 1  

t a 

f 
a i " a 
k 1 
2 8 
8 

3 & =  
6 

4 
:2 
Ti 
I - 
o - 

1877 

May e8 

Comparison 270.2 

Exchange A 

Cumnt umd 

at East, Negative 

dw* ,, 

Pen Equation 
J 

at Rwt + 1.697 
at We& + 1'318 

Cable No. 2 

Mean 
7 

Eut 
Sign& 

by Weat 
Clock 

l o ( - ? + R )  

A m  J 

... 
15 48 16'49 

19-20 

21-80 

24'56 

27-29 

19-89 

32-93 

35'80 

38.78 

41-79 

44-72 

47'65 

50.48 

53.41 

56-41 

Wedt 

h m  J ... 
049 36'43 

'34 

'33 
-26 

'35 

-38 

'30 

'37 

'37 

'38 

'40 

'37 

'42 

' 29 

'29 

Wwt 

4 

i n  J 

48 14.92 
11-54 
20.10 

22-80 

rg-jg 

28.20 

31.11 

34-00 

31-00 

39.92 
42.80 

45.90 
48.82 

51-59 

East on 

------ 
5 

------ 

-61 

'60 

29.701 54'48 

32.70 57'50 

West 

6 a 
7 

a 6 0  

'65 

6 

r 
1-76 

1-57 

V, 7 *. - 
Y) " v. 
r7 w. 

e c q  
4 0 0 0  

I I  

Tape 

4 
8 

J 

1.57 
1-66 

1.70 

1-76 

1-70 

1.69 

1'82 

1-80 

1'78 

1-87 

1.92 

1-75 
1.66 

1-81 

1'9.3 

'57 

.58 

.60 

'58 
-60 

'59 
'60 

'56 

'55 

'59 
-60 

'59 

'55 

* 
Y) ' 
w. 

q 

I 

18 38 5-91 

8' 74 

11-37 

14' 14 
16-82 

19'4'1 
21.06 

24.60 

27.03 

19-49 

31.9' 

34'44 

36.90 

39-45 

41'99 

44'50 

'a 
I ." 

1.  g w 
2 3 
$ 3  
U 

1 = 
8 

4 
r(- - OJ 

$ 
' "0 '  

! 

1-48 .63 

1-56 .63 

1.69 1 .tS5 
1-53 1.58 

... 
04935.55 

'59 

'54 

'49 

'51 

-52 

'55 

.5.7 

-58 

'5 1 

.56 

.49 

'51 

'54 

'54 

049 35'534 

1.78 

1-73 

1.79 
1.69 

1.62 

1.71 

1'73 
1.65 

1-65 

,.. 
0.53 

'57 
'61 

'63 

'57 

'49 

-56 

'52 

'55 

'55 

.57 

'55 

'48 

'49 

'45 

'541 

'63 
'60 

'61 

.65 

.62 

-60 

-60 

'63 

'64 

18 38 26 = tB 

17 48 31.45 
34'1.3 

36-83 

39-55 

42-15 

44.96 

049 36'075 

-57 

'59 

-58 

'57 

'57 

'58 

1-74 
1.65 

1'77 

1.78 

1-71 

1-58 

1'58 

1-56 

1.46 

I '52 

1-58 

1.61 

1-58 

1-58 

1.50 

18 38 7-53 
10.29 

12.98 

15'67 

18'3.3 

20.97 

23'58 

15.99 
28.58 

30'94 

33 ' 4.3 

35'84 

38'35 

40'90 

43'45 

2.82 

2.63 

2'77 
2.68 

2.65 

1-59 

... 04936.08 

17 48 33-19 -16 I 15 

47.47 

49-95 

4 

54.88 

51-30 

59-80 

492.36 

4.87 

1-46 

9'96 

2.68 

2.70 

2'72 

2-70 

2'71 

2-51 

1-61 

1'55 
1-61 

1.53 
1- 5 1  

1-50 

35'is 
38.60 

41 '33 

43'96 

46.54 

49'O5 

51-50 

53'91 

56.40 
58'88 

49 1'41 

3-94 

6'45 
8.96 

.65 
'61 

-65 
'66 

'6.3 

'6.3 
1-52 

1.39 

1.55 

1.45 
1'52 

'-40 

1-45 

1.45 
1.46 

'12 

-08 

'01 

- 1 1  

'05 

'13 
-06 

'13 

'04 

35'99 

36-03 

35'99 

3-54 

2-43 
246 

2.42 

2'53 
2.46 

1-55 

2.54 
2.51 

'6.4 
'62 

6 0  

'6.3 

'6.3 

'63 

'63 
'61 

'60 

i 1-47 '60 

2-51 '57 
a 6 
2-42 ' .60 
1-50 '60 

2.56 

2-51 

1.59 
2-50 

'57 

-57 

'57 

.58 



( 5 8 )  IPdBLB P. TRANSCRIPT AND REDUCTION O F  CLOCK COMPARISONS. 

Aden (E) and Suez (W). 

Times of Local 
Signals recorded on 

Cllronograph a t  

Interpolation of 

Received, between Local, 

Signals recorded on 

Cable Tapes 

Intervals 

between 

successive 

Local Signals 

as recorded at 

Deduction 

of d, the  

Times of 

Signals in Terms of 

Distuut Clocf 

~ i ~ d  

1)iEerence 

between t h e  

Clooks at 

Epoch t, 

Astronomical Date 

and Descriptive East 
Detclib 

East West Eaet West 
by East by West 

Clwk 

1 B 3 4 8 9 (-1+6) 1 0 ( = 2 + 8 )  

1877 h  a h  a a a h  a h m  a 
... 

25.06 '7 49 47'29 

f"s 
.?? "' 

w. -. 
E?? 
4 0 0 Cornpariaon No. B 

Exohange B 

Current used 

at  Enst, Positive 

a twes t ,  1, 

Pen Equation 
a 

at Eant - I -697 

a t  West - 1.318 

Cable No. S 

Values of 

double 

Re*dati0n 

13(-11-12) 

a ... 
0.58 

'47 

.37 

.So 

-56 

-64 

.58 

'48 

'55 
... 
... 
... 
'49 
.60 

.24 

-522 

... 
0.51 

'59 
'46 

.56 

... 

... 
-38 
... 
'51 

'49 

.46 

'50 

'44 

' 55  

Observed 1)ifferencem 

of Clocks a t  

Enst 

11 (-9-2) 

h m s  
04936.88 

-77 

'72 

'79 

'85 

'84 

-76 
-86 

-82 

'80 

"75 
'80 

'79 

'83 

'79 ... 

049  
I 

7 
w. 

% 
0 

h u l t i n g  

West 

1 2 ( ~ 1 - 1 0 )  

h  s  
... 

04936'30 

'30 

'35 

'29 

'29 
'10 

-18 

'28 

-27 
,., 
... 
... 

'30 

'23 

'35 

3 6 . 8 0 3 G  

Cable No. B 

g w  

a8 .go 

31-52 

34 ' 03 

36.54 

39'26 
41.80 

44'33 

47'03 

49'61 
52.21 

54'78 

57'41 
40 0.08 

I Mean 18 39 41 - tm ' 

... ... 

049  36.041 

I 1  

50.92 

53-60 
56.18 

58.62 

go 1.30 

3-85 
6-50 

9-10 

11-80 

14-40 

16.94 

1 ~ ' ~ o 1  
12-12  

24'72 

37'88 

Mean 

'52 

0 4635.545 

o 4936.07 
. I I  

'"4 
'10 

'q 
,., 

35'96 

. '95 

36-07 

35.98 

'99 
36-03 

'05 
'02 

'07 
-08 

13'40 .56 

-495 

I 
2.62 

2.51 

2.51 

2.72 

2.54 

2-53 
2-70 

a.$g 2.68 

1 8 4 0 5 0 - t ,  

1877 

May 28 

Comparison No. % 

Exchange C 

Current used 

a t  East, Negative 

a t  Weat, Pooitive 

Pen Equation 
a 

at E d  + 1.697 

a t  Wwt + 1'318 

... 
04935'56 

'Sa 

'58 

'54 
m.. 

'50 

-58 
... 

'55 

'49 

'53 

'53 
-61 

-60 

'52 
38.87 $ 

8 = 
B 
24 

J 

2'58 

2 . 4  

2.68 

2-55 
2.65 

1-60 

2.70 

'54 

-60 

.60 

.60 

'60 

'82 

'61 

.9 I 

3 S g =  g 
2 z -  G 

$ 8 c 

B 
a. 

5 
M- 
4 - t  

3 
L. - 
o - - 

18 40 29.61 

32-32 

35'"4 

31-70 
40' 29 

42'93 

45'29 

47'84 

50'57 

53'08 
58.68 

41 1-43 

4'15 

6.73 

9'46 
11'28 

1-56 

1-62 

1-64 

1.56 

1-59 

1-53 
1.38 

1-37 

1.57 
1-41 
1.62 

1.53 
1'52 

1-43 
1.52 

1.68 

1.60 

1.67 

1.56 

1.56 

. . . . . .  
4'21 

1.56 

18 40 28-06 

30.70 

33.40 

36.14 

38.70 

41-40 

43'91 

46.47 

49 ' 00 

51.61 

57'06 

59'9O 
41 2.63 

5-30 

7'94 
10.60 

s $  
?' 

W v r  
m m  

4 0 0  

1 1  

-57 
-60 

'57 

-56 

'57 
'60 

'58 

1'47 

2'58 I 2-60 

2-60 2'54 

2-51 2.56 
2-63 2.62 

... 
17 50 55-14 

57-80 
51 0.56 

3 '  16 

... 
8-41 

10.89 

... 
16-06 

11'57 

24-37 
~ 7 . 1 0  

29'69 

32'34 

35 '08 

z ' 
rD 
m 

% 
o 
1 

5 9  
'61 

'59 

-59 

'56 2.67 

17 50 53-54 
56.11 

59'00 
51 1.60 

4'20 

... 
9-33 

11.89 

14.50 
17'10 

22.69 

25-40 
28'10 

30.71 

33.39 
36.20 

- 'u 
B 3 

$ 2  g 
4 s 

$ 0 
k 
3 ; 2 

8 

= a  

'80 

.62 

'6.3 
'61 

'61 

-60 

.63 

1'49 
1'51 

1.43 
1-52 

1'45 
1'5a 

1-57 

'61 

2-60 

4'47 
1.68 

1-70 

1-59 

1-63 
1.69 

1-68 

1-52 

1-59 
1'52 

1'55 
1'50 

.6.3 

'64 

'64 
'66 

'63 
-60 

1.63 

-59 
'60 

.60 

.61 

'59 
'61 

'54 

'54 
.60 

'a7 

'57 

-56 

'57 

'54 

'57 
'60 

2.65 

a-70 

1-74 
2-56 

2.70 

2'51 

1.56 

2-53 
2'61 

5'45 
2.84 

2.73 
2.67 

2.64 

2.66 

2.80 

'60 

'64 
'63 

2-67 

2.79 
2'60 

2.60 

5'13 
... 

2-56 

2-61 

2.60 

5'59 
2-71 

2-70 

2-61 

2-68 

2'81 

2-67 

1 -63  

1-56 

1-72 

1-68 

1-67 

1-56 

. . . . . .  

27'64 

. . . . . .  

. . . . . .  
1-54 
1.68 

1.61 

49'87 

30' 39 

33'03 

35'46 
38.06 

40'71 

43'32 

45'90 

52.55 

55' 2.3 

57.74, 

50 0.34 
1'98 

5 '51 
8.06 

48.55 
51 ' 2 0  

53'73 

56.33 

58-91 
me. 

... 

... 

... 
18-48 

21-18 

13-73 



TABLB P. TItANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. ( 5 9 )  

Aden (E) aud Suez (W). 

Astronomical Data 

and 1)eecriptive 

Detsils 

1877 

hy 28 

Oo~npwison No. 8 

Exchange D 

Current uaed 

at East, Poeitive 

at West, Negntive 

Pen Equation 
J 

s t  East - I '697 

at Weat - 1.318 

Cable No. 2 

I 

Times of 

Signals in Term8 of 

Distant Clock 

- 

West 

Sigi~els 

by ICtrst 

Clock 

h m  J 

9 ( -1+6) 

18 41 53.01 

55'63 
58.16 

42 0.60 

3-07 

5'46 

7'87 
l o - j a  

12.98 

15.50 

17'92 

ao.39 
21-90 

25-55 
28-03 

Mean 18 42 lo  = t, I 

Times of Local 
Signals recorded on 

Chmnogruph at 

Il!terpolation of 

Received, betweeti Locnl, 

Sign& recorded on 

Cable Tapes 

East 

Bignale 

by Weat 

Clock 

h m  J 

lo(-2+8) 

... 
17 52 17'83 

20.41 

~ 3 . 0 0  

25'35 
27'81 

30.16 

32'69 

35 '08 

37'61 
40.21 

42-66 

45-24 

47'80 

50.38 

52-95 

Obeerved Differences 

East 

Interveb 

between 

successive 

Local Signale 
of 

East 

h m a  

0 49 36.795 

04935'81 

-76 
'8 I 

'73 
' 8.3 

'72 
.80 

'8.3 

'75 

.78 

'78 

'75 

'74 

' 7 2  

-76 
... 

04935'771 

Deduction 

of d, the 

r i a l  
Difference 

between the 

Clocke at 

Epooh t, 

West 

1 

h m  J 

18 41 51-26 

54'08 

~ ~ ' 7 ~  

59'25 
qa 1.61 

4-04 
6.40 

8.89 

11'39 

13'91 

16. 43 
18.91 

21-50 

24-09 
26.60 

29.20 

M 

Eaet 

ClocLs at 

Resulting 

Value8 of 

dOuh'e 

Retardation 

Wwt 

h a 8  

Signals from 

West on 

V,k 
, P90 

'O w. u' w. 

E $ %  " 0 0 

I 1  

1877 

May 29 

Oomparimn No. 1 

h h a n g e  A 

Currel~t uwd 

at IEast, Negative 

d West, ,, 

Pen Eqoation 
J 

& E d  + 1.707 
at We& + 1.312 

Oable No. B 

w w  
"? 

* '0,4 ' 

~ C I O .  b b  

. z o o  
B u 

recorded at 

West. 
Enst 

.- 
------ 

------ 
6 

'62 

'59 

'57 

-57 
'60 

'63 

'59 

' 5 7  
-63 

'63 
'60 

'57 

'5.4 

'58 

-55 

Signals from 

East on 

0 49 36.256 

... 
04935'27 

' 24 

'24 

'23 
-16 

'ao 

"21 

'29 
.a6 

'25 

"9 
"22 

'23 

'30 

'25 

04935'243 

5 . 
'O W. 

% 
0 

n 

16 36 29.7915 
32-80 

3540 

38-09 
40.80 

43'50 

46.32 

49'10 
51 '82 

64-53 

67'29 

69'82 

37 
5.20 

7-83 
10.70 

Mean 

5 
4 
CI 
9. 

0 

II 

L Tape 
- - 4  

2 3 4 5  
: $ f "  
a m - $  

8 

6 

1-15 

1-55 

1-45 

1.35 
1.46 

1.42 

1-47 

1-43 

1-69 
1.58 

1-49 
1-48 

1-40 

1-46 

1-43 

West 

7 

-6a 

'62 

a64 
-61 

-66 

-63 

-65 
.60 

-60 

64 

'63 

.64 

'63 

'6.4 

'65 

'539 

... 
0'54 

'52 

'57 

'50 

'57 

.52 

'59 

'54 

'49 

'53 

-59 

'53 

'51 
'42 

-51 

'529 

Q a E 

. 1 
9 - gz Q 
2 'ii 
4 g n 
3 
g = 
S 
0 
5 

I@, 
f d  
8 
L, .. 
0 - 
1 
A 

1-83 

1-56 

1.65 

.1'67 

1.73 
1.82 

1-19 
1-63 

1.65 

1.72 

16 36 50 = t, 

2-90 

2.60 

2 - 7 0  

2-61 

2-79 
2.80 

2.80 

2-71 

2.71 

2-78 

2-60 

2 - 7 0  

2.53 
2-86 

2-91 

'57 
a60 

-60 

'57 

-57 

'54 

-57 
'60 

'57 

'57 

16 36 31-51 

34-36 

37-01 

39'63 

42'34 

45'02 

47.90 

50.73 

53'36 
56.10 

58.88 

37 1-45 
4'14 
6.65 

9'55 

2 ''0 

. u 
g 

g" ti 
5: - 

2 
* 

42 $ 
.d i 2  
& 
D 
8, 

C 
2 2  

Ti 
C - 
0 - 
5 s 

I 
46 55'70 3.01 

58.60' 2.60 

1 7  1 - 2 0  2.69 

3-90, 2 - 7 1  

6-51 2 - 7 0  I 
9.30 2-82 

I 

J 

4 

2-56 

a.60 

2.50 

2-38 

2-32 

2-47 

2-49 

2-54 
2'52 

2'48 

1-48 

2-59 
2-58 

2'55 

2.54 

11(=9-2) 

049 36.77 

'83 

.76 
- 7 0  
'79 
-86 

-80 

-76 
'88 

'88 

'82 

-81 

'73 
.. 80 

'73 
... 

Tape 

J 

8 

1-59 
1.61 

1.60 

1-45 

1-53 
1.56 

1-62 

1-52 

1-51 

1-59 
1-56 

1.66 

1-63 

1-63 

1.65 

B 1 3 

h -  l J  
17 5s 16.241 2.82 

I 18.80, 2.63 
I 

21'401 2-54 

~ 3 . ~ 0 :  2-36 

... 
15 46 57'53 

47 0.16 

1-85 

5-51 
8.24 

11.12 

13'89 

16'53 
19.26 

22.04 

24'63 

27-32 

29'97 

32'53 

35'45 

12.10 

14.90 
17.61 

20.32 

23-10 

25-70 
28-40 

30'93 

33-19 

36.70 

26-28 

28.60 

31'07 

33-56 
36-10 

38.62 

41-10 

43-58 

46.17 

48.75 

51-30 

53.84 

-63 
.60 

-60 

-55 
'60 

1 ' 7 ~ 6 . 3  
1-56 

1.61 

1-54 

1-54 
1.52 

1.58 

1-63 

1-54 
1.58 

2-78 

2 .72  

2.70 

2.77 

2.53 
2-72 

2.66 

2.63 

2'87 

... 
04936'25 

'30 

'25 
'26 

-33 

'24 
'20 

-31 

'31 
- 2 2  

'25 
.a6 

'29 
-az 

'25 

2.43 
2.36 

2-49 
2'50 

2'53 
2-51 

2-48 

2'59 

2.59 
2'51 

2.60 

.60 

.61 

'64 
'62 

'65 

-64 
-60 

'61 

'62 

la(-1-10)18(==11-12) 

.. . 
0.52 

'53 

.51 
'44 

'56 
'62 

-60 

'45 

'57 
066 

'57 

'55 

'44 

-58 

'48 

1'59 
1-63 

1.60 

1.45 
1.72 

'591 1-53 
-601 1-62 

-62 

'56 

'57 

1-57 
1.60 

1-66 



Z!ABL.E V. !I!BANSCEIPT AND REDUCmON OF CLOCK COMPARISONS. 

Aden (E) and #uez (W). 

Times of Local 

Signals reoorded on 

Chronograph at Deduction 

of d, the 

~ " ~ 1  

Difference 

between the 
Clocks at  

Epoch t, 

Intervals 

between 

su-ive 

Local Bignulo 

as recorded at 

N v. 

w e  - r ~  . . . .  
" w. " n. 

S T %  
" 0 0  

I I  

Interpolation of 

Received, between h l ,  

Bignals recorded on 

Cable Tapes 

OI 

m a 

'O rn 

% 
0 

I 

Observed Differences 

of Clocke at 

Time8 of 

Signals in Terms of 

Dietal~t Clock 

'64 ... 

0 49 36'557 

0 49 35' 73 

-76 
'81 

*81 

-76 

-76 

"78 

'75 
-68 

-81 

-70 
... 
... 

-76 

'75 

'79 

'70 ... 
049 35'757 

.- 

- C 

z z 
4 5 

0 

g = 
Q 

at West - 1.312 

Cable No. B 

Res11lting 

a7.43 

Astronomical Date Bignalsfrom Signnls from 

and Descriptive West on Eust on 
Detsile Evst Tape Went Tape 

West East West 

----- 
1 8 4 5 6 7 8 

------ 

1877 J 

Valueo of 

double 

Retardation 

Enst 

49'80 

52-45 

West 

Signnls 

by East 
Clook 

9 (-1+6) 

A m  a 
16 37 49.48 

52-12 

54'97 

57'74 
38 0.47 

3.20 

5'80 

8-51 

11-11 

13.81 

16-49 
19. 10 

21-96 

14-56 
'00 

-06 

049 36.010 

04935'22 

'25 

-29 

-27 

.27 

'20 

'13 
-22 

'25 
- 2 1  

' 8.3 
... 
... 

' 2 0  

-21 

'21 

-16 

049 35'235 

Comparimn No. 1 

Exchange B 

Current wed 

st  East, Positive 

nt Weot, ,, 

Pen Equation 
8 

at East - 1 ' 707 

Mean 

1877 

May 29 

Compsrimn No. 1 

Exohange C 

Currant used 

nt Ed, NI-gative 

at West, Positive 

Pen Equation 
a 

at East + I -707 

at Weot + 1.312 

Csble No. 2 

Mean 

25.80 

28.51 

West 

East 

Sig~lals 

by West 

Clock 

lo(-2+R) 

h m  ... 
15 14.56 

17'42 
20 .21  

23 '00 

25.68 

28'32 

31 '01 

33.68 
36.26 

19-02 

41.70 

44'35 

47 ' 08 

11 (-9-2) 

A a 
04936.48 

'52 

'57 

'55 

-58 
-60 

-56 

'55 

'52 
.61 

'53 

'47 

'65 

'63 

.60 1-56 

50.62 15.60 2-78 2-80 '54 1-50 -65 1-82 

.58 

'547 

... 
0.51 

'51 

'52 

'54 

-56 

'49 

16 38 8 - t, 

53'40 
56-20 

58'95 
38 1.67 

4'30 
7'08 
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by Rast 

Clock 

9 (-1+6) 

East on 
west Tape 

r 
1-76 

1.81 

1-14 

1-73 
2.0; 

1.80 

... 
1'59 
1.61 

1-62 

1-69 

1.70 

1'76 

1-63 

1.57 

1.53 

1-37 

1-47 
1.63 

1'47 

1-33 
1-50 

1-52 

h a  8 i t n  8 h n  8 ... 04936.48 ... 
17 43 18-36 

a1.08 '43 '9' 

23'64 '43 '9' 
26.19 '93 '50 

28.95 '57 '95 

31-90 '37 '95 

Sigllnla 
West 

by Weat 
Clw k 

12 
------ 

6 6 7 8 , 

... 
37-01 

39-61 
42-22 

44'99 

47 ' 64 

50.3~ 

53-02 

55'55 

- 5 ~  
5 

-52 

'43 

-46 

'54 

-46 

. 38 
'41 

'51 ... 

... 
'99 

-98 

'99 

'94 
36-01 

35'94 

'95 

'95 

1-66 
1-56 

1-60 

1-59 
1-63 

1'53 

1-54 
1-58 

1-57 
1-58 

1-51 

1-54 

1.55 

04935'51 

'58 

'5' 
.60 

-56 

'44 

'54 

-57 

-56 

'58 

'54 

'50 

'57 

-60 

30'85 '6.3 

.58 33-50 

1-76 

1.67 

1-55 
1-63 

1-60 

1-41 

1-54 

1-57 

1.54 

1-54 

1-44 
1-51 

1.55 

I 
... 

04935'02 
-00 

'0.3 

34'97 

'99 

' 98 
35 '03 

'03 
'01 

-02 

.%'99 

35 '05 

36-17 

38'76 

.. . 
0'49 

'63 

... 
'53 

'45 

'47 

'45 

16 33 ~9.68 

31-52 

35'05 

37-80 

40 ' 36 

42'8.3 

45'44 

48-04 
50.62 

53'18 

55.64 
58.11 

34 0-jj 

'60 

'60  
' 6 0  

'61 

-63 
'61 

.60 

-61 

.62 

-63 
'60 

'60 

-62 

'57 

-46 

'51 

'54 

'55 

-56 

'55 

'45 

'53 

's29 

Z 3 
u 6 s 
4 
f = 
Q 

1'5s 

1.52 

... 
15 43 55'83 

58-50 
44 1.14 

3-79 

6'43 
8.92 

11-44 

14-05 
16.63 

19.18 

21 -61 

44 2'20 

4-80 
2 * 

.O 1 
5 
- 
s,  = " z 
2 3 
g r S  6 

a a .- 
.a ; = 
C 

H m 
4 4  

4 
8 

b. - 
0 - 
P 
fl 

1-48 

1.4~ 
34 I*;O 

4- 26 

6.67 

-56 

3.18 

5.68 

... 
'6.3 

'57 

I 

049 35'0'3 

1.56 

2.41 

2.59 
2.66 

27-68 

30.10 

32-77 

7'39 
41'42 9-PO 4.3'901 

12.47 

163348-t, 

C rl 

3i 
w 
0 = 
d 

2'48 

2.57 
2-61 

2.56 

2.56 

1-40 

2.60 

2-50 

49'08 

51.64 

54- ao 
56-60 

59'20 

049 35.543 

2-41 

2-67 

2-60 

2-59 

15.06 

17.60 

zoalo 

22.61 

25-18 

34'97 

35.06 

'05 

.58 

'59 

-63 
-60 

2-51 

2.5, 

2-59 

2-51 
2-50 

2'51 

1-57 
2.50 

26.73 -50 

'57 
-60 

.60 

-60 

'60 

'GO 

'58 
'62 

29. ao 

31.62 
.58 

... 



(64) TABLE 7. TRANSCRIPT AND REDUCTION O F  CLOCK COMPARI90NS. 

Aden (E) and Suez (W). 

Times of Local 
Bi~nals recorded on 

Chronograph a t  

111tervals 

between 

successive 

Local Signals 

as recorded nt 
Astronomicnl Date 

m d  Descriptive 
Enat 

Detaila 
Enst 

by East by West 

Clock Clock 

Interpolut~on of 

Received, between Local, 

Signals reaorded on 

Cable l'apea 

Values of 

double 

Retardation 

(-11 -12) 

a 
. . . 

0.55 

-55 

.gr 

'47 

-58 

'53 

.s4 
'55 

.57 

'54 

'39 .56 

West 

Times of 

Bignals in  Terms of 

Distant Clock 

Observed Differenoes 

of Clocks a t  

1 'i 8 9 ( -  1 +6) 10 ( -2+8)  11 (-9-2) 112 (-1-10)~13 

 id 

nifference 
between tks 

Clocks a t  

Epoch h 

Resulting 

a a ~ )  uin 

.PP 
.li ui 
n. n. 

8 - *  t +  

* 0 0 

111 

.s6 

'533 

Deduction 

of 6 the 

A m  6 

... 
04935'8.3 

'84 
.86 

'85 
'81 

'81 

-81 

'79 
.81 

'79 

'8; 
'81 

'83 
'82 

'82 

0 49 35'824 I 

n 
rn " 
V. w. 

O' d 

0 

1 

1877 s I A r n  r 
o 49 36.38 

d m  
r(4 

Ti 
.r .. 
o - 
9 
a 

% = 
.8 1 

5 2 
g z g  
2 r 
2 I. 0" c 
k .- 
'i 

8 '  

Comparieon No. 1 

Exchange B 

Current used 

a t  Eaat, Posibive 

a t  Went, ,, 

8 

Pen Equation 

at Eeet - 1 - 7 9  

a t  West - 1.310 

Cable No. 2 

1877 

May 80 

Co~nparioon No. 1 

Excllnnge C 

Current w d  

a t  Eset, Nrentivo 

at Wert, Positive 

Pen Equation 
6 

at Esst + I ' 7 9  

a t  West + 1.310 

Cable No. Z 

Mean 

... 
0.43 * 

47'97 13-12 2.49 2-54 '62 1.54 '591 1.50 '39 
50'46 15.66 2.45 2-44 -64 1-57 '57 1 1.39 51.03 r4.621 '37 

' 

52-91 18.10 2.qq 2-50 -61 1-51 54'42 17'0.5 '32 

55'35 20.60 1.56 2-50 '64 1-64 56.99 19'50 '39 

57-91 59'44 azm 10 '34 

35 0'41 ~ 4 . 6 0  -36 

2.99 21-17 '34 

5'56 ::::I 29.77 '38 
8.15 2-55 2.48 . j 9  1-50 1-64 1.59 9.65, 32'.?4 '33 

KO.  70 12.06 34'91 . 16 

14'73 37'31 -37 
15'76 17'28 39 '95 '35 

18.30 19'84 42'47 '39 

20.91 22.48 45 '09 .38 

'49 

'51 

'50 

'59 

'53 

'53 

'63 
.6o 

'54 

'41 

'53 

'48 

'57 

5 

Mean 

23-53 

I 1 ;  I 
0 = 
.2 I - 
3 5 
g e  s 
8 2 B 

6 5 
~0 Q .- 

..# 

P r 
5 
U 

rt rt m 4 

2 
C 
0 = 
5 ' 

r 

16 35 55'33 
58.08 

36 0.64 

3-30 
6.10 

8.69 

11-40 

14.08 

16.71 

16 35 4 - t, 
04935.48 

'51 

'54 

'51 

.58 

'55 

'59 
'62 

-56 

0 49 36'357 

... 48 4 9  

19.34 
21.91 

24-45 

27.04 
29.60 

31.24 

34-91 

37'58 

15 46 21.50 

24.10 

26.70 

29-41 

32'07 

34'66 

31.39 

39.96 

42.73 

... 
04935.05 

-06 

'02 

'02  

'07 

'05 

'07 

'9 

... 

45'28 

47.80 

50.30 

52-99 

55.60 

58 29 

47 0.92 

3'57 

2.75 
2.56 

1.66 

2.80 

2.5') 
2-71 

2.68 

2.63 

2.63 

41.71 

16 36 17 - tx 1 0 49 35'559 

2-51 
2.51 

2.62 

2.56 

2.B4 

2.67 

2.67 

0 41 35.043 

... 
15 46 23.0.3 

25'58 
28.28 

31.08 

33'62 

36.35 

39'01 

2.60 

2.60 

2.17 
1.60 

2.59 

1-73 

2'57 

2.77 

1.55 
'03 

34'97 

35'02 

'05 

'07 

'03 

. '07 
-02 

-60 

-60 

'60 

.60 

'60 

'56 

'59 

'57 
'60 

1-65 

1.54 59'62 

:::::I -60 

46.04~ -61 

1-60 

1.68 

1'55 
1-52 

1.58 

1-50 

1.58 

1.52 

2.50 

'60 

.60 
1.54 
1.51 

.62 

60 

'62 

'6.3 
'60 

'62 

2.69 1.56 

2 6 1  6 
1-47 

1.4." 
1-56 

1.60 

1-60 

-66 

.h4  

1.61 

1.55 
1.69 

1.62 

1-66 

1.58 

2-69 

2.63 

1.65 

4'98 

7'65 
10.21 

12.98 

15'58 
18.29 

.5q 

. 60 ,  

'60 

.6.3 

'59 
a60 

.59 

1.66 

1.60 

20.88 

23.42 
1.69 

1.54 
1.61 

1-55 

25'891 '59 49.40, 
28.4; 51 '99, '48 

31-16 54'5.3' 

33'84 
-62 36.51 ~ 9 . 8 4 ~  '59 

47 2.56 ... 



f ! L E  IT !I!EANSCRIP!L' AND REDUCTION OF CLOCK COMPARISONS. (65)  

ddelz (E) and Suez (W). 

Astronomical Date 

and Dwriptive 

Details 

a 

1877 

May 80 

Oomparimn NO. 1 

Exohange D 

Current d 

at E d ,  Positive 

at West, Negative 

Pen Equation 
8 

& & ~ t  - 1'709 

st Week - I '310 

Cable No. S 

Y-n 

1877 

May 80 

Cornpariaon No. !3 

E x c h q e  A 

Current used 

at Rnet, Negative 

at W-b ,, 

Pen Equation 
a 

8tE-t 1'710 

at Week + 1.310 

Cable No. B 

Mean 

T i e e  of L o d  
Sig?lals reoorded on 

Chm~logrspl~ at 

Intervals 

between 

suoctw~ve 

Local Bignale 

Interpolation of 

Received, between Local, 

Big~lals recorded on 

Cable Tapes 

Eaat 

1 

r s 
16 37 19'25 

11'93 

14-57 
27 '20  

29' 7 0  
32. a8 

34-85 

37'44 

40'07 

42'65 

45'25 

M 

East 

3 

s 
1-68 

2-64 

2-63 

2-50 

2.58 

2-57 

1-59 

2.63 
2-58 

2-60 

2-65 

Wwt 

'2 

h r  s 
15 47 44.44 

47'20 

49-80 
5a.28 

54.90 

57'40 
48 0.05 

2.65 

5'20 

1-83 

10'39 g 

:: i 

reoorded at 

W& 

4 

8 

2-76 

2-60 

3-48 
2.62 

2-50 

2.65 

"60 

2.55 
2.63 

2-56 

2.61 

Signals from 

West on 

::: 

Times of 

Sig~laln in Terma of 

Distant Clock 

47'90 

50'47 

52-99 

55'60 
58-12 

East - 
.- 

6 

-59 

'63 
'60 

'59 
'60 

-58 
.6o 

'60 

'57 
'60 

'56 

Signals from 

East on 

Deduotion 

of d, the 

rind 
Diffarenoe 

between the 

Clocks at 

ICpOch t~ 

16 37 39 - t, 

2-57 
2.52 

2.61 

2.52 

West 

Sigilale 

by E ~ C I ~  

Clwk 

9 ( = I + 6 )  

h m  s 
16 37 20.83 

13-59 
26.15 

28.68 

31.25 

33'77 
36-40 

39.02 

41 '54 

44'21 

46'73 
13-00 

15-60 

18.10 

20.70 

13-30 

Tape 

g . s 8  
% Z b r 2  ------ 

6 

t 

1-58 

1-66 

1.58 

1.48 

1.55 

1.49 

1.55 
1.58 

1.47 
1.56 

1-48 

West 

a 
5 

7 

'59 

'59 
.62 

-62 

-60 

.63 

.6o 

'63 
'62 

'63 

.64 

n e 
h n. 

,?? 
VIVI w. rn 

ESS 
e 0 0  

1 1  

%% $ 
mrn a 

5 .  w i i 
rnm rn 

a e 
0 

I 1  I 
a 

.; 1 
z 5 g =  Q z 
2 $ 
L E. e 6 
g 
.; = 
$ 
U 

4 
- 09 " 4  - 
0 

'g 2 
c 

4 

Resulting 

Valuee of 
double 

RetarbLion 

l2(-1-10)13(=11-12) 

a ... 
0'53 

-55 

'49 
-60 

'47 

'59 

'52 

-56 

'52 

2-60 

a . jo  
2.60 

2.60 

East 

Signals 

by weat 

Clock 

lo(-Z+8) 

h m  8 ... 
15 47 46'07 

48'73 

51'34 

53'9O 

56'40 

59-07 
4.8 1.61 

4.26 

6-83 

9'44 

Obaewed 1)Xerenoee 

of CloaLs at 

a56 
'60 

-60 

-58 

Tape 

! 

8 

s 
1-63 

1.53 

1.54 
1.62 

1.50 

1.67 

1.56 
1.61 

1-63 
1.61 

1-67 

n. 

L 
V1 m 

z 
0 

I 

3 _ 
6 - " 
4 
" - a  

d 
b .. 
0 - 
3 
3 

East 

,11(=9-2) 

h t n  s 
049 36.39 

'39 

'35 

-40 

'35 

'37 

'35 

'37 

'34 

-38 

1.44 
I -51  

1.57 
1-46 

.6z 

.62 

'63 
'62 

B W  
.3 1 
3 g .  9 
8 7 
& 

49'34 

51'98 

54'56 

57.06 
... 

West 

h a  a ... 
049 35-86 

'84 
-86 

-80 

- 88 

'78 

'83 
'81 

1.61 

1.55 
1.64 

1.61 

... 

... 
17 37 36.98 

39'77 

42'43 

45'00 

47.5, 
... 

53'05 

55'60 
58.06 

... 
38 3-14 

. . . 

... 

... 
0.54 

'54 

.58 

'69 
... 
'53 1 -56 

'48 

-38 

-46 

-36 
... 

04936.371 049 35'833 

12-06 

14-61 

17.15 

19-74 
22'.31 

0 49 35'44 
... 

'55 

'53 

-56 

'67 

'53 

'55 

'57 

-48 

'55 

-48 

'54 .60 

'55 

'538 

... 

. . . 
04935'00 

'01 

34'99 

-98 

' 98 
.. . 
35 ' 0 2  

.01 

-00 

18 a7 6.3017 

9.00 
11-98 

14'78 

17-42 

19-98 

'52 

'52 

37 31-48 
... 

38-11 

40.83 

43-50 
46.00 

1.62 

2-00 

1.68 

1-58 

1-64 

1.69 

1-61 

2 - 0 2  

1-60 

1-47 
1-52 

1.58 

1-53 
'60 

'62 

'60 

-67 
-60 

-60 

'64 

a67 

2.70 

2.98 
2-80 

2.64 

1.56 

2.52 

... 
4.50 
1.66 

1.60 

1-50 

1-52 

... 
1-57 
1-50 

1-46 

... 
1-48 

1.54 

... 
.So 

-61 

'60 

'60 

'59 
... 
~ 6 0  

.60 

'60 

... 
-60 

'62 

5.66 5 2  

8.11 '51 

'64 
.66 

'6.3 
'60 

-60 

'6.3 
'60 

2.48 

2-51 

5.63 
... 

2.72 

2-67 

2.50 

2'58 

18 27 7.91 

11 '00 

13.66 

16-36 

19.06 

21.67 

24'11 

27'0.3 

29'67 
-3 a. 08 

34'58 

37-18 

39'64 
1-46 

1-50 

... 
34'97 
.35 '00 

34.98 

'95 10.56 

18 27 26 - t, 

2-90 

2.62 

2.50 

2-43 
2.63 

2.46 

2-48 

1.51 

1'48 

22.50 

25.01 

18-07 

30.61 

33-06 

'61 

'59 

2.43 
1-42 

... 
'55 

'51 

'54 

.56 

049 34-99' 
! 

40.66 6.60 

... 

049 35'536 

42.12 

44'59 
... 

'554 

43'09 

45'51 

48.581 2-51 

9-08 

11'59 

51.48 

54'10 
56.60 

59.03 
38 1-66 

38'11 35.61 4.12 

3.06 

2-54 

2-45 

2-54 
2-51 

2-55 



T U L E  P. TRANSCRIPT AND REDUCTION OF CLOCK COMPARISONS. 

Adeu (E) and Suez (W). 

Astronomical Date 
and Descriptive 

Details 

1877 

Comparbn No. 2 

Exchange B 

Current uwd 

at East, Positive 

at West, ,, 

Pen Equation 
6 

at E a t  - 1'710 
at West - 1.310 

Cable No. 2 

Mean 

1877 

May 80 

Comparison No. 2 

Exchange 0 

Current used 

at East, Negatire 
at West, Positive 

Pen Equation 
6 

at Enat + 1.710 
at West + I-3x0 

Cable No. 2 

Mean 

Interpolation of 
Received, between Local, 

Signal8 recorded on 
Cable Tapes 

Times of Local 
Signals recorded on 

Cllronograph at 

18 28 42 = t 

Intervals 
between 

successive 
Local Signals 

Signals from 
West on 

Eaet Tape 
East 

1 

h  6 
18 28 21.4917 

24.60 

27'15 

19-64 
32.12 

34.70 

37'20 

39'74 
42.28 

44'78 

47'40 

50'03 
~a.64 

55.20 

57.83 

29 0'33 
2-90 

Times of 
Signals in Terms of 

Distant Clock 

Observed Differences 
of Clocks at 

Resulting 
Values of 

Ibtardation 

la(-1-10)18(-11-12) 

J 

... 
0'55 

'54 

'47 

'59 

-51 

'50 

-50 

.51 

'55 

-56 

'57 

'58 

.46 

-53 

.56 

'54 

-533 

ss 

Elret 

8 

8 
3.11 

2-55 

2.49 
2.48 

2.j8 

2-59 

2.45 

2.54 
2.50 

2.62 

2.63 

2.61 

2-56 

2.63 

2.50 

2'57 

Signsls from 
East on 

West Tape 
West 

2 

h m  J 

38 47.0.3 

49.79 

51.34 

54.79 

57.38 

59.95 

39 2.40 

4'90 

7-40 

9.99 
12-50 

15.20 

17.74 
20.48 

22.88 

If's1 
28.03 

I 

Weat 
Signals 

by East 
Clock 

9 ( = I + f i )  

h m  6 

18 28 23'36 

26.1317 

28.64 

31'13 

33 '67 

36-25 

38'74 
41'21 

43'78 

46.33 

East 

l1(-9-2) 

h m  a 
04936.33 

'34 

'30 

-34 

'29 

'30 

'S4 

'31 

.38 

'34 

-32 

'37 
-18 

'30 

'35 

' 34 
... 

O49 36'327 

recorded at 

West 

4 

6 

2.76 

2-55 

2-45 

2.59 

2.57 

2.45 
2.50 

2.50 

2.59 
2.j1 

2.70 

2.54 

2.74 
2'40 

2.6.3 
2.52 

East 
Sigllala 

by West 
Clock 

lo(-2+8) 

h t n  a 
... 

38 48'82 

5 1'.35 

33-81 

56.37 

58.92 

39 1-49 

3-90 
6.48 

8.95 

West 

h m  J 

... 
049 35'78 

.So 

'83 

. f5 
'78 
-80 

'84 
-80 

'83 

.78 

'75 

-79 
'82 

"77 
'79 
-80 

049 35'794 

18 ag 33'90 

36.63 

39'23 

41 '85 

44'59 

47'22 

49'89 

52'38 

54'84 

57'47 
3' O'O7 

2.64 

5'25 

7.89 

10.44 

13'07 

0149 35'53 

'49 

'52 

'53 

'47 

'53 

'57 

-58 

'57 

-58 

'52 

'52 

'53 

-58 

'55 
... 

049 35.538 

.- 

Deduction 
of d, the 

giIlal 
Differenw 

between the 

Clocks st 
E p h  t, 

18 a9 54 .- b, 

63 
'60 

'60 

'59 
'60 

'65 
'66 

'63 

'64 

'6.3 
'62 

'61 

.64 
'62 

'61 

... 
0.56 

'50 

'57 

'53 

'50 

'56 

'57 

-58 

-56 

'57 

'54 

'53 

'54 
-60 

'51 

- 

'548 

... 
049 34'97 

'99 

'95 

35'00 

34'97 

'97 

35'00 
'00 

'01 

'01 

34-90 

'99 

'99 

-98 

35'04 

049 34'990 

5 

-60 

'60 

'60 

'60 

-60 

'60 

'59 

.58 
'60 

.59 

'54 

'59 

'54 
'60 

.56 

'59 

b.? 
n o -  

* ;; 
.s w. 

E % z  
4 0 0  

I I  

11-62 

14-28 

54'02, 16.85 

- 
\p 

2 
or: 

? 
0 

I 

56.;8 

59'2.3 
29 1-85 

... 

1-76 

1.54 
1.64 

1.60 

1'55 
1.63 

1'59 
1-64 

1.66 

1.66 

1.62 

1.60 

1.62 

1.65 

1-56 

17 39 59.90 
40 2-70 

5-26 

7'99 
10.70 

13-29 

15'79 
18.20 

20.80 

23.40 
26.04 

28.66 

31-28 

33.81 

36.47 

39 ' 0.3 

------ 
6 

6 

1.87 

1.53 

1'49 

1.49 

1-55 

1.55 

1'45 

1'47 
1'50 

1-55 
1.42 

1-54 
1.38 

1'58 

1-40 

1'52 

; * 
. I 

9 s 
g =  i - 
2 $ 
& g 
g 

b 

% , c 
6 

4 
-a - r( 
-G 
)j t 

5 s 

19..38 
22.06 

24'54 
27' 10 

2.80 

2.56 

2.73 
2'71 

2-59 
2-50 

2.41 

2.60 

2.60 

2-64 

2-62 

2.62 

2.53 
2.66 

2.56 

2-13 
2'60 

2.62 

2.74 
2-63 

2.67 

2.49 
2.46 

2.63 

2.60 

2.57 
2.61 

2.64 

2.55 
2.63 

000 W. 01 w * u.* U 

* -"a V) 

18 29 35.43 

38.19 

40.78 

43'52 

46.17 
48.82 

51-36 

53';s 

56-31 

58.98 
30 1-56 

4.18 

6.81 

9'39 
12'0a 

... 

sss 
.c 0 0 

I I  

7 

.65 
'61 

'60 

'61 

'60 

'63 
'60 

-63 
'60 

.65 

.66 

'65 
'60 

.66 

-63 

'63 

.56 
'60 

'59 
'61 

'60 

'60 

'59 

'57 

.58 

.58 

.j8 

.59 

.j9 

.59 

.60 

... 
17 40 1-66 

4'24 
6.90 

9'59 
12-25 

14'92 

17.38 

19-84 
22.46 

15.06 

27.66 

30' 26 

32'90 

35'46 

38'03 

$ 
0 

II 

m 

8 

6 

1.79 
1-56 

1.47 
1.58 

1'54 

1'54 
1-50 

1.58 

1'55 
1.63 

1-78 

1.65 

1.64 

1.58 

1-66 

1-59 

1-53 
1.56 

1-55 
1.67 

1.58 

1.60 

1-41 
1.40 

1.53 
1-51 

1-49 

1.54 
1-56 

1.50 

1.58 

s w  
.O I 
g 
a :  1 
d 1 
$ g 
r Q  

3 = 
c 

8 
L 

f 
-a 9-4- 

B 
C 
0 = 
1 



TABZB 7, TRANSCRIPT AND REDUCTION O F  CLOCK COMPARI80NS. (67) 

Aden (E) a d  SZEZ 

datrono~nical Date 

and Descriptive 

Details 

Deduction 

of d, the 

Final 

DifPerence 

between t h r  

Clooke a t  

Interrnla 

between 

s~~coeseive 

Lucal Si~lrcrls 

ae recorded a t  -- 

Epooh t, 

ern Y) 

, 5 
Y) Y), 

Y) 
mar: rr) 

E O'O‘ 0' 

.z !I 
a " 
f a g :  

8 1 
4 2 
.- 
Y 

8 = 
Q 

Times of Local 

S i~nals  recorded on 

Clirouograph at 

East 

Interpolatiol~ of 

Bece~vtd, between Local, 

Signals recorded on 

Cable Tapes 

Bignala fiomlSignals from 

:. 
0'53 

'57 

'55 
.62 

'55 

.58 

'57 
.6a 

-60 

'63 

'57 
'58 

East West 

West on 

Enst Tape 

by Esat by West 

.- Clock 

1 2 3 4 6 6 7 8  9 ( - l + 6 )  l o ( - 2 + 8 )  11 ( - 9 - 2 ) 1 2 ( - I - l 0 ) 1 8 ( - 1 1 - 1 2 )  

Ti~nes of 

S i g ~ ~ a l s  in Terms of 

Uistuut Clock 

West 

East on 

West Tape 

, I 

1877 8 h m  s 
o 49 36.29 

55.00 '31 
57'50 58'99 21-76 '29 

Comparison No. '2 59'98 24' 24 

31 2'45 3-91 26.711 '37 

Exal~ange D 4'89 6.29 29.071 -36 

7'30 8.66 

9'73 1 1 - 2 0  
Current used 

12.18 13'67 36.42 '35 
a t  East, Positlre 14.70 16.17 38'95 '42 
at West, Negative 17.15 18.69 41.36 '39 

19-71 21.16 43'89 '34 

Pen Equation zz..qo 47.161 2.60 2-63 .56 1 4 6  .64 1-68  23'76 46.54 -30 
8 24'90 50.0~1 2.60 2.61 .60 1 .56  .6r  1.67 26.46 49' 14 '37 

at EIMt - 1'710 

West 

Signals 

h m  s ... 
04935 ' i b  

'74 

'74 

'74 
-82 

'78 

'15 

-76 

' 75 

-79 
.82 

/ -76 

.76 

h l l l t i n g  

Valuee of 

double 

Retardation 
East 

Signala 

Obeerved Differences 

of Clockn at  

'74 

' 1.3 

I 

'63 27-50 2.65 a.60 .58 I 54 .661 I '7a  29.04 51 .76 ' 34 
a t  West - 1.310 

30.15 55 ' 30 .. . 54'42 ... 

Eaet 

-61 

Cablc No. 8 
- - 

W a t  

d 61 - A  

Ti 
C - 0 - 
B 
i I 

Mrnl~  18 31 11 - t L  . 



(68) FABLE PI. REDUCTION OF COMPARISONS OF CLOCKS. 

Bombay (E) cMzd Aden (W). 



T ! Z E  PI. REDUCTION OF COMPARISONS OF CLOCKS. 

Bombay (E) atad Aden (W). 

1)eduaed 

Clook Differenan 
D 

a t  Epochs by 
E Clock 

h a  8 

D = I 51 56.988 

T = 14 55 59 E 

D = I 51 56.027 

T = 15 50 E 

D = I 51 56.073 

TE = 15 52 51 . 

D = I 51 58.109 

T = 14 54 15 E 

D = I 51 58.147 

Belative 

Hourly Clock 

Rate 
Correction 

B 

Astronomicd 

Date 

May 6 

1877 
&y 8 

May 4 

Conditions and Meen Resulta of each Exohange of Signals 

Mean 

Value of 

Retardation 

No. 2 

Mean Olook 
Ilifference 

d 

NO. 2 

No. 2 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Poaitive 

N e ~ d i v e  

Cable 

used 

2 

13 

SI 

I I  

1 

n 

)I 

19 

2 

11 

I I  

I I  

h m s  h a  a 

Negative Negative 18 a 55'930 

Positive Positive 19 a 55'933 

Negative Negative a0 7 55'940 

s 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

1 

" '  

13 

II 

S 

IS 

II 

n 

1 

11 

II 

IS 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

N egative 

Positive 

Negative 

Negative 

Positive 

Meail ... 

Positive 

Negative 

Negative 

Positive 

Me an... 

Positive 

Negative 

Negative 

Positive 

Mean ... 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

P 

No. of 

Compari- 

son 

Mean Time 

by E Olock 

tx 

Current used a t  
Letter 

of 

Exchange 
East 

Station 

Mean ... 

Positive 

Negative 

Negative 

Positive 

Mean ... 

Poeitive 

Negative 

Negative 

Positive 

Me an... 

17 32 34 

33 45 

34 51 

36 3 

1 7 3 4 1 8  

14 15 31 

16 45 

17 50 

I9 3 

14 17 17 

17 30 55 

32 3 

33 2 

34 11 

17 32 33 

West 

Station 

14 18 31 

17 30 46 

31 51 

32 50 

34 25 

17 3a a8 

14 19 23 

a0 34 

21 36 

ar 48 

14 a1 5 

I 51 58'329 

58 '335 

58.335 

58.335 

15158'.333 

I 51 60.131 

60. 130 

60.133 

60.153 

I 51 60.137 

I 51 60'470 

60.449 

60.460 

60.455 

I 51 60.459 

I 51 55.933 

I 51 56,229 

56'21.3 

56.223 

56.214 

I 51 56.azo 

I 51 58.065 

58-49 

58.080 

58.038 

I 51 58.063 

o'a83 

-277 

' 284 

' a86 

0.283 

0'279 

-271 

. a80 
a83 

0.278 

0.282 

' a84 

'279 

- 289 

0.283 

0.286 

0.297 

'a8a 

' a93 

. a86 

0.290 

oea96 

-274 

'a87 

' 297 

0.288 

I 
+ 0.0988 

nt 
'5" 54- 55' 

+ 0i,08R8 
15'55m3& 

0 

+ On'839 at 

E 

D = I 51 58.203 

T IC = 16 126 

D = 152 0.195 

T = 1452 12 
E 

D = 152 0'244 

T = 15 22 23 
E 

D = 152 0'315 

T E = 16 533 



PdBLE PI. REDUCTION OF COMPARISONH OF CLOCKS. 

Bombay (E) and Adele (W). 

Astronomical 

Data 

1877 
May 7 

Mug 8 

May 9 

Cable 

uwd 

No. 2 

No. 2 

Relative 

Hourly Clock 

Rate 

Correction 

R 

I 
+ 0.0860 

nt 
1 6 ~  r m  59. 

s 

Deduced 

Cloak DXerencer 

. D 

at  Epwhs by 

E Clock 

h m  r 
D = I52 4'407 

Tg = I4 5I 59 

I D = 152 4.450 

TE= 15 21 54 

D = 152 4'495 

TE = '5 53 25 

D = I 52 6-348 

TE = 14 53 3 

Conditions and Mean Results of ench Excllange of Sign& 

D = I 52 6.382 

TE = 15 20 15 

D = I 52 6-415 

TE = 1.5 46 4 

D = I 52 8.129 

TE = 14 54 40 

D = I 52 8. 163 

TE = 15 21 32 

D = I 52 8.203 

"', = 155437 

No. 2 I 

No. of 

Compari- 

son 

2 

I S  

SI 

#I 

1 

Mean Clock 

1)ifferelrce 

d 

I, 

II 

IS 

2 

IS 

n 

IS 

1 

S I  

3s 

II 

2 

II 

vs 

I S  

1 

IS 

13 

#I 

Letter 

of 

Exci~ange 

Mean 

Value of 

Retardat1011 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

c 
D 

I 
Bfesn Time 

by E Clock 

t~ 

Current 

East 
Station 

rlaed at  

West 

Stetlon 

0 ' 2 ~ ~  

'275 

' 28.3 

' 274 

0.283 

0.291 

.a69 

.a71 

'270 

0.a75 

0.315 

-287 

'297 

'306 ' 
Positive 

Negative 

Positive 

Negative 

+ 0'0744 
s t  

1 6 ~  1' 4' 

+ 0.0761 
0.301 I at 

Negative Negative 8.105 a87 

Positive Negative 8.076 -271 

Negative Poaitire 33 26 8'115 '295 

Mean ... 

Positive 

Negative 

Negative 

Positive 

Mean ... 
I 

Pomtive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negntive 

14 28 57 

1 7 3 4 2 2  

35 16 

36 a2 

37 20 

17 35 50 

0.293 

-288 

' 299 

'a92 

0.193 

Positive 

Negative 

Positire 

Negative 

Positive 

Negative 

Negative 

Positive 

Mean ... 

Positive 

Negative 

Negative 

Poaitive 

Mean ... 

Poative 

Negative 

Neg~tive 

Poeitive 

I 

I 1 : 5: 64:3S4 

I 52 6.317 

1 5 2  6.562 

6.576 

6.511 

6.567 

I 51 6.554 

16' am 24' 

27 59 

29 5 

Positive 

Negative 

Negative 

Positive 

Mean ... 

64' 399 

64'338 

17 3 1  41 

32 45 

33 57 

35 9 

17 33 a3 

30 16 1 64'370 

14 a8 32 
-- 

1 7 3 3 4 8  

34 53 

35 58 

37 0 

17 35 a5 

1 4 ~ 7 1 2  

28 18 

29 32 

30 44 

I ga 8'334 

8.3aa 

8.320 

8.328 

I 52 8.326 

I 
I 51 64'373 

1 5 1 6 4 . 6 6 2  

64'679 

64.602 

64.620 

1 51 64.641 

1 5 2  6.343 

6.294 

6.310 

6.322 

o'a86 

* 265 

269 

268 

0'272 



T D L E  'PI. REDUCmON OF COMPARISONS OF CLOCKS. 

Aden (E) and Suez (W). 

dstronomical 
Date Cable 

ueed 

, 

Relative 

Hourly Clock 

Rate 

Correotion 

B 

Deduced 

Clock Differenma 
D 

at Epochs by 
IC Clock 

Tz 

No. of 

Compari- 

son 

s 
- 0-0510 

at 
17' 35" 35. 

e 
- 0.0395 

a t  

1877 
May 26 

May Zg 

D = 04938'320 
k m  8 

TE = 16 42 5 

D = 04938'321 

TB = 1641 4 

D = 04938.238 

TE = 18 18 45 

D = 049 37.480 

TE = 16 46 26 

1 

a* 

a t  

n 

II 

n 

l a  

PI 

1 

18 

18 

18 

Conditions 

Letter 

of 

Exchange 

I 
No. 1 

No. 1 

D = 049 37'484 

Tg = 16 40 11 

D = 0 49 37.419 
TE = 18 18 33 

D = 04936.822 

TE = 1646 30 

l3 = 049 36.828 

TE = 16 41 6 

D = 04936.732 

TE = 18 16 28 

A 

B 

C 

D 

A 

B 

0 

D 

A 

B 

0 

D 

May 27 

a 

18 

II 

II 

1 

11 

n 

IS 

e 

t a  

I, 

n 

and Me~m Reenlte of each 

No. 1 

Exchange of Bignnls 

Current 

East 
Station 

A 

B 

0 

D 

A 

B 

0 

D 

A 

B 

0 

n 

Mean !Ci~ne 

by E Olock 

t~ 

ueed at 

West 
Station 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negcrtire 

Positive 

Negst~ve 

Positir o 

A m ;  
16 33 42 

35 1 1  

36 38 

37 46 

16 35 49 

18 33 9 

34 37 

35 51 

37 43 

18 j5 20 

16 50 35 

35 23 

37 45 

39 20 

16 40 46 

Negative 

Positive 

Positive 

Negative 

Mean 

Negative 

Positive 

Positive 

Negative 

Mean 

Negative 

Positive 

Poeitive 

Positive 

Mean 

Mean Clock 

Difference 
d 

I 

M a l l  

Value of 
Retardation 

h + n  J 

o 49 38'346 

38 .308 

38.359 

38.288 

0 49 38'325 

o 49 38.222 

38.135 

38.113 

38.224 

o 49 38.224 

o 49 37.488 

37'416 

37'485 

37'485 

Negntive 

Positive 

Negatire 

Positive 

Negtrtive 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

6 

0.297 

' 293 

.a87 

' 285 

0 . ~ 9 1  

0.293 

'300 

.295 

'297 

0.296 

0.298 

-306 

'306 

'323 

Negative 

Positive 

Positive 

Neptive 

M a n  

Negative 

Positive 

Positive 

Negative 

Mean 

Negative 

Positive 

Positire 

Negative 

Mean 

18 27 15 

28 58 

30 3 

31 22 

18 29 25 

16 38 20 

39 46 

41 29 

43 1 2  

16 40 42 

18 p 14 

31 49 

33 20 

34 46 

18 ga .3z 

o 49 37.439 

37.401 

37.418 

37'388 

o 49 37.412 

o 49 36'837 

36.816 

36 '849 

36'809 

o 49 36.828 

o 49 36.726 

36'712 

36'717 

36.710 

o 49 36.716 

0.318 

'309 

.a70 

.289 

0.297 

0.283 

.318 

-296 

'322 

0.305 

0.291 

-306 

278 

'309 

0.296 

1 7 ~  35m 6' 

s - o.o(io1 
at 

1 7 ~  36" 35' 



T O L E  PI. REDUCTION OF COMPABISONS OF CLOCKS. 

Aden (E) and Swz (W). 

Deduced 

Clock Differences 

D 
at Epochs by 

E Clock 

T~ 

A m  8 

D = 04936.249 

TE = 165448 

D = 0 49 36.256 

TE = 16 46 o 

D = 0 49 36-19' 

TE = 18 958 

D = 04935.891 

TE = 1646 32 

D = 0 49 35-893 

TIE = 1641 9 

D = 049 35'853 

TE = 18 16.58 

D = 049 35-68; 

Tg = 16 56 54 

D = 0 49 35.689 

TE = 16 51 5 

D = 049 35.664 

TE = 18 18 52 

Relative 

Hourly Clock 

Rate 

Correction 

E 

- oeo468 
at 

1 7 ~  3Rm 10' 

s - 0.0248 
at 

1 7 ~  35m as 

8 - 0.0169 
at  

l f h  3zm 30' 

Astronomical 

Date 

1877 
May 28 

May 89 

May SO 

Mean 

Value of 

Retardation 

- 
J 

0'279 

3oa 

' 267 

-291 

0.284 

0 .271  

.261 

' 248 

.269 

0.262 

0.265 

'273 

-261 

' 290 

0.272 

0.271 

,265 

-246 

.a62 

0.261 

0.265 

-266 

'a58 

.a69 

0'265 

0.277 

.266 

-274 

. 292 

0.277 

Signals 

Mean Clock 

Difference 

d 

A n ,  J 

o 49 36.275 

36.257 

36.259 

36.265 

0 49 36,264 

o 49 36.184 

36.166 

36.172 

36' 147 

o 49 36'167 

o 49 35.902 

35 '889 

35'891 

35'895 

o 49 35'894 

o 49 35'860 

35 '849 

35 '863 

35'818 

o 49 35'847 

o 49 35'677 

35'692 

35'700 

35 ' 703 

0 49 35'693 
P 

o 49 35'664 

35'661 

35.664 

35'655 

o 49 35.661 

Exchange of 

Menn Time 

by E Clock 

t, 

h m s  
16 33 52 

35 7.2 

36 43 

38 I I 

16 36 

18 38 26 

39 41 

40 50 

42 10 

18 40 1 7  

16 36 50 

38 8 

39 21 

40 51 

16 38 48 

18 29 18 

30 3s 
31 52 

33 12 

18 31 15 

16 33 48 

35 4 

36 17 

37 39 

16 35 42 

18 27 a6 

a8 42 

29 54 

31 11 

18 29 18 

Cable 

used 

NO. 1 

~ 0 . 2  

No. 2 

No. 2 

Compari- 

son 

1 

91 

I* 

II  

2 

II  

YI 

la 

1 

as 

II 

a) 

2 

IY 

19 

II 

1 

II 

DI 

II 

8 

ID 

Is 

IS 

Conditions and Mean Resulte of each 

used at 

Btation 

Negative 

Positive 

Positive 

Negative 

Mean 

Negative 

Positive 

Positive 

Negative 

Mean 

Negative 

Positive 

Positive 

Negative 

Mean 

Negative 

Positive 

Positive 

Negative 

Mean 

Negative 

Poeitive 

Positive 

Negative 

Mean 

Negative 

Positive 

Positive 

Negative 

Mean 

Current 

htbr + of 

Exchange 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

0 

D 

A 

B 

C 

D 

Station 

Negative 

Positive 

Negative 

Poeitive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negntive 

Poeitive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positire 



TABLE VII. ABSTRACT O F  OBSERVED VALUES O F  THE ABSOLUTE (N - 8)  EQUATIONS. (73) 

Of Captain8 Campbell and Heavkide. 

* These stars were observed for the determination of this equation only, and are not otherwise used. 

NO-.-The ~ymbol, N - 9, signiaes a quantity which must be added to the times observed for Stars of 8011th Aspect, before they can be compared with t h m  
for Stars of North Aspect, by tlie eame Observer. 

The values of the Relative Personal Equations, CN - H N ,  and Cs - Hg, adopted for the reduction of the observations between Bombay, Aden, and Suez are 
those obtained by observations at  Bombay in April 1877-vide Part I, page 56, tie., UN - HN = + oa.030, and Cs - Hs = - 0'. 016. 

Tlie general symbol, C - H, signifies a quantity which muat be added to times observed by Captain Heaviside, before they are compared with those observed 
by-Captain Campbell. 

BO~BAY-ADEN. ADEN-SUEZ. 

Campbell 

Btar'sName 
orB.A.C.No. 

6061. 

6473. 

6641@ 

6 6 6 ~  

6927. 

6968@ 

General Mean 

Heaviaide 

Btar'sNume 
0rB.A.C. No. 

4906 

6048 

6126 

4933 

49 Herculia 

16 Bootis a 

General Mean 

at Suez 

Equation 
27-8 

J 

+ 0.012 

+ '075 
+ ,056 
+ '076 

+ '047 
+ -014 

+ '09: 
+ -052 
+ ' 1 x 1  

+ '030 
+ ,068 
+ -016 
+ '0.31 
+ -088 
+ ' I 1 0  

+ ' 0 2 0  

+ '028 
- '016 
+ '0.31 
+ -029 
+ '142 

+ '093 
- '11a 
+ -051 
+ - 1 2 0  

+ '093 
+ - 1 2 7  

+ .069 
+ a061 
+ .089 
+ -083 
+ -081 
+ -013 
+ -090 

+ 0.058 
=t 0.006 

at Aden 

Star'sName 
orB.A.C.No. 

72 Ophiucbi 

60 Ophiuchi B 
6674 

General Mean 

Equation 
X - 9  

J 

+ 0.041 
- .016 
+ 'ocn 

+ ' 1 1 2  

+ -024 
+ -027 
+ -005 

+ '033 

+ 0 .022  

i 0.003 

at Bombay Henvieide 
-- -- 

Equation 
N - S  

J 
+ 0.031 
+ 'OZO 

+ -018 
- '041 
+ .or4 
+ -019 
- -058 
- '025 
+ .069 
+ -029 
+ -006 

+ '094 
- .019 
- '086 
- .or7 
- '022 

- '057 - '001 

- 'or6 
- - 0 2 1  

+ '049 
- '047 - - 0 1 0  

'+  - 0 0 2  

+ -ma 

+ '034 
+ .006 
+ .ogz 
+ .066 - '014 

+ '057 - ' 0 0 7  
+ '115 

- '047 
- -006 
- '013 

+ 'or1 
+ '013 
- '032 

'043 

+ 0.006 
i 0.005 

6 

+ 0.027 
+ -076 
+ '137 
+ -069 
+ '067 
+ -086 
+ -160 

+ -065 

+ '095 
+ '031 
+ -069 
+ '117 
+ .o61 
+ -066 
- -028 
+ .og2 
+ ' la0 
+ - 1 0 2  

+ '100  

+ -092 
+ -046 
+ '080 

+ '155 
+ -084 
+ '094 
-t .083 
+ .038 

+ '044 
+ -106 

+ '059 
+ .064 
+ -108 
+ . loo  
- - 0 1  7 

+ '035 
+ '053 
+ -029 
+ -104 
+ -076 
+ '100 

+ -11.3 

+ '073 
+ -091 
+ .o31 
+ .056 
+ '0.35 

+ 0.074 
f 0.004 

444.0' 

4604" 

5858* 

4724* 

6067 

6136 

5160 

General Mean 

20 Herculia y 

6490 

- 

27Ophiucl1ir 

6766 

64Hemuliaal 

660phiuchia 

13  A q o h  

17 Aquilm { 

49 Opbiuchi a 

Equation 
N - 8  

6 

+ 0'0.39 
- 'or a 
- '01 I 

- '034 - '023 
+ '053 
+ .& 
+ .019 
+ -013 
+ -01.3 
+ -014 
- '016 
+ so26 
+ -064 

+ .ago 
+ '045 
+ '065 
+ .018 
+ .ooq 
+ .007 
+ -013 - '013 
- '001 

+ -058 
+ -066 
+ -046 
+ *045 
+ 'oil 

+ -020 

+ .031 
+ -030 
+ '023 
+ '002 

- "374 
+ '053 
- .or4 
+ .or2 

+ '033 - a028 

+ '073 
+ '044 
+ '024 
+ -036 
+ '047 
+ 'era 

+ '055 - '022  



(74) T B L E  VIII. OBSERVATIONS OF TRANSIT8 WITH LOCAL CLOCKS, AND DEDUCTION 

Of t?te C m e c t e d  diference of obsemed times, MN. 

NOTE. Id = o"ozz5. * Tliie star doen not occur in tlie U.A.C. 

1 

BOMBAY (E), Lot .  1s 54', Long. 4 h  61" : AND ADEN (W), Lat. la" 46', Long. 3 b  Om. 

2 
TRANSITS OBSERVED AT W nilTerence of ,$ 

Corrected 'l'i~nee 2 o p 
By CanrpbeIL: with Te'slescupe No. 2 

3 
F1 

3 .- 
E 

3 

1877 

dp1.80 

Apl.30 

STAR 
TRANSITS (~~SERVED AT E 

By Heaairide, with Telescope No.  1 

B.A.C. 
Number 

4895 

48933* 

4905 

4917 

4926 

4933 

4939 

4945 

4953 

4962 

4909 

4881 

4998 

5086 

5048 

6(Wj1 

5067 

6075 

5085 

6092 

6098 

6104 

6120 

6126 

6135 

6150 

I n -  
~ t r u ~ n e n t a l  

position 
alld 

~orrcct ion 
~ o ~ ~ s t n n t a  

I .P .E.  
d - . 

b + 3.6 
a + 3.1 

J 

Q + I -46 

I .P .E .  
d 

. 
+ 3'6 

a + 3.1 

6 

Q -  1-46 

semnda 8 
Decli- Position 

Observed Correc- 
Mean 

Obeer~ed 
Time 

h m  6 

14 43 41-90 

43 53-31 

45 31'88 

47 32.57 

50 13.78 

5 ~ 6 ' 4 . 3  

54 12'8.3 

55 24-51 

56 .32'15 

58 20.75 

58 59-48 

15 I 42'87 

3 2.98 

151024.56 

1245.41 

14 55'08 

16 25'38 

1759.21 

19 56.78 

20 60.86 

22  37.24 

2430.58 

26 21.~30 

17 16-09 

28 i 7 .18  

30 26.54 

nation Correct- -2 
~orrect ion Time tion 

ed 9 

0 8  

-15 32 

- I S  32 

+ I 9 3 7  

+46 59 

+1457 

+1653  

- 8 2 

- 7 5 

+ 25 30 

+ a 7 3 4  

+ a 7 2 6  

+2521  

+ 25 35 

+3346 

+21 2 

+ l o  4 

+13 I 

+30 44 

+ r 5 5 2  

+47 30 

+zg 32 

-19 45 

+ 16 29 

+ 16 a6 

+ 10 57 

+ l o  25 

Totnl Seconda 
of Byeach 

Correc- 
Correct- Star 

tion 
ed Tirne 

I s Constants 

L P . 6 .  
d - 

b + 3.0 
a -43.2 

s 
Q + 1.90 

Yean, TE 

3 
m 

8 

8 

N 

N 

8 

N 

8 

8 

N 

N 

N 

N 

N 

N 

N 

FJ 

8 

N 

S 

N 

N 

9 

N 

S 

9 

9 

+ 1'53 

+"49 

+ 1'43 

+ 1-50 

+1'49 

+ 1-51 

+ I . ~ z  

+ 1'47 

+1'48 

+1'48 

+ 1.48 

+1'48 

-1.4 

-1.42 

-1'44 

-1.42 

-1.44 

-1'42 

-1'48 

-1'44 

-1'39 

-1.42 

-1'42 

-1.41 1 

h m  6 

1444 11-89 

4 23.32 

46 1-30 

48 1-33 

50 43-31 

51 45'89 

5442'79 

55 54'48 

57 1'48 

58 50.03 

59 28.76 

15 2 1 2 - 2 1  

3 32'33 

14 53 38 

-1'41 25'1.3 

54'85 

33'37 

34.00 

15.28 

17'92 

14'34 

26.09 

33.62 

22.23 

60.96 

44'35 

4.46 

23-12 

43'99 

53'64 

23.96 

57.77 

55.36 

59'38 

35-80 

29-19 

19.88 

14.67 

45.77 

J 

+1.36 

+ 1-36 

+ l ' g S  

+2.62 

+1'87 

+1 '90  

+1 -49  

+ 1.51 

+2.07 

+ a - 1 0  

+ Z . I I  

+ a a o 7  

+2'07 

* g 
I 

Z;r 
0 

b m 

I 

30'05 

29.83 

99.88 

29'93 

29-90 

29'87 

29-94 

29.90 

29-93 

29.90 

29.91 

29'93 

29.94 

- 2 9 ' 9 8  

29'94 

29'97 

29.98 

30'03 

29'99 

30.07 

30'05 

29-97 

30.01 

30'00 

30.03 

d 

a - 4 3 . z  15 25-25 

16 ssm')D 

-1.56 

-1.82 

- 1.64 / 

Q- 1-90 

Meur, TE 

J 

13.25 

24.68 

.3'25 

3.95 

45'18 

41.79 

44'28 

55'99 

3'55 

52-13 

30.87 

14'28 

34'40 

03 

6 
+ 

00 - 
b 
+ 

18 29.42 

2 0  2 7 . ~ 7  

21 30.62 

23 7'50 

24 61.68 

26 51-80 

27 46'57 

tg  17.80 

30 j7.19 

15 21 31 

I 

6 

9 

N 

N 

N 

9 

N 

N 

W 

N 

N 

53.10 

13.93 

23.61 

N 

N 

N 

" N 

? 
O 

+ 

S 

N 

N 

N 

X 

S 

N 

N 

S 

8 

" 
u 
f 
z 
I 

- 1.96 

-1.62 

-1.92 

-1.17 

-1.65 

-2'52 

-1'91 

- 1'90 

53.94 

27.80 

25-35 

29.45 

5-85 

59.16 

49.89 

44.67 

! 

1 

o 
N 

? 
O 

+ 
1 

-aaoo 1 15.80 

t- 
w 
9D 
3 
n 
I 

- a e o l  55'18 



!FABLE 7111 OBSERVATIONS O F  TRANSITS W I T H  LOCAL CLOCKS, AND DEDUCTION (75) 

Of the Corrected Dzre?*ence of O b s e m e d  l'hee, MN. 

N m .  ld-os.oaz5. ThL #tar doer not occur in the B. A. 0. 

1 

4 
Fi 

'i! .g 
Y 

1877 

May1 

May2 

May2 

BOMBAY (E), Lot. 180 64', Long. db 6lm: AND ADEN (W), &t. la0 4 6 ,  Q n g .  8' P. 

Dill'ere~ice of a ' l 'sms~rs O B B E B ~  AT E TBANBITB OBBEBTED AT W o . 3 E J  

B.A.O. 
Number 

6095 

6093 

6098 

6109 

6135 

6160 

4890 

489533 

4905 

4926 

4933 

4953 

4962 

4989 

6086 

6048 

6061 

6098 

6156 

5150 

h 
p 

8 

N 

N 

9' 

S 

8 

8 

8 

N 

S 

N 

N 

N 

N 

N 

N 

N 

N 

8 

8 

STAE 

Decli- 
nation 

0 ,  

+15 52 

+47 30 

r 2 9  31 

-19 15 

+ l o  57 

+ I O  25 

-13 38 

-15 32 

+1937 

+1457  

+ 16 53 

+a5 30 

+2734 

+a726  

+3346  

+ Z I  2 

+30 4 

+29 32 

+ 10 57 

+ 10 25 

By Hsuraitids, 

In- 
at.runrro~~~l 

Position 
and 

Correctior~ 
CI ) I ISLI~~R 

I. P. W. 

d , + ,., 

r 
Q -1.90 

Mean, Tp 

I. P. W. 

, + ,., 
2 1,::: 

6 

Q +r .go  

Mean, TB 

I .P.  w. 
d , + I . o  

b - 0 . 2  

a -23.0 

6 

Q -1.90 

Mean, TB 

with 

M~~~ 

Observed 

'I'ima 

h m  6 

15 20 28.00 

21 31.75 

23 8.37 

25 56.04 

29 18.38 

30 57.78 

15 25 12  

14 42 54-45 

44 14.39 

46 1.71 

50 44.62 

51 47'28 

57 2.92 

58 51.48 

59 30.22 

14 51 27 

15 ro 56.11 

13 17.15 

15 26.79 

23 8-95 

29 lg'of 

30 58-50 

15 20 29 

Tsbscope No. 

T ~ W  
Corrrc- 

tion 

8 ,  

-1.90 

-1-56 

-1.77 

-2'14 

-1.93 

-1.93 

+ 1.63 

+1.62 

+1'91 

+1'88 

+1'90 

+1'99 

+ a . o ~  

+2.01 

-1.71 

-1.86 

-1.76 

-1.71 

-1.96 

-1.96 

Corrected Times g 
1 By Campbell, d t h  Te'elueope No. 2 gb o 

2 p 1 1  Z 
i 3 r ~ n d a  % utrunlmtnl a m m a  Meen . j B  ,Q of 

Obeervcd Corrrc- S I I 
BY €?=h 

of 0 

Correct- Star 8 2 % ~  

6 

26.10 

.zo.19 

6.b0 

5.3'90 

16.45 

55'85 

56.08 

26.01 

4.63 

46.50 

49'18 

4'91 

53'49 

32'2.3 

54'40 

15'29 

25'03 

7'18 

17'11 

56.54 

N 

N 

N 

s 
N 

8 

s 

9 

N 

N 

S 

N 

N 

N 

N 

N 

N 

9 

S 

I .P .  W. 
d - I . o  

b - 2.8 
a - 1 1  .o 

# 

Q + 1'45 

I. P. W. 
d , - .o - 

a - 6.5 

6 

Q + 1-43 

LP. w. 

, - I .o  - 
a - 6.5 

6 

& -1'43 

8 

+1'37 

+1'55 

+ r S 4 4  

+ 1-23 

+1.36 

+ I -35  

+ 1.3.3 

+ 1 . 3 ~  

+ I - ~ I  

+ r a q o  

+1'41 

+1'44 

+ I - . + +  

+ r - ~  

-1'39 

-1.43 

-1.40 

-1.41 

-1.46 

-1-46 

h m  6 

15 19 52.61 

20 56.55 

2 2  33'01 

25 2.0'53 

28 43.08 

30 "'32 

14 42 20.89 

43 50.74 

45 29-16 

50 11.09 

51 13'74 

56 29.43 

58 18.06 

58 56.70 

15 lo  21-70 

1242.63 

14 52'27 

" 34-41 

28 44.49 

30 23.81 

ed Time 

6 

54-04 

58'10 

34'45 

21.76 

44-44 

23'67 

22.22 

52.06 

30.57 

12.49 

15-15 

30'87 

19-50 

58.14 

20'31 

41'20 

50.87 

33-00 

43'O3 

22-35 

*UP 8 go x 

I 

- 32-06 

32.09 

32'15 

32-14 

32.01 

32.18 

- 33'86 

33'95 

34.06 

10 - 
rn 
I 

- = 
0 

+ 

P 0 0 
? 

+ 

? 
b 
+ 

34'03 

34-04 

33'99 

34-09 

- 34-09 

34-09 

34.16 

34:~8 

34'08 

34'19 

rn 
90 
m 
I 

'3 
'm m 
I 

i )  

" " 
? 
0 

+ 

2 

m 
h 

P - 
m 
I 

e 

n . 

+ 

- = 
to 



(76) TABLE VIII. OBSERVATIONS OF TRANSITS WITH LOCAL C L O C K S ,  AND D E D U C T I O N  

Of the Corrected Diference of Obeerved Tinae8, MN . 

' 

A 

4 n 
a -g 

1877 
May8 

May3 

May 4 

B.A.C. 
Number 

4QOS 

a26 

4933 

4939 

4968 

4969 

4981 

-3 

6048 

6098 

6104 

6109 

48% 

4917 

4986 

4933 

4939 

4945 

4%6 

4963 

4969 

4981 

4993 

STAE 

Decli- 
nabion 

0 1 

+ 19 37 

+I4 57 

+1653 

- 8 a 

+a734 

+a726 

+agar 

4-15 35 

+21 2 

1'29 32 

-1945 

-19 15 

-15 32 

+1937 

+46 59 

+1(5jr 

+1653 

- 8 a  

- 7 5  

- 7 1 1  
30 

+ a7 26 

+zg a1 

+a5 35 

8' (r. 

Difference of 
Corrected T i m a  

(W-E) 

BOMBAY (E), Lot. 18O 6C, Lofig. 4' 

TRANSITS O B S E E ~ ~ ~  AT E 

BJ each 
Star 

8 

- 36-09 
36-18 

36-23 

36.a1 

J 

z 

2 '  - -. 
I 

' 
? 

'Om 
I 

3 
OD 
rrl 

I 

d O 
cr, 
C 
8 0 

j b  
8 

OI 
!! 

w o  
+ 

OI 

0 

+ 

f z  
: 

1 
z 
3 

N 

8 

N 

8 

N 

N 

N 

N 

N 

N 

8 

8 

8 

N 

N 

8 

N 

9 

8 

9 

N 

N 

N 

N 

61": AND ADEN (W), Lot. la046', Long. 

TW~~~SITS OBSEBVED AT w 

Group 

0 
? 

1 .  

: * w  
b 8 

* 0 

:+ + 
E I  I 

R U c m m S  

4; 7 
1 oxax 

3 
o 
+ 

* 
2 
0 

+ 

2 
P ?  
0 

+ 

6: 
$ 
.: 
2 

N 

N 

8 

N 

N 

N 

N . 

N 

N 

8 

8 

N 

N 

N 

8 

8 

8 

N 

N 

N 

N 

By Heaoi.de, with Telescope No. 1 

36-19 1 C; 
36-16 

36'ao 

36.10 

- 36.9 
36-19 

36.19 

36-18 

- 38'24 
38-37 

38-48 

38'38 

38-37 

38.32 

38.32 

38'35 

38.30 

38'33 

38-40 

38.34 

h w n d 8  
of 

Correct- 
ed Time 

2 

Seconds 
of 

Correat- 
ed Tinle 

8 

a9.25 

11.11 

13-72 

10.16 

18.oa 

56.80 

40-ar 

60'38 

39-89 

31.69 

25-02 

19.05 

49'33 

27.78 

28.42 

9'70 

12'35 

8-79 

ao-51 

41.62 

28.10 

55'41 

38-79 

58'88 

By Campbell, 

In- 
strumental 

Position 
and 

Correction 
Constants 

I. P. W. 
d 

,,., 
b 0.0 , 

a 
Q +1.46 

1.P.W. 
d 

. 
b 0.0 
a 

8 

Q -1.46 

I. P. w. 
d 

, -,., 
b +O'S , -3.a 

8 

Q +1'45 

In- 
strumentd 

Pmition 
and 

Correction 
Constants 

I 

m 

.? 
e 

. . 
7 

I. P. W. 
d 

+ 

: 
8 

Q +1'89 

M-3 TE 

xP.v. 
d 

+ 

b + 0.2 , -a6.7 
a 

Q -1'89 

Mean, TE 

I. P. w. 
d , + ,., 

b + 1'4 
a -a7.6 

8 

Q +1.89 

Me=, Tx 

M~~ 
Observed 

Tit-ne 

witA 

ye= 
Obrewed 

Time 

h m  a 

1445 27-79 

50 9'67 

51 1a.v 

548.78 

58 16.54 

58 55-32 

15 138.74 

2 58-90 

151241~35 

aa 33.11 

24 26.61 

25 20-64 

14 43 47'9a 

45 26.33 

47 a6-91 

50 8.26 

51 10.91 

54 7'37 

55 19-09 

55 40.~0 

56 26-64 

58 53-95 

15 I 37-31 

a 57.42 

~ ~ t d  
Correc- 

TeIcacope No. 

T*, 
Correc- 

8 

+re46 

+1'44 

+I-45 

+1.38 

+ 1-48 
+I-48 

+1'47 

+1'48 

-1.46 

-1.43 

-1.59 

-1.59 

+1'41 

+1'45 

+ 1.50 

+1-44 

+1'44 

+1'42 

t1.42 

+1'42 

+1.46 

+1.46 

+I-46 

+rS46 

8 

14 46 3-4a 

5045'42 

5148.05 

54 44.73 

58 52.19 

59 30'94 

15 a 14'41 

3 34-48 

14 55 59 

151317'81 

a 9 6  

a5 3.46 

2557'48 

15 21 50 

14 25-99 

46 4-19 

48 4.50 

5046.18 

51 4'79 

54 45-45 

55 57-16 

56 18-30 

57 4-37 

59 31-68 

15 a 15'14 

3 35.19 

14 54 15 

8 

+ 1'9a 
+"87 

+1'90 

+ 1-64 

+2'0a 

+2'02 

+1'99 

+a.oo 

-1'83 

I 

-a's5 

-2'a5 

+1'58 

+1'96 

+1'40 

+1'9o 

+Is93 

+ 1.66 
+1.67 

+I-67 

+am03 

+a-06 

+a'03 

+a'o3 

I 
I 

5'34 

47.a9 

49.95 

46.37 

54'ar 

3a.96 

16.41 

36.4 

15'98 

7.80 

I-ar 

55-23 

ajr.57 

6.15 

6-90 

48.08 

50'72 

47-11 

58.83 

19.91 

6-40 

33-74 

17.17 

3f'aa 



TABLE VIII. OBSERVATIONS O F  T R A N S I T S  WITH LOCAL CLOCKS, AND DEDUCTION (77) 

Of the Corrected Dt$erence of Obeeroed T h e e ,  MN . 

3 
R 

3 
f, 

4 

1877 

%fay4 

May 6 

61mt AND ADEN (W), Lcrt. I.@"", Long. 

Tsarr81~e OB~EBVED AT W 0 

CJ 

d ,  

.s B a 
8 

9 . 
0 

+ 

2 .? 
o 

+ 

m 

g 
3 2 3  = ? . 
W %  o + + 

i i J $ I b  
m m a  

2 I I 
$rn2 

8 

% 
? 
0 

+ 

0 

+ 

!P (r. 

Difference of 

B 

s 
!' 
00 
m 

I 

'2 
n 

9 
I 

1 
.; 
g 

N 
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N 

8 

N 

N 

N 

B 

9 

N 

8 

8 

8 
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8 

N 

N 

N 

N 

8 

8 

9 

N 

N 

r4 

Corrected 

( W - E )  

By each 
Star 

8 

- 38'35 

38-29 

38-30 

38-41 

38.38 

38'33 

38-34 

38.30 

38.35 

38-31 

38-14 

38-39 

- 4 o . p  

40.34 

40'32 

40.36 

40-46 

40'28 

4 0 . p  

40'39 

40.36 

40'35 

40.41 

40'40 

40.43 

B.A.C. 
Number 

5036 

6048 

6061 

6067 

5075 

6085 

6098 

6104 

6lOg 

6126 

6186 

6160 

4886 

4890 

4896 

4905 

4917 

4926 

4938 

4989 

4916 

9946 

4989 

4981 

4998 

BOMBAY (E), h t .  1@W, h u g .  4h 

Trwver~e OB~ERVED AT E 

Tshtopa No. 

rpotal 

Correc- 

tion 

a 

-1'43 

-1.46 

-1.45 

-1.46 

-1.44 

-1'46 

-1.4 

-1.51 

-1.51 

-1.46 

-1.46 

-1.47 

+ 1-41 

+1'45 

+ 1-45 

+ I - ~ o  

+1'53 

+1'4g 

+1'48 

+ 1-46 

+1*46 

+1'46 

+1-5u 

+1'50 

+1'49 

Times 

Mean 

of 

(froup 

, ? 
00 
m 

," 

q 
I 

STAB 

Deoli- 
nstion 

0 I 

+3346 

+a1 a 

+30 4 

+13 I 

+30 44 

+155a 

+29 32 

-1945 

-1915 

+ 16 a6 

+ l o  57 

+lo a5 

+ a 33 

-1338 

-15 32 

+19 37 

+46 59 

+I457 

+1653 

- 8 2 

- 7 5 

- I 

+a7a6 

+a5a1  

+a5 35 

3 

8 e ~ n d s  

Correct- 
=ime 

6 

17'54 

38-42 

48-14 

18-41 

p ' a a  

49'84 

3oaa8 

13-69 

11.59 

9'18 

40.15 

19.60 

55-55 

18-02 

47'95 

26.42 

a?-og 

8'40 

11-01 

7.44 

19-18 

40.36 

54'01 

37'45 

57'52 

By CaqbeZl, 

10- 

strumentd 
Position 

and 
Correction 
Conatants 

I.P.W. 
d , - I . o  

+::I 
s 

Q -1'45 

I. P. W. 

- I.o 

a -a.5 
r 

Q +1'45 

1 

8mnde 
of 

Correct- 
ed ~i~~ 

8 

55-89 

16.71 

26-44 

56.82 

30.60 

a8.17 

8-6a 

1-99 

55'94 

47'50 

18-59 

57'99 

35-87 

58.36 

1 8 . ~ 7  

6.78 

7'55 

48.68 

51'33 

47'83 

59'54 

20.71 

34'43 

17.85 

37'94 

By E#aoi.ide, with Tek6cqw No. with 

y- 
Observed 

Time 

h t #  6 

151018.97 

11 39-88 

1449.59 

1619.87 

17 53-66 

19 51.30 

aa 31-72 

24 ag'ro 

a5 19-10 

27 10.64 

a8 41-71 

30 21.07 

14 40 54-08 

4a 16-57 

43 46-50 

4514.92 

47 ~ 5 . 5 6  

5 0 6 . 9 1  

51 9-53 

54 5-98 

55 17-72 

55 38.90 

58 51-51 

15 1 35'95 

2 56.03 

1 
3 
P 
5 

M~~~ 

Observed 

Time 

In- 
s ~ r u m e n ~  

Poaition 
and 

Correction 
Constantr 

Correc- 

tiOu 

8 

-1.64 

1 8 ' 5 a - 1 - 8 1  

- ~ - ~ b  
-1.91 

-1.68 

-1.87 

-1.71 

-1.25 

-''a5 

-1.87 

-1'9a 

-1'93 

+1'65 

+1'46 

+ I . U  

+1-87 

+aa35 

+ I ' ~ I  

+1'83 

+r . j z  

+1'54 

+ r a 5 3  

+1'97 

+1'95 

+"95 

N 

N 

N 

8 

N 

9 

N 

8 

N 

S 

8 

S 

9 

8 

N 

N 

8 

N 

8 

8 

8 

N 

I? 

r4 

I 
I.P.W. 

d , + I.o 
+ 

a -a t -6  

r 
Q -  1-89 

Mean, T, 

I. P. 1. 

, - ,., 
b - 0.1 

a -3a.4 

r 
Q + 1-89 

Mean,TE 

h W  6 

15105f -53  

13 

15a8.14 

16 58.73 

183a.28 

ao ~ o . o q  

a3 10.33 

25 4.24 

a5 58.19 

af 49-37 

29 20.51 

30 59'9' 

15 Z I  ay 

14 )I 34.22 

4a 56.90 

4 26.84 

46 4-91 

48 5'ao 

50 46.87 

51 49-50 

5446'31 

55 58'00 

56 19-18 

59 3a.46 

15 115-90 

3 35'99 

14 5a I Z  



(78) TABLE VIII. OBSERVATIONS OF TRANSITS WITH LOCAL CLOCKS, AND DEDUCTION 

Of the Corrected Biference of Observed Zzinres, MN . 

N O T ~ .  ld - e-0115. * This ator doel not oacur in the B. k 0. 

s 
z 

h - 
I' 
o ., 
I 

s 
i 
I 

> 

BOMBAY (K) ,  Lnt. 1 8  54', Long. 4' 3 ' P .  

Difference of 

61°: A S D  ADEN (W), Lat 12 416, LOW. 

~'FIANBIT~ OBBEEYEI) AT W o 

e 

.j 
% : 

2 .- 
o 

+ 

4 . 
o 

+ 

3 
Q 

3 
.I 
2 + 

1877 

bluy 6 

Corrected 

cw-a ,  

By eacl~ 
Btar 

I 

- 40.40 

40.36 

40'48 

40'42 

40-40 

40'43 

40.49 

40'3; 

40.39 

40.37 

40.34 

40-47 

40'46 

- 44'36 

44.39 

44.41 

44-32 

44'35 

44'33 

44.28 

44-38 

4-4-36 

44.40 

44-42 

44'40 

44-45 

I 

'- E 2 5 ;  
, . F -  

2 ,  
2 urn=m 
' - 0 1  I 

Z Z  6 u 
8 

u) ,, 
? 

+ 

o 

+ 

Timea 

bfea~t 

of 

Group 

., ." 
q 
I 

2 
51c. 

f 

1 

2 

Secolld' 
of 

Correct- 
ed Titlle 

6 

16.18 

37.03 

17'0.3 

50.85 

48.46 

52.51 

28.86 

22.32 

16.28 

12.98 

7.80 

38.84 

18-a2 

52-80 

1 5 . d  

33'76 

45'25 

23'80 

5.71 

8.42 

4.80 

16-54 

24-10 

51-38 

34'77 

54.84 

TRANEIT~ OBSEEVXD AT E 

&fay 7 

h 
5 
.I 
2 
m 

N 

8 

9 

N 

3 

N 

N 

Y 

9 

N 

s 

Y 

d 

9 

8 

9 

S 

.U 

N 

N 

9 

9 

N 

N 

N 

N 

5 
P 
3 " 

N 

N 

8 

N 

9 

N 

B.A.C. 
Nuulber 

6036 

6048 

6067 

6075 

6085 

6092 

By Campbell, 

111- 

s trume~~tal  
Yoai1io11 

a ~ ~ d  
~ o r r e c t i o ~ ~  
C o ~ ~ a t r ~ ~ ~ t d  

I . P .  W. 
d - 

a - + 2.5 2 ' 5  

6 

Q-1-45 

I. P.E. 
d - . 

.b a - + 0.3 6 '7  

8 

Q+1 '47  

with 

M~~~ 
Observed 

Ti"e 

A m  r 

15 10 17'57 

12 38-43 

16 18.44 

17 52 24 

19 49.87 

2053.88 

za 30 -z j  

24 2.3.77 

25 17.73 

26 14.39 

27 9.22 

2840.26 

30 19-63 

14 40 51.23 

42 1.3'70 

43 32'20 

4343.69 

45 aa.zr  

50 4-15 

51 6'85 

54 3.2) 

55 14-97 

56 2za5a 

58 49'80 

15 1 33'19 

153.26 

STAR 

Decli- 
nation 

c I 

+3346  

+a r  a 

+ I S  I 

+30 44 

+15 52 

+47 30 

! 

Tcle"qps No. 

~~~~l 

Correc- 

S 

-1'39 

-1 '40 

-1'4r 

-1'39 

-1.41 

-1'37 

-1-39 

-1'45 

-1.45 

- 1-41 

-1.42 

-1'42 

-1.41 

+1'57 

t l . 5 6  

+1'56 

+1'56 

+ r m 5 8  

+ l ' 5 i  

+ 1'57 

+ I - 5 6  

+ 1-57 

+ r e 5 8  

+ 1.58 

+1'58 

+1'58 

By Ecaviside, 

111- 

s trume~~tal  
Poc.ition 

and 
~orwct ion  
Collsl*llta 

I. P. 6. 

c -  I . I  

:I~::: 
6 

Q -  1.89 

6104 

6109 

6120 

6126 

5136 

6150 

4886 

4890 

4895 

48954* 

4905 

4926 

4933 

4939 

4915 

4953 

4969 

4981 

4993 

Mean,TE 

I. P. E. 

o - I . I  

b - 0 ' 5  
a -47'9 

J 

8 + 1'90 

Mean, Tg 

tciih 

Mean 

Observed 

Tim@ 

h t n  6 

15 10 58.27 

13 19-28 

16 59'50 

1833'01 

20 go-82 

21 34'34 

23 11.11 

-19 45 25 5.08 

25 59.06 

26 55.30 

27 50.09 

29 21'3.3 

30 60'70 

15 22 23 

14  41 35-60 

42 58-39 

44 16.94 

4428.34 

46 6.28 

50 48'26 

51 50'88 

5447.81 

55 59.51 

57 6.50 

59 33.76 

15 2 17-18 

3 37-19 

14 51 59 

Teleacops No. 

Total 

Correc- 

tioil 

J 

-1.69 

-1'89 

-1.99 

-1'74 

-1.96 

-1.40 

-1-76 

9 

1 

Seconds 
of 

Correct- 
ed .lsilrle 

8 

56-58 

17'39 

57.51 

31'27 

28.86 

32'94 

9'35 

-2'39 

-2.39 

-1'95 

-1.95 

- 2 ' 0 2  

-2 '02  

+1'56 

'1.26 

+ r . q  

+1 '23  

+ r a 8 7  

+1'79 

+ I . S Z  

+1'37 

+1'39 

+ t ' o o  

+ a e 0 4  

+1'99 

+a'" 

+ 29 32 I 2.69 

56.67 

53'35 

48'14 

19'31 

58'68 

37-16 

59.65 

18.17 

29.57 

8 '15 

50'05 

52'70 

49.18 

60.90 

8'50 

35'80 

19.11 

39-29 

-19 15 

+16 29 

+ 16 26 

+ l o 5 7  

+ ro 2; 

+ 2 33 

-1338 

-1532  

- 15 32 

+1937 

+145jr 

+ 16 53 

- 8 2 

- 7 5 

+ 25 30 

+a7 26 

+2521 

+ a s  35 

9 

N 

N 

S 

S 

8 

£3 

8 

8 

N 

R 

N 

9 

s 

N 

N 

N 

N 





( 8 0 )  TABZE VIII. OBSERPATIOKS OF TRANSITS WlTH LOCAL CLOCKS, AND DEDUCTION 

Of the Corrected Dtference of O6served Times, M,. 

51" : AND ADEN (W), Lot. la0 46', h u g .  Sh 0". 

S 
R 

.g 
Y 

1877 

May8 

BOMBAY (E), Lat. 18' M', Long. 4h 

TEDBITS OBBEBTED AT E 
STAR 

----- 

B.A.C. 
Number 

6036 

5048 

5075 

6085 

6098 

6098 

6109 

5126 

P 
$ 
2 cn 

N 

8 

N 

8 

N 

h' 

8 

N 

9 

N 

N 

9 

N 

9 

5 

S 

N 

N 

N 

N 

N 

Diference of 

Corrected Times 

(w-E) 

O 

4 
14: --- 

Decli- 
nation 

o I 

+33 46 

+a1 z 

+30 44 

+1552 

+47 30 

+2932 

-1915 

+16 26 

aye' 4896 

4905 

4917 

4946 

4933 

4939 

4946 

4946 

4953 

4962 

4969 

4981 

4993 

TEANBITB OB~EEVED AT W . 
a , V, 

$ F 8  
q t  : 

-1531 

+1937 

+46 59 

+1457 

+16 53 

- 8 z 

- 7 5 

- 7 1 1  

+ 25 30 

+ a7 34 

+a7 26 

+a5 21 

+a5 35 

By Campbell, 

In-  

By Heavwide, 

I n -  
~trurnental 
Position 

and 
~orrection 
Constants 

I. P. W. 

- 
+ , -24. 

r 
Q -1'89 

Mean, Tg 

1 . P . V .  
d - . 

b - 0.1 
a -32.6 

c 
Q +1.90 

Mean, Tg 

with Tslescops No. 2 

Y ' 
$ -- 
3 

N 

N 

N 

N 

N 

N 

8 

N 

8 

N 

N 

N 

N 

s 

5 

5 

N 

N 

N 

N 

N 

s? 

S 
t 
I 

h h 

P 
h * 
I 

Observed 

T~~~ 

h m  8 

15 10 13-72 

12 34.57 

1 7  48.38 

9 4599 

2 0  50'05 

aa 26.44 

a5 13.74 

17 5.32 

144341.31 

45 19.84 

47 20.55 

50 1 '77  

51 4'39 

54 0.83 

55 11-54 

55 33.70 

56 20'17 

58 8.75 

5847'49 

15 I 30.84 

a 50'97 

1 

Seconds 
of 

Correct- 
yime 

8 

58-62 

19.48 

33'35 

30.90 

35.00 

11.43 

58.69 

50.20 

30.79 

9'37 

10.07 

I 

53'86 

50.32 

2.06 

23'18 

9.63 

58'25 

36-98 

20'33 

40'45 

with 

Me, 

Observed 

T~~~ 

h t n  8 

15 10 60.31 

13 21.32 

1835'08 

20 32.80 

21 36.48 

23 13.18 

a5 60.92 

17 5a.w 

I 5 zo I 5 

144429.35 

46 7'50 

48 7 - 7 1  

5049.41 

51 52-02 

54 4 . 7 9  

56 0.51 

56 21.64 

57 7.67 

58 56.26 

59 35.00 

15 2 18-38 

338'49 

14 5440 

strum en^ 
Poaition 

and 
correction 
Conatanta 

I. P. 6. 
d - 

b - 1 ' 2  
+ 0.4 

8 

Q -1'43 

L P . E .  

- 
: + ::: 

c 
Q + I ' M  

$ Im 

so!= I I 
i z z  
g o a 
D 

B 
b w  
+ 

N ; O 

0 

+ 

Telescope No. 

TolBl 

Corrtc- 

tion 

8 

-1.69 

-1.84 

-1.73 

-1.90 

-1.48 

-1.75 

-2.23 

-1'89 

+Is44 

+1'87 

t z . 3 6  

+1*81 

+1*84 

+1'53 

+ I - 5 4  

+1-54 

+1'96 

+1'99 

+ 1-98 

+ l m 9 6  

1 Mean , : 
Bi,h 1 of 1.1 B 

Totd  

Correc- 

tion 

8 

-1.52 

-1.51 

-1.52 

- 5  

- 1-54 

-1.51 

-1.49 

-1.51 

+ la la  

+1'39 

t1 .33  

+1'4o 

+1'40 

+ 1'4a 

+ I - . + z  

+ r n 4 a  

+1'38 

+1.38 

+1'38 

+ 1-38 

+I-38 

8 

- 46.42 

46.42 

46-49 

4 4  

46.49 

46.50 

46'44 

46-39 

-48.02 

48.14 

48.19 

48'05 

48-07 

4 . 0 7  

48-10 

48-06 

48'08 

4 . 1 2  

48-11 

48.11 

48-10 

 second^ 

Correct- 
ed Time 

8 

1 2 - 2 0  

33.06 

46.86 

44.49 

48-51 

24'93 

"'25 

3'81 

42.71 

21-23 

21.88 

3-17 

5-19 

a.25 

13.96 

35-12 

a1.55 

10.13 

48-87 

32-21 

51-35 

Group 

- 3  

- &  * 
I 

6 

P 
w o  

+ 

V, 

i 5 F  
O 

+ 



T D L E  PIII. OBSERVATIONS OF TRANSIT3 WITH LOCAL CLOCKS, AND DEDUCTION (*I) 

Of  the Corrected D i f e reme  of Obeerved Time, MN. 
. 

S 
F1 

3 'g 

STAR 

BOMBAY (E), h t .  18' 54: h n g .  4h 61m : AND ADEN (W), Lat. lao 46', h n g .  

; a ,  
a 
g B e 
6 

Y, 

9' 
+ 

m 
a 

3 
q t  j 

2 h l I  

" I  I 
$ Z &  

$ 0 tq 
D 

u) " 
H 
+ 

3h 00. 

DXerenee of 
Corrected T,~LI 

.+y 

w 

g; 
I 

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

By Heavirida, with Telescope No. 1 'W-" 

Byeach 
Star 

r 

- 4-14 
48.10 

48.15 

48-09 

48.15 

48'05 

48.27 

48.18 

48-03 

48.00 

48-11 

48'15 

4.10 

'Jhasr~s  OBSERVED AT W 

Decli- 
nation 

0 ,  

+33 46 

+a1 a 

+SO 4 

Mean 
of 

U P  

- = 
% ' 

B.A.O. 

I / l  

3 Number 

2 

o 

b 

N 

N 
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8 

N 

N 

N 

N 

8 

8 

N 

8 

8 

P 
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N 

N 

N 

S 

N 

N 

9 
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N 

8 

8 

1877 

Mny9 

In- 
m e n  

Position 
and 

Correction 
Constants 

I .P .  W. 

- 
hJ 13::; 

8 
Q-1.90 

Mean, TE 

5036 

5048 

5061 

6067 +13 I 

i 6076 +30 44 

second. 
of 

Correct- 
ed~'% 

8 

59.16 

19.97 

'29.70 

59'97 

33'85 

31-38 

35-53 

11-91 

5'18 

59'1a 

50'76 

21-8a 

~'ao 

By Campbell, with Telescope No. 2 

M, 
Observed 

Time 

h m  r 

15 10 60.87 

13 "-87 

15 31-47 

16 61-98 

18 35-61 

a0 33-36 

2 1 ~ 6 . ~ 5  

a3 13-69 

25 7-60 

a5 61.54 

a7 52-73 

a9 23-86 

31 3.a4 

15 ax 31 

5086 

6093 

5098 

5104 

6109 

6196 

6136 

6160 

In- 
~trumental 

Position 
and 

Correction 
Constants 

I. P. E. 

- 
0'0 : + a.5 

r 
Q -1'44 

. 

T,,, 
Correc- 

r 

-1.71 

-1.90 

-1.17 

-2.01 

-1.76 

-1.98 

-1.42 

-1.78 

-ae4a 

-2'42 

-1'97 

-2.04 

-2-04 

+ I S  52 

+47 30 

+a932 

-1945 

-19 15 

+16 a6 

, +lo 57 

+lo 15 

pmn 
Observed 

Time 

h m  r 

15 10 1a.54 

1a33.37 

14 43.06 

16 13-37 

1 1  

19 44'82 

2048.81 

aa a5.q 

24 18.60 

a5 1a.58 

17 4-14 

a8 35-16 

30 14-58 

~ ~ t . 1  
Correc- 

r 

-1'51 

-1.50 

-1.51 

-1'49 

I 

-1'49 

-1.55 

-1.51 

-1.45 

-1.46 

-1.49 

-1.49 

-1.48 

8 e ~ d ~  
of 

Correct. 
ed Tims 

r 

11.02 

31-87 

41.55 

11'88 

45'70 

4.3'33 

47-16 

23.73 

I 

11-12 

2.65 

33.67 

13.10 



(82) TABLE PIIT OBSERVATIONS OF TRANSITS WITH LOCAL CLOCKS, AND DEDUCTION 

Of the Corrected Dtreremce of Observed Times, M,. 

ADEN (E), h t .  la0 46', Long. b om : 

By Heaviuide, toith Telecope No. 1 I 
Y 

0 

$ 
.; 
d 

j; 

8 

N 

8 

8 

8 

N 

N 

N 

9 

8 

N 

8 

N 

N 

3 
R 
3 
.g 
& . a 

1877 

&by26 

May26 

May27 

In- I etrumental M~,,,, ~ ~ t ~ l  Seconds 
Position of 

Observed Correc- 
and Col.rect- 

Corl.ootion ed Time 
~ ~ l l ~ t ~ n t , ~  

1 Mean, 116 46 26 1 1 

STAR 

B.A.C. 
Number 

6490 

6674 

6765 

6382 

6490 

6765 

6790 

6911 

6882 

6490 

6674 

6766 

6790 

6911 

Mean, Tg 16 46 30 

Decli- 
nation 

o 1 

+ I 4 1 9  

+ I ~ I I  

+ 1 2 5 j  

- 19 8  

+ 1 4  1 9 '  

+ xa 55 

+40 41 

+48 22 

-19 8  

+ I )  19 

+ I ~ I I  

+ 1 2  5 5  

+ 40 41 

+48 22 

AND SUEZ (W), U. 29" 66', Long. 2h 1P. 



TABLE 7111. OBSERVATIONS OF TItANSITS WITH LOCAL CLOCKS, AND DEDUCTION (83) 

Of the Careeted D ~ f i e e f i c e  of Obeerved h a ,  M,. 

WOTP. Id - d'oaa5. * The sign of Q ww ohanged at both stations after the obwnation of star 6190. 

$ 

+ 

s, 
40 
\o 

+ 

h 

+ 

0 * 
d 
3 
3 

% 

1877 

&fay28 

May29 

Hay80 

. 

ADEN (E), U. I!.# M', h w .  ah 

fiass1Ts OBSERVED AT 

; 

c o g  
. 2 B  
% 
B 

E 
X 
I 

a. 
'0 

X 

3 
o , 

2 
$ 
.: 
J " 

8 

N 

8 

N 

N 

8 

8 

8 

N 

N 

8 

8 

N 

N 

OP: r n ~  SUEZ (w), h t .  290 58 ,  ~olrg. a~ 

TUNSITS OBBERVED AT W 
STAB 

B 
.B - 
1 P .g 

d , , m t !  
3 ,  

m a , #  
g u m  

- 1  I 

g oz$ 
8 

'0, 

+ 

X 
? 
0 

+ 

o 
+ 

2 

Q 

3 

B 

9 

8 

N 

N 

8 

8 

8 

N 

N 

8 

N 

N 

B.A.C. 
Number 

6490 

6674 

5 

6790 

6911 

6588 

6490 

6674 

I@. 

Difference of 

By ksoaisida, 

111- 

atrnmcntal 
Position 

and 
&metion 
Con~tanta 

I.P.  v. 
d , - 2.3 

b - 0.4 - 14.0 

& + 18'70 

Q - I  "70 

Mean, Tg 

1. 2'. v- 
d , - 2.3 

b - a.0 , - 11.6 

a 
Q-  1-71 

Q +  1'71 

Mean, TE 

I - P .  w- 
d - 2.3 

b -  1.6 
a - I I . 5  

~f l8'71* 

Mms Tg 

D d i -  
nation 

o I 

+14 19 

+ 15 11 

+1a 55 

+40 41 

+q8 aa 

-19 8 

+ 14 19 

+15 m 

C""Md 

( W - E )  

B y d  
Btar 

r 

+ 6.40 

6.40 

6'34 

6.36 

6'49 

+ 6-89 

6'93 

6.85 

6.87 

6-91 

6'93 

+ 7-02 

7.06 

7.16 

7-10 

By CamphelZ, 

111- 

etrnmental 
Position 

and 
a n s t i o n  
Constants 

I. P. W. 
d 

- 5.3 
- - 9 .8  5 '3  

Q-  I" 32 

Q + 1 '32 

I. P. W. 
d 

- 5.3 
b - 3.6 - 4.3 

a 
Q-  1.31 

Q +  1.31 

I. P. W. 

0 - 5'3 

b, - 5 '5  - 3'9 

Q T I ~ * ~ I *  

Timen 

Mean 
of 

Group 

?% 5c 
+ 

a h  0\ 

540 
\o 

+ 

*$ 
+ 

vith 

Mean 
Obeerved 

Time 

h m  r 

16 19 53'49 

46 37-98 

5949.60 

17 3 55'06 

23 40.97 

16 54 .@ 

16 5 5.05 

19 58'16 

4642.70 

59 54'33 

17 3 59'84 

23 39'03 

16 46 31 

16 19 56-40 

59 52'50 

17 357.98 

a3 44-03 

16 56 54 

I + I 2  55 

d h  

Mesn 
Obaerved 

mme 

h m  r 

16 ao 3-15 

4647'64 

59 59"9 

17 4 4-80 

23 44-87 

16 5 11-56 

a0 4.83 

46 49'30 

59 60'94 

17 4 6.63 

a3 46-70 

(6 ao 6.62 

17 o 2.76 

4 8.50 

a3 48-53 

6790 

6911 

6490 

6765 

6790 

6911 . 

Telsscope No. 

Correc- 
tion 

8 

+1.64 

+ I - 6 4  

r1 .63  

+1'81 

-1-51 

-1.95 

-1.80 

-1.79 

-1.80 

-1.67 

+ I - &  

+ 1-62 

+re6a  

+la76 

-1.60 

+40 41 

+.@ 2a 

+ 14 19 

+ l a  55 

+qoqr 

+48 az 

Tslescops No. 

Total 
Correc- 

r 

-1.62 

-1.6a 

-1.57 

+ 1.07 

-1.57 

-1-54 

-1'54 

-1'54 

-1.55 

-1.58 

-1'58 

-1.60 

+I.OO 

1 

8econdn 
of 

Correct- 
ed pme 

r 

55.13 

39-6a 

51.23 

56.87 

39'45 

3-10 

56-36 

40.91 

52.53 

58'17 

40.83 

58-01 

54-12 

59.74 

4a-4.3 

2 

Seoonde 

Correct- 
ed Time 

a 

1.53 

46-02 

57-51 

3'U 

45-94 

9-99 

3-19 

47-76 

59-40 

5-08 

47.76 

5-04 

1.18 

6.90 

49-53 



(84) T D L E  IX. TTBAN8IT8 OF CLOCK STARS AND DEDUCTION OF THE CLOCK COBREC!l?ION 

Measurement; Bombay (E), and Adea (W). 

4 
4 
d 

0 .g 
i ? .  
I 

1877 
April30 

May 1 

Reduction to North 
by 

HN - H s  

Correction 

o 
I 

f 
I 

1. 

Deduced Equldion - +om.& 
Clock 

Correction 
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Aspect 

'3 
a. 
'? 
" 
I 

V) 

% 
2 
I 

Clock 

By each 
Stnr 

8 

- 17-5a 
17-66 

17'8a 

17.61 

17.70 

17'59 

17'67 

17'59 

17'65 

17.6a 

- 18-26 
18-12 

18-29 

18.46 

18.29 

18-30 

18'35 

18.18 

18-28 

18'37 

18-21 

Correction 

Mean 
of 

Group 

,,+f " 
h 

7 

, 
* O !'= 

I 

Eeavisids 

Total 
Correc- 

8 

-2.07 

+1.55 

+ ~'84 
+aa19 

+1'86 

+ 1-86 
-amo4 

-1'98 

-1.95 

-2.63 

+aSo4 

+2'01 

-1.96 

  go 

-0.54 

-0.39 

-0'39 

-4.13 

-4'20 

-4.20 

-4.69 

! ~ A N ~ I T ~  

STAB 

Rsme 

24 Serpentin a 

1 Ophiuchi 8 

11 Hercub m 

40 Herculis { 

49 Hercalia 

27 Ophiuohi K 

60 Herculis 

64 Herculis a' 

42 Ophinchi 0 

25 Booth p 

36 Bootia ? 

24 Serpentia a 

24 Herculia w 

40 Herculis { 

49 Heroulia 

27 Ophiuchi K 

60 Hercalio 

64 Herculb a' 

42 Ophiuchi 0 

Ld. 1s" 64', by 

Mean 
Observed 

Time 

h m  8 

15 38 34'78 

16 8 ran67 

19 62-74 

36 56-91 

46 47-14 

46 47-03 

52 12.86 

59 62-43 

17 9 24.24 

14 50.30 

16 39 23 

14 a6 50.86 

39 55'94 

15 38 35-46 

16 19 63-34 

36 60.35 

46 50.01 

4650.06 

51 75-69 

59 65.36 

17 9 27.a4 

14 52.98 

16 19 at 

AT 

In- 
strume~ital 
Position 

and 
Correotion 
Constante 

I. P. E. 

- I . 3  

hJ 133:; 

I. P. T. 
d 

, +  I.o 

% 3: 
6 5 
;;Ss 2 

i-i'.; 
3 

? 

sg; ti- 
3 : 3 * 0 . 2  

with Telsrcope No. BOMBAY, 

Pen 
Equation 

8 

-1.90 

+ 1.90 
t1.90 

+1.90 

+ r a p  

+ ~ . p  

-1'90 

-1.90 

-1.90 

-1.90 

Mean, tg 

+1.90 

+1'90 

-I .go 

+1.90 

+ 1-90 
+1.p 

+ I m p  

-1.90 

-lego 

-1.90 

-1.90 

Mean, t, 

Declina- 
tion 

o I 

+ 6 49 

- 3 a3 

+ 14 19 
+ 31 49 

+ 15 1 1  

+ 9 3 4  

+ 12 55 
+ 14 pz 
- a4 53 

+ 30 54 
+I735 

+ 6 49 

+ 14 19 
+ 31 49 

+ 15 I I  

+ 9 34 

+ 1 2 5 5  

+ 14 3a 
- a4 53 

Seconds 

Correct- 
ed Time 

8 

3a 71 

a . 

64.58 

59.11 

49-00 

48.89 

10.82 

60.45 

21.29 

47.67 

5z.p 

57'95 

33.50 

65.24 

59.81 

49-62 

49-67 

71.46 

1.16 

23.04 

48.19 

9 

S 

S 

N 

i: 
s 
8 

8 

8 

N 

N 

8 

S 

N 

8 

8 

S 

S 

of 

Right 
Ascension 

8 

15'19 

56.56 

46-16 

41.50 

31-30 

31'30 

53'15 

4a-86 

4.64 

30'05 

34-64 

39'73 

15.21 

46-78 

41.52 

31-3a 

31'3a 

53'18 

42-88 

4.67 

30.08 



T D Z Z  IX. TRANSITS OF CLOCK STABS AND DEDUCTION OF TBE CLOCK CORRECTION ( 8 5 )  

Measurement ; Bombay (E), and Aden (W). 

s n 
3 
"s o 

5! a 

4 

1677 

Xay 2 

May 8 

Beduction to North 
Aspect by 

H, - H8 

Correotion 

B 
b 
I 

s" 
b 
I 

Equation - + oS'006 

Clock 
Coneotion. 
by North 

Aspect 

v) * 
P 
% 
I 

h 
01 
'0 
z' 
I 

1. 

Deduced *pparent 

with Telcsccvpa No. 

Clock 

By e ~ h  
Star 
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-18.97 

18'86 

18-91 

19'03 

18-91 

18-94 

18-94 

18'97 

18-97 

18'98 

18'85 

- 19-67 
19.64 

19'65 

19-13 

19-79 

19-16 

19-61 

19.66 

19.71 

19-61 

19-72 

19-76 

T E l a s ~ ~ s  
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Correct- 
ed Time 
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58-70 

34-08 

15-52 

65.83 

6 - 4 4  

50-28 
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7%-17 

61-87 

23-67 

48'95 

54-32 

59'38 

34-80 

16-34 

66.61 

32-31 

61.16 

g 1 . 0 ~  

72'93 

62.54 

24-41 

49.89 

Comation 

Mean 
of 

Group 

s 
'2 

I 

" 
,$ 

01 

STAB 

Name 

36 Bootie Z 

24 Serpentis a 

1 Ophiucki t 

24 Herculia w 

40 Hemulis { 

49 I I e m u l ~  

27 Ophiucl~i c 

60 Hemulis 

64 Herculio a' 

4% Ophiuchi B 

5% Booth p 

86 Bootis c' 

24 Serpentis a 

1 Ophiuchi 8 

%4 Herculis o 

21 Urare Minoris 7 

40 Herculie { 

49 Herculis 

27 Ophiuchi c 

60 Herrmlis 

64 Herculis a' 

Ophiuchi B 

AT 

In- 
strumentsl 
Podtion 

and 
Correction 
~onstsnta 

I .P .W.  
d 

+ 

a - 23.0 

E 
9 
2 %  
a g 
a. * e e  

w ? ?  
0 0 

I + 
1 1 
Pa 

I. P. W. 
d , + I.o 

a -a6.7 

o 

5 
cO 

3 s a 
L. h 
8s 
, ? 7 
0 0 

+ + 
I I 

of 

Right 
Aecennion 

J 

39-73 

15.aa 

56-59 

46'80 

41-53 

31-34 

31-34 

53-30 

42-90 

4.69 

30'10 

34-65 

39'74 

15-13 

56.61 

46.82 

12.55 

41.55 

31-36 

53'22 

41-93 

4-71 

30.13 

Lat. 18' 64', by 

Mean 

Observed 

Time 

hnC 8 

14396.49 

15 38 32-37 

16 8 rg'gg 

19 67-74 

36 62-18 

46 ga.19 

46 52-19 

51 70.33 

59 60-00 

17 9 8 

14 41-42 

16 28 33 

14 26 52.25 

39 57'36 

15 38 36'87 

16 7 14-65 

19 64.74 

21 28-21 

36 59-07 

46 49-14 

51 74'87 

59 64-45 

1 7  926.33 

14 52.20 

16 16 18 

, 

BOMBAY, 

Pen 

Equation 

J 

-1e.90 

+ 1-90 
-1.90 

-1.90 

-1.90 

-1.90 

-1.90 

+,.go 

+ 1-90 
+ 1-90 
+ 1-90 

Mean, tE 

+re89 
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-1.89 

+1.89 

+1.89 

+1'89 

+rm89 

+1.89 

- 1.89 
-1.89 

-1.89 

-I -89 

Mean, t,, 

Dealion- 
tion 
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+a735 

+ 6 49 

- 3 a3 

+ 14 19 
+3149 

+ 15 1 1  

+ 9 34 

+ 12 55 
+ 14 ja 
- a4 53 

+ 30 54 
+ 27 35 

+ 6 49 

- 3 23 

+ 14 19 
+ 76 a 

+3149 

+ 1 5 ~  

+ 9 34 

+ 1 a 5 5  

+ 14 32 
- aq 53 

Eeavisids 
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Correc- 

J 

-1.79 
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-1.91 

-1.74 

-1'91 
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+ 1-84 
+1'87 

+1'89 

+ 1-53 

+as07 

+aSoz 

-1.99 

+re69 

+1.87 

+4'10 

+aeo9 

+1.88 

-1'94 

-191 

-1.90 

-2.31 

f 

N 

8 

8 

N 

); 
8 

S 

8 

S 

B 

N 

8 

8 

8 

N 

N 

N 

8 

8 

8 

B 



(86) l'BBLE IX. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION 

Illeaewremepzt; Bombay (E), and Aden (W). 

AT 

In- 
atrumen tal 
Position 

and 
Correction 
Co~rsta~~ts 

I. P. W. 
d 

+ I.o 
a -17.6 

.5 
0 
E 
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- a  
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C L 

,:3 
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,,, 11 11 

I. P. E. 

- I .I 
b - 0.1 
a -32.4 

S 
Q 
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8 

f 

1877 
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BOMBAY, 

Pen 
Equation 

8 

-1'89 

+I-89 

-1.89 

-1.89 

-1.89 

-1.89 

-1.8~ 

-1-89 

+1.89 

+ 1.89 
+I-89 

Mean, tp 

+1.89 

-1.89 

+ 1-89 
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+1.89 

+1'89 

-1'89 

-1'89 
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36 63-53 
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59 61.49 

17 9 23-30 
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8 
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-1.99 

-1'97 
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A ~ ~ s r e n t  

Declim- 
tion 

o I 

+ 27 35 
+ 6 49 

- 3 23 

+ 14 19 
+ 76 a 

+3149 

+ 1 s  1 1  

+ 9 34 

+la55 

+1432 
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20.47 
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39-15 
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31-40 

53.26 

42'97 

4-75 

30.18 

Equation - +om-006 
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TABLE IX. !I!RANSITS OF CLOCK STARS AND DEDUCTION O F  'J'HX CLOCK CORRECTION (87) 

iKeasut*ement ; Bombay (E), amd A den (W). 

Heaaiaich 

Total 

Oorreo- 
tion 
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-1'80 

-1.76 

+1'63 

-1.35 

-2.01 
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88 Bootir Z 
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64 Herculir a1 
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Equation - +0'.006 

Clock 
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I 

-- BOMBAY, 
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-1.89 
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16 7 81.46 
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(88) TABLE IX. TRANSITS OF CLOCK STABS BnTD DEDUCTION O F  THE CLOCK CORRECTION 

Mearncrement; Bombay (E), artd A&% (W). 

BOMBAY, 

Pen 

Equation 
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23'57 

13-71 

23-65 

Reduction to North 
Aspect by EquPtion 

E N - H g  - +da006 

by Heaoirids 

Total 
Como- 

tion 

8 

-1'84 

-1.91 

I 

+I'~I 

-2.10 

-1.98 

+0'55 

-1.73 

+1.83 

+ln76 

+ 1-80 
+1*8a 

+1.31 

+a's3 

+I.& 

Mean 
of 

h u p  

g 
.'? 

o n~ 
I 

with Ts&cqps No. 

Eleoonb of 

Correction * 

8 
o 
I 

AT 

In- 
atramental 

Poeition 
and 

Correction 
~ o n b t s  

I.P.W. 

c -  1.4 
- 31.6 

I 
C, 
b e 

L I. &e 
I", a 
I + 
I I ,, 

&-- 
ed Time 

8 

13-77 

ag-38 

29.33 

36-84 

80.31 

70.60 

36.46 

65.ao 

55.05 

76.97 

66.64 

28-48 

53-85 

65'5a 

39.56 

 ANSI SIT^ 

ST- 

Clwk 
Correotion 
by North 

hpect 

'4 
m 
'? 
" 
I 

Bight 
Amnoion 

8 

50'24 

5.84 

5-84 

15-31 

56-71 

46'92 

la-72 

41-65 

31.4 

53-34 

43-05 

4-63 

30'18 

41-81 

15-91 

Name 

18 Bootis d 

16 Bootin a 

24 8erpentL a 

1 Ophiuchi 8 

W Hsrcnlk 0 

e l U ~ a e a 6 i n o h ~  

40 Herculia { 

49 Hemulis 

a? Ophiuchir 

60 Hemulie 

64 Hercab  a' 

48 Ophiuchi 9 

28DrrmonisB 

66 Ophiwhi a 

Dealina- 
tion 

o I 

+ a5 41 

+ l9 49 

+ 6 49 

- 3 13 

+ 14 19 
+ 7 6  1 

+3149 

+ I S M  

+ 9 34 

+ 12 55 
+ 14 32 
- a4 53 
+ 51 13 
+ l a 3 9  

N 

( 
8 

8 

8 

N 

N 

8 

8 

8 

8 

N 

8 



TABLE Ix TRANSITS OF CLOCK STABS AND DEDUCTION OF THE CLOCK CORRECTION (89) 

Meamremeat; Bombay ( E ) ,  m d  Aden (W). 

t 
R 
3 

B 
-I 

1677 
April 30 

May 1 

Msy 2 

- 

with Telescope No. -BITS 

seduction to North 

AT 

In- 
strumental 

Constanb 

I. P. E. 

- I .9 
: 1 ::: 

1 P. T. 
d - I.o 

b - 2.8 
a -II.o 

1 P. W. 
d 

c - l . o  
b - 0.2 
a - 6.5 

l e o o n l  

ed Comeat- l'ime 

a 

25-15 

15-11 

48-a8 

15'77 

9-13 

43-00 

qo'q 

13-50 

26.43 

53'50 

22.33 

2;-40 

23.69 

13.69 

14-44 

7.71 

19.55 

24-62 

dspeot b j  

cN - cs 

Correction 

z' 
0 

I 

h 
UI 
? 

I 

f 
0 

2. 

Deduced *pparent 
of 

Asoenaion Right 

a 

37'39 

27-35 

60.48 

28-12 

21-39 

55-29 

52-43 

25-83 

38-71 

65-81 

34'63 

39-71 

31-39 

27-35 

28-12 

21-39 

34.64 

39'74 

8 

N 

N 

8 

N 

N 

N 

8 

N 

r7 

N 

N 

8 

R 

8 

N 

N 

N 

Equation - + ". Oi4 

Correction by Clock North 

Aspect 

01 
% 
C1 - 
+ 

. T  
'p 
m .. + 

UY 

2 
n - + 

Clock 

By 8- ~h 

a 

+ Ia'aq 
12.24 

12.20 

12.35 

12-26 

1%-29 

1a.a 

11-33 

12-28 

12.31 

12.30 

12-32 

+ 13-70 
13-66 

13.68 

13-68 

+ 15-09 
15-12 

STAB 

T r - n  

ADEN, Ld. 

pen 
Equation 

Q 

J 

+I-46 

+I-46 

+ 1.46 
+ 1-46 
+I-46 

-1.46 

-1.46 

-1.46 

-1.46 

-1.46 

-1.46 

-1.46 

Y-, h 

+ 1.45 
+1'45 

+1'45 

+1'45 

M - ,  tp 

+I-43 

+1'43 

Mean, tg 

Comotio? 

Mean of 

Group 

w 
% .. . 
C1 

; 

-$ 
m 

; 

V) 

; 

61 Virginis 0 

17 Canum Venat. 

Uram Majori~ 

79 Virginia { 

Canum Venat. 

10 Draconis r 

8 Bootia q 

93 Virginis r 

11 Bootia 

16 Booth a 

26 Bootin p 

86 Bootis 9 

61 Virginia 9 

17 CanamVennt. 

79 Virginia { 

CmumVenat. 

86 Booth p 

86 Bootie r' 

o t 

- 4 53 

+ 39 9 

+ 60 35 
+ o a  

+ 37 qg 
+ 65 ao 
+ 1 9  I 

+ a 8  

+ 27 59 

+ I949 

+3055 

+ 27 35 

- 4 53 

+ 39 9 

+ 0 2 

+ 37 qg 

+ 30 55 
+a735 

la" 46', by 

Mean 
Observed 

Time 

h m  J 

13 3 23-63 

4 13.65 

23 46.90 

28 14-26 

29 7-67 

47 44'57 

48 41-58 

55 14-91 

55 27-81 

14 9 54-91 

26 23.77 

3928'83 

13 45 59 

13 3 21-41 

4 12.20 

a8 13'13 

a9 6-23 

13 16 13 

14 26 18.10 

39 23'18 

14 32 51 

0o;npbell 

Total 
Correc- 

tion 

J 

+1'52 

+rS46 

+ 1-38 
+ I - ~ I  

+1.46 

-1.57 

-1.42 

I 

-1'44 

- 1 2  

-1.44 

-1.43 

+1'28 

+ 1-49 
+ 1-31 
+1.48 

t1.45 

+ 1-44 



( 90) TABLE IX TRBNSITt3 OF CLOCK STARS A h 3  DEDUCTION OF THE CLOCK CORRECTION 

Memwement ; Bombay (E), and Aden (W). 

3 
FI 
3 

'g f: 
4 

1877 

May 8 

May 4 

AT 

In -  
stmmental 

C::!an Co~~etant~e 

I. P. W. 
d - I .o 

- 

I.P. W. 
d - I .o 

b + 0'5 
a - 3.2 

ADEN, Lot. 

Pen 
Equation 

Q 

8 

+1.46 

+ 1-46 

+ 1-46 

+1.46 

+ 1.46 

-1.46 

- 1.46 

-1.46 

-1.46 

- I .46 

Mean, tE 

+1'45 

+ 1.45 

+ 1-45 

+1'45 

+ 1 '45 

-1.45 

-1'45 

-1'45 

-1'45 

-1'45 

-1'45 

-1'45 

-1'45 

Mean, ts 

TRANSITS la0 M, by 

Mean 

Observed 

Time 

i t n  a 

13 3 19-58 

4 9'45 

23 42.44 

28 10.30 

19 3'43 

47 40.13 

48 37'4.3 

55 23-65 

14 4 35'22 

950.77 

1.3 37 27 

13 3 18.14 

4 1-98 

23 41-04 

28 8.80 

29 2.03 

47 38'73 

48 36-01 

55 9'4.4 

55 22-27 

14 4 33.76 

9 49'35 

26 18-16 

39 23.26 

13 47 9 

- 

Camp6sEl 

Total 

Correo- 

tion 

8 

+ 1-39 

+ 1'52 

+ 1.67 

+1'39 

+ r ' v  

-1'18 

-1.46 

-1.43 

-1'44 

-1.46 

+ 1-43 

+1'48 

+ 1'5.3 

+1.q2 

+1'48 

3 5  

-1.45 

-1'48 

-1.45 

-1'45 

-1.45 

-1-44 

-1.44 

STAB 

7- 
61 Virginia # 

17 CanumVenat. 

Unm Msjoria 

79 Virginia { 

CannmVenat. 

10 Draconis r 

8 Booth q 

11 Bootie 

18 Bootin 

16 Booth a 

61 Virginia B 

17 Canurn Ve~~a t .  

Ursae Majoris 

79 Virginia { 

h n u m  Venat. 

10 Draconia r 

8 Bootis 1 

93 Virginis r 

11 Bootia 

12 Bootia 

16 Bootis a 

25 Bootis p 

86 Bwtia c2 

8. 

Deduced A ~ ~ m n t  
Reduction to North 

Clock 

BJ Star each 

8 

+ 16-42 

'6'3i 

16-34 

16.43 

16-43 

' 1 6 . ~ 0  

16.47 

16.49 

16.45 

16.52 

+ 17.82 

17'87 

17.86 

17'90 

17.87 

17-86 

17-89 

17-89 

17'90 

17.92 

17-93 

17.93 

11-93 

&p& by 

ON - Cs 

Correction 

V) - 
? 

I 

I. - 
0 

b 
I 

Correction 

Mean of 

Oroup 

. 

n . 

& 
.a0 
2 + 

with Tekncops No. 

0 I 

- q 53 

+ 39 9 

+ 60 35 

+ o a  

+ 37 49 

+ 65 2 0  

+ 1 9  I 

+ 27 59 

+ 15 41 

+ I 9 4 9  

- 4 53 

+ 39 9 

+ 60 35 

+ o z  

+ 37 49 

+ 65 zo 

+ I 9  1 

+ z 8  

+ 27 59 

+ 25 41 

+ I 9 4 9  

+ 30 55 

+ 27 35 

Equation - + d ' 0 7 4  

Correction by Clock North 

Aspect 

t- s 
'0, + 

n. 
h 

90 .- - + 

~leconds 

ed Correct- 'l'inie 

8 

20.97 

10'97 

44.11 

11.69 

4-95 

38-95 

35'97 

2z.22 

3.3'78 

49'31 

19-57 

9.46 

42'57 

1 0 . 2 ~  

3-51 

37'38 

34.56 

7-96 

20.82 

32-31 

47'90 

16.72 

21'82 

-- 

8 

N 

N 

8 

N 

N 

N 

N 

N 

PI 

8 

N 

N 

8 

N 

N 

N 

8 

N 

N 

N 

N 

N 

of 

Aecension Right 

a 

37.39 

37-34 

60.45 

28-11 

21.38 

55'25 

51-44 

38.71 

50.23 

65'83 

37'39 

27-33 

60.43 

28.12 

21-38 

55'24 

52'45 

25.85 

38.72 

50.23 

65'83 

34.65 

39-15 



T B L B  IX. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION (91) 

Memuremnt ; Bom6ay (E), and Aden (W). 

P 
4 

3 
Ti 
i! 
% 
4 

1877 

bray 6 

May 6 

May 7 

! ~ A N ~ I T B  AT 

In- 
s t rurne~~td  
Porition 

and 
Correction 
Constants 

I.P. W. 
d - 

b + 2.5 
a - .5 

I .P.W.  
d - .o 

b + 3.1 
a - 5-2 

I .P .E.  

- .g 

b +  a - 6'7 o.3 

ADEN, Lot. 1P &', by Campbell with !l'6hwps No. 8. 

Reduction to North 
Deduced A p ~ n t  4 e o t  by Equation 
Clook Correction 

Pen 
c, - c, - +0"074 

Equation Observed Correc- 
Clock 

+ 1-45 13 3 16.75 + 1-46 18-21 37'39 + 19.18 

+ 1-45 4 6-51 + ~ ' p  8.09 27-33 

+1'45 29 0.62 +1'51 2.13 21-38 

-1.45 46 37'35 - 3  36-04 55.23 

-1'45 48 34.60 -1'41 33-19 52-45 

-1'45 55 8.00 -1'43 6.57 15.86 

-1'45 55 20.85 -1'39 19-46 38.72 

-1'45 14 4 32.36 -1'40 30.96 50'2.3 

-1'45 9 47-90 -1.40 46-58 65.83 

- 1'45 26 16.73 -1'39 15.34 34.66 

- 1 '45 39 21.81 -1'39 20'42 39'75 

Mean, tE 13 51 6 

+ 
+ I '44 4 5-09 + 1.55 6.64 27-32 

2338.06 +1.66 39.72 60.41 '1'44 

+ r m q q  28 5-92 +1'45 7'37 28.12 

+1'44 28 59-09 +1'55. 60.64 21-38 

Mean, tE 13 17 37 

+ 
+1*47 4 3-86 +1*59 5-45 27-31 

+1'47 23 36.97 + 1-59 38-56 60.40 

+ 1'47 28 4-60 +1'57 6-17 28.13 

+I'47 28 57'94 + 1'59 59'53 21-31 

I 48 31-85 -1.35 30-50 52.45 

-1.47 55 5-23 - 1 3 6  3.87 25.86 

-1'47 55 18.13 -1.34 16-79 38'72 

- 1 . 4  14 4 29.62 -1-34 28.28 50'24 

- 1.47 9 45'22 -1'35 43-81 65-84 

-1.47 39 19'12 -1'35 7 7  39'77 

Mean, % 13 43 41 

4 

8 

N 

N 

N 

N 

8 

1 

N 

N 

N 

N 

S 

N 

8 

N 

8 

N 

N 

8 

N 

N 

8 

N 

N 

N 

N 

STAB 

Name 

6 1  Virginia 0 

17 Canum Vennt. 

Cnnum Venat. 

10 Dnmnis r 

8 Bootis q 

93 Virginia r 

11 Booth 

1Z Bootis 

16 Bootis a 

85 Bootis p 

36 Bootis c2 

61 Virginia 6 

17 Canurn Venat. 

Uram Majoris 

79 Virginis { 

Cirnum Venat. 

61 Virginia 6 

17 Caiiom Venat. 

U-Majoris 

79 Virginis ( 0  

Cnnum Venat. 

8 Bootis q 

93 Virginia r 

11 Bootia 

12 Bootis 

16 Bootis a 

36 Bootia cl 

Deolina- 
tion 

o t 

- 4 53 

+ 39 9 

+ 37 49 

+ 65 ao 

+ 1 9  I 

+ a 8  

+ 27 59 

+ a5 41 

+ 1949 

+ S O 5 5  

+ 27 35 

- 4 5 3  

+ 39 9 

+ 60 35 

+ o a  

+ 37 49 

- 4 5 3  

+ 39 9 

+ 6035 

+ o a  

+ 37 qg 

+ 1 9  I 

+ 3 8  

+ 27 59 

+ 25 41 

+ 1949 

+ 27 35 



(92) FABLE IX. TRANSIT9 O F  CLOCK STAB9 AND DEDUCTION OF TECE CLOCK CORRECTION 

Meaezcremnt ; Bombay (E), and Aden (W). 

Murtion to North 

Q 
FI 

a 
'1 
i? 
3 

1877 
May 8 

May 9 

A m p e t  by 

CN - Os 

Uomtion 

2 
b 
I 

f 
0 

I 

Equation - + d-074 

Clock 
Correction 
by Borth 
doped 

* 
'2 
rr) 

+ 

h 
rg z 
(. + 

with Telarcope No. CampbsU 

Total 
Correc- 

J 

+1'37 

+1'34 

+I-36 

+1'34 

+1"7 

+1'36 

+1-37 

+1'36 

+1'36 

-1'52 

-1.51 

+ 1.42 

+1-35 

+1'27 

+r-41 

+1'36 

-1.66 

-1.50 

'-1.48 

-1.51 

-1'50 

-1.50 

I 

ADEN, Lat 

pen 
Equation 

J 

+1'q3 

+ I -43 
+"43 

+1'43 

+ 1 '43 

4-1-43 

+rW43 

+I-43 

+1'43 

-1.43 

-1.43 

Mean, tB 

+I-# 

+ 1.44 
+ I *a 
+ 1-44 
+I'M 

-1.44 

-1.44 

-1.44 

-I -44 

-1'44 

-1'44 

-1.44 

Mean, tg 

Correct- 
ed Time 

8 

14-13 

4'05 

4-81 

58.06 

31-84 

29-14 

2-56 

16-93 

41-56 

11'34 

16.47 

1a.85 

1-86 

35-89 

3-69 

56.86 

30'72 

27-98 

1-36 

14'22 

25'74 

41-38 

10.17 

8. 

Deduced 'pparent 

AT 

In- 
ntrurnental 
Position 

and 
Correction 
C o m b  

I.P.E. 
d - I .9 

b - 1.2 

a +  o.4 

Z P. E. 
d - . 

b 0.0 
a + 

12" MI, by 

Mean 
Observed 

Time 

h m  8 

13 312.76 

4 a.71 

a8 3-45 

28 56-72 

4730.57 

48 27-78 

55 1-19 

14 4 25-57 

9 41.20 

26 1a.86 

39 15.98 

13 48 38 

13 3 11.43 

4 1-51 

23 34-62 

a8 2-28 

a8 55-50 

47 32-38 

48 29-48 

55 1-84 

55 15.73 

14 4 27.1) 

g 42.88 

a6 11-68 

13 42 52 

of 

Eight 
Aaoenrion 

8 

31-38 

27'31 

28-13 

a~-37 

55'20 

52'45 

15-87 

50'24 

65-84 

34.67 

39-17 

31-38 

27'30 

60.37 

28.13 

21.37 

55'19 

52.46 

25-88 

38-72 

50.24 

65-84 

34'67 

clock 

By each 
Btsr 

J 

+~.?'ag 

23-26 

23'32 

23'31 

23-36 

13-31 

23-31 

23'31 

23. a8 

23-33 

13-30 

+ 14-53 
24'44 

24.48 

14-44 

W.51 

24'47 

14-48 

24'52 

24.50 

24.50 

24-46 

24'50 

TEANSITB 

conwtion 

Mean 
of 

Group 

8 
? 
2 + 

rO 

3 
" i 

+ 

STAB 

Name 

61 Virginia 0 

17 Canum Venat. 

79 Virginia t 
Cantun Vanat. 

10 Dmonie I 

8 Bootia q 

93 Virginia r 

12 Booth 

16 Bootin a 

25 Bootie p 

86 Bootis G 

61 Virginia 0 

17 Cannm Venat. 

Urm Majoris 

79 Rirginir C 

Canurn Venat. 

10 1)raconia I 

8 Bwtisq 

98 Virginia r 

11 Bootia 

12 Bwtir 

16 Bootia a 

26 Bootb p 

Declins- 
tion 

o I 

- 453 

+ 39 9 

+ 0 2 

+ 37 qg 
+ 65 20 
+ 1 9  I 

+ 2 8  

+ 25 41 
+ 1949 

+3055 

+ 27 35 

- 4 53 

+ 39 9 

+ 60 35 
+ o z  

+ 37 49 
+ 65 ao 
+ 1 9  I 

+ a 8  

+ 27 59 

+ 25 41 
+I949 

+ 30 55 

,g 

8 

N 

8 

N 

N 

N 

8 

N 

B 

N 

N 

8 

N 

N 

8 

B 

I 

N 

8 

N 

N 

N 

N 



P U L E  Ix !)!RANSITS OF CLOCK STAM AND DEDUCTION OF THE CLOCK CORRECTlON (93) 

Heaiwerneni? ; Aden (E), and Suez (W). 

f 
Q 
a .- 
6 
0 

i! .A 

4 

1877 

Nay 26 

May !26 

1 

STAB 

Name 

1 Ophiuchi 8 

P lhwouh 7 

81 8oorpii a 

10 Ophiuahi A 

18 Ophiuchi { 

27 Ophioohi K 

( U H e d b a l  

4!2 Ophinohi 0 

49 Ophiuchi u 

66 Ophiuchi a 

86 Hemulio p 

18Sagittariip 

58 Smpentia q 

10 Lpm j11 

18 Aqailas r 

17 Aquilm { 

18 Lyrm r 

TRAN~ITS AT 

In- 
etrumental 

Pmition 
m d  

Oorrection 
~omtsnta 

I. P. E. 
d 

+ o.7 
b + 7.3 
a + 20.3 

I. P. E. 
d 

0 + 0.7 
+ "'3 

4 
4, 
T 
~9 9 e  
rn? 
hh 

+ +  
II I 
as 

with Tduaqps No. 

Correct- 
ed Time 

a 

61-53 

37'08 

j7.r~ 

59-81, 

50.q 

30.76 

58-16 

58'17 

9-66 

9-67 

35-ao 

32'13 

20'83 

20.82 

45-91 

32'11 

4'09 

39-18 

9.46 

9-46 

52'52 

9-49 

61-65 

Deolha- 
tion 

o I 

- 3 a3 
+ 19 27 

- a6 lo 
+ a 15 

- lo 19 
+ 9 34 

+ 1432 

- q 53 
+ 4 15 

+ 12 39 

+ 17 47 
- 2 1  5 

- a 56 

3 3  

+ -54 

+ I 3 4 1 i N  

+ 35 55 

Beoonde of 

Right 
Aeoeneion 

a 

56.92 

32'53 

31-5j 

55-31 

45'55 

a6.06 

53'59 

53-59 

5.12 

5-r a  

30'63 

17'57 

16.a1 

16's1 

41-37 

27'53 

59'41 

34-67 

4.81 

4-82 

47-16 

47-16 

51-07 

1. 

Deduced Apparent 

3 

8 

9 iN 
8 

0 

8 

i: 
R i8 
8 

8 

N 

[ 
N 

8 

8 

N 

B 

N 

Hwaiaidu 

Total 
Correc- 

tion 

8 

+2'04 

+ 1.88 
+1'88 

+amas 

+a.ol 

+a'og 

+rm95 

+1'95 

-1.56 

-1.56 

-1.26 

-1'49 

-1.55 

-1-55 

-1.67 

-1'30 

-1'43 

+I-76 

+1-9a 

+1'9a 

+1'93 

+ 1-93 

+rm73 

ADEN, hf. 

Pen 
Equation 

8 

a 

+1-74 

+l'f4 

+"74 

+ 1'74 

+ 1-14 

+ 1-74 
+1'74 

+1'74 

- 1  

-1.74 

-1.74 

-1'74 

Mean, tB 

-1.74 

-1.74 

-1.74 

-1.74 

-1.74 

+ 1-14 

+le74 

+1'74 

+1'74 

+l'74 

+1"74 

Meen, tg 

Clwk 

By eaoh 
8tar 

a 

- 4.61 
4-55 

4'59 

4'50 

4-54 

4'57 

4'58 

4'54 

4'55 

4'57 

4'56 

- 4.61 
4.61 

4'54 

4'58 

4-68 

4-61 

4.64 

4-64 

4-16 

4'73 

4'58 

Reduction to North 
Aspect by Equation 
HN - HB - + om*oar -T Correction 
Oodn by North 

la0 M, by 

Mean 
Observed 

Time 

h m  a 

16 7 59-49 

16 35.~0 

16 js-aq 

a157.59 

a4 48.08 

30 28-67 

51 56-11 

51 56-22 
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* 
\0, 

5 ' 
' 
I .  

" O0 

-90  
E 
I 

Aspect by 

HN - H9 

Oonwtion 

h 

s 
I 

1 

Equation - + d D o a z  

Clock 
Correotion 

by 
Aspem 

L( 

m, 
z 
I 

- 
01 
0 
0, 
I 



l ! ! L E  IX TE1AXUSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION ( 99 )  

Mearrurement ; Adest (E), and Suez (W). 

Nan. 1' - o'.o225. 

k 8 1 ~ 8  AT SUEZ, Lat. a90 68', by Campbell witk Tslucqpa 3-0. 2. 

Reduction to North 
~~~~~t by 
0, - C, - 

Oorrectio~l - 

s 
b 
I 

3 
b 
I 

z 
0 

1 

2 
0 

I 

%-tion 
+0'.058 

Clook 
Correotio~~ 
by North 

A W t  

% z 
I 

I m 
0 
m 
I 

f 
2 
I 

n v, 
P 
e 
1 

D e d u d  AI'P"~~'" 

Totd 

Corrw- 

tion 

Clock 

By each 
Star 

Secollds of 

1857 
M y  %5 

%Y 

a y  86 

26 

+ 

3 
4 

3 
.! 
4 
4 

Correction 

Macul 
of 

Group 

Corrc'rt- 
ed 'l'i111e 

In- 
r t~menta l  

Position 
and 

cornt ion 
Co~mtanta 

Right 
Asoenaion 

m z 
"do 

t 
* 8 ' 

, . 3 - 
I 

m 

.P 

f! I 

I. P. 

c - , . 5  20 16.21 +oa56 16.77 8.05 8-72 

: e1.32 29 39-94 +O'57 40'51 31-15 8-76 

+ I 38 23'68 +o'54 24.12 15.47 8-15 

8.86 

-1.32 2% 34.33 -1.03 32-30 23-49 8'81 

8'85 

Pen 

Equation 

Q 

8 

8 

8 

8 

8 

Pi 

Pi 

8 

8 

N 

8 

I 

8 

8 

8 

N 

8 

N 

Pi 

8 

H 

8 

N 

3 = * 

27 Libre B 

BBerpentLr' 

b Coroncs a 

2-4 Berpeutir a 

1 O~~l~iuolii 8 

14 DraamL 

40 Hemult { 

BT Ophinohi r 

64 Herculis a1 

28 Drrwnir B 

66 Ophiuchi a 

88Uraoor1iar 

w Libm B 

I)Serpentisrl 

6 Ooronm a 

84 &rpentL a 

1 Ophiuchi 8 

14 Ihumb $ 

40 HemulL { 

87 Ophiwhi r 

Z8DrawnirB 

66 Ophiaohi a 

88 Drurontr  

STAB 

Name 

I. P. 6. 

- 2 7 ' 4  
a -18.6 

I. P. 8. 

o -  

: 1,::: 

LP.IC. 

e - I . 5  
b - 3 3  
a -63.a 

Mean 

Oherred 

Time 

o I 

- 8 56 

+ 1 5 5 z  

8 

+ 6 49 

- 3 23 

+ 61 47 

+ 31 49 

+ 9 34 

+ I 4 3 1  

+ 52 23 

+ 12 39 

+ - 5 1 3 0  

- 8 56 

+ 1 5 5 2 ,  

+ 27 8 

+ 6 49 

- 3 23 

+ 61 47 

+ 3 1 4 9  

+ 9 34 

+ 5 z z 3  

+ IS 39 

+ 6 1 j o  

Dsalins- 
ti011 

M-11, tx 

I 

-1'32 

+"3' 

+ I . j z  

+ 1-31 

Ifem, tp 

+ I - ~ I  

+1*31 

t1 .31  

+ 1-31 

I 

-1.31 

-1.31 

M-, t. 

-1-31 

+I-31 

+I.31 

+ 1-31 

M-, t. 

- 2 . q  

-2.09 

+om59 

+oe55 

+o0'6o 

+oS31 

+oe84 

+ I . I I  

+oe63 

-2.19 

+omo7 

-1.38 

-1.91 

+a-oz 

+0.76 

+ 1-98 

'5 49 30 

16 51 64-61 

17 9 16.10 

2750'62 

29 24.61 

53 56-25 

17 2 1  31 

15 10 36'49 

a0 17'80 

29 41-31 

38 25-48 

16 7 69.83 

2 1  .H'IO 

36 53'99 

15 49 31 

16 51 66-33 

17 27 gl'og 

29 a6.37 

53 56-81 

17 25 50 

62-51 

lq'or 

51-21 

25-17 

56-85 

36.80 

18.64 

42-43 

26.11 

67-64 

34'17 

52.61 

64.41 

53.07 

I 

58-79 

5-3-59 

Sara 

42-14 

16.21 

47-73 

16-19 

8.05 

31-15 

15-41 

56.93 

23'49 

41.88 

53.61 

42-15 

16-22 

47-74 

- 8'93 

8.89 

9-01 

8.96 

9-13 

- 10.61 

10.59 

10.68 

10.64 

10.71 

10.68 

10.73 

- 10'81 

10.92 

10.91 

11-05 



(100) l ! ! L I E :  IX. !I'RANSITS OF CLOCK STABS AND DEDUCTION OF THB CLOCK COBRECTION 

Mearncrement ; A den ( E )  , a t~d  SWG (W). 

. 

S 
FI 

1 
tr 
0 
4 

1877 

May 27 

May 27 

May 48 

May 28 

*pp.rent 

6th T e l a q o  NO. 8. 

- 

Reduction to North 

clock 

By enoh 
Star 

a 

- 12.3; 

12.39 

12-48 

12-48 

12.56 

12.65 

12-64 

- 12.68 

12-66 

12-74 

I 2.86 

- 14.14 

14.05 

14'09 

14.17 

1 4 . ~ 1  

14-14 

14.23 

- 14'30 

14-29 

14-39 

14'41 

Seconds 

Currect- 
ed 'l'ime 

a 

38.57 

20.44 

44.23 

27.96 

69.51 

36.15 

34-53 

66-30 

17-81 

a8.cj0 

60.62 

40.34 

2a.11 

45-83 

29.66 

71.18 

37-64 

56.13 

67.94 

19.45 

56-51 

30.67 

Campbell 

Total 

Como- 

tion 

o  
+oa19 

t 0.81 

+ r a 1 3  

+0'51 

-2.29 

+oe41 

-1'33 

-1.96 

-1'84 

+oe)3 

+a-18 

+om96 

+ 1.02  

+1'04 

+ 1.w 

-1-66 

-1.54 

-1.59 

-1.63 

-1.62 

+1.08 

+ r.01 

SUEZ, Lat. 

Yen 
Equation 

a 
+re30 

i-1'30 

+ 1.30 

+ 1-30 

-1.30 

-1'30 

-1.30 

Mesll, tE  

-1.30 

-1'30 

+ 1'30 

+ 1.30 

Mean, tE 

+1.32 

+1-3a 

+1.32 

+rq32  

-1.32 

-1.31 

- 1-31 

Yeall, tg  

-1'3a 

-1.32 

+ ra.za 

+ I -3a 

M-, tB 

Aspect by 

C, - Cs 

Correction 

t 
I 

f 
0 

I 

S 
? 

I 

f 
0 .  

I 

Oorr&ion 

Mean 
of 

Group 

2 
YI 

5 ;. - 
I 

"2 

2 
5 .  

" I 

* - 
2 
I 

P . 
z 
1 

of 

Right 
dsoenaion 

o  
26-20 

8-05 

31-75 

15'48 

56-93 

2.3'50 

41-89 

53-62 

5'15 

16-24 

47-76 

26.20 

8.06 

31-76 

15-49 

56.96 

23'50 

4 1 . 9  

33-64 

5-16 

42.18 

16-16 

AT 

In- 
etru~nental 
Position 

and 
e r m t i o n  
Constlrnts 

I. P. 1% 

c -  - I" 

a - 73'8 

I. P. B. 

b -  1.6 
a - 73'8 

I. P. W. 
d 

o - 5.3 - 5'3 
a - 9-8 

I. P. W. 
d 

o - 5.3 
b - 5'3 
a - 9.8 

aso W,  by 

Mean 
Observed 

Time 

h m  a 

15 ro gR-38 

20 19.63 

29 43'10 

38 27-39 

16 7 71-80 

22  35.74 

36 53-86 

15 49 33 

16 51 68.a6 

17 9 19-65 

a9 28-23 

53 58.44 

11 21 14 

15 10 39.38 

ao 21.09 

29 44-81 

38 28.66 

16 7 71-84 

a2 39'18 

36 57-72 

15 49 35 

16 51 69.57 

17 9 21-07 

a7 55-49 

29 29.66 

17 14 44 

Eql~dion - + o"058 

Clock 
Correctaon 
by North 
Asped 

- 
YI 

7 - 
I 

OI 
h 
h 

n 

I 
L. 

8, - 
5 
I 

n 

? 
z 
I 

! h A N 8 1 ~ 8  

. STAB 

Name 

27 Libras @ 

98erpentisr '  

5 Corona, a 

24 Serpet~tis a 

1 Ophiuolli a 

I4 Drnoonis q' 

40 Herculis { 

Z7 Ophiuchi r 

64Hemulisa '  

55 Ophiuohi a 

88 Draaonb y 

81 Libm 0 

9 serpentis +' 

6 Coronm a 

24 Berpentia a 

1 Ophiuchi 8 

14 Draoonia q' 

40 Hemulia { 

27 Ophiuehi r 

64 Hercolb a' 

88 Drnoonir B 

66 Ophinohi a 

Declins- 
tion 

o I 

- 8 56 

+ r 5 5 a  

+ 27 8 

+ 6 49 

- 3 23 

+ 61 47 

+ 31 49 

+ 9 .% 

+ 1432  

+ 12 39 

+ 51 30 

- 8 56 

+ 15 52 

+ 37 8 

+ 6 49 

- 3 23 

+ 61 47 

+ 31 49 

+ 9 34 

+ 14 32 

+ 52 a3 

+ 13 39 

4 

8 

8 

8 

8 

8 

N 

N 

8 

8 

N 

S 

8 

8 

8 

8 

N 

N 

B 

8 

N 

8 



2"LB IX. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK COBRECTION (101 ) 

Mearrurmnt; Adeta (E), and Suez (W). 
. 

I n 
73 'a 
0 

1 
1877 

May 89 

May 29 

lldsy SO 

M a y 8 0  

SUEZ, 

pen 
Equntion 

Q 

8 

+ I . ~ I  

+1'31 

+1.31 

+ I .31 
-1.31 

- 1-31 
-1.31 

Meall, tx 

-1.31 

I 

+ 1-31 
+ 1.31 

Mean, tx 

+ 1-31 
-1'31 

-1.31 

-1.31 

Menn, ts 

- I  

v -1.31 

+ I ' ~ I  

+ I '31 
+re31 

Meall, tx 

W. 89" 6y 

Mean 

Observed 
l'ime 

h m  6 

15 10 41-03 

ao aa.81 

a9 46.56 

38 30.34 

16 7 74-50 

aa 40.98 

3659'51 

'5 49 37 

16 51 71-26 

17 9 aa.82 

a7 57.33 

a9 31.35 

53 63.06 

11  22 37 

15 a9 48.39 

16 7 76.31 

aa 42-86 

36 61-28 

16 9 27 

165173'13 

17 924'63 

a759.16 

a9 33-a2 

53 64-79 

17 20 39 

~ S I T S  AT 

In- 
stn~nmtrl 

Position 
snd 

Cormction 
Cunrtanta 

I. P. W. 

- 5.3 - .3'6 
a - 4'3 

I. P. W. 

n - 5 . 3  
b - 3.6 
a , 4.3 

I. P W. 

c - 5 . 3  - 5'5 - 3'9 

I.P.W. 

- . j  5:-5'5 - 3'9 

1 

8 

8 

8 

8 

8 

N 

N 

8 

8 

N 

8 

N 

8 

8 

N 

N 

8 

8 

N 

8 

N 

STAB 

N m e  

27 Librse @ . 
9 Serpentis +' 
6 Goror~ce a 

84 Rerpentir a 

1 Ophinchi 8 

1 4 D ~ o n b $  

40 Bemulir { 

27 Ophiuohi r 

64 Hercnb a' 

W Draconis B 

66 Ophiuohi a 

81)Drraonimy 

6 Coronm a 

lOphiuohi8  

14 Drsconis qs 

4 0  Hercub { 

27Ophinehir 

64 Herculis a' 

2 S D n r o o a b B  

56 Oplliuvhi a 

88 Drsoonia .I 

CanrpbsU 

Total 
Correc- 

tion 

8 

+1'o7 

+I-& 

+I.& 

+I.& 

-1.55 

-1.60 

-1.54 

-1.54 

-1.54 

+ 1-06 
+I.& 

+1'06 

+raoj 

-1.59 

-1.69 

-1.59 

-1.58 

-1'58 

+omr)8 

+1'04 

+0'99 

D 
tiun 

0 1 

- 8 56 

+ 15 51 
+ a7 8 

+ 6 49 

- 3 23 

+ 6 1 4 7  

+ 31 49 

+ 9 34 

+ I 4 3 2  

+ 52 a3 
+ 1a 39 
+ 5 1 3 0  

+ a7 8 

- 313 

+ 61 47 
+ 31 49 

+ 9 3 4  

+ 14 32 
+ s t 1 3  

+ 12 39 
+ 51 30 

with Telarcops No. 

Reduotion to North 

Correct- 
ed Time 

6 

42-10 

23'89 

47-64 

31-42 

71-95 

39'38 

57'97 

69-72 

a 

58.39 

32-43 

64-12 

qg'qa 

2 

41.17 

59.69 

71.55 

a3-05 

60-14 

34.a6 

65-78 

9. 

nwluoed A p ~ n t  
Aq& oy 

CN - Cs 

Cormotion 

3 
o 
I 

V) 

% L Q  
b 
I 

r 
0 

I 

v) 

3 
b 
I 

Llecondr of 

Bight 
Amnsion 

8 

a6-a1 

8-06 

31-76 

15-50 

56.97 

~3.50 

41-91 

53-65 

5-18 

42-ao 

16-17 

47.80 

31-77 

56.98 

23-51 

41.92 

53.66 

5-19 

qa.ar 

16.29 

41-82 

clock 

By each 
8tar 

6 

- 15-89 
15-83 

15'88 

15'9a 

15.98 

15-88 

16.06 

- 16-07 
16-10 

16-19 

16-16 

16-32 

- 17.65 
17'74 

17-66 

17'77 

-17.89 

17.86 

17-93 

17-91 

17.96 

Equation - + 0..058 

clock 
Correation 

by North 
Arped 

s 01 

z 
1 

m 
2 + 
1 

C- 3 
h - 
I 

C- 

? 
a. 
I 

I 

Correotion 

Mean 
of 

Group 

, 
* 
" 
I 

-4  

"Y . & 
h 

; 

, 
n 

* F 
I 



(102) ! C ! L E  X. DEDUCTION OF CLOCK RATE CORRECTIONS 

By the Combir~atwn of Star Obeematwm with Clock Cornparisone. 
, 

BOMBAY, or E, Clock ADEN, or W, Clock Helntive Adopted Ilourly Sste Correction 

Obmrved 

Clock 

Correction 

r 

+ 12.269 
13.643 

I S - I O ~  

16.407 

17.873 

19.245 

20.676 

21-907 

~3.284 

24.467 

Clock Time 

h 

16 39 

16 19 

16 29 

1616 

16 4 

1628 

... 
1612 

1551 

1614 

4 

g 
% "=, 
a 
a ? .  
' i 

P a 
g 

59 

'rime 

m 

13 46 

13 16 

14 33 

1337 

13 47 

1351 

13 18 

1 3 4  

1349 

1343 

% a m v, 

z = - I 
h " 
8 a 
4 

Honrly Rate Corraotion by 

Oormtion 

Hourly Corrections rg and rw to Observed 

Hourly Rate Co~~ectio~~ by zrg -re - B + rr Rate Cor- I)iffere,lc* of 
mction by 

stars 

r 

-oaoa5 

-027 

'029 

-030 

'030 

'oq 

... 
-0a8 

-024 

-020 

1877 
April80 

May 1 

,, 53 

,, 8 

ADEN, or E, Cloak BUEZ, or W, Cloak 

Clcmk 
Stars 

r 

+oeo59 

'058 

'057 

'058 

'059 

'059 

'056 

'054 

-053 

'052 

r 

-17.648 

18'305 

18.945 

19.697 

May 26 

,, 28 

,, D 
, t8 
n 

,, 80 

- 8.gj1 
10.828 

12.665 

14.291 

16.6S2 

17'846 

Lon- 

gitude 

(Item 

r 

-0.028 

-028 

'028 

'030 

'030 

'029 

... 
-028 

-024 

-oao 

- 0.051 
-040 

-060 

'047 

a025 

'017 

Lon - 
gilucle 

Rtam 

r 

+oSo56 

'0.57 

-058 

'058 

'058 

'056 

... 
-056 

-053 

'050 

Mean 

re 

r 

-0.027 

'028 

-029 

'030 

-030 

'029 

... 
'028 

'oaq 

.ole 

20.387 

- 0.037 
' 042 

-031 

'039 

'05 5 

'065 

16 36 

1638 

1635 

16 la 

1636 

1646 

- 0.088 
-08a 

'091 

-086 

-080 

-082 

** 

6 

n 6 

7 

8 

,, 0 

- 4.617 
5.615 

6.696 

7'899 

9-22, 

10.836 

- 0.073 
-068 

-076 

'07s 

'067 

-068 

Times of I h n -  
 look Corn- '"w - rr + ' + 

ait for H a t e  
bf ean perim~~a of W Clock 
'a B - rW x AL 

~1.133 

.a. 

22'451 

23.116 

13.606 

17 34 

17 31 

1733 

17 34 

1 7  32 

1731 

-0'039 

'043 

-047 

'053 

0 6  

-068 

-0-083 

-078 

'073 

'071 

'075 

-077 

+omo58 

'058 

.o58 

'058 

'059 

-058 

... 
'055 

'053 

-051 

-0.038 

'044 

'050 

'054 

I 

.068 

-0.089 

-081 

-073 

-071 

'075 

'079 

+ 0.097 
'090 

-090 

'49 

'084 

'099 

... 
-086 

-076 

'074 

-0.039 

'04 

-049 

-054 

I 

-068 

-0.086 

-079 

-073 

'071 

'074 

'078 

- 0.033 
'030 

'030 

-030 

-028 

'035 

... 
'030 

-023 

'oaa 

+ 0.064 
-060 

-060 

'059 

- 056 

.064 

... 
-056 

'053 

'05s 

+ 0.118 
'111 

- 1 1 1  

'109 

'104 

-118 

... 
-104 

'098 

'096 



TABLE XI. DEDUCTION OF THE DIFFERENCE OF LONGITUDE, AL, FROM OBSERVATIONS (1 03) 

OF TRANSITS WITH LOCAL CLOCKS, COMBINED BY CLOCK COMPARISONS. 

* The reoords at both stations w r e  trsnwribed by the same person. t Eech Obsewer transcribed Ilia own recorda of transits. 

J 

3 
Q 

3 
'g 
a 
2 
3 

1877 

A p d  80 

99 91 

May 1 

,I 2 

IS ,, 

9, 3 

,, Is 

,I 4 

II I) 

,, 6 

19 I,  

,S 7 

IS ~1 

n 8 

ss 39 

IS 9 

93 ,, 

8URZ (W) 

Oorrected 
Difference of 

Observed 
Times at 

Epwh Tx 
Reduced to Stam 

of 
NorthAspeot, 

M~ 

J 

+ 4.307 

5'212 

5.995 

6.352 

6,854 

7'035 

r 
Mean 8LN - I g r  20.018; Whenoe 8Ls 9 I 51 19.950 

Correotion for 
Relative ] HN- ON - - 0.030 Bs - Cs - + 0.026 

Pelao~~al Equation 

Ditto of Transcribing - oaooo* ... ... - o'ooo* 

AL, - 1 51 19'988 ALs - I 51 19'976 

Whenoe 
A m  r 

A L  = 4 (AL, + A L &  = I 51 19.982 

Deduced 
Clock 

Difference, 
D 

at E p h  

A m  
0 4 9  

J 

38.320 

37.480 

36.822 

36.249 

35'891 

35.687 

Mean 

h m  

BOMBAY 

Instrumental 
Position 

st 

Mean 8%- o qg 42.506; Whenm 8L8 = o qg 42.670 

Uorwction for 
Relative HN-0, - - 0.030 Hs - Os - + 0.026 

Persor~al Equation 

Ditto ofTnrnmribing - - o.orr t  ... ... - - o * o l r t  

A L ,  - o 49 42'665 AL, - o 49 42.685 

Whenca 
A m  r 

A L  = 4 (AL, + A L , )  = o 49 42.67j 

(E), 

Epoch 
.by 

E Clock, 

T~ 

h m  r 

14 53 38 

15 21 31 

1 5 a 5 1 2  

14 51 27 

1s a0 29 

14 55 59 

1 5 2 1 5 0  

145415  

1 5 2 1 2 9  

1 4 5 2 1 2  

15222.1 

14 51 59 

15 21 54 

145.1 3 

15 a0 15 

14 54 40 

15 21 32 

h m  

Apparent 
Difference 

of 
Longitude, 

dLN 
- D + M ~  

h m  
0 4 9  

a 

42.627 

42-722 

42'817 

42.601 

42.745 

42.722 

42.706 

r 

E 

I .PE. 

19 

I.P.W. 

s, 

,, 

S, 

ss 

18 

91 

I .P.L 

*a 

I, 

n 

1.P.W. 

12 

,s 

91 

w 

I . .  

rr 

1.P.W. 

II 

9s 

S, 

n 

,. 
,, 
99 

I.P.E. 

9, 

,. 
ss 

sr 

AND ADEN 

Correated 
Difference of 

Obsewed 
Times at 

Epoch TB 
reduced to Stars 

of 
North Aspect, 

M~ 

r 

- 29761 

29.867 

31.973 

33'877 

33'998 

36.053 

36.020 

38.223 

38.210 

40.216 

40'afl 

44.238 

44'290 

46.292 

46'340 

47'977 

47.996 

r 

(W) 1 ADEN (E), AND 

Clock Difference 
Difference, of 3 

Epoch 
by 

D Longitnde, 'g E Clock, 
c at Epoch 8L, a 2 T~ 

TB ED + " ~  4 

h m  
I 51 

a 

49.740 

49.785 

51.917 

53.917 

53.961 

55'988 

56.027 

58.109 

58'147 

60.195 

60'244 

64.407 

64.450 

66.348 

66.382 

68.129 

68.163 

Mean 

A m  

h m  
1 5' 

r 

19.979 

19.918 

19.944 

20-040 

19'963 

19.935 

2 0 . ~ 7  

19.886 

19.937 

19.979 

19'973 

20.169 

20.160 

20.056 

20.042 

20.152 

20.167 

20.018 

r 

1877 

Bray 25 

,s 26 

IS 27 

,, Z8 

I* 29 

1, 30 

I.P.E. 

s, 

,$ 

I.P.W. 

IS 

IS 

LP.E. 

,, 
1s 

I.P.W. 

,, 
9, 

h m  a 

16 42 5 

16 46 26 

1 6 4 6 3 0  

16 54 48 

1 6 4 6 3 2  

1 6 5 6 5 4  

h m  



(104) TABLE XI1  DEDUCTION OF THE DIFFERENCE OF LON(3ITUDEY AL, FROM THE 

DETERMINATION O F  LOCAL CLOCK CORREC'I'IONS, COMBINED BY CLOCK COMPARISONS. 

* The m r L  at both station8 were transcribed by bhe name pcrsan. 

BOMBAY (E), AND ADEN (W) 

Apparent 
Differelace of 

Longitude 

- 
D + AT, - AT, 

- 
h a  

I 51 19'928 

19'978 

20-008 

19'958 

19.932 

19.926 

20- I a9 

10.012 

20' 1 2 0  

I 51 19.999 

1 

4 

1877 

April30 

May 1 

I S  2 

,I 8 

,, 4 

6 

81 7 

,, 8 

n g 

A m  a h m  a 
Mean 6LN= I 51 19.999 Whence 6LS = I .51 19-93' 

Correction for Relative Personal Eq~iation, HN - Cx = - 0.030 H, - C, = + 0.026 
Ditto Transcribing Equation - - 0. ooo* ... - - O*OOO* 

ALN= I 51 19.969 AL8 = I 51 Ig'gj7 

h -  a 
Whence AL = 4 (ALN + ALg ) = I 51 19.963 

Value deduced in 'l'able X I  = 1 5 I I 9 - 982 

h m  a 
Final value of AL, Bombay-Aden, being the mean of the above = I 51 19.973 

Epoch 
T~ 

h  m  a 

16 8 36 

1 5 4 3 4 3  

16 26 39 

15 51 51 

16 I 26 

16 5 3 3  

15 53 40 

1 5 4 6  4 

'5 54 37 

ofclocks D, 
at  

E P ~  TE 

A m 8  

I 51 49-86' 

51.944 

54.059 

56'073 

58'203 

60'315 

64'495 

66.415 

68.203 

Menu 

E Clock 

mental 

Position 

I .P .E.  

I .P .V .  

91 

1, 

,, 
I.P.E. 

Y, 

I .P.W. 

,I 

W Olock 

correction 
as by 8tars 
of North 

a 

-17.648 

18.305 

18.945 

19.697 

20.387 

21.133 

aa.451 

~ 3 ~ 1 1 6  

23'606 

Deduced 

correction' 

at Ewh "E Hourly 
RBte 

Correction 

'w 

a 

+ 0-064 

.060 

.o60 

'059 

'056 

-064 

-056 

'053 

'052 

mental 

Position 

I. P. E. 

I .P .W.  

11 

1, 

,, 
YI 

I.P.B. 

II 

,, 

for 
E clock 

AT, 

a 

-17.631 

18.287 

18.944 

19'685 

20.377 

21'1zo 

22.442 

23'114 

23'599 

Time 

h  ' m  a 

16 39 23 

1 6 1 9 2 1  

16 28 33 

16 16 18 

16 23 44 

1 6 2 8  o 

16 11 35 

1 5 5 1 2 3  

16 14 14 

for 
w cloak 

AT, 

a 

+ r z . ~ o a  

13'679 

15.107 

16.430 

17'894 

19.269 

a 1 . 9 2 ~  

23.289 

24'484 

Correction 
as by Stnrs 
of North 

a 

+rz .z69 

13.643 

15.105 

16.407 

17'873 

19'245 

21.907 

23'284 

24'467 

Hourly 
Rate 

Correction 

a 

- 0.033 

'030 

'030 

'030 

'028 

'035 

-030 

'023 

. ' 022  

Time 
(by EClock) 

h a s  a 

15 37 49 

r j  8 5 

16 24 45 

15 29 23 

15 39 7 

IS 43 6 

1 5 3 5 4 5  

15 40 +4 

15 35 0 



TABLE XII. DEDUCTION OF THE DIFFERENCE OF LONGITUDE, AL, FROM THE (105) 

DETERMINATIOPI' OF LOCAL CLOCK CORRECTIONS, COMBINED BY CLOCK COMPARISONB. 

--- 

* E M ~  Observer transcribed his own record~ of tranaita 

ADEN (E), AND SUEZ (W) 

2 
.$ 3 
i n  

Epoch 

T~ 

W Clock E Clock 

Instm- 
mental 

h m  a h m  s  
Mean 6LN = o 49 42.680 Whence 6Ls = o 49 42 -644 

Correction for Relative Personal Equation, HN - CN = -0.030 H, - C, = + 0.026 
Ditto Tnrnscribitlg Equation - - -0.01 I* ... - - - 0-011* 

ALN = o 49 42.639 ALs = o 49 42.659 

h m  a 
Whence AL = 4 (ALN + A 118 ) = o 49 42.649 

Value deduced in Table XI = o 49 42.675 

h m  a 
Final value of AL, Aden-Suez, being the mean of the above = o 49 42.662 

v 

4 

1877 

May %S 

9, 

,, 26 

1, 

2, 27 

,, 
,, 28 

9, 

9 ,  29 

9,  80 

H 

Instru- 

mental 

Deduoed Olock 
at 1)ifferenoe 

of CI& D, 
at 

Epoch TE 

h a ,  a 

16 41 4 

181845 

164011 

18 18 33 

16 41 6 

18 16 28 

1646 o 

18 958 

16 41 9 

18 16 58 

1651 5 

18 18 52 

Correotion 
ae by Stars 
of North 

Correctiot~ 
as bg Stars 
of North 

Time 

Epoch 

for 
E clock 

~ ~ 1 ' ~  

a 

- 4'588 
4.641 

5'557 

5'670 

6.665 

6.723 

7.876 

7'913 

9'163 

9.278 

l0'790 

10.884 

Apparent 
Difference of 

Longitude 

8% 
= 

h m s  

04938.321 

38.238 

37.484 

37'419 

36.828 

36'732 

36.256 

36.191 

35.893 

35'853 

35.689 

35.664 

Yean 

l rw 

Hourly 
Time 1 B.te 

(by E alock) Correction 

Hourly 
Rate 

Correction 

TE 

for 
w clock 

ATw 

a  

- 8'833 
9'041 

ro.705 

10.956 

11'554 

12.788 

14'200 

14.400 

15'964 

16.209 

17'723 

17.966 

D + AT, - aTw 

h a , #  

o 49 42.566 

41 ' 638 

42-63, 

41' 705 

42.717 

42'797 

41.580 

42.678 

42'694 

42 ' 784 

42.621 

42'746 

o 49 42.680 

I Pontion 
'E 

Position 
aspect 

I. P. E. 

91 

,, 
JV 

,r 

,, 
I . P . T .  

J, 

9, 

,J 

n 

,, 

J 

- 4.589 
4.645 

5.558 

5.672 

6.666 

6.726 

7'880 

7'917 

9.165 

9.282 

10.781 

10.891 

h m r  

16 42 59 

18 zj 20 

16 41 13 

18 21 39 

1643 I 

18 22 4 

165a48 

18 15 35 

16 43 5 

18 21 qz 

16 43 6 

18 a5 28 

J 

- 0'037 

-042 

-031 

'039 

'055 

-065 

J 

- 0.088 

-081 

-091 

.086 

'080 

,082 

/ a  / h n r  

16 ,39 8 

, 18 12 9 
16 39 8 

18 I; 27 

16 39 10 

18 ro 51 

1 6 3 9 1 1  

18 4 a0 

16 39 13 

18 12 13 

16 59 3 

18 11 15 

I .P .E. '  - 8'830 
19 

IS 

n 

9s 

J, 

I.P.W. 

19 

n 

IS 

91 

ss 

9.031 

10.704 

10.952 

1a.551 

12.779 

14.190 

14.392 

15.961 

16.203 

17'7.34 

17'95f 
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PART 11. 

Situation8 of the Longitude Stations at Bmtbay, Aden alzd S w .  

The longitude station at Bombay was the same as that used for the Indian Electro-telegraphic Longitude Operations, 
and its geodetic elementa by the Great Trigonometrical Survey of India are given in Table C of the Appendix to 
Part I of this volume. 

The station at Aden was situated a few yards to the north of the Offices of the Eastern Telegraph Company a t  
Telegraph Bay. Ita latitude was determined by star observations, and a base-line was measured, and a triangulation 
executed in order to connect it with some of the prominent land marks of Aden, as well as with two important points, 
viz., that at which Pendulum Observationa were made by Captain Heaviside, X.E., in 1873, and that used by Lord 
Lindsay's party for Chronometric Determinations of longitude, in connection with his Transit of Venus expedition in 
1874. All necessary particulars of this triangulation, with the results obtained1 will be found in the next section, in 
Tabled a, b, c and d, and in Plate VI. 

1'he station at Suez wan the same aa that occupied by Mr. Hunter for observations of the Transit of Venus in 
1874, and-its longitude, east of Greenwich, waa electrically determined at that time as nh ~ d "  I Q ~ ~ I ~ ,  vide the Account of 
Observations of the Transit of Veaw, 1874, Britwh observations, page 346. The station was situated on an artificial mound 
on which a building known as the Khedive's Chalet stands, with a flag-etdf alongside of it. The exact position of the 
station waa ideutified by the measurement of the following distances which were given by Mr. Hunter to fix it, viz :- 

from station to S.E. corner of Chalet . 91 -feet g inches 

I ,  ,a Flag-staff 49 ,, 3 ,, 
The pillam marking a point used for Lord Lindsay's chronometric longitude observations at Suez were found, and 
conuected.with the longitude station by a traverse, the result of which showed them to be 01.025 west of the latter point. 

- Suruey Operations at Aden. 

The Aden Surrey Operations were conducted by Messm. J. Bond and E. J. Connor, Assistant Surveyom, under Captain 
Heaviside's supervision. A short base-liue was laid out along the road running across the flat bottom of the valley 
between t l ~ e  cantonrnel~t at Steamer Point, and the Telegraph Company's Offices at Telegraph Bay. The measurement 
waa made with a steel tape of 50 feet length, which had previously been compared for this purpose wit11 a standard 10-foot 
bar and found practically errorless. The results of two measurements made by dserent persons, one in  the early morning 
aud the other in the evening, gave the length as I 3 r 7'67 atid 13 1 7.57 feet respectively, the mean of wliich, I 3 I 7-62 feet 
was adopted. The site of the base-line was only a very few feet above sea level, and no reduction was required on that 
account. 
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A triangulatio~~ was exteuded from the base-line, all the angles being observed with a 10-inch theodolite ; and full 
particulars, with the results obtained, will be found in Tables b, c and d and in Plate VI. 

Referring to the Chart in Plate VI, stations I and I1 are the north and south ends of the Rase-Line ; they were 
not marked in a permanent manner. I11 is the point used as the latitude station. I V  was originally selected to afford a 
meridional referring mark for .the transit i~~strument.  V, VII  and VII I  were chosen on convenient hills merely for the 
extel~sion of the triangulation, and were of no importance in tl~emselves. V I  is Lord Lindsay'slongitude station, standing 
i n  the vicinity of Captain Heaviside's pendulum station. I X  is the most conspicuo~is hill peak of Aden ; X and X I  were 
introduced for the purpose of fixiug the Marshag Light-house. Of these only stations 111, IV, V I  and I X  require 
description here. 

Station 111, or the latitude station, was on a point laid down 18 feet due east of the longitude station. The latter 
was tile central point between the two pillars supporting the transit telescope, which wcre built on tlie i~ill  slope above, 
atid about 50 yards north of, the Telegraph Office. These pillars were left standing after the colllpletion of the observations. 
Station 111 was marked I)y a circle and dot engraved on a stone.whic11 was embedded i l l  a masonrp pillar flush with the 
surface of tile ground. Star observations for latitude were made at station Ii!'by Captain Heaviside, using a 10-iuch 
theodolite. An abstract of these will be found in Table a, and the result, "it. 12' 46' 27", was adopted as the i ~ ~ i t i a l  
latitude for the triangulation. The scale of the chart on Plate V I  is too small to admit of the longitude station being 
shown distinct from station 111. 

Station 1V, was situate on a low spur of tile Sham-sham hill range, ronning westward to within a short distance 
of the coast. It was marked by a rectangular pillar of masonry, 4 feet 3 inches high, with a dot and circle engraved on 
its upper surface almost exactly on tlre meridiau of the longitude station. Tile azimuth of station IV from station I11 
was determined by observations of Polaris taken at the latter point, as 179' 19' I", wliich was adopted as the iuitinl 
azimuth for  tile triangulation. 

Station VI, or Lord Lindsay's longitude station. At the time of these operations-May 1877-this point was 
marked by an old cannon embedded iu the ground nearly opposite the middle briildir~g of the "Prince of Wales' 
Crescent", but the Aden Municipnlity were then preparing a stone for the purpose of marking the site. 'I be outer wall 
of the room in which Captai~r Heaviside took his Pendnlum Observatio~is in-1873, is 86 feet distnut from station VI, 
measured in a direction 27O west of soutli from that point. 

Station IX ,  or Sham-sham station, was situated on the most conspicuous peak in Aden, within a few feet of the 
signalling flag-staff. I t  was marked by a masonry pillar 3 feet in diameter, with two mark-stones-having a dot andcircle 
engraved on each-oae flush with the cll~rface of the groatid, and the other 18 inches below it. The signalling flag-staff 
was fixed ae an intersected point, vide Table d, but the scale of the chart in Plate V I  does not allow of its being shown 
distinct from station 1X. 

&%uZte of the Trictngutatiorz. 

I n  Tabk b the observed and corrected angles, and the log feet of the computed sides are given. Table c contains 
the Iatit~rdes, longitudes and azimutlrs of the stations of the triangulation deduced from the data afforded in Tabk 6. 
Tabk d gives the latitudes aud lo~lgitudea of a few promiuent points fixed by intersectiou from the statio~is of the 
triangulation. 

Bight Becem'm of Clock Stare. 

The mean right ascensions of all the clock stars observed for the determination of tlie differential longitudw 
Bombay-Aden and Aden-Suez, as deduced from the different Catalogues employed, for 1st January 1877 are given in 
Table e. In tile last column the right ascensions adopted for use are entered. The method followed is described in 
Sectionr 12 ~ n d  13, Chapter 11, Part 11. 



APPENDIX TO PART II. (r I 1) 

T A B m  a. ADEN TRIAXGULATION. ABSTRACT OB STAR OBSERVATIONS 

FOB THE LATITUDE OF STATION NO. 111. 

8tr$e Flame 

a Bo6tia . . . . . . . . .  
99 

u Leonb . . . . . . . . .  
9 Bobtir . . . . . . . . .  
8 Ophiaohi . . . . . . . . .  

as . . . . . . . . .  
l ~ e t a n l i s  . . . . . . . . . .  
B Libm . . . . . . . . .  

. . . . . . . . .  18 

Poiarb . a . m . . . . .  

. . . . . . . . . .  YB 

m . . . . . . . . .  
... Mean bsulting Latitude 11 46 17 

*' 

N 

YB 

B 

N 

B 

n 

N 

8 

n 

N 

,, 

n 

Approximate 
!&nitL Dinlance 

0  # 

7 3 

BB 

11 56 

14 49 

l6 9 

n 

x9 3 

a1 41 

n 

76 a 

91 

19 

Meen by ewh 
Pair 

0 1 N  

r a 46 19 

11 46 a7 

11 46 14 

1 1 4 6 1 9  

Date of Observation 

1877 
May a t h  

,B 81& 

,, 81st 

May 8le t  

,a 8 1 d  

June 1st 

June l e t  

Mey Slet 

June lot  

May 28rd 

99 24th 

,, 24th 

Latitude by a Single 
Observation 

0 I R 

la 46 17 

ra 46 31 

11 46 a9 

12 46 a5 

11 46 17 

11 46 39 

11 46 a9 

la 46 I X  

1s 46 a7 

la 46 30 

11 46 31 

11 46 26 

Mean by each 
8- 

O I N  

11 46 19 

ra 46 a9 

la 46 a5 

1a 46 18 

11 46 a9 

ra 46 19 

1 1 4 6 2 9  
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FdBLE b. ADEN TRIANGULATION. COMPUTATION OF !CRIA.JYGLES. 

No. of 
Triangle 

1 

B 

8 

4 

6 

6 

7 

E P Y A B X ~  

Bane-line I 31 7.62 feet 

Ditto. 

Ditto. 

From triangle No. S 

Mean value from triangles Nos. 1 and 4 

From triangle No. 6 

From triangle No. 3 

Names of Shtions 

Station 11 ... ... 
,, I ... ... 
8, Is' . .. ... 

* 

Sums ... 

Btation I1 ... ... 
r, I .. . ... 
8, VII . . . ... 

Sums ... 

Station I1 ,.. ... 
1, I ... ... 
,, v ... ... 

Obaerved Angles 

o I II 

104 15 23 

4 5 2 6 4 8  

30 18 6 

3'3159801 

3'4033228 

3'4783393 

3'1861593 

3'5769345 

3.4033213 

3'7883547 

3'6594523 

3,5769345 

3'5123740 

3'7882639 

3 '4783393 

Sum# ... / 180 o 16 1 - 1 6 1  180 o o 

Dimtance 

in 

Log feet 

3'4033198 

3.2697336 

3' I 197902 

Correc- 
tions 

n 

- 6 

- 6  

- 5 

3'7881828 

3'7761419 

3'1197902 

3'4783393 

3'5115309 

3'1 19790% 

Correoted Angles 

o I II 

104 15 17 

4 5 2 6 4 2  

30 18 I 

180 o 17 1 - 1 7 1  180 o o 

Station I ... ... 
18 V ... ... 
n Iv ... ... 

91 5 4 

76 31 43 

12 23 25 

180 o 1 2  

67 49 x x  

88 15 25 

23 55 40 

- 42 48 38 

56 11 53 

80 59 15 

+ 4 

+ 5 

+ 5 

42 48 42 

56 11 58 

80 59 20 

Sums ...I 179 59 46 I + I * /  180 o 0 

- 4 

- 4 

- 4 

-12 

- 5 

- 6 

- 5 

Ststion I ... ... 
r, Is' ... 
,I 111 ... ... 

91 5 0 

76 31 39 

12 a3 21 

180 o o 

67 49 6 

88 15 19 

23 55 35 

16 44 1 

134 55 31 

a8 ao 28 

Sums ...I 180 o o I o / 1 8 o o o  

o 

0 

o 

16 44 I 

I34 55 31 

28 20 28 

Station 111 ... ... 
,I I ... ... 
3,  vn ,.. ..- 

94 23 29 

47 48 57 

37 47 22 

+ 4 

+ 4 

+ 4 

94 23 3.3 

47 49 1 

37 47 26 

10 49 52 

180 o o 

8uml ... 1 179 59 (S 

,, VII ... ... 

Bums ... 

+ I % /  180 0 0 

Station I ... ... 
n V .. a ... 

- 8 

- 8 

11 43 42 

157 26 42 

ro 50 o I 
tl 43 34 

157 26 34 

180 o 24 -24 



APPENDIX TO PART I1 . 
TABLE b . ADEN TRIANGULATION . COMPUTATION OF TRIANGLES-(Oontinusd) . 

No . of 
Triangle 

8 

9 

10 

11 

12 

18 

14 

. 

Namer of Bbtiom 

Litstion VII ... ... 
a I ... ... 

... ... .. VIII 

Corrected Angler 

0 1  4. 

65 52 41 

17 3 41 

87 3 37 

Bum6 ... 

station 11 ... 
13 V .,. .a. 

VII ... ... 
S t  . 

Station PI1 ... .- 
.I v ... ... 

... ... I, VIII 

Sumr ... 

Btation PI1 ... ... 
,, VIII ... ... 

... ... , r IX 

Sum6 ... 

Btation I11 ... ... 
,, PI1 ... ... . Ix ... ... 

Bums ... 

Btntion P ... ... 
.. VIII ... ... 

... ... .. IX 

Bnins ... 

Station IX ... ... 
., VIII ... ... 
I, x ... *.. 

Bum# ... 1 

Observed hglea  

0 1 11 

65 51 45 

27 3 45 

87 3 41 

Correo- 
tion# 

- 4 

- 3 

- 4 

Dietsnoe 
in 

Log feet 

3'7491564 

3'4468019 

3.7882671 

E E Y A B X ~  

Mean value from triangle# Nor . 6  8. 
and -7 

Fmm triangle No . S 

Mean value from triangles No8 . 7 9  and 

Mean vdue from trisngler Po e.. 8 1 0  and 

Fmm triangle No .6 

~ r o m  triangle NO . l o  

180 o 11 I -11 I 180 o o / 
3'5135564 

3'7761660 

. 3.5 I 15309 

3'4510394 

3.4467766 

3'5123152 

. . . .  a3 15 53 

I33 31 3 

a3 13 a4 

~y 29 36 

31 1s 43 

24 14 37 

179 59 56 

- 7 

- 7 

- 6 

180 o 4 1 - 4 1  180 0 0 I 

23 1.5 46 

133 30 56 

a3 13 18 

180 o ao I 180 0 o 

. 

Menn value from tria~igles Noa . 11 and 13 

3'8954746 

3'7965191 

3'4467893 

3'7967957 

q.o100,98 

3'6594523 

3'8954700 

3.9768111 

3.4510394 

114 58 53 

46 1a o 

18 49 14 

4'1g80560 

3'997 1607 

3'8954723 

+ 2 

+ I 

+ I 

+ q  

55 a 45 

54 15 Il 

70 42 4 

55 a 46 

54 15 ra 

fo  4% 6 

124 a9 38 

3r 1s 44 

24 14 38 

180 o o 

- I 
- I 

- a 

- 3 

- a  

- z 

"19 59 53 

114 58 50 

4 6 1 1 5 8  

18 49 12 

180 o 7 I - 7 /  180 o o 

+ i 1 1 8 0 0 0 1  1 

aa a8 24 

141 a# o 

16 10 40 

- I 

- 2  

- I 

28 23 

1 4 1 1 0 5 8  

16 lo 39 

180 o 4 1 - 1  180 o o 

47 41 8 

116 54 9 

15 24 43 

47 41 6 

116 54 6 

15 '4 41 

+ a 

+ 3  

+ a 
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T D L E  b. ADEN !l!RIAXGULA!J!ION. COMPUTATION OF TRIANGLES-(htinued). 

No. of 
Triangle 

16 

16 

17 

18 

Distance 

in 
Log feet 

3'9703602 

4' 1812733 

3.9971607 

3'9989785 

3'3698675 

3'8954733 

3' 2004370 

3'3698649 

3.4510394 

3'3003too 

3'9989751 

3.9768112 

B B Y A E X ~  

Fmm triangle No. 14 

Mean value fromtriaagldNoe. 11 and 18 

From triangle No. 10 

hmtriangleNo.18 

- 

Correctad Angles 

O I I  

36 40 5 

103 53 '3 

39 z6 41 

Names of Stations 

Station 1X I.. ... 
8, x e.0 ... 
,, ... 0.. 

Obmwed Anglm 

0 # I  

36 40 10 

103 53 18 

39 16 47 

Correc- 
tions 

- 5 
- 5 
- 5 

sums ...I 180 o 15 -15 1 180 o o 

Ststion VIII ,.. ... 
,, IX ... ... 
,S VI ... ... 

- 6 
- 5 
- 6 

-17 

- 4 
- 5 
- 5 

151 3 59 

6 31 38 

22 y 40 

S- ... 

Station IX ... ... 
, V ... ... 
S, ... ... 

sllmm 9.. 

151 3 53 

6 31 33 

la 24 34 

180 0 0 

34 9 49 

56 1 55 

89 47 16 

S U ~  ...I 180 0 17 

180 o 14 I -14 I 180 o o 

Station Vm ... 0.- 

8, v ... ... 
,S Vf ... ... 

34 9 53 

56 3 o 

89' 47 ax 

8 53 6 

103 44 10 

67 22 44 

1 8 0 0 0  

8 53 3 

103 44 6 

67 22 40 

I79 59 49 

+ 3 

+ 4 

+ 4  

+II 



APEEM)IX TO PART 11. (1i5) 

TABLE c. ADEN TI1IANGtULA!J!ION. LATITUDES, LONGITUDES AND AZIMUTHS OF STATIONB. 

* Determined ss under 
h W S  8 

Lungitude of Bnez Longitude Btation, Eactt of Breenwioh, oida page (109) ... , - 2 10 13' 17 
, Aden n Eant of Buex, Table XI1 ... . . . - o 49 4a.66 

Whence, Longitude of Aden Longitude Station, East of Greenwich, - 44" 58' 57'"45 ' 2 59 55'83 . 

Asimuth 

o I '  n 

Of Btation 111 270 o o Obasrved 

DD 179 19 1 f 

t ,  In 330 58 19 

sr 111 359 '9 1 

,I 1 179 41 10 

r, 1 91 25 53 

,, v 3 41 31 

,, 111 65 22 15 

9, 1 76 5 58 

,, 111 87 50 51 

n VIII 91 35 17 

s, x 143 27 38 

t Determined by a h  obrvationq vi& Tabk a $ Determined by obrerwtiona of E ' o h .  

Longitude 
E a t  of Greenwich 

o  1 1, 

44 68 57'45* 

44 58 57.65 

44 58 39-14 

4-4 58 57'47 

44 58 39'" 

44 59 9-54 

44 59 10.61 

44 59 39'59 

44 59 34-21 

45 o 41'0s 

45 2 13-65 

45 3 9-86 

I 

Name of Station 

Longitude Btation 

Latitude Btetion III 

Station I 

n IV 

8 ,  11 

1, v 
n VI 

,, VII 

n VIII 

9, IX 

9, X 

ss XE 

Z'dBLB d. ADEN TRIANGULATION. LATITUDES AND LONGITUDES O F  INTERSECTED POINTS. 

Latitude 
North 

o t #I 

12 46 27-00 

12 46 27'oot 

12 46 59-74 

12 46 42'z3 

11 46 46.67 

1 1  46 59-30 

12 47 14.70 

12 46 45-87 

11 47 13-12 

~a 46 30'82 

I 47 8-80 

12 45 54'37 

Name of Point 

Harbour Light Ship ... ... ... 
Renny'r Eleg-rtd ... ... ... 
Saluting pier ,, ... ... ... 
Beeidenoy n ... ... ... 
Sham-ehun ,, .., ... ... 
Yarahag Light-houm ... ... .., 

v 

Latitude Longitude 
North Ewt of Greenwich 

o t n  

I 12 47 10.5 

'2 47 3'5 

I P  47 20.9 

ra 46 45.1 

11 46 30'3 

12 45 43'0 

0 1  N 

44 58 17'6 

44 58 41'7 

44 58 57.5 

44 58 18.1 

45 0 40'9 

45 3 18.8 



(1 16) APPENDIX TO PART n. 

TABLE e. DEDUCTION OF THE MEAN RIGHT ASCENSIONS OF CLOCK STARS, 

ON JANUARY 1, 1877. 

~ i ~ d  value 
of M, a. 

for 1877.0 
Adopted 

h 9 l l  6 

13 3 34.932 

13 4 zq.aao 

13 a3 56.124 

13 28 25.586 

r j  a9 18.a81 

134750'431 

134849'697 

135323'241 

13 55 35'84% 

14 4 47.386 

14 ro 3.085 

14 26 31'733 

14 39 36.897 

151023'307 

15 10 5.174 

15 a9 18.813 

15 38 12.589 

16 4 50'858 

16 753'984 

16 16 29.665 

16 19 44.271 

16 a1  7.314 

16 a1 52.046 

16 a2 19.826 

16 14 41.637 

1630a3.189 

'6 s6 39.0" 

16 46 18.893 

16 51 50.759 

16 59 40'497 
.' 

Name of Star 

61 Virginia 6 

17 Cmum Verut. 

Umm Llajort 

79 Virginia C 

Cmum Verut. 

10 Drsoonie i 

8 Boiitis 1 

98 Virginia r 

11 Bdtis 

12 B&tb d 

16 BMtia a 

26 Bo6tia p 

36 B&tt ca 

27 Libm B 

9 8erpentia r' 

6 Coronm a 

24 Serpeutt a 

14 Swrpii v 

1 Ophiuchi 8 

20 Hercdis y 

94 Herculis m 

81 Urscs Minorir r) 

21 Scorpii a 

14 Drac0ni.u $ 

10 Ophiuahi h 

13 Ophiuchi C 

4l Her~n&Y C 

49 Hemulia 

27 Ophiuchi c 

80 Hercult 

Mean R. A. on 1877'0 as Deduoed from em211 Catalogue Employed 

United Strtea Naval 
Observatory Catalogue 

for 1860.0 

No. of 
No. of Seoonds of No. of 

star 

1039 

... 

... 
1083 

1086 

1119 

1121 

1124 

... 

... 

1141 

1163 

1170. 

1216 

... 

1238 

1261 

1296 

1304 

1317 

1332 

1330 

1334 

1340 

13.u 

1856 

... 
1371 

1382 

6 

34'941 

... 

... 
25'608 

18'238 

50'491 

49.699 

23.245 

35'858 

47'413 

3'095 

31.709 

36.888 

23.3~ 

5.213 

28.803 

12.586 

50'839 l 

53'979 

29.807 

... 

5470 

... 
.... 
6695 

5600 

6743 

6747 

5796 

5799 

5862 

6889 

6000 

6078 

6276 

6362 

6421 

6487 

6694 

6716 

6774 

... 

Greenwich Catalogues 

1486 

1487 

1491 

1496 

16061 
I 

Seven-Year 

No. of 
Obsews- 

tiom 

a9 

... 

... 
60 

2 

3 

57 

50 

... 

... 
130 

62 

72 

63 

... 
92 

86 

I 

71 

35 

Obaerva- 

120 

... 

... 
91 

5 

3 

a51 

59 

3 

6 

368 

34 

zaa 

a25 

5 

aa7 

a37 

a5 

183 

a 

... 1326 

No. of 

1213 

1217 

1236 

1246 

... 

127% 

1276 

1280 

1281 

1293 

1804 

1322 

18% 

1368 

... 

1301 

1406 

1457 

1461 

1476 

for 1860 

Sewnds of 
R. A. 

J 

34.912 

... 

... 
25.592 

18.389 

50'437 

49'711 

23.248 

... 

... 

3.101 

31.755 

3 6 ~ ~ 1 3  

a3-316 

... 
18.847 

la.600 

50,877 

53.979 

29.687 

for 1864 

Seconda of 
R. A. 

6 

34'898 

a4.211 

... 
25.564 

... 

50.399 

49'690 

23'224 

35'855 

47.374 

3'065 

31.727 

36.907 

a3-a99 

5'158 

28.813 

12.589 

50.868 

53'970 

29.645 

7.245 

52.030 

19.733 

41.628 

23.190 

"'033 

28'893 

'0.~~6 

40.511 

No. of 
slar 

1649 

1664 

... 
1689 

... 

1614 

1616 

1623 

16% 

1637 

1647 

1665 

1679 

1719 

1788 

1752 

1764 

1830 

1837 

1866 

1488 

3 

31 

20 

16 

30 

Beven-Year 

No. pf 
Observa- 

tionr 

18 

4 

... 
84 

... 

5 

62 

34 

6 

6 

105 

35 

64 

43 

la 

79 

5% ' 

15 

34 

35 

I 

30 

la  

15 

26 

39 

6 

31 

4 

3 

50 

39 

16 

36 

40 

.,. 

3 

162" I: ... 
163~ " 
... 

Nine-Year 

No. of 
Obaerra- 

tions 

39 

I 

5 

91 

... 

7 

70 

29 

5 

3 

164 

a8 

66 

46 

... 
92 

74 

7 

75 

36 

... 

for 1878 

Seconda of 
B. A. 

6 

34.934 

14.251 

56.124 

25.579 

... 
50'425 

49.687 

23'241 

35.816 

47'357 

3-44 

31.730 1 

36.901 

23'339 

... 
28.805 

12.586 

50.904 

54.007 

29.654 

4 ... 3 44.373 1 
7.274 

52.049 

19.808 

... 

2.3'179 

7.414 

... 44.135 I 

38.9" 

... 
7 7  

40'469 

3 

194 

aa 

... 

55 

1866 7'228 

sz'040 

1 ~ ~ 6 9 4  

qa.611 

23,196 

34 

... 
91 

4 

6805 

6808 

6807 

... 

6849 

3 9  

... 

'0771 

... 

6 

... 
7031 

7093 

52.045 1864 

19.933 ' 1868 
42.671 

13.197 

39'022 

... 
6-oa7q 

40.514 

1873 

1884 

1891 

1905 

1913 

1952 
I 



APPENDIX TO PaRT 11. (117) 

TABLE e. DEDUCTION OF THE MEAN RIGHT ASCEN8IONS OF CLOCK ST-, 

ON JANUARY 1, 1877-(Continwd). 

- 

ginal value 

of y,, R. A. 
for 1877.0 

Adopted 

h a 8  8 

17 319'446 

17 9 2.317 

17 14 27.348 

r7 20 24.716 

17 27 39.226 

172913'437 

173723-745 

17 41 38.695 

175027.476 

17 53 4-4'994 

18 I 31-080 

18 6 24.383 

18 14 56'693 

18 45 3zma85 

18 51 35'499 

18 54 2'339 

18 59 45'300 

19 254'787 

. 

Name of Star 

86 Ophiuohi q 

64 Herculin a1 

42 Ophiuuhi B 

Ophiuchi IJ 

28 Dreeonie B 

66 Ophiuchi a 

60 Ophiuohi B 

86 Hercolis p * 

89 Berculis 

88 Drnconie y 

7!d Ophiuobi 

18 Bsgittarii p 

68 Serpentin 4 

10 Lym 0' 

18 Lyrm 

18 Aqnilm c 

17 Aquilm { 

18 Lym L 

- 

Mean R. A. on 1877.0 an Deduoed from enoh Catalogue Employed 

United Stntee Naval 

Ob-atorp Catalogne 

NO. of 
Star 

7106 

7166 

7197 

7848 

7805 

7816 

7382 

7421 

7637 

7573 

7649 

7695 

7771 

7999 

... 
8072 

8188 

8164 

No. of 

1384 

1396 

1406 

1410 

1416 

1416 

1428 

1438 

1438 

1446 

1460 

1464 

1479 

1618 

1686 

1638 

1555 

... 

for 1860'0 

No. of 
Observa- 

tions 

38 

222 

66 

5 

a6 

250 

19 

77 

j 

94 

a 

237 

13 

256 

... 

3 

235 

2 

1872 

Sncondr of 
R. A. 

8 

19.459 

2-331 

27.368 

24.714 

39.211 

13.472 

23'754 

38.693 

27'472 

44,965 

jr'ogq 

24.430 

56.710 

jz ' j rq  

35.511 

2.365 

45.375 

34'787 

No. of 
Star 

I 

1662 

1673 

1684 

1696 

1603 

1604 

1617 

1626 

1634 

1689 

1660 

1666 

1678 

1781 

1781 

1734 

1744 

1748 

Greenwich Catalogues 

Seoonds of! 
B A. 

8 

19.414 

2.304 

27.332 

24.+6 

39.169 

13'404 

~3.751 

38.687 

27.407 

44'999 

31.113 

~4 ,377  

56.jor 

jama61 

... 
2'299 

45.264 

54'764 

Nine-Year for 

No. of 
Observa- 

tions 

32 

60 

30 

55 

39 

135 

101 

rog 

18 

59 

114 

71 

21 

79 

34 

84 

103 

15 

Beven-Year 

No. of 
Oboema- 

tions 

49 

57 

43 

68 

45 

105 

73 

54 

lo 

83 

69 

81 

47 

124 

ja 

67 

117 

... 

for 1864 

Seconds of 
R. A. 

8 

rg'q43 

2.324 

27.354 

24.708 

39'198 

13'453 

23.744 

38.708 

27.474 

45'043 

31-070 

24'377 

56.689 

32 .~94  

3 5 - 4 4  

2.328 

45.313 

54'797 

for 1860 

Seoonds of 
A' 

8 

19,457 

2'347 

27-357 

24.718 

39.279 

13.456 

a3-731 

38-701 

27.512 

44.999 

31.068 

24.361 

56-685 

I 

35.507 

I 

45.300 

... 

No. of 
strrr 

1986 

1936 

1942 

1960 

1966 

1967 

1968 

1976 

1982 

1986 

ZOO0 

8010 

2086 

2071 

8090 

2094 

2108 

2109 

Seven-Year 

No. of 
Observa- 

tionr 

30 

37 

19 

31 

- la 

89 

53 

47 

30 

rg 

76 

51 

24 

64 

13 

69 

73 

5 
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List of Published V o r k s  of the Qf*eat Tr.igortomet~*icaZ Szcmey of India. 

An Account of the Measurement of an Arc of the meridian between the parallels of 18" 3' 
and 24" 7', being a continuation of the Grand Meridional Arc of India as 
detailed by the late Lieutenant-Colonel Lambton in the Volumes of the 
Asiatic Society of Calcutta. By Captain George Everest, of the Bellgal Artillery, 
F'.R.s., &c. London, 1830. 

An Account of the -~easurement of two Sections of the Meridional Arc of India, bounded by 
the parallels of 18" 3' 6" ; 24" 7' 11" ; and 29" 30' 18". By Lieutenant-Colonel 

' 
Everest, ,F.R.S., &c., late Surveyor General of India, and iris Assistants. London, 1847. 

Account of the Operations of the Great Trigonometrical Survey of India. 

Volume I. 

Do. 11. 

Do. 111. 

Do. IV. 

Do. V. 

Do. VI. 

Do. VII. 

Do. VIII. 

The Standards of Measure and the Base-Lines, also an Introductory Account 
of the early Operations of the Survey, during the period of 1800-1830. 
By Colonel J. T. Walker, R.E., F.11.S., kc., kc., Superintendent of the Survey. 
Dehra D6n, 1870. 

History and General Description of tlie Principal Triangulation and of its 
Reduction. By Colonel J. T. Walker, C.B., R.E., F.R.S.,%c.,&c., Snrreyor General 
of India and Superintendent of the Survey, and hir, Assistants. Debra DGn, 1879. 

The Principal Triangulation, the Base-Line Figures, tlie ICarLchi Longitu- 
dinal, N.W. Himalaya, and Great Indus Series of the North-West Qua- 
drilateral. By Colonel J. T. Walker, R.E., F.R.S., ke., &c., Superintendent of the 
Survey, and his Assistants. Dehra D6n, 1873. 

The Principal Triangulation, tlre Great Arc (Section 24"-30°),.Rahlin, Gurli Agnrh 
and Jogi-Tila Meridional Series, and the Sutlej Series of the North-West 
Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S:, &c., kc., Superinteudent 
of the Survey, and his Assistants. Dehra D6n, 1876. 

Details of tlie Pendulum Operations by Captains J, P. Basevi, R.E., and 
W. J. Heaviside, X.E., and of their Reduction. Prepared ~rllder the directions 
of Major-General J. T. Wallier, C.B., R.E., F.R.S., kc., kc., Surveyor General of 
India and Superintendent of the Trigonometrical Survey. Dchra Dlin and Calcutta, 
1879. 

The Principal Triang~lat~ion of the South-East Quadrilateral including tlie 
Great Arc-Section 18' to 24", the East Coast Series, the Calcutta and tlie 
Bider Longitudinal Series, the Jabalpur and the Bilkpur Meridioml Series, 
and tile Details of their Simultaneous Reduction. Prepared under the direc- 
tions of Major-General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor Genetal 
of India aud Superintendent of the Trigonometrical Survey. Dellra Dhn, 1880. 

General Description of the Principal Triangulation of the North-East Quadrila- 
tern1 including the Simultaneous Reduction and tlie Details of Five of the , 
Component Series, the Kortli-Eas t Longjtudinal, the Budhon 3Irridion:rl, 
the Rangir Meridi~nal, the Amua Merihonal, and the Ka1.til.a Meridional.. 
Prepared under the directioas of Lieutenant-General J. T. Walker, C.B., B.E., F.R.S., 
&c., kc., Surveyor General of India and Superintendent of the Trigouollletrical Survey. 
Dehra Dlin, 1882. 

Details of the Principal Triangulation of Eleven of the Component Series 
of the Nortli-East Quad~*ilateral, including the following Series ; tlie Gur- 
w b i  Meridional, the Gora Meridional, the Hurildong Meridional, tho 
Cllendwtir Meridional, the North PArasnLth Meridional, tlle North Mal6n- 
c l ~ a  Meridional, the Calcutta Meridional, the East Calcutta Longitu tlinal, 
the Brahmaputra Meridional, the Eastern Frontier-Sect ion 23" to 26", nncl 
tlie Assam Longitudinal. Prepared under the directions of Lieut.-General J. T. 
Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General of Iudia and Suyerinte~ldeut 
of thc Trigonometrical Survey. Dehra Dhn, 1882. 



Zist of Pubthhed Works of the &eat T+onometricaZ Survey of India-( Coq~tinued). 

Synopses of the Results of the Great Trigonometrical Survey of India, comprising 
Descriptions, Co-ordinates, &c., of the Principal and Secondary Stations and other Fixed 
Points, of the Several Series of Triangles, as follows ;- 

Volume I. 

Do. 11. 

Do. 111. 

Do. IV. 

Do. V. 

Do. VI. 

Do. VII. 

C DO. VIII.  

Do. IX. 

Do. X. 

Do. XI. 

Do. XII.  

Do. XIII. 

Do. XIV. 

The Great Indus Series, or Series D of the Nortli-West Quadrilateral. By 
Colonel J. T. Walker, R.E., F.R.S., kc., kc., Superintendent of the Survey, and his 
Assistants. Dehra D6n, 1874. 

The Great Arc-Section 24" to 30°, or Series A of the North-West Quadrilaternl. 
By Colonel J. T. Walker, R.E., F.R.S., kc., kc., Superintendent of the Survey, and hie 
Assistants. Dehra D6n, 18741. 

The Kadclli Longitndinal Series, or Series B of the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., P.R.S., kc., kc., Superintendent of the Survey, and his . 
Assistants. Dehra Dhn, 1874. 

The Gurhdgarl~ Meridional Series, or Series F of the North-West Quadrilnteral. 
By Colotiel J. 1'. Walker, R.E., F.R.S., &c., kc., Superintendent of the Survey, and Ilia 
Assistants. Dehra D6n, 1875. 

The Itahfin Meridional Series, or Series B of the North-West Quadrilateral. 
By Colo~~el J. T. Walker, R.E., F.R.S., &c., kc., Superiutendent of the Survey, alrd his 
Assistants. Dellra Dlin, 1875. 

Tlie Jogi-ala Meridiond Series, or Series G, and the Sutlcj Series, or Serics H of 
the North-West Quadrilateral. By Color~el J. T. Walker, R.E., F.R.S., &c., &c., 
Superintendent of the Survey, and his Assista~~ts. Dehra D6n, 1875. 

The North-West Himalaya Series, or Series C of the North-West Quadrilateral, 
and the Triangulatio~l of the lcashmir Survey. By Major-General J. T. Walker, 
C.B., R.E., F.R.S., kc., kc., Surveyor Generill of India and Sliperintel~deut of the Survey, 
and his Assistants. Dellra D6n, 1879. 

The Great Arc-Section 18" to 24", or Series A of the South-East Quadrilateral. 
By Colonel J. T. Walker, C.B., K.E., F.R.S., kc., kc., Superintendent of the Survey, 
and his Assistants. Dellra D6n, 1878. 

The Jabalpur Meridional Series, or Series E of the South-East Quadrilateral. 
By Colouel J. T. Walker, C.B., R.E., F.R.S., kc., &c., Surveyor General of India and 
Superintendelrt of the Survey, and Lie Assistants. Dehra D6n, 1878. 

The Bider Longitudirial Series, or Series D of the 8011th-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor Genera1 of 
l~rdia and Superintendent of the Survey, and his Assistants. Dehra D h ,  1880. 

The B i b p u r  Meridional Series, or Series P of the Soutli-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General of 
India and Superintelldent of the Survey, and his Assistants. Dehra D6n, 1880. 

The Calcutta Longitudinal Series, or Series B of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.X., P.It.S., kc., &c., Surveyor Genrrrll of 
lndia and Superintendent of the Survey, and his Assistauts. Dehra D6n, 1880. . 

The East Coast Series, or Series C of the Soutll-East Quadrilateral. By Major- 
General J. T. Walker, C.B., R.E., F.IC.S., kc., kc., Surveyor General of India and 
Superintendent of the Survey, and his Assistaets. De111.a D h ,  1880. 

The Budhon Meridional Series, or Series J of the North-East Quadril:~tcral. 
By Lieutenant-General J. T. TTalker, C.B., R.E., F.R.S., kc.,, kc., Sufveyor General 
of India and Superintendent oE tlre Survey, and his Assistants. Dehra Dih, 1883. 






